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Morphological Evaluation of Pear cvs. Santa Maria, Williams, and Deveci Grafted onto Clonal and
Seedling Rootstocks*

Santa Maria, Williams ve Deveci Armut Cesitlerinin Farkli Klonal ve Cogiir Anaglar1 Uzerindeki
Morfolojik Degerlendirilmesi
Zaki Ahmad Faizi''"/, ~Ahmet Oztiirk?
Received: 01.09.2023 Accepted: 13.11.2023 Published: 29.04.2024

Abstract: This research was conducted to determine the effects of quince clonal rootstocks [Quince BA29 (BA29) and Quince A (QA)], pear clonal
rootstocks [FOX9, FOX11, OHxF333, OHxF87 and FAROLD40] and European pear seedling rootstocks on the morphological characteristics of 'Santa
Maria', 'Williams', and 'Deveci' pear cultivars in Bafra (Samsun) ecological conditions in the research years of 2021 and 2022. Morphological
characteristics, such as rootstock diameter (mm), trunk diameter (mm), trunk cross-sectional area (cm?), tree height (cm), crown dimensions (width,
length, height and volume), leaf stalk length (cm), leaf stalk thickness (mm), leaf dimensions (width, length, area), annual shoot length (cm), node
numbers and internode length (cm) were examined in the study. Results of the study revealed significant variation in the case of research years on
most morphological attributes; generally, the values were higher in the research year 2022 than in 2021. It has been determined that the effect of
rootstocks on all the morphological characteristics was significant except for leaf stalk thickness. The highest morphological values were obtained
from OHxF333, FOX11, and FAROLD40 compared to the other rootstocks, and the lowest values were recorded in FOX9, OHxF87, and seedling
rootstocks, respectively. Considering the cultivars' effect on the evaluated morphological traits, the highest leaf characteristics, and internode length
in the annual shoots were acquired from the 'Santa Maria' cultivar, but all other attributes were higher in the 'Deveci' cultivar. The ' Williams '
cultivar recorded almost all the lowest morphological values. The highest trunk cross-sectional area was determined in the 'Deveci'/OHxF333 (38.63
cm?) and the lowest in the 'Williams'/FOX9 (4.95 cm?). The longest annual shoots were determined in the 'Deveci'/FOX11 (43.05 cm) and the shortest
in the 'Williams'/Seedling (16.11 cm). The highest leaf area was observed from the 'Santa Maria'/BA29 (21.11 cm?) and 'Santa Maria'/FOX11 (20.95
cm?) combinations. According to the results of the research, it was determined that OHxF333 rootstock among the evaluated rootstocks performed
morphologically better than the others. FOX9 and OHxF87 pear clone rootstocks showed very poor performance compared to other rootstocks.
Keywords: Pome fruits, rootstock, vegetative growth, Pyrus communis

&

Oz: Bu aragtirma farkli ayva klon [Quince BA29 (BA29) ve Quince A (QA)], armut klon [FOX9, FOX11, OHxF333, OHxF87 ve FAROLDA40] ile
Avrupa armudunun ¢6giir anaglar tizerine agili 'Santa Maria', 'Williams' ve 'Deveci' armut cesitlerinin, morfolojik 6zelliklerini belirlemek amaciyla
2021 ve 2022 aragtirma yillarinda Bafra (Samsun) ekolojik kosullarinda yapilmistir. Arastirmada morfolojik 6zellik olarak anag ¢api (mm), govde
cap1 (mm), govde kesit alan1 (cm?), agag boyu (cm), tag boyutlar1 (en, boy, yiikseklik ve hacim), yaprak sap1 uzunlugu (cm), yaprak sap: kalinlig
(mm), yaprak boyutlar1 (en, boy, alan), yillik siirgtin uzunlugu (cm), bogum sayis1 (adet) ve bogumlar aras1 mesafe (cm) incelenmistir. Sonuglara
bakildiginda, morfolojik &zelliklerin ¢ogunda arastirma yillar1 arasinda nemli farkliliklar oldugu ortaya ¢ikmus, genellikle 2022 aragtirma yilinda
2021'den daha yiiksek degerler elde edilmistir. Anaglarin yaprak sap1 kalinligi disindaki tiim morfolojik 6zellikler {izerindeki etkisinin 6nemli
oldugu belirlenmistir. Diger anaglara gore en yiiksek morfolojik degerler OHxF333, FOX11 ve FAROLD40 anaglarindan elde edilirken, en diisiik
degerler ise sirasiyla FOX9, OHXF87 ve ¢ogiir anaglarinda kaydedilmistir. Cesitlerin degerlendirilen morfolojik 6zellikler iizerindeki etkisi goz
oniine alindiginda, en yiiksek yaprak ozellikleri ve yillik siirgiinlerde bogum arasi mesafe 'Santa Maria' gesidinden elde edilirken, diger tiim
ozelliklerin 'Deveci' gesidinde daha yiiksek oldugu kaydedilmistir. En disiik morfolojik degerlerin neredeyse tamami ‘Williams’ ¢esidinde
kaydedilmistir. En yiiksek govde kesit alan1 ‘Deveci’/OHxF333 (38.63 cm?), en diisiik ise ‘Williams’/FOX9 (4.95 cm?) kombinasyonunda
belirlenmistir. En uzun yillik siirgiinler “Deveci’/FOX11 (43.05 cm) en kisa ise ‘Williams’/Cogtir (16.11 cm) kombinasyonunda belirlenmistir. En
yiiksek yaprak alani ‘Santa Maria’/BA29 (21.11 cm?) ve ‘Santa Maria’/FOX11 (20.95 cm?) kombinasyonundan elde edilmistir. Arastirma sonuglarina
gore degerlendirilen anaglar arasindan OHxF333 anacinin morfolojik olarak digerlerinden daha iyi performans gosterdigi belirlenmigtir. FOX9 ve
OHxF87 armut klon anaglari ise diger anaglara gore ¢ok zayif performans gostermistir.

Anahtar Kelimeler: Yumusak cekirdekli, anag, vejetatif biiytime, Pyrus communis

Cite as: Faizi, Z.A., & Oztiirk, A. (2024). Morphological evaluation of pear cvs. Santa Maria, Williams, and Deveci grafted onto clonal and seedling
rootstocks. International Journal of Agriculture and Wildlife Science, 10(1), 1-15. doi: 10.24180/ijaws.1353727
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Zaki Ahmad FAIZI, Ahmet OZTURK

INTRODUCTION

Pyrus spp. are the most grown and consumed pome fruits worldwide after apples. Pyrus communis L.
species is the most common and well-known in terms of fruit-growing techniques (Orman, 2005). Pears
are more resistant to heat and drought but less resistant to cold than apples. Subtropical pears only
require 200-300 chilling hours, whereas temperate pears can be produced from low to high latitudes
between 600-2700 m above sea level with 500-1500 chilling hours (Kumar et al., 2023). Late frosts in the
spring season limit its cultivation because its flowers are damaged at -2.2°C, and small fruits are damaged
at 1.1 °C. However, trees can resist minimum temperatures up to -30°C in the dormant season (Kurt et al.,
2022a) and maximum temperatures up to 45°C in the active growing season (Kumar et al., 2023). To
establish modern pear orchards, besides pear rootstocks, quince dwarf rootstocks are desired (Bolat and
ikinci, 2019; Kurt et al., 2022b). Reasons for the widespread use and breeding of rootstock in fruit
cultivation are their adaptation to climatic conditions, soil properties, impact on quality, effect on yield,
manage the cultural practices, and tolerance to biotic and abiotic stressors (Corso and Bonghi, 2014). The
ideal vegetative and generative performances of fruit trees are highly related to suitable planting density,
correct rootstock/scion selection, and appropriate ecology (Pasa et al., 2015; Hepaksoy, 2019). The Pyrus
genus primarily covers woody plants, mainly medium-sized trees, and a few shrub species. The tree's
stem of the Pyrus genus is straight and tightly embedded in the ground. In general, the petioles are
stipulate and have entire or serrated limb margins, and the leaves are simple, alternately oriented, and
range in length from 2 to 12 cm and width from 3 to 5 cm. While most species are deciduous, one or two
Southeast Asian species exhibit sempervirescent leaves. Some species have glossy green leaves, while
others have silvery, densely tomentose leaves (Simionca et al., 2023). Pear tree vigor results from
heritability, biological versatility, adaptation, or favorable responses within the ecological conditions
under assessment. Tree vigor status should depend on the cultivation aims and climatic situations of the
cultivation area. For example, for highly density planting and availability of cultural resources, trees
which are dwarf and growth weaker are ideal, but if the aim is to produce pear in dry conditions with
less managemental resources, wood production, as ornamental for providing shade and shelter,
construction, and furniture the trees with vigorous growth are ideal (Ozturk and Faizi, 2023; Simionca et
al., 2023). Some selections of wild species of pears have a recognized ornamental value because, in
addition to the rapid growth of the trees, the varied range of shapes and sizes, rusticity, low demands on
the soil, or ability to thrive in different ecological conditions, they have attractive foliage, with glossy
green leaves, flowers, and fruits that are particularly decorative (Yamada et al., 2015). Pear cultivars with
high canopy spread cause high expenses of managemental practices like pruning. So, pear cultivars with
less vegetative growth, such as 'Hardy', 'Flemish Beauty', 'Anjou' and 'Comice' are ideal for minimizing
such costs (Kul et al., 2022). Using vigorous rootstocks and cultivars is the main factor in decreasing yield
in pear orchards (Pasa et al, 2017). For pear cultivars, both Pyrus and Cydonia species are used as
rootstocks (Iglesias and Asin, 2011; North et al., 2015). However, Pyrus species as rootstock shows strong
vegetative growth and vigorous rootstocks provide excessive shoot and canopy development, which can
reduce light usage by pear trees (Kul et al., 2022). This research was conducted to determine the effects of
Quince BA29, Quince A, FOX9, FOX11, OHxF333, OHxF87, FAROLDA40, and European pear seedling
rootstocks on the morphological characteristics of 'Santa Maria', 'Williams', and 'Deveci' pear cultivars
which have an essential place in pear cultivation of Tiirkiye in Bafra (Samsun) ecological conditions in the
research years of 2021 and 2022.

MATERIAL AND METHOD

Materials

In the study 'Santa Maria', 'Williams' and 'Deveci' cultivars were grafted on eight different rootstocks,
including two Quince clonal rootstocks (BA29 and QA), five pear clonal rootstocks (FOX9, FOX11,
OHxF333, OHxF87, and FAROLD40), and local European pear seedling rootstocks were used as plant
materials in the research years of 2021 and 2022.

Features of the Experiment Area
The soil of the orchard in which the study was performed included 2.73-10% clay (low), 13.21-20% silt
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(medium), 6.5-20% sand (moderate), pH 7.5 (slightly alkaline), 0.2-0.3 dS m salt (no salt), 0.3-0.5 organic
matter (low), 3-6% CaCO:s (low), 0.03-0.06% N (low), 5-10 ppm P (moderate), with a soil depth of more
than 1 meter. The climate situations of the study area, including temperature (max, min, and average in
°C), relative humidity (%), and monthly total precipitation (mm) values, are illustrated in Table 1.

Table 1. Temperature, relative humidity, and monthly total precipitation of the study area in 2021 and 2022.
Cizelge 1. Calisma alaninin 2021 ve 2022 yillarinda sicakligi, bagil nemi ve aylik toplam yagis miktar1.

S - TP
Months Ma)"(ljempef::;e ( C)Min. MI::e('latlve Hzi:;hty ( /lizlin. Precipitation (mm)
2021

Jan. 13.1 9.2 6.5 90.8 63.7 35.0 68.0
Feb. 11.7 7.8 4.6 91.0 64.5 38.6 23.2
Mar. 114 7.1 4.0 85.5 733 48.2 90.8
Apr. 16.5 11.5 8.0 87.4 77.7 54.6 59.2
May 21.2 16.4 12.3 83.5 69.6 54.5 70.0
Jun 249 20.7 16.9 88.7 743 59.3 80.4
Jul. 28.9 25.0 21.3 83.0 714 59.0 6.0
Aug. 27.7 23.8 20.4 83.2 723 65.7 86.4
Sep. 22.0 18.1 15.2 83.0 70.0 51.3 117.8
Oct. 19.0 15.0 12.2 85.0 76.1 55.0 110.4
Nov. 16.5 12.2 9.3 87.6 729 57.3 68.6
Dec. 13.8 10.6 8.1 88.7 65.4 45.3 52.6

Mean 18.9 14.8 11.6 86.5 70.9 52.0 69.5

2022

Jan. 8.1 5.4 3.0 93.9 81.0 62.1 164.2
Feb. 12.1 8.2 54 95.1 82.2 63.3 61.0
Mar. 8.6 4.5 1.6 97.0 721 45.2 115.4
Apr. 21.2 13.3 7.5 924 713 46.7 39.8
May 255 16.8 9.3 95.8 70.9 44.0 44.8
Jun 324 22.8 16.2 95.9 74.0 44.1 73.4
Jul. 33.8 24.3 16.7 93.9 69.4 40.9 4.6
Aug. 355 26.4 19.7 96.2 75.1 45.5 52
Sep. 31.2 21.9 15.0 95.6 71.8 40.8 294
Oct. 249 16.5 11.2 97.1 80.4 52.6 69.6
Nov. 222 13.9 8.3 95.5 78.4 49.1 71.2
Dec. 15.8 13.8 8.3 93.2 80.6 62.8 51.8

Mean 22.6 15.7 10.2 95.1 75.6 49.8 60.9

Methods

The study was conducted in the pear orchard, which was established in 2018 with 1-year-old saplings at a
spacing of 3.5 m by 1.5 m in the case of quince rootstocks and 3.0 m by 3.5 m in the case of pear rootstocks
at the Bafra agricultural research center of Ondokuz Mayis University which is located at Samsun
province of Tiirkiye. The plants were supported by metal poles each at a height of 3.5 m, with four rows
of galvanized wires on the horizontal arms positioned 50 cm above the ground. Between 15 May and 15
September, drip irrigation was used to irrigate the plants. Fertilization was done through drip irrigation
using 15-30-15 + ME fertilizer at the start of the summer and 20-20-20 NPK fertilizer in the fall. Weeds
between the rows were routinely removed using a rotavator while the ground was mulched on the row.

Morphological Observations

Rootstock diameter (mm), cultivar diameter (mm), the height of the tree (cm), canopy width (cm), canopy
length (cm), canopy height (cm), canopy volume (m?3), trunk cross-sectional area (cm?), leaf width (cm),
leaf length (cm), petiole length (cm), petiole thickness (mm), leaf area (cm?), annual shoot length (cm)
were determined according to previous researches (Oztiirk and Oztiirk, 2014; Kurt et al., 2022a).
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Statistical Analysis

Factorial randomized complete block design (FRCBD) was used as the design of our study. Three factors,
including cultivars (3 cultivars), rootstocks (8 rootstocks), and research years (2 research years), were
taken into evaluation. Three replications and 5 plants in each repetition were used in the research. The
obtained data were analyzed in the statistical package program of IBM SPSS 21.0 by using GLM
procedure. Means differences were determined according to Duncan’s Multiple Comparison Test with
95% of confidence and 5% (o = 0.05) probability error due to unknown situations.

RESULTS AND DISCUSSION

Leaf Characteristics

The effect of research years, rootstocks, cultivars, and rootstock x cultivar interactions on the leaf stalk
length (LSL), leaf stalk thickness (LST), leaf length (LL), leaf width (LW), and leaf area (LA) of pear
cultivars grafted on different quince and pear rootstocks are given in Table 2. The LST in the case of
rootstocks, cultivars, and rootstock x cultivar interactions was insignificant. However all other factors
were determined as statistically significant. The main effect of research years on the leaf characteristics
revealed higher values in 2022 than in the research year of 2021. In terms of rootstock averages, the higher
values of leaf attributes were observed in the OHxF333, while the lowest in the OHxF87 rootstock. In the
case of cultivars' averages, leaf attributes observed the highest in 'Santa Maria' cultivar and the lowest in
the 'Williams' and 'Deveci' cultivars. Considering the rootstock x cultivar interactions, the LSL varied
between 2.21-4.08 cm. The highest (4.08 cm) LSL was in 'Deveci/BA29 and the lowest (2.21 cm) in
‘Williams' grafted on BA29 and seedling rootstocks. The LST was observed between 0.90-1.24 mm. The LL
varied between 5.08-6.92 cm, the highest LL (6.92 cm) was recorded in the 'Santa Maria'/seedling, and the
lowest (5.08 cm) in 'Williams'/FOX9 combination. The LW observed between 2.84-4.37 cm, recorded the
highest LW (4.37 cm) in the 'Santa Maria'/BA29, and the lowest (5.08 cm) in the 'Deveci'/QA combination.
The LA was obtained in the range of 12.41-21.11 cm? the highest LA was recorded in the ‘Santa
Maria’/BA29 (21.11 cm?), and the lowest in the ‘Williams’/FOX9 (12.41 cm?) combination (Table 2).

The leaf stalk length of 'Deveci' pear was significantly affected by rootstocks (Oztiirk and Oztiirk, 2014).
They recorded the LSL of Deveci' between 33.5-44.3 mm, the highest LSL on BA29 (44.3 mm) and the
lowest on pear seedlings (33.5 mm). Coban and Oztiirk (2020) determined that rootstocks, cultivars, and
their interactions had a significant effect on the LSL; they acquired LSL between 22.5-37.6 mm in the
rootstocks and 29.3-35.7 mm in the cultivars. Our study findings partially differ from the findings of
previous researchers. Differences could be due to the growing conditions, rootstocks, and cultivars.

Leaf stalk thickness was significantly affected by rootstock, cultivar, and their interactions, as reported by
Oztiirk and Oztiirk (2014), the LST of 'Deveci' pear was reported from 0.58-0.76 mm, the highest (0.76
mm) was in BA29 rootstock, while the lowest (0.58 mm) in the EMC rootstock. Similarly significant effect
of pear rootstocks, cultivars, and rootstock x cultivar combinations on LST was reported by Coban (2019).
She found LST between 0.97-1.27 mm in rootstocks and 1.06-1.16 mm in the cultivars; he noted the
highest in the FOX11 (1.27 mm), while the lowest was in the seedling (0.97 mm) and OHxF333 (1.04 mm)
rootstocks. Our research findings revealed no significant results among the cultivars, rootstocks, and their
combined effect, except for research years.

The leaf length of the pear varied significantly in terms of rootstock and cultivars, as stated by Serttag
(2019) reported that the LL was between 59.0-65.2 mm in the case of different rootstocks. He acquired the
highest (65.5 mm) LL from 'Santa Maria' and the lowest from 'Williams' and 'Abate Fetel' respectively,
61.7 mm and 61.5 mm. Oztiirk and Oztiirk (2014), was found to have the highest LL in the 'Deveci'/BA29
combination. Our results revealed the highest LL in the 'Santa Maria' on different rootstocks. Kilig (2015)
found LL between 32.00-60.18 mm in consideration of different genotypes of pear. Coban and Oztiirk
(2020) stated that rootstocks and cultivars significantly affect the LL in 'Deveci' and 'Williams' pear
cultivars grafted on quince and pear clonal rootstocks. They noted that the LL was 6.67-6.88 cm in the
rootstock averages and 6.42-7.23 in the cultivars. When our research findings are compared with previous
studies, it is clarified that the LL is approximately parallel with them.
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Table 2. Leaf characteristics of European pear considering different rootstocks, cultivars, and research years.
Cizelge 2. Farkli anaclar, cesitler ve arastirma yillart bakimindan Avrupa armudunun yaprak ozellikleri.

Rootstocks Cultivars Leaf stalk length Leaf stalk Leaf Leaf Leaf area
(cm) thickness length width (cm?)
(mm) (cm) (cm)
BA29 Santa Maria 3.66 abc 1.16 a 6.68 ab 4.37 a 21.11a*
Williams 2.60 g+ 1.04 a 5.53 c-f 3.58 d-h 14.17 de
Deveci 4.08 a 1.00 a 6.30 a-d 3.14 f-i 14.27 de
Quince A Santa Maria 3.66 abc 1.05a 6.74 ab 4.21 abc 20.75 ab
Williams 2.61 g-j 1.06 a 5.38 def 3.30 f-i 12.88 e
Deveci 3.80 ab 1.20 a 6.01 a-f 2.841 1244 e
FOX9 Santa Maria 3.63 abc 093 a 6.75 ab 4.06 a-d 20.12 abc
Williams 2.53 hij 1.07 a 5.08 f 3.38 e-i 1241 e
Deveci 3.26 b-f 1.06 a 6.49 abd 3.13 f-1 15.14 cde
FOX11 Santa Maria 3.64 abc 1.05a 6.73 ab 4.31 ab 20.95 a
Williams 2.42j 1.01a 5.85 d-f 3.67 c-g 15.55 b-e
Deveci 3.60 abc 0.90 a 6.50 abc 3.09 ghi 14.69 de
OHxF333 Santa Maria 3.38 b-e 124 a 6.52 abc 4.29 ab 20.59 ab
Williams 3.25 b-f 1.13a 6.34 a-d 3.72b-g 17.16 a-e
Deveci 3.78 ab 0.98 a 6.78 ab 3.44 e-i 16.82 a-e
OHxF87 Santa Maria 2.89 e-i 122 a 6.30 a-d 3.93 a-e 18.46 a-d
Williams 2.21j 1.08 a 5.52 c-f 341 e-i 13.81 de
Deveci 2.70 £ 1.06 a 5.96 a-f 2911 1281 e
FAROLD40 Santa Maria 3.32b-e 1.07 a 6.43 abc 3.45e-i 16.53 a-e
Williams 3.02 d-h 1.18 a 6.14 a-e 3.73 b-t 16.61 a-e
Deveci 3.99 a 1.00 a 6.56 abc 3.17 f-i 15.19 cde
Seedling Santa Maria 3.57 a-f 114 a 6.92 a 411 a-d 20.57 ab
Williams 2.21j 1.09 a 5.18 ef 3.20 f-i 1250 e
Deveci 310 c-g 0.98 a 5.89 a-f 2.94 hi 13.07 e
Significance 0.001 0.869 0.001 0.001 0.001
Years (Y) 2021 311b 1.01b 5.66 b 327b 13.61b
2022 3.30a 1.14 a 6.72 a 3.84a 18.78 a
Significance 0.001 0.004 0.001 0.001 0.001
Rootstocks BA29 3.45a 1.07 a 6.17 ab 3.70 a 16.51 bc
Quince A 3.36 ab 1.10 a 6.04 cd 3.45b 15.35 cd
FOX9 314 cd 1.02 a 6.11 cd 352b 15.89 bed
FOX11 3.22 bc 0.99 a 6.36 ab 3.69 a 17.06 b
OHXxF333 3.47 a 1.12a 6.55 a 3.81a 18.19 a
OHXxF87 2.60 e 1.12a 5.93d 342Db 15.03d
FAROLDA40 344 a 1.08 a 6.38 ab 345Db 16.11 bed
Seedling 296 d 1.07 a 6.00 cd 341D 15.38 cd
Significance 0.001 0.790 0.001 0.001 0.001
Cultivars Santa Maria 3.47 a 1.11a 6.63 a 4.09 a 19.89 a
Williams 2.61b 1.08 a 5.63 ¢ 350b 14.38 b
Deveci 3.54a 1.02 a 6.31b 3.08 ¢ 14.30 b
Significance 0.001 0.290 0.001 0.001 0.001

*: Means with different letters in the same column are significant differences at P<0.05 based on the DMRT test.

Oztiirk and Oztiirk (2014), were determined the significant impact of rootstocks on the leaf sizes of the
‘Deveci' cultivar; they reported that LW was the highest in trees grafted on BA29 rootstock. Kili¢ (2015)
said that LW differed between pear genotypes in the 28.99-48.34 mm range. Similar to our findings,
significant effects of cultivars, rootstocks, and rootstock x cultivar combinations were recorded by Coban
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and Oztiirk (2020) between 36-37 mm in cultivars and 35-38 mm in the rootstocks. Serttas and Oztiirk
(2020) reported the highest LW in 'Deveci' and 'Santa Maria' (3.75 cm and 3.44 cm) and the lowest in
'Abate Fetel' and 'Williams' cultivars (3.40 cm and 3.34 c¢m), respectively. The variations in the results
were due to genetic and environmental factors.

Leaf area is an important morphological attribute in the determination of canopy volume efficiency for an
ideal quantity and quality production (Zhang et al., 2016). Additionally, they noted that the LA of ‘Santa
Maria” was 23.82 cm? while grafted on BA29. The LA is a significant factor for understanding the status of
trees' evaporation, metabolism, photosynthesis, light reception, water, and fertilizer utilization, blooming,
setting of fruit, and productivity (Ozturk et al., 2019). The leaf area of the 'Deveci' grafted on BA29 was
higher than that of the other rootstocks, according to earlier studies that claimed that the rootstocks had a
substantial impact on the LA (Oztiirk and Oztiirk, 2014). Engin (2011) obtained the LA between 15.72-
23.78 cm? in ‘Santa Maria’/QA, and 17.07-21.61 cm? in the ‘Santa Maria’/OHxF333 combinations.

Leaf attributes of pear trees were acquired as the following while considering different rootstocks and
cultivars respectively, petiole length of 19.26 MC to 30.74 mm QA, 22.34 ‘Williams’ to 28.50 mm ‘Deveci’;
petiole thickness of 0.71 MC to 0.80 mm BA29, 0.74 ‘Deveci’ to 0.79 mm ‘Abate Fetel’; leaf length of 37.41
MC to 47.93 mm QA, 35.56 “Williams’ to 49.20 mm “Santa Maria’; leaf width of 21.06 MC to 29.41 mm QA,
23.98 “Abate Fetel’” to 28.81 mm “Santa Maria’; leaf area of 5.70 MC to 9.87 cm2 QA, 6.24 “Williams’ to 10.80
cm? ‘Santa Maria’ (Kurt et al., 2022a).

Rootstock and Scion Diameter, Tree height, and Trunk Cross-Sectional Area

The impact of the research years, rootstocks, cultivars, and rootstocks x cultivars combined effect on
rootstock diameter (RD), scion diameter (SD), tree height (TH), and trunk cross-sectional area (TCSA) of
pear trees are illustrated in Table 3. All the aforementioned attributes were found to be statistically
significant. Considering the research years, higher values recorded in the research year of 2022 than in
2021, RD obtained between 42.75-52.35 mm, SD varied from 38.73-49.02 mm, TH observed between
223.05-235.07 cm, and TCSA was ranged from 12.86-20.56 cm?. In the case of rootstocks, the highest values
recorded in the OHxF333 and the lowest values recorded in the FOX9 rootstock, RD was 29.83-59.43 mm,
SD varied between 26.80-57.22 mm, TH observed between 160.30-273.88 c¢cm, and TCSA was ranged
between 5.93-27.31 cm?. Cultivar averages revealed the highest values in the 'Deveci' cultivar and the
lowest in the 'Williams' cultivar; RD obtained between 43.35-54.22 mm, SD varied from 39.76-50.76 mm,
TL observed between 219.74-237.35 cm, and TCSA varied between 13.68-22.50 cm?. In the combined effect
of rootstock x cultivar, the highest values were acquired from the 'Deveci’/OHxF333 and
'Deveci'/FAROLD40 combinations. While the lowest values were recorded in the 'Williams'/FOX9
combination. RD acquired 26.55-70.13 mm, SD varied between 24.44-68.41 mm, TH observed between
152.68-296.02 cm, and TCSA obtained 4.95-37.68 cm? (Table 3).

Francescatto et al. (2010) reported the lowest rootstock diameter in the EMC rootstock in the
'Packhams'/EMC combination, while the cultivar was grafted on 7 different rootstocks. Similarly, Oztiirk
and Oztiirk (2014) reported that the highest RD was in the BA29 and the lowest in the MC rootstock.
Likewise, a significant impact of rootstocks on RD was obtained by Giacobbo et al. ( 2010), Machado et al.
(2016), and Rahman et al. (2017). Cetinbas et al. (2018) stated that the effect of rootstocks and cultivars on
rootstock diameter was significant while considering the cultivars effect, RD was obtained higher in
‘Deveci' than 'Santa Maria'. In terms of rootstocks, they found higher values in the OHxF333, BA29,
OHxF69, and QC rootstocks than the other evaluated ones. The RD of the 'Deveci' cultivar grafted on
BA29, MC, and seedling rootstocks changed in various research years and rootstocks. The researcher
reported the lowest values in the MC than other rootstocks (Ogztiirk, 2021).

Scion diameter values that we obtained are compatible with the studies previously performed (Oztiirk
and Oztiirk, 2014; Machado et al., 2016; Mete, 2019; Oztiirk, 2021). It was emphasized in similar studies
that the effects of rootstocks on the SD were significant; the SD of the cultivars on vigorous rootstocks
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was observed higher than on the dwarfing rootstocks (Sugar and Basile, 2011; Dondini and Sansavini,
2012; Askari-Khorosgani et al., 2019).

Table 3. Rootstock and scion diameter, tree length, and trunk cross-sectional area of European pear considering
different rootstocks, cultivars, and research years.
Cizelge 3. Farkli anaglar, cesitler ve arastirma yillart bakimindan Avrupa armudunun anag ve kalem ¢api, agac boyu ve govde

kesit alan:.

Rootstocks Cultivars Rootstock Scion diameter  Tree height  Trunk cross-
diameter (mm) (mm) (cm) sectional area
(cm?)
BA29 Santa Maria 45.42 ef 42.40 def 242.72 c-g 14.18 f-i *
Williams 34.87 ghi 34.05 fgh 203.43 hij 7.39 hij
Deveci 54.95 cde 54.10 be 239.90 d-h 23.23 de
Quince A Santa Maria 47.36 def 46.42 cde 266.30 a-d 17.31 efg
Williams 28.22 hi 27.00 h 156.33 k 5.75 ij
Deveci 54.15 cde 54.58 bc 254.21 b-e 23.65 cde
FOX9 Santa Maria 29.37 hi 26.26 h 162.27 k 5.67 ij
Williams 26.551 2444 h 152.68 k 495j
Deveci 33.59 hi 29.71 gh 165.95 k 7.17 hij
FOX11 Santa Maria 50.08 cde 47.35 cde 253.69 b-e 17.72 efg
Williams 57.88 bed 52.29 bed 277.18 a-d 21.59 def
Deveci 65.94 be 63.03 ab 279.50 abc 32.85 ab
OHXxF333 Santa Maria 50.45 cde 46.15 cde 224.80 e-i 17.05 efg
Williams 57.70 bed 57.11 bc 289.99 ab 27.21 bed
Deveci 70.13 a 68.41a 294.20 a 37.68 a
OHxF87 Santa Maria 34.13 hi 29.92 gh 184.79 jk 7.16 hij
Williams 38.55 fgh 32.18 gh 190.84 ijk 8.40 hij
Deveci 33.50 hi 27.87 gh 155.39 k 6.37 hij
FAROLD40 Santa Maria 50.13 cde 47.32 cde 245.72 c-f 17.70 efg
Williams 58.66 bc 53.06 bed 279.89 abc 22.35 def
Deveci 68.54 a 62.32 ab 296.02 a 31.57 abc
Seedling Santa Maria 53.65 cde 43.03 def 260.46 a-e 14.78 e-h
Williams 44.39 efg 37.94 efg 207.56 g-j 11.83 g-j
Deveci 53.00 cde 46.07 cde 213.61 £+ 17.51 efg
Significance 0.001 0.001 0.001 0.001
Years (Y) 2021 42.75b 38.73b 223.05b 12.86 b
2022 52.35a 49.02 a 235.07 a 20.56 a
Significance 0.001 0.001 0.014 0.001
Rootstocks BA29 45.08 ¢ 4351b 228.68 b 1493 ¢
Quince A 43.24 ¢ 42,67 b 225.61b 15.57 ¢
FOX9 29.83 e 26.80 ¢ 160.30 ¢ 5.93d
FOX11 57.97 a 5422 a 270.13 a 24.05b
OHxF333 59.43 a 5722 a 269.66 a 27.31a
OHxF87 35.39d 29.99 ¢ 177.01 c 7.31d
FAROLDA40 59.11a 54.23 a 273.88 a 23.87b
Seedling 50.34 b 42.35b 227.21b 14.71 c
Significance 0.001 0.001 0.001 0.001
Cultivars Santa Maria 45.07b 41.10b 230.09 ab 13.95b
Williams 43.35b 39.76 b 219.74 b 13.68 b
Deveci 5422 a 50.76 a 237.35 a 22.50 a
Significance 0.001 0.001 0.013 0.001

*: Means with different letters in the same column are significant differences at P<0.05 based on the DMRT test.
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Tree height was reported by the rootstocks and cultivars (Giacobbo et al., 2010; Lepsis and Duredze, 2011;
Dondini and Sansavini, 2012). The highest TH of 'Abate Fetel' and 'Conference' cultivars were observed
on pear seedlings rather than on the BA29 and MA rootstocks (Castro and Rodriguez, 2002). In our study,
we observed the highest TH in the FAROLD40, FOX11, and OHxF333 rootstocks, respectively. This
difference with the previously mentioned study could be due to the slow growth of seedling rootstocks at
the early ages as compared to clonal rootstocks of pear. In the case of quince clonal rootstocks, there were
no statistically significant differences between them (BA29 and QA), with similar results among QA, QC,
Sydo, BA29, Pyrus communis seedlings rootstocks reported by Kviklys and Kvikliene (2004). The TH was
acquired 159 cm in ‘Williams’ pear cultivar and 225 cm in the ‘Deveci’ cultivar while grafted on QA
rootstock (Akgay et al., 2009). Similar differences among the cultivars were observed in our study.
Considering the performance of 'Seleta’ cultivar on quince rootstocks (Adams, EMC, and Portugal) and
Pyrus calleryana pear seedlings, Giacobbo et al. (2018) stated that all quince rootstocks reduced the
cultivars' TH by 60% compared to pear seedling rootstock (Pyrus calleryana). The highest TH of the
'Deveci' cultivar was recorded on the BA29 rootstock and the lowest on the MC rootstock (Oztiirk, 2021).

Our research revealed that the trunk cross-sectional area differs in terms of research years, cultivars, and
rootstocks. Similar findings were reported by (Iglesias and Asin, 2011; Sugar and Basile, 2011; Lepsis and
Drudze, 2011; Oztiirk and Oztiirk, 2014; Saracoglu and Cebe, 2018; Mete, 2019; Oztiirk, 2021; Kiictiker
and Aglar, 2021; Jovanovic et al., 2022).

In a study that evaluated the effect of different rootstocks and cultivars on morphological characteristics,
the findings respected to the rootstocks reported as the following: rootstock diameter of 30.20 mm MC to
38.98 BA29; stem diameter of 25.98 MC to 33.30 BA29 mm; tree length of 153.93 MC to 184.18 cm BA29;
trunk cross-sectional area of 6.88 MC to 10.71 cm? BA29; canopy volume of 0.20 QA to 0.29 m® BA29.
While in case of cultivars respectively reported 25.18 mm ‘Williams’ to 41.75 ‘Deveci’; 21.58 ‘Santa Maria’
to 33.39 mm ‘Deveci’; 142.73 “Williams’ to 191.34 cm ‘Santa Maria’; 4.79 ‘Williams” to 11.56 cm? ‘Deveci’;
0.12 “Williams’ to 0.36 m3 ‘Santa Maria’ by Kurt et al. (2022a).

Canopy Characteristics

Canopy characteristics of European pear considering different rootstocks, cultivars, research years, and
the rootstocks x cultivars combined effect is given in Table 4. Except for the canopy width in the case of
cultivars which was observed as insignificant, all other effects were found statistically significant. In
terms of the research years, it was determined that canopy volume (CV) in 2022 was higher (1.56 m3) than
in 2021 (0.94 m?3). The CV regarding rootstock averages varied between 0.21-2.08 m?, the highest (2.08 m?3)
CV observed in the OHxF333, and the lowest (0.21 m?®) in the FOX9 rootstock. Regarding cultivar
averages, CV varied between 1.14-1.41 m?3, the highest (1.41 m®) CV was in the 'Deveci', and the lowest
(1.14 m?) in the 'Santa Maria' cultivar. The CV observed between 0.12-2.66 m?® in the combined effect of
rootstock x cultivar; the highest (2.66 m3) CV was in the 'Williams' and the 'Deveci' cvs. on the OHxF333
rootstock, and the lowest (0.12 m?) in the 'Williams'/ FOX9 combinations (Table 4).

The findings of this study are consistent with earlier research; it was found that the research years,
rootstocks, and cultivars had a significant impact on canopy volume (CV) (Stern and Doron, 2009;
Hudina et al., 2014). Giocabbo (2010) stated that the rootstocks significantly affect the CV of cultivars. The
CV of 'Deveci' grafted on QA was 0.20-0.76 m3, and the 'Santa Maria' found 0.26-1.02 m? (Engin, 2011).
According to Kaplan (2011), there was a statistically significant variation in CV across pear cultivars
grafted on QA rootstock. He noted that 'B Hardy' and 'BP Morettini' had the biggest and 'Williams' had
the lowest CV. It was reported that the lowest CV of pear cv. 'Suvenirs' was observed while grafted on
QA and QC rootstocks (Lepsis and Drudze, 2011). According to Oztiirk and Oztiirk (2014), the ‘Deveci’
pear cultivar's CV was larger on the BA29 rootstock than it was on the MC rootstock. According to
Oztiirk (2021), when comparing the performance of ‘Deveci’ pears on various rootstocks, BA29 had the
largest (2.32 m?) CV, and MC rootstock had the lowest (0.74 m?3) CV. The CV of ‘Santa Maria’ grafted on
QA rootstock ranged between 0.71 and 2.0 m3, and the ‘Deveci’ between 0.67 and 1.86 m? in the Tokat
ecological conditions (Kiigiiker and Aglar, 2021).
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Table 4. Canopy attributes of European pear considering different rootstocks, cultivars, and research years.
Cizelge 4. Farkli anaclar, cesitler ve arastirma yillar1 bakimindan Avrupa armudunun tag zellikleri.

Rootstocks Cultivars Canopy width Canopy Canopy height  Canopy
(cm) length (cm) (cm) volume (m?)
BA29 Santa Maria 141.34 abc 126.79 b-e 198.38 d-h 1.58 b-e *
Williams 112.73 b-e 101.52 efg 153.72 ijk 0.89 d-h
Deveci 148.79 ab 133.17 a-e 202.96 d-g 1.81 a-d
Quince A Santa Maria 144.47 abc 134.91 a-d 222.50 a-e 1.93 abc
Williams 87.32 efg 69.06 hij 125.82 k 0.40 gh
Deveci 140.70 abc 121.09 c-f 215.69 b-f 1.76 a-d
FOX9 Santa Maria 55.12 gh 52.26j 138.80 jk 0.22 gh
Williams 4499 h 43.41j 126.18 k 0.12h
Deveci 66.08 fgh 68.50 hij 129.67 k 0.30 gh
FOX11 Santa Maria 128.18 a-d 124.84 b-e 225.64 a-d 1.55 b-e
Williams 139.31 abc 135.79 a-d 237.02 a-d 1.88 abc
Deveci 131.40 abc 132.90 a-e 242 .32 abc 1.86 a-d
OHxF333 Santa Maria 117.03 b-e 117.60 c-g 185.87 e-j 1.02 ¢-h
Williams 149.26 ab 161.61 a 255.33 a 2.66 a
Deveci 158.85 a 153.73 ab 251.66 ab 2.56 a
OHXxF87 Santa Maria 67.40 fgh 60.76 ij 152.98 ijk 0.30 gh
Williams 88.19 efg 85.97 ghi 162.77 h-k 0.56 fgh
Deveci 54.97 gh 54.83 131.65 k 0.16 h
FAROLD40 Santa Maria 119.47 b-e 106.86 d-g 204.39 c-g 1.16 c-g
Williams 149.56 ab 141.76 abc 250.94 ab 2.38 ab
Deveci 134.09 abc 142.14 abc 259.19 a 1.89 abc
Seedling Santa Maria 131.05 abc 109.98 c-g 200.52 d-h 1.38 c-f
Williams 93.02 def 92.01 gh 178.31 f-i 0.66 e-h
Deveci 110.82 cde 104.79 d-g 173.17 g+ 0.95 c-h
Significance 0.001 0.001 0.001 0.001
Years (Y) 2021 99.22 b 95.68 b 186.85b 094b
2022 126.96 a 119.01 a 198.61 a 1.56 a
Significance 0.001 0.001 0.015 0.001
Rootstocks BA29 134.29 ab 120.49 bc 185.02b 1.43 be
Quince A 124.17 be 108.35 cd 188.00 b 1.36 ¢
FOX9 55.40 e 54.72 e 131.55 ¢ 021e
FOX11 132.96 ab 131.18 b 234.99 a 1.76 ab
OHXxF333 141.71 a 14431 a 230.96 a 2.08 a
OHXxF87 70.19d 67.19 ¢ 149.13 ¢ 0.34e
FAROLDA40 134.38 ab 130.25b 238.17 a 1.81a
Seedling 111.63 ¢ 102.26 d 184.00 b 1.00d
Significance 0.001 0.001 0.001 0.001
Cultivars Santa Maria 113.01 a 104.25b 191.13 ab 1.14b
Williams 108.05 a 103.89 b 186.26 b 1.19b
Deveci 118.21 a 113.89 a 200.79 a 141 a
Significance 0.057 0.016 0.045 0.037

*: Means with different letters in the same column are significant differences at P<0.05 based on the DMRT test.

Shoot Characteristics

The rootstocks x cultivars' combined effect on the annual shoot length (ASL), node numbers in the annual
shoots (NNAS), and internode length in the annual shoots (ILAS) characteristics are given in Table 5. In
terms of combined rootstocks x cultivars, the ASL and ILAS were statistically significant, while the NNAS
was not significant. The ASL varied between 16.11-43.05 cm. The longest ASL was determined in the

———
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'Deveci'/FOX11 combination (43.05 cm), and the shortest (16.11 cm) in the 'Williams'/seedling
combination. The NNAS was found between 9.78-16.87 pcs. The ILAS varied between 1.29-2.98 cm. The
longest ILAS was determined in the 'Santa Maria'/BA29 combination (2.98 cm) and the shortest (1.29 cm)
in the 'Williams'/seedling combination (Table 5).

Table 5. Shoot characteristics of European pear in terms of different rootstock x cultivar interaction.
Cizelge 5. Farkli anag x ¢esit interaksiyonu bakimundan Avrupa armudunun siirgiin ozellikleri.

Rootstocks Cultivars Annual shoot length  Node numbers in Internode length in
(cm) the annual shoots the annual shoots
(pcs.) (cm)
BA29 Santa Maria  33.83 a-d 1131 a 298a*
Williams 2413 d-i 1044 a 223 c-g
Deveci 32.70 a-e 1245a 2.61 a-e
Quince A Santa Maria  32.55 a-f 11.35a 2.89 ab
Williams 23.19 d-i 1122 a 2.09d-g
Deveci 26.87 c-i 11.25a 2.38b-g
FOX9 Santa Maria  20.17 ghi 1129 a 181lg
Williams 18.53 hi 9.78 a 1.89 fg
Deveci 26.28 c-i 10.64 a 2.49 a-f
FOX11 Santa Maria  35.91 abc 13.03 a 2.77 abc
Williams 32.31 b-f 15.89 a 2.03 efg
Deveci 43.05a 16.87 a 2.54 a-e
OHxF333 Santa Maria  27.55c-h 12.36 a 224 c-g
Williams 21.34 f-i 1122 a 191 fg
Deveci 36.28 abc 13.96 a 2.60 a-e
OHxF87 Santa Maria  25.67 c-i 13.77 a 1.93 fg
Williams 25.77 c-i 14.02 a 1.82¢g
Deveci 21.85e-i 11.72 a 186 g
FAROLD40 Santa Maria  32.17 b-f 1491 a 2.11d-g
Williams 30.71b-g 15.15a 2.04 efg
Deveci 40.83 ab 16.25a 2.49 a-f
Seedling Santa Maria  27.23 c-i 1029 a 2.65 a-d
Williams 16.111 12.00 a 1.29h
Deveci 23.47 d-i 1191a 1.95 fg
Significance 0.001 0.140 0.001

*: Means with different letters in the same column are significant differences at P<0.05 based on the DMRT test.

Rootstocks' main effect on the ASL, NNAS, and ILAS characteristics is given in Figure 1. Regarding
rootstocks' main effect, all attributes were acquired as statistically significant. The ASL ranged from 21.66-
37.09 cm. The longest ASL was determined in the FOX11 rootstock (37.09 cm) and the shortest (21.66 cm)
in the FOX9 rootstock. The NNAS was found between 10.57-15.44 pcs. The highest (15.44 pcs.) NNAS was
in the FAROLDA40 rootstock, while the lowest (10.57 pcs.) was in the FOX9 rootstock. The ILAS was
recorded in the range of 1.87-2.60 cm. The longest (2.60 cm) ILAS was determined in the BA29 rootstock,
and the shortest (1.87 cm) in the OHxF87 rootstock (Figure 1).
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Figure 1. The rootstock's main effects on; A) annual shoot length (ASL), B) node numbers in the annual shoots
(NNAS), and C) internode length in the annual shoots (ILAS).

Sekil 1. A) yillik siirgiin uzunlugu (ASL), B) yillik siirgiinlerdeki bogum sayilart (NNAS) ve C) wyillik siirgiinlerdeki bogum
arast uzunlugu (ILAS) iizerine anaglarin etkisi.

Cultivar's main effects on the ASL, NNAS, and ILAS characteristics are illustrated in Figure 2.
Considering cultivar main effects, the ASL and ILAS were obtained as statistically significant, while the
NNAS was not significant. The ASL varied from 24.01 cm to 31.42 cm. The longest ASL was determined
in the 'Deveci' cultivar (31.42 cm) and the shortest (24.01 cm) in the 'Williams' cultivar. The NNAS was
found between 12.29-13.13 pcs. The ILAS was 1.91-2.42 cm. The longest (2.42 cm) ILAS was determined in
the 'Santa Maria' cultivar, and the shortest (1.91 cm) in the 'Williams' cultivar (Figure 2).

A) ASL(cm) B) NNAS (pcs.) C) ILAS (cm)
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Figure 2. The cultivar's main effects on; A) annual shoot length (ASL), B) node numbers in the annual shoots
(NNAS), and C) internode length in the annual shoots (ILAS). SM= ‘Santa Maria’, W=‘Williams’, D=‘Deveci’.

Sekil 2. A) yillik siirgiin uzunlugu (ASL), B) yillik siirgiinlerdeki bogum sayilari (NNAS) ve C) yillik siirgiinlerdeki bogum
arast uzunlugu (ILAS) iizerine cesitlerin etkisi.

The research years' main effect on the ASL, NNAS, and ILAS characteristics is shown in Figure 3.
Considering research years' main effect on the ASL, NNAS, and ILAS was not significant.

———
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Figure 3. Research years' main effects on the annual shoot length (ASL), node numbers in the annual shoots (NNAS),
and internode length in the annual shoots (ILAS).

Sekil 3. Yillik siirgiin uzunlugu (ASL), yillik siirgiinlerdeki bogum sayist (NNAS) ve yillik siirgiinlerdeki bogum arast
uzunlugu (ILAS) iizerine aragtirma yillarin etkisi.

The ASL of pear cvs. 'Ankara’, 'Akca’, 'Williams', 'Santa Maria', and 'Deveci' in Bingol ecological
conditions were observed between 22.0-86.0 cm. The highest ASL was in 'Ankara’, and the lowest was in
the 'Santa Maria' cultivar (Osmanoglu et al., 2013). In the case of 'Abate Fetel' pear, the ASL was the
highest on seedlings (82.0 cm) and the lowest on BA29 (4.6 cm) and MA (5.2 cm) rootstocks. In addition,
they observed the highest (83.3 cm) ASL of the 'Conference' pear on the seedling and the shortest (2.6 cm)
on the BA29 rootstock (Castro and Rodriguez, 2002). In the case of different rootstocks x cultivars
combinations, the ASL recorded between 26.0-44.56 cm in the ‘Deveci’/QA, 35.56-49.0 cm in the ‘Santa
Maria’/QA, 22.89-46.44 cm in the ‘Deveci’/OHxF333, and 16.67-37.90 cm in the ‘Santa Maria’/OHxF333 by
Engin (2011). In the case of pear cv. 'Shahmiveh', the longest ASL was obtained from Konjoni and pear
seedlings rootstocks, and the shortest from hawthorn seedling and QC rootstocks (Akbari et al., 2014). A
study evaluated the effect of Champion, Melliforme, P. calleryana pear rootstock on the ASL of pear cv.
‘Williams’ by Pasa et al. (2020), it was found that the Champion had weaker growth than other
rootstocks. In a study that evaluated the effect of different rootstocks and cultivars on morphological
characteristics, the annual shoot length of 26.88 (MC) to 45.09 cm (BA29), 31.99 ‘Deveci’ to 42.79 cm
‘Abate Fetel” were reported by Kurt et al. (2022a).

CONCLUSION

It was determined that pear cv. 'Williams' did not perform well in vegetative growth compared to other
evaluated cultivars. It may result from incompatibility between the 'Williams' and rootstocks used in the
study. The 'Deveci'cultivar performed better morphological growth than both 'Santa Maria' and
‘Williams' cultivars. The genetic capacity of rootstocks, cultivars, and variations of the climatical
conditions in two consequent research years, 2021 and 2022, resulted in the withstand variations in the
morphological attributes of pear trees.
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Cay Artiklarindan Elde Edilen Odun Sirkesinin Lahanada Fide Gelisimi ve Besin Maddesi Icerigi
Uzerine Etkisi

The Effect of Wood Vinegar Obtained from Tea Wastes on Seedling Growth and Nutrient Content in
Cabbage
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Oz: Bu calismada, ay bitkisi atiklarindan elde edilen odun sirkesinin farkli dozlarda yapraktan ve topraktan uygulanarak lahana fidelerinde bitki
gelisimi ve mineral madde igerigi {izerine etkisi incelenmistir. Odun sirkesi (OS) farkl: dozlarda (0, 1:25, 1:50, 1:75, 1:100, 1:250 ve 1:500; odun sirkesi/su)
hazirlanarak lahana fidelerine iki sekilde (yapraklara piiskiirtiilerek ve topraktan) uygulanmustir. Uygulamalar birer hafta arayla 3 kez yapilmustir.
Odun sirkesinin yapraktan ve topraktan uygulamalar1 lahana fidelerinde bitki gelisimini istatistiksel anlamda &nemli olarak etkilemistir. En yiiksek
govde capi, bitki uzunlugu gévde yas agirligi, govde kuru agirhigr ve kok kuru agirligr yapraktan 1:500 OS uygulamasindan elde edilirken en yiiksek
kok taze agirhgr yapraktan 1:250 OS uygulamasinda tespit edilmistir. En diisiik degerler ise yaprak vetopraktan uygulanan en yiiksek OS
konsantrasyonundan (1:25) elde edilmistir. Calismada yaprak veya topraktan farkli dozlarda uygulanan OS uygulamalarinin lahana fidelerinde N,
P, K, Ca,Mg, S, Mn, Fe, Zn, B ve Cu igerigine etkisinin 6nemli oldugu ve genellikle bitki besin element igerigini artirdig: tespit edilmistir. Sonug olarak
ozelikle diisiik konsantrasyonda yapraktan veya topraktan OS uygulamalari lahana fidelerinde bitki gelisimini olumlu olarak etkiledigi tespit
edilmistir.

Anahtar Kelimeler: Lahana (Brassica oleracea), odun sirkesi, fide gelisimi, besin maddesi icerigi

&

Abstract: The purpose of the study was determine to the effect of wood vinegar obtained from tea plant waste on plant growth and mineral content
in cabbage seedlings applied to leaves and soil in different doses. Wood vinegar (OS) was prepared in different doses (0, 1:25, 1:50, 1:75, 1:100, 1:250
and 1:500; wood vinegar/water) and applied to cabbage seedlings in two ways (by spraying on the leaves or drench). Applications were made 3 times
with one week intervals. Foliar and soil applications of wood vinegar had a statistically significant effect on plant growth in cabbage seedlings. While
the highest stem diameter, plant length, stem fresh weight, stem dry weight and root dry weight were obtained from the foliar 1:500 OS application,
the highest root fresh weight was determined from the foliar 1:250 OS application. The lowest values were obtained from the highest concentrations
(1:25) applied to leaves and soil. In the study, it was determined that the effect of OS applications applied to leaves or soil at different doses on the N,
P, K, Ca, Mg, S, Mn, Fe, Zn, B and Cu contents in cabbage seedlings was significant and generally increased the plant nutrient element content. In
conclude, it was determined that foliar or soil OS applications, especially at low concentrations, positively affect plant growth in cabbage seedlings.

Keywords: Cabbage (Brassica oleracea), wood vinegar, seedling growth, nutrient element content
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Gay Artiklarindan Elde Edilen Odun Sirkesinin Lahanada Fide Geligimi ve Besin Maddesi Ierigi Uzerine Etkisi

GIRIS

Biyokiitle pirolizinin bir yan tirtinii olan OS (odun sirkesi), tarim, ormancilik, ¢cevre ve diger alanlardaki
potansiyel uygulamalar1 nedeniyle giderek artan ilgi gormektedir. OS, organik asitler, fenolik, alkol ve
ester bilesiklerinden olusan 200'den fazla suda ¢oziiniir bilesikten olusur. OS'nin, koku giderici, hayvan
yemi katki maddesi ve bocek kovucu gibi tarimsal kullanimlar ve toprak veya yaprak giibresi gibi birgok
kullanimi1 alani bulunmaktadir. OS'nin, farkl bitkilerde tohum ¢imlenmesini ve bitki gelisimini olumlu
etkiledigi bildirilmistir (Mungkunkamchao vd., 2013).

OS, toprak enzim aktivitelerini uyararak (Lashari vd., 2013), amonyak buharlagsmasini azaltarak (Win vd.,
2009) ve metal toksisitesini hafifleterek toprak yapisimin iyilestirilmesinde umut verici potansiyeli
nedeniyle ilgi odag haline gelmistir (Win vd., 2009; Liu vd., 2018). OS'nin tohuma, topraga veya yapraga
uygulanmasi patlican ve biberde biiyiimeye bagli parametreleri iyilestirdigi bildirilmistir (De Guzman ve
Cababaro, 2021; Zhu vd., 2021). Yiiksek veya seyreltilmis OS ¢ozeltisinin antioksidan ve antibakteriyel
ozelliklere sahip oldugu ve bir biiyiime diizenleyicisi olarak gorev yapabilecegi rapor edilmistir (Yang vd.,
2016; Zhu vd., 2021). OS'nin ayrica stres kosullarinda bitki gelisimini olumlu etkiledigi de bildirilmistir
(Theapparat vd., 2018; Mohd Amnan vd., 2023).

Tarim ve ormancilik faaliyetleri sonucu ortaya ¢ikan ve ¢cogunlukla yakilarak veya dogada terk edilerek
elden ¢ikarilan biyokiitle miktarinin yillik 146 milyar ton oldugu tahmin edilmektedir. Bu tiir biyokiitle
kalintilarinin yakilmasi, toprak canlilarini olumsuz etkileyerek topragin bozulmasina yol agabilir (Birol ve
Giinal, 2022). Cay, en yaygin ve en c¢ok tiiketilen iceceklerden biri olup, sudan sonra ikinci siray:
almaktadir. Cay atiklar1 c¢evre sektorii, enerji sektorii, polimer endiistrisi vb. bir¢ok alanda
kullanilmaktadir. Cay ve tiirevi iirinlerin tiiketiminin artmasiyla birlikte, basta cay ekstraktlarinin iiretimi
sirasinda olusan ¢ay kalintilari, toplanmamus ¢ay yapraklari ve budanmus dallar olmak {izere gay
atiklarinin miktar1 hizla artmis olup, bu da biiytik biyokiitle kaybina ve cevresel kirlenmenin artmasina yol
agmaktadir (Guo vd., 2021). Budanmis ¢ay yapraklar1 ve ¢ay kalintilari, karboksil, hidroksil, fenolik
hidroksil ve oksil gruplarinin yani sira oksijen/heteroatom igeren gruplarda bol miktarda bulunan lignin
ve holoseliiloz bakimimndan zengindir (Hussain vd., 2018).

Yapilan calismalar odun sirkesi uygulamalarinin etkisinin elde edildigi kaynagin tiiriine ve uygulama
konsantrasyonuna bagl oldugunu gostermistir (Idowu vd., 2023). Tiirkiye ¢ay alanlar1 2015 yilinda 762 bin
dekar iken 2019 yilinda 849 bin dekara ¢ikmustir. Diger yandan 2015 yilinda 1.33 milyon ton olan ¢ay
tiretimi 2019 yilinda 1.45 milyon tona yiikselmistir. Bu ¢alismada, Tiirkiye’de biiyiik miktarlarda aciga
¢ikan ve degerlendirilmeyen ¢ay bitkisi atigindan elde edilen odun sirkesinin farkli dozlarda yapraktan ve
topraktan uygulanan lahana fidelerinde bitki gelisimi ve mineral madde igerigi {izerine etkisi incelenmistir.

MATERYAL VE METOT

Calisma Atatiirk Universitesi, Bitkisel Uretim ve Arastirma Miidiirliigii'ne ait yari kontrollii serada
yliriitiilmiistiir. Calisma boyunca sicaklik ve nem Olglimleri alinmis olup, ortalama sicaklik 24 °C ve
ortalama nem ise %60 olarak tespit edilmistir. Calismada bitkisel materyal olarak lahana (Brassica oleracea
var capitata cv. Yalova 1) kullanilmistir. Lahana tohumlar1 torf:perlit (2:1) iceren 216 gozlii viyollere
ekildikten sonra yaklasik bir ay sonra 2-3 adet gercek yaprakli asamadaki fideler i¢inde 2:1:1 oranlarda
bahge topragi:torf:kum olan 1.5 L’lik saksilara aktarilmistir. Saksilara herhangi bir giibre uygulamas:
yapilmamuistir.

Rize Belediyesinin bir kurulusu olan Ribelkent tarafindan ¢ay atiklarindan proliysis yontemi ile {iretilen
odun sirkesi (Cizelge 1) farkli dozlarda (0, 1:25, 1:50, 1:75, 1:100, 1:250 ve 1:500; OS/su) hazirlanarak lahana
fidelerine iki sekilde (yapraklara piiskiirtiilerek veya topraktan) uygulanmistir. Uygulamalar birer hafta
arayla 3 kez yapilmustir.
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Cizelge 1. Denemede kullanilan odun sirkesinin bazi kimyasal 6zelikleri.
Table 1. Some chemical properties of the wood vinegar used in the experiments.

Organik Madde (%) 36.15
Organik Karbon (%) 16.14
pH 5.73
EC (dSm) 3.43
Toplam Mangan (Mn) (ppm) 4.80
Toplam Azot (N) (%) 1.27
Organik Azot (% 0.94
Toplam Kiikiirt (S) (%) 0.10
Toplam (Humik+Fulvik) Asit (%) 60.39
Toplam Bor (B) (ppm) 5.00
Toplam Fosfor (P) (%) 0.25
Toplam Demir (Fe) (ppm 49.8
Toplam Cinko (Zn) (ppm) 4.40
Suda C6z. Potasyum Oksit (K20) (%) 0.05

Aragtirma tesadiif parselleri deneme desenine gore 3 tekerriirlii ve her tekerriirde 6 bitki olacak sekilde
yurtitiilmiistiir. Lahana fideleri saksilara dikiminden 40 giin sonra ¢alisma tamamlanmistir. Deneme
sonunda fidelerin gévde gap1 kumpas ve bitki boyu cetvel ile gévde ve kok taze ve kuru agirliklar: ise
hassas terazide tartilarak belirlenmistir. Kuru agirliklar kok ve govdeler 68 °C de agirlik degismez duruma
gelinceye kadar etiivde tutulduktan sonra tartilarak tespit edilmistir. Kuru agirliklari belirlenen toprak
iistii aksam oOgiitiildiikten sonra toplam azot (N)nin belirlenmesi, Vapodest 10 Hizli Kjeldahl Damitma
Unitesi (Gerhardt, Konigswinter, Almanya) kullanilarak Kjeldahl yontemiyle belirlenmistir (Bremner,
1996). Fosfor (P), potasyum (K), kalsiyum (Ca), magnezyum (Mg), kiikiirt (S), mangan (Mn), demir (Fe),
¢inko (Zn), bor (B) ve bakir (Cu) gibi besin elementi igerigini belirlemek i¢in ind{iktif olarak eslesmis bir
plazma spektrofotometresi (Optima 2100 DV, ICP/OES; Perkin-Elmer, Shelton, CT) kullanilmaistir.

Elde edilen veriler Varyans analizine tabi tutulduktan sonra uygulamalar arasindaki farklar SPSS programi
kullanilarak LSD (0.05) ¢coklu karsilastirma testine gore belirlenmistir.

BULGULAR VE TARTISMA

Sera kosullarinda saks: denemesi seklinde yiiriitiilen bu calismadan elde edilen sonuglar Cizelge 2 ve
Cizelge 3'te sunulmustur. Cizelge 2 incelendiginde odun sirkesinin yapraktan ve topraktan
uygulamalarinin lahana fidelerinde bitki gelisimini istatistiksel anlamda Onemli olarak etkiledigi
goriilmektedir. En yiiksek govde capi, bitki boyu, govde yas agirligi, govde kuru agirligr ve kok kuru
agirligi yapraktan 1:500 OS uygulamasindan elde edilirken en yiiksek kok taze agirligi yapraktan 1:250 OS
uygulamasinda tespit edilmistir. En diisiik degerler ise yaprak ve topraktan uygulanan en yiiksek
konsantrasyonlardan (1:25) elde edilmistir. Calismamizdan elde edilen sonuglara paralel olarak 6nceki
arastirmalarda da farkli hammaddelerden elde edilen OS uygulamalarinin bitki biiytimesini ve gelisimini
iyilestirdigi gosterilmistir (Zhu vd., 2021; Luo vd., 2019). Yine, OS uygulamalarinin domates ve hiyarda
bitki gelisimini olumlu etkiledigi rapor edilmistir (Mungkunkamchao vd., 2013; Pan vd., 2017; Lei vd.,
2018). OS uygulamalarmin piring ve bugdayda kuraklik stresi toleransini artirdig: belirlenmistir (Luo vd.,
2019; Dissatian vd., 2018; Wang vd., 2019). Kolzada tohuma OS uygulamasimnin, biyokiitle ile ilgili
parametrelerde, klorofil iceriginde ve fotosentezde 6nemli l¢iide kontrole gore iyilestigi rapor edilmistir
(Ma vd., 2022). Luo vd. (2019) kavak agacindan elde edilen odun sirkesinin biber ve domateste 6zellikle
diisiik konsantrasyonlarda kok ve toprak tistil biyokiitleyi onemli diizeyde artirdigini ileri siirmiislerdir.
Cizelge 1'de goriildiigii gibi denemede kullanilan ¢ay bitkisi atiklarindan elde edilen OS'nin 6nemli
miktarda hiimik ve fulvik asit icerdigi goriilmektedir. Hiimik maddelerin dogal, etkili biiyiime
destekleyicileri oldugu bilinmektedir. Diisiik molekiil agirlikli hiimik asit, kok hiicrelerine girebilir ve
hiicre i¢i sinyalleri dogrudan uyarabilir. Besin tasiyicilari, plazma zar1 H+ -ATPazlari, hormon yollar1 ve
azot alim, hiicre boliinmesi ve gelisiminde rol oynayan genler/enzimlerin tiimii hiimik asit'den etkilenir
(Vikram vd., 2022). Hiimik asit ve hiimik maddeler toprakta kullanildiginda toprak yapisini iyilestirebilir,
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besin elementi alim etkinligini artirabilir ve bitkilerde morfogenezi, yan kok olusumunu ve kilcal kok
olusumunu tegvik ederek ve aym zamanda uyaric olarak biiyiimeyi arttirici olarak hareket edebilir.
Hiimik maddeler ayrica, karbon, azot ve sekonder metabolizma indiiksiyonunu artirir (Khan vd., 2018;
Yanan vd., 2020; Nardi vd., 2021).

Cizelge 2. OS uygulamalarinin lahana fidelerinde bazi bitki biiyiime parametreleri tizerine etkisi.
Table 2. Effect of wood vinegar applications on some plant growth parameters in cabbage seedlings.

Uygulama Govde Bitki Govde yas Govde Kok yas Kok kuru agirlig:
Cap1 boyu agirligy kuru agirlig: (g bitki-)
(mm) (cm) (g bitki) agirligy (g bitki)
(g bitki?)
1:25 Toprak 2.77 16.00 10.58 2.10 2.08 0.29
1:25 Yaprak 3.72 19.17 14.01 2.13 2.26 0.30
1:50 Toprak 5.05 22.67 24.94 3.37 2.81 0.41
1:50 Yaprak 4.38 21.50 21.19 2.80 2.66 0.39
1:75 Toprak 5.02 25.67 25.51 3.38 3.82 0.52
1:75 Yaprak 5.25 21.33 25.13 3.62 4.07 0.55
1:100 Toprak 4.72 25.00 25.60 3.74 3.11 0.51
1:100 Yaprak 4.00 24.33 24.81 3.72 4.04 0.55
1:250 Toprak 4.92 24.50 25.54 3.64 3.42 0.54
1:250 Yaprak 4.46 23.50 26.50 3.85 4.32 0.53
1:500 Toprak 5.09 27.00 27.98 3.71 3.65 0.54
1:500 Yaprak 5.25 28.33 29.60 4.08 3.65 0.56
Kontrol 4.28 22.50 21.12 3.18 2.68 0.40
Ortalama 4.53 23.19 23.27 3.33 3.27 0.47
F degeri 49.69** 37.10** 48.92** 93.91** 95.19** 103.27**
LD (0.05) 0.30 1.56 2.23 0.19 0.22 0.03
Varyasyon
katsayisi (%) 3.89 4.01 5.76 3.36 3.94 3.56
**: p<0.001

Calismada yaprak veya topraktan farkli dozlarda uygulanan OS uygulamalarinin lahana fidelerinde N, P,
K, Ca, Mg, S, Mn, Fe, Zn, B ve Cu igerigine etkisinin énemli oldugu ve genellikle bitki besin element
igerigini artirdig1 tespit edilmistir. En fazla N, K, Ca, Mg ve Fe igerigi yapraktan 1:100 OS uygulamasindan
elde edilmistir. En yiiksek P, S ve B 1:250 toprak, en yiiksek Mn ve Zn 1:500 yaprak, en yiiksek Zn ise 1:100
toprak uygulamasinda belirlenmistir. Benzer sekilde Mirsoleimani vd. (2023) OS uygulamalarinin bitkinin
Ca, Na ve Mn alimimi artirdigim rapor etmislerdir. OS, topragin pH'in ve tuzlulugunu ve dolayisiyla
bitkinin kuru agirhigini ve besin alimini etkileyerek topraktaki besin maddelerinin kullanilabilirligini ve
bunlarin bitki tarafindan alimin etkileyebilir (Mirsoleimani vd., 2023). OS'nin diisiitk molekiil agirliga
sahip asitleri (asetik asit ve propanoik asit gibi) igerdigi ve bu diisiik molekiil agirliga sahip asitlerin
bitkilerde kok morfolojisi ve biyokiitlesini destekleyerek besin alimini kolaylastirdigi ve sonug olarak
rizosferin kalitesini iyilestirerek besin kullanilabilirligini artirdig1 bildirilmistir (Sharma vd., 2016). Topraga
uygulanan hiimik maddelerin besin elementi alimin1 ve kok mimarisini etkileyerek Ozellikle stres
kosullarinda bitki gelisimi ile besin maddesi alimin1 artirdig: rapor edilmistir (Vikram vd., 2022). Nitekim
bizim calismamizda kullandigimiz cay bitkisi atiklarindan elde edilen OS'nin 6nemli miktarda hiimik
madde igerdigi goriilmektedir (Cizelge 1). Hiimik maddeler ayrica, besin kullanim verimliligini, makro ve
mikro element asimilasyonunu ve karbon, N ve sekonder metabolizma indiiksiyonunu artirdig: ileri
suriilmiigtiir (Khan vd., 2018; Yanan vd., 2020; Nardi vd., 2021).
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Cizelge 3. Odun sirkesi uygulamalarinin lahana fidelerinde bitki besin elementi igerigi {izerine etkisi.
Table 3. Effect of wood vinegar applications on plant nutrient content in cabbage seedlings.
Uygul. N P K Ca Mg S Mn Fe Zn B Cu
(%) (%) (%) (%) (%) (%) (mg (mg (mg (mg (mgkg
kg) kg) kg) kg) 1)
1:25Top 343 125 213 370 0337 0250 5063 2015 328 286 1848

1:25 Yap 2.82 0.92 1.57 3.50 0.199 0.183 41.70  12.37 2.87 2.77 18.51

1:50 Top 3.17 1.21 2.13 3.42 0.245 0.307 5123  16.90 3.72 4.00 10.61
1:50 Yap 3.44 1.32 2.04 3.97 0.310 0.289 5519 18.84 3.74 3.32 14.42
1:75 Top 2.84 1.12 1.85 3.08 0.224 0.485 5291 17.46 3.32 3.30 20.30
1:75 Yap 2.87 1.19 1.99 3.12 0.240 0.442 4442 1512 3.37 3.15 19.52
1:100Top 3.55 1.53 2.56 4.25 0.337 0.331 60.10 2047 4.02 3.22 10.67
1:100Yap 3.80 1.51 2.71 4.34 0.348 0.297 5630 21.57 3.76 3.55 14.52
1:250Top 2.76 1.73 1.81 3.18 0.231 0.734 47.82  14.50 3.07 4.38 21.15
1:250Yap 3.31 1.62 2.38 3.52 0.255 0.525 5190 17.26 3.86 3.78 11.50
1:500Top 2.90 1.47 1.65 3.24 0.341 0.260 4010 15.30 3.07 3.18 12.52
1:500Yap 2.75 1.52 1.80 3.12 0.327 0.690 6049 1443 3.44 3.64 21.50

Kontrol 2.78 0.91 1.56 2.95 0.204 0.171 4059  13.23 3.10 2.69 9.55
Ort. 3.11 1.33 2.01 3.49 0.277 0.382 50.26 16.74 343 3.37 15.64
F degeri 40.45* 7555  72.45% 4071* 66.74*  212.84* 34.07 27.49* 20.44* 3998 132.99*
* * * *% * * * *

LSD 0.16 2.05 0.13 0.21 0.020 0.036 3.47 1.61 0.23 0.23 1.11
(0.05)
Varyas. 3.13 3.87 3.68 3.53 4.380 5.630 411 5.71 3.98 3.97 424
katsa(%)

#: p<0.001

SONUC

Sonug olarak ozelikle diisiik konsantrasyonda yapraktan veya topraktan OS uygulamalar1 lahana
fidelerinde bitki gelisimini olumlu olarak etkiledigi tespit edilmistir. OS uygulamalarmin diger sebzelerde
de arazi kosullarinda verim ve kalitesi {izerine etkisi aragtirilmalidir.

CIKAR CATISMASI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI
Merve Yiice: Denemenin kurulmasi, deneme kayitlarinin tutulmasi, verilerin alinmasi ve 6l¢iim, tartim vb.
ile ilgili laboratuvar ¢aligsmalari, istatistik degerlendirme

Giileray Agar: Sonuglarin degerlendirilmesi, makalenin yazilmasi
Ertan Yildirim: Istatistiksel analiz, sonuglarin degerlendirilmesi, makalenin yazilmasi
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Seftalide Farkli1 Dozlarda Putresin Uygulamasinin Depolamada Meyve Kalitesi ve Biyokimyasal
Bilesikler Uzerine Etkisi

The Effect of Different Doses of Putrescine on Fruit Quality and Biochemical Compounds at cold
Storage in Peach
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Oz Klimakterik bir meyve tiirii olan ve hasattan sonra meyve hizl bir sekilde bozulan seftalide raf dmrii kisa ve hasat sonrasi kayiplar yiiksektir. Bu
nedenle geftalide hasat sonras: kaybi azaltmak ve raf dmriinii uzatmak temel hedeflerden birisidir. Bu amag dogrultusunda yapilmis ¢alismada, 2005
yilinda Tokat Merkez Kemalpasa koytinde seftali ¢6giir anaci tizerine asilh Monreo seftali ¢esidine ait agaclar ile kurulmus bahgeden hasat edilen
meyvelere hasat sonrasi farkli dozlarda (0.0, 0.5, 1.0, 2.0 ve 4.0 mM) uygulanan putresinin depolama siiresince meyve kalite 6zellikleri ve biyokimyasal
igerik {izerine etkisi belirlenmistir. Depolama siiresinin uzamasi ile birlikte artan agirlik kayb1 ve ¢iiriime orani putresin uygulanmis meyvelerde daha
diisiik bulunmus ve uygulama konsantrasyonuna baglh olarak degismistir. Putresin uygulamas: meyvede et sertliginin korunmasinda etkili olmustur,
ancak uygulama konsantrasyonunun etkisi olmamigtir. Depolamada suda ¢oziiniir kuru madde miktarinda (SCKM) oraninda artis, titreedilebilir
asitlik (TA) oraninda ise azalma meydana gelmistir ve SCKM ve TA oranlarinda meydana gelen degisimler putresin uygulamasi ile daha diisiik
bulunmustur. Genel olarak, organik asitlerin, fenolik bilesikler, flavonoidler gibi polyphenol bilesiklerin konsantrasyonun ve antioxidant kapasitenin
muhafaza edilmesinde putresin uygulamasinin etkili olmustur, ancak bu etki konsantrasyona ve bilesige bagli olarak degismistir. Calisma ile putresin
uygulamasinin seftalide hasat sonu kalitenin muhafaza edilmesinde kullanilabilecegi ortaya konulmustur.

Anahtar kelimeler: Agirlik kaybs, fenolik bilesik, meyve eti sertligi, organik asit

&

Abstract: In peach, which is a climacteric fruit species and the fruit spoils quickly after harvest, the shelf life is short and post-harvest losses are high.
Therefore, the reducing post-harvest loss and extending the shelf life of peaches is one of the main goals. In the study carried out for this purpose,
putrescine was applied at different doses (0.0, 0.5, 1.0, 2.0 and 4.0 mM) after harvest to the fruits harvested from the orchard established with trees of
the Monreo peach cultivar grafted on peach seedling rootstock in Tokat Merkez Kemalpasa village in 2005, and its effect on biochemical content and
fruit quality during cold storage were determined. The weight loss and decay rate, which increased with the extension of the cold storage time, were
lower in putrescine-treated fruit and varied depending on the application concentration. Putrescine application was effective in maintaining flesh
firmness in fruit, but application concentration had no effect. During cold storage, there was an increase in soluble solids content (SSC) and a decrease
in the titratable acidity (TA) ratio, and the changes in the SSC and TA rates were lower with the application of putrescine.In general, putrescine
application was effective in maintaining the concentration and antioxidant capacity of polyphenol compounds such as organic acids, phenolic
compounds, flavonoids, but this effect varied depending on the concentration and compound. The study revealed that putrescine application can be
used to maintain post-harvest quality in peaches.

Keywords: Weight loss, phenolic compounds, fruit flesh firmness, organic acids
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Aromasi, tad1 ve duyusal 6zellikleri ile tiiketicilerin tercihlerini etkileyen seftali (Aubert vd., 2019), organik
asitler, vitaminler ve antosiyaninler gibi biyoaktif bilesikler icerigi ile insan saglig1 acisindan da énemli bir
meyve tiiriidiir (Ramina vd., 2008). Bununla birlikte klimakterik bir meyve tiirii olan seftalide, olgunlasma
sirasinda etilen {iretimi ve solunum hizindaki artis ile hasattan sonra meyve hizli bir sekilde bozulur, kalite
ozelliklerinde ve antioksidan aktivitede 6nemli degisiklikler meydana gelir (Tonutti vd.,1997). Dolayisiyla
seftalide raf omrii kisa ve hasat sonrasi kayiplar yiiksektir. Bu nedenle, seftali sektoriinde temel hedef
meyvede hasat sonrasi kaybini azaltmak ve raf omriinii uzatmak igin etkili bir yontem gelistirmektir. Oda
sicakliginda hizli olgunlasma ve yumusama nedeniyle ¢ok cabuk bozulabilen seftalide, sogutma,
olgunlasma ve ciiriime siirecini geciktirmenin ve hasat edilen seftalilerin raf émriinii uzatmanin iyi bilinen
etkili yoludur (Wang vd., 2019). Bununla birlikte, seftali meyvesi, 2°Cile 8 °C arasindaki sicakliklarda uzun
siireli depolandiginda hiicre metabolizmasinin bozulmasina sebep olan iisiime zararma karsi oldukga
hassastir (Crisosto vd. 1999). Meyvelerde, hasat sonrasi {isiime zararimi engellemek ve meyve kalite
kayiplarini minimize etmek i¢in modifiye atmosfer paketleme (Chiabrando ve Giacalone, 2009), yenilebilir
kaplama (Totad vd., 2019), 1sinlama, acibenzolar-S-metil uygulamalar1 (Ge vd., 2019) gibi ¢ok farkl
uygulamalar yapilmaktadir. Canli organizmalarda temel islevleri olan putresin spermidin ve spermin gibi
poliaminler (Mattoo ve Handa, 2008) bitkilerde hiicre boliinmesi, hiicre uzamasi, embriyogenez, kok
olusumu, ¢icek olusumu ve gelisimi, meyve gelisimi ve olgunlasmasi, polen tiipii biiytimesi ve yaglanmasi
ve biyotik ve abiyotik strese tepki gibi bircok biyolojik siirecte rol oynamaktadir. (Janne vd., 2004).
Meyvede membran biitiinliigiinii koruyan ve kabuktan su aligverisinde 6nemli rol oynayan epikutikiiler
mumlarin uzaklastirilmasini geciktiren putresin depolama siiresini ve raf Omriinii uzatmak icin
kullanilabilir. Bu diisiinceden hareketle planlamis oldugumuz c¢alismada amag¢ hasat sonrasi farkl
dozlarda uygulanan putresinin seftalide depolama siiresince meyve kalite 6zellikleri ve biyokimyasal
icerik tizerine etkisini belirlemektir.

MATERYAL VE METOT

Bu arastirmanin bitkisel materyalini, 2005 yilinda Tokat Merkez Kemalpasa koyiinde seftali ¢ogiir anaci
tizerine asili Monreo seftali cesidine ait agaclar ile kurulmus bahgeden hasat edilen meyveler
olusturmaktadir. Calismada kullanilan agaclar kuzey- giiney dogrultusunda sira aras1 5.0 m, sira tizeri 5.0
m olacak sekilde dikilmis ve agaglar modifiye lider sistemine gore terbiye edilmistir. Agaclarda budama
ve diger kiiltiirel islemler (ilaclama, giibreleme vs.) diizenli olarak yapilmistir. Sulama ihtiyaci toprak nem
icerigi takip edilerek, tarla kapasitesi nem iceriginde damla sulama sistemi ile ytirtitiilmiistiir. 2023 yilinda
yapilan ¢alisma, 3 blok ve her bir blokta 3 aga¢ toplamda ise 9 agag olacak sekilde diizenlenmistir. Bu
amagla 9 agacin her birinden tesadiifen 50 adet toplamda ise 450 adet kusursuz ve saglikli meyve elle hasat
edilerek sogutmali bir aragla derhal Siirt Universitesi Bahce Bitkileri Boliimii Hasat Sonrasi Laboratuvari'na
transfer edilmistir (12 + 1.0 ° C ve 75 + 5.0% RH). 50 adet meyve hasat donemi analiz ve 6l¢limleri icin
kullanilirken, geriye kalan 400 meyve bes uygulama (kontrol, 0.5, 1.0, 2.0 ve 4.0 mM) her uygulama igin 80
meyve olacak sekilde gruplara ayirilmustir. Bir grup kontrol grubu, diger dort gruba ait meyveler farkl
konsantrasyonlarda hazirlanmis olan putresin ¢ozeltisi igine 15 dakika daldirilmistir. Her uygulama icin
hasat sonrasi farkli donemlerde yapilacak analiz ve 6l¢iimlerde kullanilmak iizere birer kg lik 3 plastik kap
icine konularak 0 + 0.5 °C ve 90 = 5% oransal nemde depolanmis ve 10. 20. ve 30. giinlerde bu meyvelerde
analiz ve ol¢timler yapilmistir.

Agirlik Kaybi (%)

Soguk depolama baglangicinda meyvelerin baslangig agirliklar: (IA) 0.01 g hassasiyetinde dijital terazi
(Radwag, Polonya) ile belirlenmistir. Daha sonra depolamanin 10., 20. ve 30. giinlerinde nihai agirliklar
(SA) belirlenmistir. Meyvelerde meydana gelen agirlik kaybi her dl¢iim periyodu baglangicindaki agirlik
esas almarak asagida verilen denklem 1 ile yiizde olarak belirlenmistir.
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[A—SA
Agirlik kaybt = BT (M

Ciiriime Oran1 (%)

Sogukta muhafaza edilmeden Once her tekerriirde meyveler (yaklasik 0.5 kg meyve) sayilarak toplam
meyve sayist (TM) belirlenmistir. Daha sonra her 6l¢iim periyodunda her tekerriirdeki ¢iiriik meyveler
(CM) belirlenmistir. Kabukta misel gelisimi meydana gelmisse, meyvenin ¢iiriik oldugu kabul edilmistir.
Son olarak asagidaki denklem 2 ile ¢iiriime orani % olarak tespit edilmistir.

T™ — CM
e e -7 100 2
Curume orant T (2)

Meyve Eti Sertligi

Meyve eti sertligini belirlemek i¢in her tekerriirden bes meyve kullanilmistir. Meyve kabugu, meyvenin
ekvatoral kismi boyunca iki farkli noktadan (yanaklardan) kesilmis ve 7.9 mm delici uglu bir effegi
penetrometresi (FT-327; McCormick, WA, ABD) kullanilarak sertlik belirlenmistir. Sertlik Newton (N)
olarak belirtilmistir.

Suda Coziiniir Kuru Madde Miktar1 (%) ve Titreedilebilir Asitlik (%)

Her tekerriirden bes meyve distile su ile yikanmistir. Meyveler blender ile (Promix HR2653, Philips,
Tiirkiye) parcalanmis ve homojenize edilmis ve homojenat tiilbentten siiziilerek meyve suyu elde
edilmistir. Suda ¢oziiniir kuru madde miktari, dijital bir refraktometre (Atago PAL-1, ABD) ile belirlenmis
ve yiizde (%) olarak kaydedilmistir. pH, pH metre ile belirlenmistir. Titre edilebilir asitlik 6l¢iimii i¢in 10
mL meyve suyuna 10 mL distile su ilave edilmistir. Daha sonra ¢6zeltinin pH'1 8.2'ye ulasana kadar 0,1 N
sodyum hidroksit (NaOH) ilave edilmistir. Titrasyonda tiiketilen NaOH miktarina gore titre edilebilir
asitlik belirlenerek g malik asit kg olarak ifade edeilmistir.

Toplam fenolik Bilesikler ve Antioksidan Kapasite

Her 6l¢tim periyodunda her tekerriirden alinan bes meyve ilk once distile su ile yikanmistir. Meyveler
blender (Promix HR2653 Philips, Tiirkiye) ile homojen hale getirilmistir. Yaklasik 30 mL homojenat
alinarak 50 ml'lik falkon tiipline yerlestirilmistir. Hazirlanan tiipler analiz zamanina kadar -20 C'de
muhafaza edilmistir. Analizlerden 6nce dondurulmus numuneler oda sicakliginda (21 °C) ¢oziilmiistiir.
Posa ve meyve suyu 12.000xg'de 4 °C'de 35 dakika santrifiij edilerek birbirinden ayrilmistir. Ortaya ¢ikan
¢ozelti, toplam fenolik igerigini ve antioksidan kapasitesini belirlemek igin kullanilmistir. Toplam
fenolikler ve antioksidan kapasiteye yonelik spektrofotometrik dl¢timler UV-Vis spektrofotometresi ile
(Shimadzu, Kyoto, Japonya) yapilmistir.

Organik Asitler

Meyve orneklerinde organik asitlerin ekstraksiyonu Bevilacqua ve Califano (1989) tarafindan bildirilen
yontemin modifikasyonu ile gerceklestirilmistir. Santrifijj tiiplerine 10 g 6rnek alinarak tizerine 10 mL 0.009
N H2S04 eklenerek homojen hale getirilmistir. Numuneler 1 saat karistirilmis ve 14.000 rpm'de 15 dakika
santrifilj edilmistir. Santrifiij tiipiiniin tist kisminda kalan siv1 (siipernatant) filtre kagidindan siiziilerek,
ardindan 0.45 um membran filtreden ve son olarak SEP-PAK C18 kartusundan gegirilmistir. HPLC
(Agilent HPLC 1100 series G 1322 A, Almanya) cihazina enjekte edilerek uygun kolon (Aminex HPX - 87
H, 300 mm x 7.8 mm) {izerinde ayirmalar yapilmistir. Organik asitler 214 ve 280 nm dalga boylarinda
belirlenmigtir. Mobil faz olarak 0.009 N H250s ¢6zeltisi kullanilmistir.

Bireysel Fenolik Bilesikler
Homojen olarak segilen taze meyve drnekleri 1 gram tartilarak metil alkol (5 mL) ile test tiipiinde 6 saat
siireyle ekstrakte edilmistir. Ekstrakt, yiiksek basingli s1ivi kromatografisi (HPLC) (Perkin-Elmer serisi 200,
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Norwalk, ABD) ile analiz edilmistir. HPLC sistemi UV dedektorii (Seri 200, UV/Vis dedektorii) ve
kuaterner solvent dagitim sistemi (Seri 200, analitik pompa) ile donatilmis ve 280 nm'de kullanilmustir.
Analizler bir Phenomenex Kromasil (Phenomenex, Torrance, ABD) 100A C18 (250 mm x 4.60 mm, 5 pm)
kolonu ile ayrilmistir. Klon sicakligi, bir su banyosu (Wisebath, WB-22, Daihan Scientific, Seul, Kore)
kullanilarak 26 °C'de tutulmus ve mobil faz su ve %2.5 formik asit iceren asetonitrilden olusturulmustur.
Mobil faz akis hiz1 dakikada 1 mL'de tutulmus ve elde edilen pik alanlariin sonuglar: 1s1ginda 20 pL
numune enjekte edildi ve g 100g cinsinden ifade edilmistir.

Istatistiksel Analizler

Verilerin normalligi Kolmogorov-Smirnov testiyle, varyanslarin homojenligi ise Levene testiyle
dogrulanmustir. (P>0.05). Bu nedenle pearson korelasyon testi yapilmigtir. Veriler, SAS Versiyon 9.1 (SAS
Institute Inc., Cary, NC, ABD) yazilimiyla iki yonliit ANOVA ile analiz edilmistir. F testi anlamli oldugunda
ortalamalar Tukey aralik testiyle karsilastirilmistir ve anlamlilik diizeyi %5 olarak belirlenmistir.

BULGULAR VE TARTISMA

Agirlik Kaybi, Meyve Eti Sertligi ve Ciiriime Orani

Meyvede solunum ve terleme gibi metabolik degisiklikler sonucu meydana gelen agirlik kayb1 meyvenin
hasat sonras1 depolama 6mriinii belirleyen 6nemli bir parametredir ve 6nemli ekonomik kayiplara neden
olmaktadir (Jiang vd., 2018). Meyvelerde depolama siiresinin uzamasi ile agirlik kaybi artar (Rastegar vd.,
2020). Bu aciklama ile uyumlu olarak ¢alismada, depolama siiresinin uzamasi ile birlikte meyvede agirlik
kaybinin arttigi, kontrol uygulamasinda bu artisin daha diizenli ve fazla oldugu goriilmiistiir (Sekil 1).
Yapilan calismalarda depolama siiresinin uzamasi ile mango (Liu vd., 2020; Rastegar vd., 2020) erik (Yan
vd., 2022), muz (Hu vd., 2017), kiraz (Tijero vd., 2019), ¢ilek (Liu vd., 2018) ve seftali (Gao vd., 2016) gibi
meyve tiirlerinde agirlik kaybinda bir artisin oldugu ve bu artisin poliamin uygulamasi ile daha diisiik
oldugunu bildirmislerdir. Meyvelerde yaslanmay: geciktiren poliaminler olgunluk ilerledikge azalir ve bu
durum meyvelerin dokusal 6zelliklerini ve depolanabilme siiresini olumsuz olarak etkiler (Patel vd., 2019).
Bununla birlikte, depolamada meydana gelen agirlik kaybi, hiicre duvarmin bozulmasini geciktiren (Wang
vd., 2019) ve meyvede solunum diisiikliigiine neden olan melatonin ve putresin gibi poliaminlerin (Onik
vd., 2020; Rastegar vd., 2020) kullanimi ile azaltilabilmektedir. Nitekim Fawole vd. (2020), putresin
uygulamas1 dokularin gegirgenligini ve hiicre biitiinliigiinii konsilide ederek meyvelerde agirlik kaybini
azalabilecegini ileri slirmiistiir. Bu durumu goz 6niinde bulundurarak hasat sonrasi 6mrii uzatmak icin
yapmis oldugumuz calismada, putresin uygulamasmin depolamada meydana gelen agirlik kaybini
azaltti$1 ve uygulama dozuna bagl olarak etkide farkliliklarin oldugu tespit edilmistir. 2.0 mM uygulamasi
ile en diisiik agirlik kayb1 kaydedilirken, diger {i¢ putresin uygulama dozu arasinda fark bulunamamustir.
Benzer sekilde Kibar vd. (2021), seftalide putresin uygulamasinin, depolama boyunca seftali meyvelerinin
agirlik kaybini azaltti, bunun nedeni, putresin uygulanmis meyvelerdeki daha diisiik solunum hizi
olabilecegini bildirmistir. Meyvede olgunluk ilerledik¢e pektin maddeler, hemiseliiloz ve seliiloz gibi
hiicre duvari bilesenlerinin parcalanmasi (Wang vd., 2015) ve hiicredeki turgor basincinin diismesi sonucu
(Mannozzi vd., 2018) azalan meyve eti sertligi meyvenin depolanabilme potansiyelini belirleyen 6nemli bir
kalite parametresidir (Cheng vd., 2020; Oztiirk vd., 2012). Meyvede pazarlama ve hasat sonrast siireglerde
onemli etkisi olan meyve eti sertligi, olgunlasmanin ilerlemisi ile birlikte azalmaktadir. Yapilan
calismalarda depolama siiresi ile orantili olarak hiinnap (Oztiirk vd., 2020; Oztiirk vd., 2021), portakal
(Rasouli vd., 2019) nar (Candir vd., 2018), kiraz (Kog Giiler vd., 2019) karayemis (Oztiirk vd., 2019) incir
(Bahar ve Lichter, 2018) gibi meyve tiirlerinde meyve eti sertlifinde yumusamanin meydana geldigi
bildirilmistir. Depolama siiresinin uzamasi ile meyve eti sertliginde yumusamanin meydana geldigi ve
kontrol uygulamas: ile daha diisitk meyve eti sertlik degerlerinin Slgiildiigii goriilmiistiir. Putresin
uygulamasimnin depolamada meyve eti sertli§inin korunmasinda etkili oldugu ve bu etkinin uygulama
dozuna bagl olarak degisiklik gosterdigi tespit edilmigtir. Depolama sonunda meyve eti sertlik degerleri
bakimindan 0.5, 2.0 ve 4.0 mM putresin uygulamalar1 arasinda farklilik bulunmazken en yiiksek meyve eti
sertligi bu uygulamalar ile Ol¢iilmiistiir. 1.0 mM putresin uygulanmis meyvelerin et sertligi kontrol
uygulamasindan yiiksek ancak diger ii¢ putresin uygulamasindan daha diisiik bulunmustur (Sekil 1 ).
Meyvede hiicre duvar gecirgenligini degistirerek olgunlagsmay1 geciktiren poliaminlerin hasat sonrasi
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meyve eti sertliginin korunmasina katk: sunmaktadir. Yapilan ¢alismalarda putresin uygulamasi ile erik
(Khan vd., 2008; Serrano vd., 2003), seftali (Kaur ve Kaur, 2019, Kibar vd., 2021) ve papaya (Hanif vd., 2020)
gibi meyve tiirlerinde meyve eti sertlinin muhafaza edildigi bildirilmistir. Calismada, depolama siiresi ile
paralel olarak meyvede ciirtime orani artmistir. Depolama sonunda en yiiksek ¢iiriime orani konrtol
uygulamast ile kaydedilmistir. Putresin uygulamasi ile meyvelerde ¢liriime oraninin daha diisiik oldugu
ve bu oraninin uygulama konsantrasyonuna baglhh olarak degismistir. Putresin uygulamalar:
kiyaslandiginda 0.5 ve 4.0 mM uygulamalarinda diger putresin uygulamalarina gore daha yiiksek ¢iiriime
orani kaydedilirken en etkili uygulama dozlarinin ise 1.0 ve 2.0 mM oldugu goriilmiistiir (Sekil 1). Anti-
patojenik Ozellikleri olan putrescine ve spermidine gibi poliaminlarin hasat sonrasi depolamada
meyvelerde ciiriimeyi ve iisiime zararimi Onemli Ol¢lide azaltmaktadir (Hanif vd, 2020). Yapilan
calismalarda, poliamin uygulamalar ile seftali (Kibar vd., 2021), nar (Barman vd., 2011), kayist (Koushesh
Saba vd., 2012) ve papaya (Hanif vd., 2020) gibi meyve tiirlerinde depolamada ¢iiriime ve {isiime zararimin
daha diisiik oldugu ve meyve kalitesinin korundugu tespit edilmistir.
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Sekil 1. Seftalide putresin uygulamasinin depolamada agirlik kayby, ¢liriime orani ve meyve eti sertligi {izerine
etkisi.
Figure 1. Effect of putrescine application on weight loss, decay rate and fruit flesh firmness in peach at cold storage.
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Suda Coziiniir Kuru Madde Miktari (SCKM) ve Titreedilebilir Asitlik (TA)

Meyvede hasat olgunlugunun kriterlerinden olan suda ¢oziiniir kuru madde miktar1 ve titre edilebilir
asitlik meyvenin kalitesini ve tiiketici tarafindan kabul edilebilirligini belirlemede etkili olan meyve
ozellikleridir. Depolama siiresinin uzamasi ile birlikte meyvede olgunlasmanin artisindan dolay1 dogal
olarak SCKM artar ve TA azalir (Molla vd., 2022). Depolama sirasinda meyvede SCKM de meydana gelen
artig dehidrasyona bagli olarak hiicre duvari polisakkaritlerinin hidrolizi ve basit sekerlerdeki artistan
kaynaklanabilir (Sun vd., 2013). Calismada, depolama siiresi ile orantili olarak SCKM oraninda artis ve TA
ise azalma meydana gelmistir (Sekil 2). Benzer olarak Rastegar vd. (2020) Mango meyvesin SCKM ve TA
oranlarinin depolama siirelerinden 6nemli Olgiide etkilendigini en diisiik asitlik ve en yiiksek SCKM
degerlerinin depolama sonunda kaydedildigini bildirirken, poliamin uygulamalarimin depolamada SCKM
ve TA oranlarinda meydana gelen degisiklikler iizerine etkisinin olmadigini bildirmistir. Depolamada
SCKM ve TA oranlarinda meydana gelen degisimlerin melatonin uygulamas: ile daha diisiik oldugu
goriilmiistiir. Depolama sonunda putresin uygulanmis meyvelerin daha diisiik SCKM ve daha yiiksek TA
oranina sahip oldugu tespit edilmistir. Bu tespitlerle putresin uygulamasmin meyvede olgunlasmay1
geciktirebilecegi ve etkinin konsantrasyona bagli olarak degisebilecegi sonucunu ¢ikarabiliriz (Sekil 2 )
Meyvede etilen {iiretimini azaltarak olgunlasmayi1 geciktiren putresin hasat sonrasi SCKM ve TA
oranlarinda meydana gelen degisimleri de azaltmaktadir (Serrano vd., 2003). Yapilan calismalarda
putresin uygulamasi ile erik (Serrano vd., 2003), seftali (Abbasi vd., 2019; Kaur ve Kaur, 2019; Kibar vd.,
2021) ve papaya (Hanif vd., 2020) gibi meyve tiirlerinde hasat sonrasi depolamada SCKM ve TA
oranlarindaki degisimin daha diisiik oldugu ileri siiriilmiistiir.
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Sekil 2. Seftalide putresin uygulamasinin depolamada suda ¢dziiniir kuru madde miktari ve titre edilebilir asitlik
tizerine etkisi.
Figure 2. Effect of putrescine application on soluble solids content and titratable acidity in peach at cold storage.
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Toplam Fenolik Bilesikler ve Toplam Antioksidan Kapasite

Meyvelerde en onemli antioksidan bilesenleri olan ve hasat sonrasi depolamada genetik faktorlere
sicakliga ve cevresel sartlara baglh olarak degisebilen fenolik bilesikler (Xing vd., 2020) depolama siiresinin
uzamasl ile ayrisarak asamali olarak azalir (Yu vd., 2021). Depolama siiresi ve putresin uygulama dozuna
bagh olarak meyvede toplam fenolik iceriginde degisikliklerin meydana geldigi ancak etkide
tutarsizliklarin oldugu tespit edilmistir. Oyle ki depolamanin 10. giiniinde 0.5, 2.0 ve 4.0 Mm putresin
uygulamalari ile hasada oranla daha yiiksek toplam fenolik miktar: dl¢iiliirken kontrol ve 1.0 mM putresin
uygulanmis meyvelerde toplam fenolik igeriginin hasat sirasinda olgiilenden daha diisiik oldugu tespit
edilmistir. Bu siirede en yiiksek toplam fenolik miktar1 2.0 mM putresin uygulanmis meyvelerde
kaydedilmistir. Depolamanin 20. giiniinde ise 4.0 mM putresin uygulanmis meyvelerde toplam fenolik
miktarinda hasada oranla daha yiiksek oldugu diger uygulamalarda ise hasada oranla daha diisiik oldugu
saptanmistir. Uygulamalar arasinda farkliliklarin oldugu belirlenirken, en diisiik degerler ise kontrol
uygulamasina ait meyvelerde elde edilmistir. Depolama sonunda tiim uygulamalarda hasada oranla daha
diisiik toplam fenolik miktar: olgiiliirken en diisiik degerler kontrol uygulamasinda kaydedilmistir (Sekil
3 ). Depolamada siiresine ve uygulamalara bagh olarak degisiklik gosteren toplam antioksidan kapasite
degerleri tizerine putresin uygulamasi etkili olurken, uygulama dozuna bagh olarak toplam antioksidan
aktivitede degisikliklerin meydana geldigi tespit edilmistir. Depolama sonunda 4.0 mM putresin
uygulanmis meyvelerin daha yiiksek toplam antioksidan kapasiteye sahip oldugu tespit edilirken, kontrol
uygulamasina ait meyvelerde en diisiik degerler kaydedilmistir (Sekil 3). Davarynejad vd. (2015) erikte
depolama siiresince erik meyvelerinin toplam fenolik icerigi ve antioksidan aktivite tizerine putresin
uygulamasinin etkili oldugu belirlenmis, uygulama dozuna bagh olarak degisiklik gosterdigi ve etkili
uygulama dozunun ise 4.0 mM oldugunu bildirmistir. Yine Kibar vd. (2021), putresin uygulamas: ile
seftalide hasat sonrasi toplam fenolik ve antioksidan aktivitede meydana gelen degisikligin daha diisiik
oldugu ve 1.6 mM putrescine uygulamasinin daha etkili oldugunu ileri stirmdislerdir.
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Sekil 3. Seftalide putresin uygulamasmin depolamada toplam antioksidan aktivite (TAA) ve toplam fenolik madde
tizerine etkisi.
Figure 3. Effect of putrescine application on total antioxidant activity and total phenolics in peach at cold storage.
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Organik Asitler

Besinlerin sindirimini saglayan ve kan dolasimini uyaran ve meyve tiirlerine bagl olarak tiirii ve igerigi
degisiklik gosterebilen organik asitler 6nemli meyve kalite parametreleridir ve olgunluk artik¢a azalirlar
(Kiralan ve Giindogdu, 2021). Calismada, miktar bakimindan seftalide en fazla malik asit bulunurken,
bunu fumarik, sitrik, tartarik ve suksinik asit takip etmistir. Meyve olgunlugunun artmasi ile birlikte, dogal
olarak organik asit miktarinda azalmalar meydana gelmistir. Depolamada organik asitlerin miktarinda
meydana gelen degisikliklerde putresin uygulamasi etkili olurken ve bu etkinin organik asidin tiiriine ve
depolama siiresine bagli olarak farklilik gdstermistir. Depolama sonunda tiim organik asitlerde en diisiik
degerler ise kontrol uygulanmasina ait meyvelerde kaydedilmistir. Putresin uygulamasinin depolama
sliresince organik asitlerin konsantrasyonda meydana gelen azalmay: yavaslattigi sdylenebilir (Sekil 4).
Benzer calismalarda (Liu vd., 2020; Tijero vd., 2019) melatonin uygulamasi ile depolamada meyvede
organik asit igeriginin 6nemli bir sekilde korundugu ortaya koyulmustur.
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Sekil 4. Seftalide putresin uygulamasinin depolamada organik asitler {izerine etkisi.
Figure 4. Effect of putrescine application on organic acids during cold storage in peach.
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Figure 4. Continue.

Bireysel Fenolik Bilesikler

Polifenoller, meyve ve sebzelerin sertlik, lezzet, acilik ve renk gibi kalitesini ve antioksidan &zelliklerini
artiran ve bitkinin savunma mekanizmasina katkida bulunan ikincil metabolitlerdir (Sreekumar vd., 2014).
Bitkilerde reaktif oksijen tiirlerini uzaklastiran ve antioksidan enzimlerin gen ekspresyonunu indiikleyen
melatonin, spemidin ve putresin gibi poliaminler, meyvede sakaroz, dogal antioksidanlar, fenolikler,
aroma bilesikler, polifenoller ve ¢oziiniir katilar gibi bazi yararh bilesiklerin seviyesini artirarak meyve
kalitesini gelistirmek amaciyla kullanilmaktadir (Cao vd., 2016; Liu vd., 2019; Sun vd., 2015; Xia vd., 2020;
Xu vd., 2018; Zheng vd., 2019). Poliamin uygulamasi hasat sonrasi meyvelerde amino asitler,
antosiyaninler, fenoller, flavonoidler gibi bilesiklerin igeriginde artisa neden olabilir (Pang vd., 2020; Wang
vd., 2020; Xia vd., 2020). Calismada, seftalide miktar olarak en fazla bulunan bireysel fenolik klorojenik asit
iken bunu sirasiyla rutin, epikatesin, ferrulik asit, siringik asit, kafeik asit, hidrosinamik asit, gallik asit,
protokatekuik asit, katesin ve p-kumarik asit takip etmistir. Depolama siiresinin uzamasi ile bu bireysel
fenolik bilesiklerin miktar1 azalmistir. Hem depolama siiresince hem de depolama sonunda fenolik
asitlerin miktarinda meydana gelen azalma putresin uygulanmis meyvelerde daha diisiik bulunmustur.
Hasat sonrasi fenolik asitlerin muhafaza edilmesinde putresinin ve uygulama konsantrasyonunun etkili
oldugu tespit edilmistir. Depolama sonunda tiim bireysel fenoliklerde en diisiik degerlerin kontrol
uygulamasina ait meyvelerde oldugu goriilmiistiir (Sekil 5 ). Kibar vd. (2021), seftalide bireysel fenolik
iceriklerinin depolama siiresince azaldig1 ve putresin uygulamasimnin bu bilegiklerde kayb1 6nledigi ve
etkinin konsantrasyona bagh olarak degistigini bildirmiglerdir. Putresin uygulamasi meyvede etilen
sentezini engelleyerek meydana gelecek biyokimyasal degisiklikleri geciktirmektedir (Abbasi vd., 2019).

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

31


https://dergipark.org.tr/tr/pub/ijaws

Emine KUCUKER, Erdal AGLAR

——Kontrol —#—put 0.5
—A—put 1 put 2
2.5
==put 4
=~ 2
(o)}
g 15 a
x 1
T
O 05 s
== P 9 c
0
Hasat 10 20 30
Depolama siiresi (giin)
—&—Kontrol
—#—put 0.5
o5 —d—put 1
a put 2
o 5 =¥=put 4
o
E
x 15
=]
un
s 1
]
X
205
<
0
Hasat 10 20 30
Depolama siiresi (giin)
—&— Kontrol —#—put 0.5
—A—put 1 put 2
0.9
s 08 a =k=put 4
g 0.7
0.6
E o5
£ 04
o 0.3
2 02
X 01
0
Hasat 10 20 30
Depolama siiresi (giin)
—o—Kontrol
—#—put 0.5 a
40 —A—put 1 a
T35 put 2 X
o> 30 —¥=—put 4 — b
E 25
X 20 a T~
c
o 15 —— —&
S 10 d ©
(]
> 5
0
Hasat 10 20 30
Depolama siiresi (giin)
Sekil 5. Seftalide putresin uygulamasiin depolamada bireysel fenolikler iizerine etkisi.
Figure 5. Effect of putrescine application on specific phenolic compounds during cold storage in peach.
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Figure 5. Continue.

SONUC

Putresin uygulamasi seftalide depolamada meydana gelen agirlik kaybini ve ¢iiriime oranini azaltirken,
meyvede yumusamay1 geciktirmistir. Depolama siiresi ve putresin uygulama dozuna bagl olarak SCKM
oraninda onemli farkliliklar meydana gelmistir. Putresin uygulamasi ile depolamada seftali meyvesinde
TA oraninda meydana gelen azalma daha diigiik bulunmustur. Depolama siiresince genellikle azalan
toplam fenolik miktarinda putresin uygulamasimn etkili oldugu ancak bu etkide tutarsizliklar oldugu
gozlemlenmistir. Toplam antioxidant activity degerleri iizerine putresin uygulamasi etkili oldu ve
uygulama dozuna bagli olarak toplam antioksidant aktivitede degisiklikler meydana gelmistir. Putresin
uygulamasinin depolama siiresince bireysel fenolik bilesikler iizerine etkisinin oldugu ancak bu etkinin
uygulama konsantrasyonu ve flavonoid bilesige baglh olarak degisiklik gosterdigi gortilmiigtiir.
Depolamada organik asitlerin miktarinda meydana gelen degisikliklerde putresin uygulamas: etkili
olurken ve bu etkinin organik asidin tiiriine ve depolama siiresine bagh olarak farklilik gostermistir. Sonug
olarak putresin uygulamasinin seftalide hasat sonrasi meyve kalitesinin korunmasin etkili bir yontem
olarak kullanilabilecegi ortaya konulmustur.
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The Responses of Pollen Tubes to Spermidine Treatments in Actinidia deliciosa
Actinidia deliciosa’da Polen Tiiplerinin Spermidin Uygulamalarina Verdigi Yanitlar
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Abstract: In this study, the responses of pollen tubes to spermidine treatments (10 uM, 25 uM, 50 uM, 100 uM, 250 uM, or 500 uM) were investigated
in Actinidia deliciosa, by focusing on pollen germination rate, pollen tube length, organizations of actin filaments, concentrations of Ca*?, pH, reactive
oxygen species and distributions of callose and cellulose. According to findings, the only positive effect was detected after 10 uM spermidine treatment
while the most negative acute effect was detected after 500 UM spermidine treatment and, further experiments were done in these groups. 10 pM
spermidine increased the pollen tube length by changing the concentration of apex localized reactive oxygen species. 500 uM spermidine decreased the
pollen tube length by changing the apex localized Ca®?, pH, and reactive oxygen species concentration. Findings would contribute to the
understanding of the effects of polyamines on pollen tubes.
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Oz: Bu calismada Actinidia deliciosa'da polen tiiplerinin spermidin uygulamalarma (10 M, 25 uM, 50 uM, 100 uM, 250 UM veya 500 pM) verdigi
yanitlar, polen ¢imlenme orani, polen tiip uzunlugu, aktin filament organizasyonu, Ca*?, pH, reaktif oksijen tiirlerinin konsantrasyonu ve kalloz ve
seliiloz dagilimima odaklanarak incelenmistir. Bulgulara gore tek olumlu etki 10 uM spermidine uygulamasindan sonra tespit edilirken, en olumsuz
akut etki 500 uM spermidine uygulamasindan sonra tespit edilmis ve ileri deneyler bu gruplarda yapilmustir. 10 uM spermidin, apekste lokalize olan
reaktif oksijen tiirlerinin konsantrasyonunu degistirerek polen tiipii uzunlugunu arttirmistir. 500 uM spermidin ise apekste lokalize olan Ca*, pH ve
reaktif oksijen tiirlerinin konsantrasyonunu degistirerek polen tiipii uzunlugunu azaltmistir. Bulgularin poliaminlerin polen tiipleri iizerindeki
etkilerinin anlagilmasina katkida bulunabilecegi diistiniilmektedir.
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INTRODUCTION

Kiwifruit (Actinidia deliciosa) is a plant with a high economic value, spreading around the world and
Tiirkiye (Dutta et al., 2023). Its fruits are often used as raw materials in the pharmaceutical, cosmetic, food
and beverage industries. It has become a more popular fruit in recent years due to its low-calorie content,
and positive results in protection from cancer. About this, studies to increase fruit production have also
gained momentum (Garg et al., 2023). Kiwifruit is a dioecious plant. Stamens of female flowers are
infertile. However, the stamens of male flowers produce a great number of fertile pollen grains. For fruit
formation, pollen grains produced in male flowers must be transferred to the stigma of female flowers.
As in many plants, fruit formation in kiwifruit depends mainly on the effort of pollination and
fertilization. The main elements of pollination and fertilization are pollen tubes (PTs) (Giiglii et al., 2020).

PTs lengthen by transporting the secretory vesicles including the cell wall materials to the PT apex via
actin filaments. Many factors such as calcium (Ca*?), reactive oxygen species (ROS), and pH presumably
generates the fitting circumstance for secretory vesicles to proceed toward a particular point on the apical
plasma membrane (Zhao et al., 2023). Thereupon, ongoing remodeling of the cell wall balances the PT
growth. As it turns out many intracellular factors within the PTs play coordinated roles in the elongation.
For instance, there is a crosstalk between Ca*> and ROS and this crosstalk regulates the actin filament
organization which is also regulated by pH concentration within the PTs. Alterations in actin filament
organization cause the changes in the distribution of main PT cell wall materials named callose and
cellulose (Kapoor and Geitmann, 2023). Although the PT can be divided into different parts according to
different characters, the most important part of the PT is undoubtedly the apex region. Because this
region contains regulative items such as Ca*2, ROS, and pH, which are requisite for the elongation of the
PT, at a suitable concentration at the PT apex (Tang et al., 2023). As well, actin filaments in this region are
very short and active, so they can briskly restyle to current growing ambiences. Although cellulose is
present in the PT wall in this region, callose is usually absent. All these characters are specially arranged
in this region for the elongation of the PT (Zhang et al., 2023).

Any alteration of the multicomponent mechanism alters pollen germination (PG) and PT elongation.
Some plant growth regulators affect PG and PT elongation by influencing these factors (Jinming et al.,
2023). Polyamines (PAs) lead these plant growth regulators and it has especially been known some types
of PA such as putrescine and spermine are effective on PG and PT elongation (Aloisi et al., 2016; Benko et
al.,, 2020). Although it has been reported that exogenic spermidine (Spd) treatments affect PT elongation
in various species such as Malus domestica (Del Duca et al., 1997), Lycopersicon esculentum (Song et al.,
1999), Prunus mume (Wolukau et al., 2004), Prunus dulcis (Sorkheh et al., 2011) and Camellia sinensis
(Cetinbas-Geng et al., 2020), there is limited information on how Spd affects the factors that work
coordinately in PT elongation. However, it is of great importance to determine the concentrations of Spd
that increase PG and PT elongation and to determine how this increase modulates the processes that play
a role in PT elongation. Especially in plants such as kiwifruit, where artificial pollination is quite common
practice, it is very likely that the use of PA types and appropriate concentrations that increase PG and PT
elongation in artificial pollination processes will increase product yield. However, when all studies on
PAs and PT elongation were examined, it was seen that there was no study examining the effects of
different Spd concentrations on PT elongation in kiwifruit.

This study aims to examine the intracellular effect of Spd on kiwifruit PTs by focusing on PG rate, PT
length, actin filaments, Ca*?, pH, ROS, callose, and cellulose, and also evaluate the cytological responses
that occur in PTs after Spd treatments. It is thought that the findings will contribute to both the artificial
pollination processes of kiwifruit and the understanding of the effects of PAs on PTs.

MATERIAL AND METHOD

Pollen grains were collected from male flowers of Actinidia deliciosa’s Matua cultivar in a kiwifruit
orchard located in Akgakoca/Diizce, in 2022 summer. Pollen grains dehyrated in silica gel for overnight
and stored at -20 °C until the use. were germinated for 3 hours in Brewbaker and Kwack’s medium with
12% sucrose. 0 uM, 10 uM, 25 uM, 50 uM, 100 uM, 250 uM, or 500 pM Spd was added to germination
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medium (Vogler et al., 2014). PG rates and PT lengths were calculated by examining at least 150 pollen
grains and PTs, respectively. Cumulative stress response index (CSRI) values were calculated according
to the formula of Dai et al. (1994), using the results of PG and PT lengths to get cumulative results.
Further experiments were done in the groups showing the most negative and positive effects detected by
CSRI values. PTs were labeled with Alexa 488-phalloidin after the fixation process as described by Lovy-
Wheeler et al. (2005) and were examined with a fluorescence microscope at 488-515 nm. Actin filament
anisotropy levels at the area that covers 100 pm? of the apex were measured using the “Fibril Tool”
plugin of Image] software, in at least 20 PTs (Boudaoud et al., 2014). PTs were labeled with 5 pM
Chlortetracycline hydrochloride (CTC) for Ca®?2, 5 uM 2',7-bis-(2-Carboxyethyl)-5-(and-6)-
carboxyfluorescein acetoxymethyl ester (BCECF-AM) for pH (Serrazina et al., 2014) and 20 uM 2',7'-
dichlorodihydrofluorescein diacetate (H2DCFDA) for ROS (Malho et al., 2000). Ca*?, pH, and ROS
distributions were examined with a fluorescence microscope at 515-536 nm, 440-490 nm, and 500-535 nm,
respectively. Fluorescence intensities of probes at the area that covers 100 pm? of the apex were measured
using the Image] software, in at least 20 PTs. PTs were stained with 0,1% Aniline blue for callose (Wang
et al, 2003) and 1% Calcofluor white for cellulose (Derksen et al., 2002). Callose and cellulose
accumulations were examined by a fluorescence microscope at 455-495 nm and 365-432 nm, respectively.
Fluorescence intensities of stains at the area that covers 100 um? of the apex using the ‘Rectangle
Selection” option of Image] software, in at least 20 PTs. All measurements were made in 3 repetitions. All
measurement and calculation results were statistically compared by the ONE-WAY ANOVA test using
the SPSS program (16.0). In the graphs, distinct letters point out the statistically significant differences
(P <0.05) and error bars indicate the standard deviations.

RESULTS

Foremost, PG rates and PT lengths were determined to gain basic information about the effect of Spd.
Results showed that Spd treatments did not generate a significant change in PG rates when compared to
the control (Figure 1a). PT lengths were significantly increased by 13.85% after 10 pM Spd treatment.
However, PT lengths were significantly decreased by 24.60% after 25 uM, by 22.97% after 50 uM, by
24.62% after 100 uM, by 21.65% after 250 uM and by 25.92% after 500 uM Spd treatment, compared to the
control (Figure 1b).
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Figure 1. Effect of different Spd concentrations on PG and PT length. a. PG rates, b. PT lengths.
Sekil 1. Farklr Spd konsantrasyonlarinin polen ¢imlenmesi ve polen tiip uzunluguna etkisi. a. Polen ¢imlenme oranlari, b. Polen
tiip uzunluklar1.

To determine the concentrations with the most negative and positive effects on PT, the CSRI values were
calculated. According to CSRI values, the only positive effect was detected after 10 uM Spd. Although all
other groups showed negative effects, the most negative acute effect was detected after 500 uM Spd
(Table 1). According to CSRI results, further experiments were done in control, 10 pM, and 500 uM Spd
groups.
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Table 1. CSRI values.
Cizelge 1. CSRI degerleri.

10 uM 25 uM 50 uM 100 uM 250 uM 500 uM
CSRI 0.59 -63.15 -51.41 -75.22 -63.80 -75.33
Evaluation key Negative < -46.80 < Medium < -18.27 < Positive < 10.25

In order to reveal Spd-induced changes in intracellular features at the apex, actin cytoskeleton
organization, Ca*?, pH, and ROS distributions were observed at the area that covers 100 um? of the apex.
The results showed that Spd treatments did not generate a significant alteration in the distribution of
actin filaments at the apex (Figure 2a). Ca*? and pH concentrations did not change after 10 uM Spd
treatment. However, after 500 uM Spd treatment, Ca*? and pH concentration increased statistically by
76.35% and 185.54%, respectively (Figure 2b,c). Concentrations of ROS decreased statistically by 16.66%
after 10 uM Spd while increasing statistically by 9.42% after 500 uM Spd treatment (Figure 2d).

In order to reveal Spd-induced changes in cell wall properties, callose and cellulose accumulations were
observed at the area that covers 100 um? of the apex. The callose accumulation increased statistically by
58.30% after 10 uM and by 181.30% after 500 uM Spd treatment (Figure 2e). However, there was no
statistical difference in cellulose deposition after Spd treatment (Figure 2f).
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Figure 2. Spd induced changes in intracellular features and cell wall properties at the area that covers 100 um? of the
apex. a. Anisotropy values of actin filaments. b. Ca* distributions, c. pH distributions, d. ROS distribution, e. Callose
accumulation, f. Cellulose accumulation.

Sekil 2. Apeksin 100 pm?'sini kaplayan alanda hiicre ici ve hiicre geperi ozelliklerinde Spd kaynakli degisiklikler. A. Aktin
filamentlerin anizotropi degerleri, b. Ca*? dagilimi, c. pH dagilimi, d. ROS dagilum, e. Kalloz birikimi, f. Seliiloz birikimi.
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DISCUSSION

Researchers have reported that appropriate doses of putrescine and spermine increase PG and PT
elongation in many different species (Sorkheh et al., 2011). However, little is known about the role of Spd,
another important PA type, in PG and PT elongation (Wu et al., 2010). For example, 50 uM Spd has been
reported to increase PG and PT elongation in both Lycopersicum esculantum (Song et al.,, 1999) and
Nicotiana tabacum (Benko et al., 2020). Additionally, it was determined that 25 um and 250 pum Spd caused
the formation of longer PTs in Prunus mume and Prunus dulcis (Wolukau et al., 2004; Sorkheh et al. 2011).
As can be understood, almost most of these studies reported how Spd increased PG and PT elongation.
However, more studies are needed to explain how Spd, which has a high ability to interact with different
molecules and to regulate many different pathways within the cell, affects the molecules and processes
that enable PT to elongate (Aloisi et al., 2022). In this study, it was determined that different Spd doses
did not cause a significant change on PG, but 10 pM Spd caused the formation of long PTs. However, all
other concentrations decreased the PT length. The fact that 50 uM Spd in Lycopersicum esculantum and
Nicotiana tabacum or; 250 uM Spd in Prunus mume and Prunus dulcis increased PT length, but these
concentrations reduced PT length in Actidinia deliciosa, supports the notion that the effects of PAs may
differ between species (Zhang et al., 2023).

In this study, it has been tried to determine the concentrations that show the most positive and negative
acute effects on PG and PT elongation. Although Spd doses did not have an effect on PG, since they
created significant changes on PTs. For this reason, results of PG and PT length were evaluated
cumulatively as stated in the literature (Dai et al., 1994). Similarly, researchers evaluated PG rate and PT
lengths cumulatively in their studies on Olea europaea and Prunus dulcis (Koubouris et al., 2009; Sorkheh et
al.,, 2018). As a result of the cumulative evaluation, the concentrations showing the best and worst effects
were determined to be 10 uM and 500 uM, respectively, and further experiments were carried out only in
these groups.

It is known that PAs regulate PT elongation by modulating the activities of the actin cytoskeleton (Aloisi
et al., 2016). It has been revealed that especially the actin filaments in the apex must be extra active to
adapt to changing growth conditions and the actin filaments in this region are much more important for
PT elongation than other regions (Cai et al., 2015). So much so that many researchers have revealed that
an increase in actin filament anisotropy at the apex causes the formation of short PTs, while a decrease in
anisotropy causes the formation of long PTs (Del Duca et al., 2013; Aloisi et al., 2016). Nonetheless, in this
study, no significant change in actin filament anisotropy at the apex was detected after any Spd
concentration. For this reason, it can be concluded that the acute changes detected in growth parameters
after 10 uM and 500 uM Spd treatments are not actin-related.

In PTs that show proper elongation, the apex of the PT exhibits high Ca*2, pH and ROS concentration (Wu
et al, 2010). Many researchers have stated that deterioration in Ca*? concentration at the apex is
associated with the inhibition of PT elongation (Nie et al., 2023). Based on this information, the high
increase observed in Ca*> and pH concentration at the PT apex after 500 uM Spd treatment explains the
sharp decrease in PT length in this group. Similarly, it has been reported that 100 uM spermine causes
short PT formation in Pyrus communis by causing sharp changes in Ca*? and pH concentration at the PT
apex (Aloisi et al., 2016). Researchers have stated that apex localized ROS play a role in the remodeling of
actin filaments by modulating the apex localized Ca*? concentration (Potocky et al., 2012; Jinming et al.,
2023). In this study, the changes observed in ROS deposition at the PT apex following the 10 uM Spd
treatment were not reflected in the Ca*?> and pH levels at the apex and, did not show any change in actin
organization. These findings suggest that 10 um Spd modulates PT elongation only by making changes in
ROS accumulation. Also similar to these findings, Benko et al. (2020) stated that 10 uM Spd application in
Nicotiana tabacum increased PT lengths and reduced ROS levels in PTs. On the other hand, it was
determined that after 500 uM Spd application, ROS accumulation modulated the Ca*? and pH
concentration, but this modulation was not reflected in the actin filament organization. Therefore, it was
thought that 500 uM Spd modulated PT elongation in coordination with Ca*2, pH and ROS. It has also
been reported that PT lengths decreased and ROS levels increased after 1 mM Spd application in
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Arabidopsis thaliana (Wu et al., 2010). Also, researchers have stated that PA-induced changes in apex
localized Ca*2, pH and ROS concentrations can directly affect the structure of the PT cell wall (Parrotta et
al., 2022). In this study, there was no change in the cellulose distribution on apex after both 10 pM and
500 uM Spd application. However, callose deposition at the apex increased following the treatment with
both concentrations. Similarly, it has been reported that rich callose deposition was observed at the apex
of the PT in Pyrus communis pollen grains exposed to 100 uM spermine (Aloisi et al. 2017).

CONCLUSION

10 uM Spd treatment increases PT length by changing the apex localized ROS concentration. 500 uM Spd
treatment decreases PT length by changing the apex localized Ca*?, pH, and ROS concentration. Results
show how exogenic Spd treatment impinges the processes and molecules involved in PT elongation in
the most prominent examples. Obtained findings would contribute to both the artificial pollination
processes of kiwifruit and may conduce to the understanding of the cellular activity mechanism of PAs in
both PTs and other structures extending from the tip.
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Oz: Kiiresel 1sinma, tarim alanlarinda ve tarimsal iiretimde gesitli sorunlara yol agan 6nemli bir faktordiir. Diinyada 6nemli gay {ireticileri olan Cin,
Hindistan, Kenya, Sri Lanka ve Tiirkiye gibi {ilkelerdeki gay tariminda kiiresel 1stnma etkileri son zamanlarda artis gostermistir. Diinya gay tarim
alanlarimin etkilenme dereceleri ¢ay veriminde azalma, sel ve su baskini, toprak erozyonu, kuraklik gibi farkli sekillerde meydana gelmektedir.
Tiirkiye cay tarim alanlarinda da, degisen sicaklik ortalamalari, yagis miktar1 ve yagis diizensizligi sonucunda ¢ay iiretiminde rakimlara bagli olarak
farkl1 diizeylerde etkilerin olusmaya bagladig1 goriilmektedir. Bu galisma kapsaminda yapilan anket ¢alismasinin sonuglarina gore, kiy1 kesimlerde
ve Ozellikle ilk siirgiin hasatta verim kayiplarinin olugsmasina karsin, yiiksek rakimlarda ikinci ve figlincii hasatta verim artiglarini tesvik ettigi
goriilmektedir. Kiiresel 1ssnmanin {ilkemiz cay bahgelerinde su baskini stresi, diiz ve diize yakin arazilerde kurumalar, egimli arazilerde ise toprak
kaymalar1 gibi etkiler yaptig1 goriilmektedir. Ulkemiz cay alanlarinda kiiresel 1smmmanin etkilerinin azaltilmasina yonelik olarak, cay iireticilerinin
bilgilendirilmesi, egimli alanlarda toprak kaymasini dnleyici kiiltiirel 6nlemlerin alinmasi gerekmektedir. Kalic1 ¢6ziimler igin, 1slah galismalariyla,
su baskini ve sicaklik stresine yonelik verimli ve dayanikli gesitlerin gelistirilmesi ve bunlarin {ilkemiz ¢ay bahgelerinin yenilenmesinde 6ncelikle
kullamilmasi saglanmalidir.

Anahtar Kelimeler: Cay, kiiresel 1snma, verim, kalite, kuraklik

&

Abstract: Global warming is a major factor that causes various problems in agricultural areas and agricultural production. In recent years, the effects
of global warming on tea cultivation in countries such as China, India, Kenya, Sri Lanka, and Turkey, which are important tea producers in the
world, have increased. The degree of impact on world tea cultivation areas occurs in different ways, such as a decrease in tea yield, flooding, soil
erosion, and drought. In Turkish tea cultivation areas, it is seen that different levels of effects have begun to occur in tea production depending on
the altitudes as a result of changing temperature averages, rainfall amounts, and rainfall irregularity. According to the results of the survey
conducted within the scope of this study, it is seen that while yield losses occur in coastal areas and especially in the first flush harvest, it encourages
yield increases in the second and third harvests at high altitudes. It is seen that global warming has effects such as flooding stress, drying in flat and
close to flat areas, and landslides in sloping areas in our country's tea gardens. In order to reduce the effects of global warming in our country's tea
areas, it is necessary to inform tea producers and to take cultural measures to prevent landslides in sloping areas. For permanent solutions, breeding
studies should be carried out to develop efficient and resistant varieties for flooding and heat stress, and these should be prioritized in the renewal
of our country's tea gardens.

Keywords: Tea, global warming, yield, quality, drought
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GIRIS

Kiiresel 1sinma ile diinyada bir¢ok alan olumsuz etkilenmekte ve etkileri giderek artmaktadir. Sanayi
alanlarinin ve fosil yakitlarin kullaniminin artmasi, ormanlarin farkli amaclara yonelik kesilerek yok
edilmesi ve yanginlar nedeniyle yok olan ormanlarin yerine yenilerinin dikilmemesi yaninda
yenilemenin uzun yillar almasi, bilingsiz tarim uygulamalar1 gibi bircok sebebe bagli olarak kiiresel
1sinma artmaktadir.

Birlesmis Milletler Iklim Degisikligi Cerceve Sozlesmesi'nde (IDCS) iklim degisikligi “Mukayese
edilebilen bir siirecte incelenen dogal iklim degisimlerine ilaveten, dogrudan ya da dolayl olarak kiiresel
atmosferin bilesimini bozan insan etkinlikleri sonucunda iklimde olusan bir degisiklik” olarak
tanimlanmstir. Cok genel bir yaklasimla, iklim degisikligi, “Nedeni ne olursa olsun iklim kosullarindaki
biiyiik Olgekli (kiiresel) ve onemli yerel etkileri bulunan, uzun siireli ve yavas gelisen degisiklikler”
bi¢ciminde tanimlanabilir (Tiirkes, 1997). Diinyada iklim degisikliginin en biiyiik etkisi kiiresel 1sinma
olarak ortaya c¢ikmaktadir. Kiiresel 1sinma, atmosferde bulunan karbondioksit (CO:z), metan (CHa),
diazotmonoksit (N20) ve diger sera gazlarinin konsantrasyonunun artmasi ile giines 1sinlarin1 hapsetmesi
sonucu yerytizil sicakliginin artmas: seklinde ortaya ¢ikmakta ve bu olaya sera etkisi de denilmektedir
(Korkmaz, 2007).

Hizla artan niifusla beraber sanayilesmedeki artislarin bir sonucu olarak agiga ¢ikan atiklar, fosil yakit
kullanimi, bilingsiz yapilan tarimsal ilaglama, giibreleme, artan kimyasal kullanimi gibi etkenler sera
gazlarinin artmasina ve sera etkisinin kuvvetlenmesine neden olmakta, bu etkiler sonucta iklim
degisikligini dogurmaktadir (Korkmaz, 2007, Yalgn ve Kara, 2014). Diinyanin mevcut enerji
kaynaklarinin yaklasik %85'ini fosil yakitlarin olusturdugu (MacCracken, 2001; Korkmaz, 2007)
diisiiniildiigiinde, kiiresel 1snmanin en biiyiik nedenlerinin enerji, endiistri, ulastirma, tarim ve
ormansizlasma oldugu goriilmektedir. Bu durum, diinya icin giderek artan bir tehdit olusturmaktadir
(Kalkinma Bakanlig1 Onuncu Kalkinma Plani [OKP], 2013).

Zirai ilag, kimyasal giibre, sulama gibi kiiltiirel uygulamalarin yanhs uygulanmasi sonucunda da sera
gaz1 saliniminin artmasina sebep olan tarim, bir taraftan kiiresel 1sinmaya katk: yaparken, diger taraftan
da kiiresel 1istnmanin getirdigi olumsuzluklardan etkilenmektedir. Kiiresel iklim degisikliginin olumsuz
sonuglarindan etkilenen sektorler arasinda tarimin orami %14 olarak bildirilmistir (Giirel ve Senel, 2010).

Tung vd., (2007) kiiresel 1ssnma ve sera gazlar1 salmumiyla ilgili 43 farkli sektorii ele alarak yaptiklar:
calismada, toplam sera gazi {iretimindeki sektorlerin katkilarmi %32 endiistriyel prosesler, %30 enerji
sektoril, %16 ulastirma, %16 diger sektorler ve %6 tarim sektorii olarak belirlemislerdir.

Kiiresel 1sinmanin kisa ve uzun vadeli olarak gesitli alanlarda ve oranlarda olumsuzluklara neden oldugu
bir¢ok arastirmaci tarafindan ortaya konulmustur. Bu konuda yasanan olumsuzluklar ekonomik, gevresel
ve sosyal etkiler bashklar1 altinda toplanabilir. Ekonomik etkiler kiiresel 1sinma sonucunda dogrudan
veya dolayli olarak tarimsal tiretimin olumsuz etkilenmesini icermektedir. Bu etkiler; bitki hastalik ve
zararlilarinin artisi, hayvansal iiretimde canli hayvan sayisinda azalma, su iiriinleri iiretiminde canl
kaybi, otlaklarin verimliliginin azalmasi, hayvanlar i¢in su ve besin miktarinin azalmasi, orman
iirtinlerinde cesitli faktorlere bagh kayiplar, tarimsal alanlarda ve ormanlarda goriilen yanginlarin artisi,
orman alanlarinin verimliliginin azalmasidir. Kiiresel 1sinma, verim kaybi ile beraber {iriin kalitesinde ve
islenmis gida {iretiminde diisiis, gida stoklarinda azalma, finansal kaynak bulma zorlugu, kredi riski,
yeni ve ilave su kaynaklarmin gelistirilmesinde pahalilik etkileri sonucunda ciftgi gelirlerinde kayiplara
da yol agmaktadir. Sadece tarim sektoriinde degil tarima entegre olan turizmde kayiplari, enerji
iiretiminde azalmalari, tarimsal tiretimle ilgili endiistride kayiplar1 ve issizlik oraninda artis1 meydana
getirmektedir (Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii, [TAGEM], 2001).

Tarimin var olabilmesi i¢in ¢evre, ana faktor olarak ihtiya¢ duyulan ortamdir. Kiiresel isinmanin gevreyi
olumsuz etkilemesinin sonucu olarak; toprakta su ve riizgar erozyonu artmakta, bitki alanlari zarara
ugramakta, su kalitesinde bozulma yasanmakta, hayvanlarin dogal yasam alanlarinda daralma meydana
gelmektedir. Kiiresel 1sinma sebebiyle ekonomik ve cevresel alanda olumsuz etkilerin devamlilig:
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beraberinde sosyal alanda olumsuzluklara yol agmaktadir. Bu olumsuzluklar da sosyal huzursuzluk
ortaminin olusmasi, gog¢ olaylarinda ve yoksullukta artis yasanmasi seklindedir. Tiim bu etkiler de her
gecen giin artmaya devam etmektedir. Tiim bu olumsuzluklarin ortadan kaldirilmas: veya etkilerinin
azaltilmasi icin kiiresel 1sinmanin ekonomik, gevresel ve sosyal alanlarda olumsuz etkilerini azaltmaya
yonelik calismalara ihtiya¢ duyulmaktadir (TAGEM, 2001).

Kiiresel 1sinmaya bagli olarak kis doneminde sicaklik ortalamalarinda artis yasanabilecegi varsayilmakta
ve Ongoriilen bu sicaklik degisimlerinin bir¢ok meyve tiiriinii olumsuz etkileyecegi diisiiniilmektedir.
Ozellikle asma ve sert kabuklu meyve yetistiriciliginde verim ve kalite kayiplarinin daha fazla olacag
belirtilmektedir (Pope vd., 2015).

Ozbucak vd., (2019), kiiresel 1sinmanin etkilerine bagh olarak sicaklik artismin findikta soguklama
isteginin karsilanamayabilecegi Ongoriisiinii sunmuslardir. Arastiricilar, findik veriminin olumsuz
etkilenmesi sebebiyle gelecekte alternatif iriinlerin belirlenmesi gerektigi ortaya koymuslardir.

Zeytin (Olea europa) kurak kosullara dayaniklilig1 fazla olan bir tiir olmasina ragmen iilkemizde kiiresel
iklim degisikliginden olumsuz yonde etkilenecek tarim firiinlerinden biridir. Bu olumsuz etkilerin
azaltilmasi yoniinde ¢alismalar yapilmasi gerektigi belirtiimektedir (Varol ve Ayaz, 2012).

Kiiresel 1sinmaya bagh ani iklim degisikligi, cay i¢in en 6nde gelen ¢evresel sorun olarak kabul edilmistir.
Cay bitkisi, uzun 6mdiirlii bir bitki oldugundan tiim diinyada iklim degisikliginin ¢ok yillik etkilerini
yasamaktadir (Ochieng vd., 2016).

Ulkemizde son yillarda mevsimlerde yasanan anormal gegisler, hava durumunda yil igi ve yillar arast
degisiklikler tiim tarimsal alanlarda etkisini gostermektedir. Dogu Karadeniz bolgesi icin 6nemli bir
ekonomik kaynak olan cay tarimi da bahgelerin rakim seviyelerine gore degismekle birlikte kiiresel
1isinmanin olumsuz etkilerini yasamaya baglamistir. Bu ¢alismada; diinyada ve iilkemizde tiim tarim
iirtinlerinde oldugu gibi ¢ay tariminda da sorun olusturmaya baslayan kiiresel 1stnmanin etkilerinin,
tilkemizde ve diinyada yapilan calismalarla birlikte incelenmesi, ayn1 zamanda Tiirkiye cay {ireticisiyle
kiiresel 1sinma konusunda yapilan anket calismasi analiz edilerek mevcut durumla birlikte sorunlarin
ortaya konulmasi ve ¢6ziim onerilerinin olusturulmasi amaglanmstir.

MATERYAL VE METOT

Bu calismada, kiiresel 1sinma konusunda yayimlanmis arastirmalar, istatistikler ve bolge cay tireticilerine
uygulanan anket ¢alismasi materyali olusturmaktadir. Diinya ¢ay iiretiminde onemli iilkeler icerisinde
yer alan Cin, Hindistan, Kenya, Sri Lanka ve Tiirkiye cay tarimina kiiresel istnmanin etkileri konusunda
yapilan ¢calismalar materyal olarak kullanilmistir.

Ulkemizde gayda kiiresel 1ssnma konusunda etkilerin, olumlu ve olumsuz yonde gdzlemlerin iiretici
goziinde degerlendirilmesini saglamak amaciyla alan arastirmasi yapilmistir. Tiirkiye ¢ay havzasinda
ireticiye yonelik anket calismasi igin Google Forms uygulamasindan yararlamlmistir. Anket
calismasinda katilimcilara;

o Kiiresel 1sinma (mevsim degisikligi) denildiginde ne anliyorsunuz?
o Cayliginiz kag yasinda
. Caylikta genclestirme budamasi yapiyor musunuz?
. Caylikta ge¢mis yillara oranla verimde azalma goriildii mii?
. Ikinci ve tigiincii siirgiin veriminde azalma oldu mu?
. Caylikta cicek ve tohum olusumu gecmis yillara oranla artt: mi1?
o Caylikta ilk siirgiin hasat ge¢mis yillara oranla erkene geliyor mu?
. Gegmis yillarda ilk siirgiin ¢ay1 en erken ne zaman hasat ettiniz?
. [k siirgiin hasat zamanlar1 arasinda yillara gore kag giinliik fark olugtu?
———
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. Cayliklarinizda asir1 yagislar sebebi ile toprak erozyonu (kaymast) yasadiniz mi?

. Son yillarda ¢aylikta kurumalar goriildii mii?

o Onceki soruya cevabiniz "evet" ise kurumanin sebebi sizce nedir?

o Sizin gozlemlerinizde kiiresel istnmanin (mevsim degisikliklerinin) ¢ay bitkisi tizerine etkileri
nelerdir?

. Kiiresel isinmanin (mevsim degisikliklerinin) cay bitkisi {izerine etkilerine karsi ne gibi

onlemler aliyorsunuz? sorular1 yoneltilmistir.

Elde edilen veriler karsilastirmali olarak analiz edilerek iilkemizde iklim degisikligi ve kiiresel 1sitnma
siirecinin ¢ay bitkisi, {irliniin bahge kosullarinda etkilenme derecesi ve ileri siirecte ¢cayda olas: etkileri
belirlenmistir.

Literatiir taramalar1 ve alanda uygulanan anketin yorumlanmasi ¢alismanin yontemini olusturmustur.

BULGULAR VE TARTISMA

Kiiresel Issnmanin Diinya Cay Tarimina Etkileri

Diinya cay tarim alanlar1 son yillarda kiiresel 1sinma etkisi ile kars1 karsiya kalmakta ve bu durum birgok
arastirmacinin ¢alismalarina konu olmaktadir. Cay tarim alanlari farkli agilardan kiiresel iklim
degisikliginden etkileniyor olsa da en biiyiik sorunun alan ve verim kaybinda oldugu goriilmektedir.
Kahn (2015), diinyanin bazi bolgelerinde cay vyetistirilen alanlarin gelecekte %40-55 oraninda
azalabilecegini bildirmektedir. Cay tarim bolgelerinde yapilan arastirmalar sonucunda iklim
degisikliginin temel etkileri olarak, hava sicakliklarinda diizensizlik, daha az yagmurlu giin sayis1 ve
yillik giineslenme saatlerinde diisiis, uzun siireli kuraklik, kisa siirede asir1 yagis, asir1 sicakliklar, bocek
ve hastalik istilasindaki artis, yeni hasere tiirlerinin ortaya ¢ikigi, artan yabani ot istilasi, riizgar hizinin
artisi, toprak neminde degisim ve buharlasmada artis belirtilmektedir (Esham ve Garforth, 2013; Baruah
ve Handique, 2021).

Cay, geri doniisii olmayan verim kayiplarina neden olabilen kurakliga karsi hassas bir bitkidir. Cay
kalitesini belirleyen fitokimyasal profiller ve organoleptik 6zelliklerin de iklim degisikligi ile etkilendigi
gosterilmistir (Kowalsick vd., 2014; Bhagat vd., 2016; Ahmed, vd., 2019; Nowogrodzki, 2019). Siddetli
yagmurlarin tarim alanlarinda su baskinlarina, erozyona ve toprakta besin elementlerinin yikanmasimna
neden olabilecegi belirtilmistir (Wijeratne, 1996).

Iklim degisikligi kaynakli stresler, fotosentez, solunum ve su tutma kapasitesi gibi bitki sistemlerini
etkilemektedir. Cay bitkileri, metabolik kisitlamalara yol agan kloroplasta CO: difiizyonunun azalmasi
yoluyla su eksikliklerinden etkilenen fotosentezin Cs mekanizmasini sergilemektedirler (Tezara vd., 2002;
De Costa vd., 2007). Bu tiir kisitlamalarin goreceli etkisi, stresin ortaya cikisina ve yogunluguna gore
degismektedir. Stres altindaki cay bitkisinde fotosentez mekanizmasi zarar goriir, yapraklarin stoma
iletkenligi simirlanir, net fotosentez ve solunum hizinda Snemli bir diisiis meydana gelir. Kuraga
dayanikli ve hassas cay cesitlerinin kullanildig1 cesitli calismalar, toprak nem igerigindeki azalmanin
ardindan fotosentez ve solunum hizinda 6nemli bir farkin olustugunu gostermistir (Netto vd., 2010; Lin
vd., 2014; Maritim vd., 2015).

Kiiresel Istnmanin Onemli Cay Ureticisi Ulkelerde Etkileri

Diinyada en fazla cay tireten {ilkeler ilk bes iilke sirasiyla Cin, Hindistan, Kenya, Tiirkiye ve Sri Lanka’dir
(Sekil 1). Kiiresel 1sinma stirecinden iilkelerin etkilenme dereceleri, bulunduklari cografi konumlari, ¢ay
bahgelerin bulundugu arazilerin yer ve yoneyi, rakim durumu, bahge iclerinde aga¢ varlig1 gibi birgok
faktore bagh olarak degismektedir. Bu farkliliklar dikkate alinarak cay fiireticisi iilkeler ayr1 baghiklar
altinda degerlendirilmisgtir.
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Sekil 1. 2021 Diinya yas ¢ay {iretim verileri (ton) (Food and Agriculture Organization of the United Nations [FAQ],
2023).
Figure 1. 2021 World fresh tea production data (tons) (FAO, 2023).

Kiiresel Istnmanin Cin Cay Tarimina Etkileri

Diinya gay alan1 ve iiretimi yoniinden ilk sirada yer alan tilke Cin'dir. Diinyada 2021 yilinda 5.25 milyon
hektar alanda cay tarimi yapilmis ve bu alandan alinan {iriinle 6.25 milyon ton kuru cay iiretimi
yapimistir (FAO, 2023). Cin, diinya ¢ay bahgesi alaninin %64.6’sin1 iiretimin %46.8'ini olusturmaktadir.
Cin'deki cay arazilerinin ¢ogu alcak tepelerde ve daglik bolgelerde bulunmaktadir. Cin'de 80 milyon
insanin ¢ay endiistrisinde gorev aldigi tahmin edilmektedir. Cay, Ozellikle cay yetistirilen daglik
bolgelerde kiiglik ciftciler icin gelir ve istihdam yaratmada kilit bir rol oynamaktadir (Bhagat vd., 2016).

Cin'de mevsimlerin donemlerinin degistigi, son 10-15 yilda etkilerin daha belirgin hale geldigi ve degisen
iklim olaylarmin ¢ayin kalitesinde olumsuz etki yaptig1 belirtilmektedir. Ontimiizdeki yillarda iklim
degisikliginden dolay1 cay kalitesinde olumsuz degisimler olacagi ve verimde %40-55 oraninda diisiis
olacag1 tahmin edilmektedir (Boehm vd., 2016). Gilineybat1 ve Dogu Cin'de, artan sicakliklar ve kuraklik
olaylar1 nedeniyle cay kalitesinin diistiigii bildirilmektedir (Ahmed vd., 2014; Larson, 2015; Han, vd.,
2017). Cin'de, giinlitk maksimum sicakligin 35°C veya {izerine ¢iktig1 asir1 sicaklarin daha uzun ve daha
sik olacagi tahmin edilmekte, bunun da ¢ay iiretimini ve ¢aya bagiml yetistiricilerin ge¢im kaynaklarim
potansiyel olarak tehdit ettigi degerlendirilmektedir (Wang vd., 2012). Diinyada ¢ay alaninin yaridan
fazlasina ve {iretimin en biiyiik dilimini olusturan Cin'de, kiiresel 1sinma etki derecesinde yapilan
ongoriilerin hakli ¢ikmasi durumunda veriminde biiyiik kayip meydana gelecek ve bu da diinya cay
ihtiyaci ve tiiketiminde sorun olusturacaktir.

Hiikiimetleraras1 Tklim Degisikligi Panelinde (IPCC), éniimiizdeki 50 yilda Dogu Asya’da muson
mevsiminin uzun siirecegini dngdriilmiistiir. Ayrica, 1980 ve 2011 yillar1 arasinda Cin'de toplanan veriler,
muson mevsiminin uzun siirmesinin ¢ay veriminde giiclii bir diislise isaret ettigini gOstermektedir
(Nowogrodzki, 2019). Hava kosullarindaki bu degisimlerin, temel ge¢im kaynaginin ¢ay tarimi oldugu
Cin'deki kirsal bolgeleri olumsuz etkileyebilecegi ifade edilmektedir. Bu olumsuz gelismeler kiiresel
olarak cay pazarlarini ve gay tiiketicilerini etkileyecektir (Nemec-Boehm vd., 2014). Son 10 yili igeren
kuru cay iiretim grafigine Cin toplam iiretiminde yillara bagh olarak artis oldugu goriilmektedir. Kisa
vadeli olarak Cin kuru cay iiretiminde kiiresel istnmanin olumsuz etkisi goriilmemektedir. Beringer vd.,
(2020) tarafindan yapilan arastirma sonuglarinda da belirtildigi sekilde Cin cay iiretimi kiiresel 1sisnmanin
etkisinden gecmis yillara bakildiginda olumlu yonde etkilenmistir (Sekil 2). Bazi aragtirmacilarin da
bahsettigi sekilde etkinin uzun siire sonunda ortaya ¢itkmasi muhtemeldir.
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Sekil 2. Cin 2010- 2020 kuru gay iiretimi (ton) (FAO, 2023).
Figure 2. China 2010- 2020 dried tea production (tons) (FAO, 2023).

Kiiresel 1sinma, ¢ay tarim alanlarini daha serin bolgelere dogru genisletiyor gibi goriinmektedir. Zamana
bagl yapilan modelleme ¢alismanin sonuglari, iklim degisikliginin Cin'deki ¢ay verimi iizerindeki benzer
olumlu sonuglarmni bildirmistir (Beringer vd., 2020). Ancak etkili uyum stratejileri uygulanmadig:
takdirde giiney bolgelerde sicaklik kaynakli verim kayiplarinin daha fazla olmasi beklenmektedir.
Ayrica, Cin'in subtropikal nemli bolgelerinde Temmuz'dan Eyliil'e kadar yaygin olan mevsimsel kuraklik
olaylari, yeterli miktarda toprak besin kaynagi olsa bile besin alimmi smirlayabilecegi ve asir
sicakliklarin ¢ay {tiretimi {izerinde ilave olumsuz etkiler olusturacag: bildirilmistir (Ding vd., 2008; Zhu
vd., 2011; Lipiec vd., 2013).

Cin'de dort farkli iklime sahip bolgede yapilan galismada, bolgelerin zamana bagh olarak sicaklik
degisimlerinin farklilik gosterdigi tespit edilmistir. Yiiksek ve subtropikal kesimlerde sicaklik artisi,
tropik ve iliman iklime sahip alanlardan daha fazla olmustur. Tiim bolgelerde gilineslenme siiresinde ve
yagis miktarinda azalma meydana gelmistir. Cay veriminin yillara gére %20 oraninda azaldig1 tahmin
edilmektedir. Hatta bazi cay bitkilerinin uzun siireli kuraklik nedeniyle 6ldiigii bildirilmektedir (Bhagat
vd., 2016; Lou, 2010). Kiiresel isinmanin Cin’de arazi kayiplarini da arttiracag: tahmin edilmektedir.

Iklim degisikligi Cin’de, gayda biiyiime, gelisme ve verim agisindan hem olumlu hem de olumsuz etkiler
meydana getirmektedir. Yiiksek kesimlerde sicaklik artismin olumlu etkileri oldugu goriisiine karsin,
kiy1 kesimlerde yagmurlarin azalmasina baglh olarak su stresi, kalite kaybi, verim azalmasi meydana
gelmektedir. Nitekim Sekil 3’de goriildiigii gibi Cin yas cay {iiretim ve verim grafiginde yillara bagh
dalgali bir ilerleme goriilmiis fakat cay verimi 2015 yilindan sonra keskin bir diisiis yasamistir. Bu
durum, cay iizerinden gecimini saglayan iireticiler i¢in ekonomik ve ileriki donemde sosyolojik sorunlar
olusturabilecektir.

16000000 50000
14000000 i
12000000 ] 40000
10000000 30000
8000000
6000000 20000
4000000 10000
omo
R R R

== Uretim Verim

Sekil 3. Cin 1991- 2021 yas cay iiretimi ve verimi (hg ha') (FAO, 2023).
Figure 3. China 1991- 2021 fresh tea production and yield (hg ha™) (FAO, 2023).
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Kiiresel Istnmanin Hindistan Cay Tarimina Etkileri

Hindistan diinyanin en biiyiik ikinci cay iireticisidir. Ulkede iiretilen cayin %80’inden fazlasi iilke iginde
tiiketilmektedir. Hindistan, Assam ve Darjeeling caylar1 sayesinde kiiresel ¢ay haritasinda énemli bir yer
edinmistir. Hint cay endiistrisi, bir¢ok kiiresel ¢ay markasina sahip olacak sekilde biiytimiis ve
diinyadaki teknolojik olarak en donanimli ¢ay endiistrilerinden biri haline gelmistir (Bhagat vd., 2016).

Hindistan'da ¢evre kosullarindaki degisikliklerin ¢ay kalitesini olumsuz etkileyebilecegi bildirilmistir.
Yapilan uzun siireli bir trend analiziyle (yaklasik 100 yil), Kuzey Dogu Hindistan'daki yagis miktarinin,
bolgedeki minimum sicakliktaki artigla birlikte 200 mm'den fazla azaldigini ortaya konulmustur. Tklim
degisikliginin etkileri, Hindistan'in tarima dayali Assam eyaletindeki genis bir alanda ytiiksek ve net bir
sekilde goriilmektedir. Egimli arazilerde, 6zellikle Darjeeling'in tepelerinde yiiksek toprak erozyonu ve
toprak kaymalarimin devam etmesi, toprak verimliliginin oniimiizdeki yillarda azalmasi sebep olacaktir
(Biggs vd., 2018; FAO, 2019). Hindistan’da iklim degisikliginin ¢ayin sadece miktarini degil kalitesini de
diisirmesi beklenmektedir (Gesimba, vd., 2005; Ahmed vd., 2014; Duncan, vd., 2016).

Kis aylarinda uzun siiren kuraklik ve/veya son yillarda periyodik olarak goriilen siddetli yagislar gibi
olumsuz kosullar, iiriiniin stirdiiriilebilirligi i¢in tehdit olusturmaktadir. Bazi bolgelerde olagandan daha
uzun kurak donemler yasanirken, bazi bolgeler Ozellikle haziran ile eyliil aylar1 arasinda araliksiz
yagmurlardan etkilendiginden yagmurlar tahmin edilemez hale gelmistir. Cay bahgelerinde su baskin
stresi nedeniyle giiniimiizde %15-20 oraninda iiriin kayb1 rapor edilmistir (Goswami, 2016).

Artan sicakliklar ve azalan yagis modelleri, gay {iretiminin hem miktarin1 hem de kalitesini etkileyerek,
ozellikle kiiclik cay {ireticileri igin bir tehdit olusturacaktir. Cay {iireticileri daha sik sel, kuraklik ve zararh
istilasina maruz kalabilir ve bu da verimin azalmasina neden olabilir. Ekonomik ve sosyolojik kosullar
ciddi sekilde sekteye ugrayacaktir. Sonug olarak {ireticilerin, kiiresel gay talebini ve kalite gerekliliklerini
karsilamaya devam etmek i¢in mevcut uygulamalarinda 6nemli degisiklikler yapmak zorunda kalacagi
bildirilmektedir (Bhagat vd., 2016). Son 10 y1l1 igceren kuru ¢ay {iiretim grafigine bakildiginda son yillarda
iiretimde dalgalanmalarin oldugu goriilmektedir 2020 yilinda ise Hindistan toplam {iretiminde diisiis
oldugu ve bunun sebebinin arastirmacilarin da belirttigi sekilde kiiresel 1sinmanin ¢ay tarimina olumsuz
etkisinden kaynaklandig soylenebilir (Sekil 4).
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Sekil 4. Hindistan 2010- 2020 kuru cay tiretimi (ton) (FAO, 2023).
Figure 4. India 2010- 2020 dry tea production (tons) (FAO, 2023).

Hindistan ¢ay alanlarinda hem egimli hem diiz arazilerde bulunan caymn olumsuz etkilendigi
calismalarda belirtilmektedir. Sadece sicaklik artis1 degil sicakliga ve yagis azalmasina bagh olarak toprak
kaynakl etkilerde ¢ayda verim ve kalite kaybini beraberinde getirmistir. Sekil 5'te 2019 yilindan sonra
Hindistan gay {iiretiminde azalmanin meydana geldigi goriilmiistiir. Bunun artan toprak kaymasi ve bitki
kurumalarindan kaynaklandig: diistiniilmektedir.
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Sekil 5. Hindistan 1991- 2021 yas cay iiretimi ve verimi (hg ha') (FAO, 2023).
Figure 5. India 1991- 2021 fresh tea production and yield (hg ha) (FAO, 2023).

Hindistan ¢ay tariminda verimde artislar olmasina karsin iiretim ve kuru ¢ay tiretiminde diismelerin
oldugu bunun da en biiyiik nedenlerinden bir tanesinin kiiresel 1stnma oldugu séylenebilir.

Kiiresel Issnmanin Kenya Cay Tarimina Etkileri
Kenya, ¢cogunlugu ihrag edilen ve ihracattan elde edilen gelirle, toplam milli gelire %20 katkida bulunan
diinyanin ii¢iincii 6nemli ¢ay iireticisidir (Azapagic vd., 2016).

Kenya iklim verileri kullanilarak GIS ortaminda olusturulan haritalara gore, herhangi bir onlem
alinmazsa bolge icin ortalama hava sicakliginin 2025'e kadar yaklasik %2 ve 2075'e kadar %11 artacagini
tahmin edilmektedir. Kenya'daki mevcut yetistirme alanlarinda ¢ay tarimina uygun toplam arazi alaninin
azalacagl, bunun yagis seviyesinden ziyade yagis dagilimindan kaynaklanacagi diisiiniilmektedir.
Ortalama hava sicakliklarinin 23.5°C esiginin iizerine ¢ikmasi da olas1 kabul edilmektedir. Ayrica, halen
cay tarimi yapilan alanlar iklim degisikliginden etkilenerek cay bitkisinin yetismesi icin gerekli optimum
smirlarin disma cikabilecektir. 2075 yilina kadar ¢ay tarimina uygun optimum ekolojik kosullar1 igeren
bolge alaninin %?22.5 oraninda azalmasi beklenirken, optimum ekolojik kosullari igeren tarimsal alanlarin
2025 yilina kadar %8 oraninda artmas: beklenmektedir (Muoki, vd., 2020). Dogu Afrika basta olmak
tizere diinyada cay vyetistirilen alanlarin 2050 yilma kadar %55 oraninda azalabilecegi tahmin
edilmektedir (FAO, 2019).

Kenya’'da iklim degisikligine bagli olarak cay tariminda farkli alanlarda sorunlar meydana gelmistir. Taze
cay yaprak verimindeki dolu zarari ile tahmini kayip yilda 2.7 milyon kilogramdir (Bore vd., 2011).
Yagislarin miktar ve yagis rejimi yoniinden degistigi ve bu degisikliklerin ¢ay tarimi i¢in olumsuz
nitelikte oldugu belirtilmektedir. Bazi aylar kisa bir siire boyunca yogun yagis almakta ve ardindan uzun
siireli kurak donemler gelmektedir (Duan, 1992). Toprak taban suyunda mevsimlere bagl olarak artis
meydana gelmistir. Kenya’da don olay1 ¢ok daha az goriilmekle birlikte, meydana geldiginde ¢ok biiyiik
kayiplar meydana getirmektedir. Golge agaglarinin dikilmesinin don olusma ihtimalini azalttigi ve
dolayisiyla cay bahgelerinde don zararimi azalttigi gosterilmistir (Bhagat vd., 2016). Kenya farkli iklim
olaylar1 sonucunda cay bahgelerinin olumsuz etkilerini yasayan bir iilkedir. Sekil 6" da kuru cay iiretim
grafigine gore yillara bagh etki daha net goriilmektedir. 5 yil 6nce alinan verilerde kuru cay {iretim
verilerinin yillara bagh yakin degerleri elde edilmigken, son 5 yilda degisim daha yogun yasanmusgtir.
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Sekil 6. Kenya 2010- 2020 kuru cay {iretimi (ton) (FAO, 2023).
Figure 6. Kenya 2010- 2020 dry tea production (tons) (FAO, 2023).

Kenya, diinyada Afrika kitasinda en fazla cay tireten {iilkedir. Kiiresel isinmaya bagli sicaklik artisi
Kenya’da yogun olarak goriilmektedir. Ayrica dolu ve don zarari kisa siireli ani yagislar da ¢ay tarimini
olumsuz etkilemektedir. Sekil 7’de goriildiigii {izere yillara bagh sicaklik ve yagis dagilimi sebebiyle
keskin farklar olugsmaktadr.
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Sekil 7. Kenya 1991- 2021 yas ¢ay tiretimi ve verimi (hg ha) (FAO, 2023).
Figure 7. Kenya 1991- 2021 fresh tea production and yield (hg ha-') (FAO, 2023).

Kenya cay tariminda iiretim, verim ve kuru ¢ay iiretiminde dalgalanmalarin oldugu bunun da en biiyiik
nedenlerinden bir tanesinin kiiresel 1stnma oldugu soylenebilir.

Kiiresel Istnmamn Sri Lanka Cay Tarimina Etkileri

Cay, endiistrisi, ihracat gelirleri ve istihdam olanaklar1 saglamasi acisindan Sri Lanka ekonomisinde
onemli bir rol oynamaktadir. Bir asirdan fazla bir siire boyunca ¢ay endiistrisi ana istthdam saglayici,
doviz kaynagi ve geliri kaynagidir (Thushara, 2015). Wijeratne vd., (2007), iklim degisikligi iizerine
yapmus olduklar1 ¢aligmalarda; iiriin modeline gore yapilan verim projeksiyonlari, artan sicakliklarin ve
azalan yagislarm, iilkenin yiiksek rakima sahip yagis alan bolgeleri harig birgok cay yetistirme bolgesinde
¢ay verimini azalttigini belirtmislerdir. Ayrica, ¢alisma sonuglarinda iklim degisikligi nedeniyle cay
veriminin yiiksek rakimlarda artacagini, diisitk rakimlarda ise verimin muhtemelen diisecegini
ongormiislerdir. Jayasinghe ve Kumar (2019), iklim modeli projeksiyonlarini kullanarak, Sri Lanka'nin
cay yetistiriciligi i¢cin en uygun bolgelerinin 6niimiizdeki 30-50 y1l boyunca yaklasik %10.5lik bir diisiige
ugrayacagini belirtmislerdir.
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Sri Lanka'daki ¢ay bahgelerinde sulama neredeyse hi¢ yapilmamaktadir. Bu nedenle, kuru hava kosullar:
cay bahgelerinde 6nemli diizeyde kayiplara neden olmaktadir (De Costa vd., 2007). 1992 yilinda kuru
hava nedeniyle mali kaybin yaklasik 70 milyon ABD dolar1 oldugu tahmin edilmektedir. Kuraklik
etkileri, kotil toprak kosullarina sahip daha sicak bolgelerde, yani iilkenin al¢ak ve orta gay yetistirme
bolgelerinde daha belirgin oldugu bildirilmektedir (Bhagat vd., 2016). Ulkede kiiresel 1sinmanin gayda
tretim ve mali kayiplara etkisi Sekil 8'de verilmistir. 2015 yili sonrasinda Sri Lanka kuru ¢ay tiretiminde
azalmanin oldugu goriilmektedir.
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Sekil 8. Sri Lanka 2010- 2020 kuru ¢ay iiretim (ton) (FAO, 2023).
Figure 8. Sri Lanka 2010- 2020 dry tea production (tons) (FAQO, 2023).

Sri Lanka, diinya cay iiretim verilerinde son yillara kadar dordiincii sirada iken en son verilerde besinci
siraya diismiistiir. Bunun sebebinin kiiresel 1sinmaya bagl olarak Sri Lanka da verim diistikliigliniin ve
yas cay tiretiminde de azalmanin meydana geldigi Sekil 9'da goriilmektedir.
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Sekil 9. Sri Lanka 1991- 2021 yas cay tiretimi ve verimi (hg ha') (FAO, 2023).
Figure 9. Sri Lanka 1991- 2021 fresh tea production and yield (hg ha') (FAO, 2023).

Sri Lanka cay tariminda dalgali iiretim artiglari olmasina karsin verim ve kuru cay iiretiminde
diismelerin oldugu bunun da en biiyiik nedenlerinden bir tanesinin kiiresel 1sinma oldugu soylenebilir.

Kiiresel Issnmanin Tiirkiye Cay Tarimina Etkileri

Tiirkiye, diinyada cayin yetistirildigi en kuzey bolgede yer almaktadir. Cay, sudan sonra diinya ¢apinda
en ¢ok tiiketilen igecektir (Otten, 2010). Cin toplam miktar olarak en biiyiik tiiketici tilke olmasina karsin
kisi basma cay tiiketiminde diinyanin en biiyiik tiiketicisi kisi bagina yillik 6.87 kg ile Tirkiye'dir
(Karapetyan, 2022). Yildiz ve Midilli (2022), Kisi bas: tiiketim degerinin yiiksek olmasinin sebeplerini,
cayimn keyif verici Ozelligi ile Tiirklerin damak zevkine yerlesmis olmasina ve giin iginde defalarca
tiiketilebilmesine baglamaktadir. Sekil 10’da kuru cay iiretim miktarindaki degismeler verilmistir.
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Tiirkiye’de 10 yilik zaman zarfinda kuru cay {iiretim artis goriilmesine karsin, son 3 yil icinde diisiis
goriilmektedir. Kiiresel 1sinmanin da etkisi ile meydana geldigi diisiiniilen bu durumun, ilerleyen
yillarda devam etmesi kuru cay satis fiyatlarinda artisa neden olacaktir. Sonu¢ olarak Tiirk
vatandaglarinin en fazla tiikettikleri igecegi satin alma giicliniin azalmasi kag¢inilmaz olacaktir.
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Sekil 10. Tiirkiye 2010- 2020 kuru cay iiretimi (ton) (FAO, 2023).
Figure 10. Turkey 2010- 2020 dried tea production (tons) (FAO, 2023).

Tiirkiye yas cay {iretimi yillara bagli dalgalanmalar yasanmakta ve son yillarda verim diisiikligi
goriilmektedir (Sekil 11). Verim kaybina bir¢ok etken sebep olmakla birlikte kiiresel 1sinmanin da
dogrudan ve dolayli olarak etki ettigi sdylenebilir.
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Sekil 11. Turkiye 1991- 2021 yas ¢ay tiretimi ve verimi (hg ha') (FAO, 2023).
Figure 11. Turkey 1991- 2021 fresh tea production and yield (hg ha') (FAO, 2023).

Tiirkiye Cay Tarim Alanlari Iklim Verileri

Ulkemizde sicaklik ortalamalari yillara bagh olarak artmaktadir. Tiirkiye uzun yillik sicaklik sapmasi
verilerine gore 2007 yilindan itibaren (2011 haric) sicaklik ortalamalarinda pozitif yonde sapma meydana
geldigi, 1991-2020 y1l1 ortalama sicakliklar1 13.9°C olarak hesaplandig: belirtilmistir (Sekil 12).
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Tirkiye Yilhik Ortalama Sicakhik Sapmasi ve Trendi
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Sekil 12. Tiirkiye yillik ortalama sicaklik farklari (Meteoroloji Genel Midiirliigii, [MGM], 2023).
Figure 12. Tiirkiye annual average temperature differences (MGM, 2023).

2022 yili ortalama sicakliklari 1971-2022 yili igerisinde en sicak yedinci yil olarak oOlgiilmiis ve yillik
sicaklik ortalamasi 14.5°C olarak hesaplanmistir (Sekil 13).

Tirkiye Yillik Ortalama Sicaklik (1971-2022)
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Sekil 13. Tiirkiye yillik ortalama sicaklik siralamast (MGM, 2023).
Figure 13. Tiirkiye annual average temperature ranking (MGM, 2023).

2022 yilinda, Bat1 Karadeniz ve Dogu Karadeniz sahil seridi 1000 mm {izerinde yagis alirken, Rize ve
Artvin cevresinde yagislar 1600 mm tiizerine ¢ikmis, bu durum ozellikle toprak erozyonuna neden
olmustur. Ulkemiz gay havzasinda yagish giin sayist 2022 yilinda 125-150 giin iizerine ¢ikmus bu da
ozellikle diiz alanlarda bulunan ¢ayliklarda su baskini stresine neden olmustur (MGM, 2023). Karadeniz
bolgesi yillara bagh olarak yagis diizensizligi goriilen bir bolgedir. 2019-2020 yillarina uzun yillik
ortalamalara gore az yagis almigken, 2021 yilinda yagis miktarinda artis goriilmiistiir (Sekil 14). Fakat yil
ici ortalama artig miktarindan ziyade, yagislarin yil i¢i dagilimi tiim tarim {iriinlerinde oldugu gibi cay
tariminda da 6nemli bir faktordiir.
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KARADENIZ BOLGESI YILLIK ALANSAL YAGISLARI
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Sekil 14. Karadeniz bolgesi 2000-2021 yillik alansal yagis verileri (MGM, 2023).
Figure 14. Black Sea region 2000-2021 annual areal precipitation data (MGM, 2023).

Ulkemizde caylik alan bakimindan %65 ve iiretici sayisindan %63 liik dilime sahip olan Rize ilinde, 1928-
2022 ortalama iklim verilerinde ortalama sicakliklarin en yiiksek seviyelere ¢iktig1 zaman diliminin son
yillar1 kapsayan aylar oldugu goriilmektedir. Ayrica yagis dagiliminin da diizensiz olarak gergeklestigi

goriilmektedir (Cizelge 1).

Cizelge 1. Rize ili 1928-2022 ortalama iklim verileri (MGM, 2023).
Table 1. Rize province 1928-2022 average climate data (MGM, 2023).

Aylar
Rize 1 2 3 4 5 6 7 8 9 10 11 12 Yillik
Ortala‘zf’(‘:?‘cakhk 68 68 81 117 160 203 229 233 203 164 123 88 145
Ortalama En
Yiiksek Sicaklik 10.7 10.8 11.9 15.4 19.4 23.6 26.0 26.5 24.0 204 16.5 12.9 18.2
(°C)
Ortalama En
Diisiik Sicaklik 3.8 3.7 49 8.4 12.7 16.7 19.6 20.1 16.9 13.1 9.1 5.7 11.2
(°C)
Ortalama
Gilineglenme 2.2 3.1 3.6 4.6 5.7 6.6 54 5.2 5.0 4.2 3.0 2.2 4.2
Stiresi (saat)
Ortalama Yagish
. 14.72 1427 1577 1452 1420 14.08 13.69 1425 1462 14.82 1355 14.14 172.6
Giin Sayis1
Aylik Toplam
Yagis Miktar1 232.6 1857 161.6 954 96.5 1342 150.7 196.0 2582 2945 2534 2432 2302.0
Ortalamasi (mm)
En Yitksek 266 281 326 358 382 361 354 356 350 338 304 267 382
Sicaklik (°C)
En Diisiik
Sicaklik (°C) -6.5 -6.6 -7.0 -2.8 4.0 7.8 12.0 13.4 4.6 2.5 2.6 -4.0 -7.0
—
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1991-2020 ile 2022 yili sicaklik ortalamalar1 (MGM, 2023), karsilastirildiginda Tiirkiye'de ¢ay tariminin
yapildig1 alanlarda sicaklik artiginin kiy: seritlerden yiiksek rakimlara dogru genisledigi belirtilmektedir.
Bu durum, ileriki yillarda sicaklik artisina baglh olarak yagisin azaldigi donemlerde gay tariminda sulama
ihtiyacin1 dogacagini gostermektedir. Ayrica sicaklik artisinin ve yagis dagiliminda diizensizliklere bagh
olarak cay hasat tarihlerinde, siirgiin verimlerinde degisimlerin olacagini 6ngoriilebilir.

Mevsimsel iklim degiskenliklerinin etkisi toplamda oldugu kadar siirgiin donemlerine gore verim ve
kalite iizerine etki yapacaktir. Ulkemiz cay alanlarinda ilk siirgiin hasat doneminde (may1s) yagis miktar
diisiik olmasina karsin, yagish giin ve giineslenme siiresi yiiksektir. Ikinci siirgiin hasat déneminde ise
(temmuz) yagis miktar1 ilk siirgiin hasat donemine gore yiiksek olmasma karsin yagishi giin ve
glineslenme siiresi daha diisiiktiir. Bu durum c¢ay bahgelerinin topografik konumu, rakimi ve cay
bahgesinin yasina bagh olarak degisiklik gosterebilmekle beraber su baskini stresi ve kuraklik stresine
neden olabilir ayrica giineslenme siiresinde azalma cayin kalitesinde olumsuzluga sebep olabilir.

Kiiresel Istnmanin Tiirkiye Cay Tarum Alanlarinda Etkilerine Yonelik Yapilan Calismalar

Tiirkiye’nin i¢inde bulundugu bélgenin su kithgi, kuraklik ve toprak erozyonu sorunlari ile kars1 karsiya
olmasi, Tiirkiye'yi kiiresel 1sinmanin zararli ve siddetli etkilerini en 6nce yasayacak {ilkeler arasmna
sokmaktadir (Dogan, 2005). 1991-2012 yillarinda sicaklik degisimlerini referans alarak yapmis olduklar:
gelecek donem projeksiyon ¢alismasina gore, 2021-2050 donemi icin Tiirkiye'de ortalama sicakligin 0.15-
1.20°C araliginda artacag) ongoriilmektedir. Ayrica, yagissiz giin sayisinda ve kurak dénem sikliginda
artis olacag1 tahmin edilmektedir (Karapmar vd., 2020).

Bolgesel iklim modeli tahminlerine gore, Tiirkiye'de cay iiretiminin yapildigi her mevsim yagish nemli
iliman bir iklimle nitelenen hatta okyanusal bir ikliminin goriildiigii Dogu Karadeniz Bolgesi'nde,
giiniimiiz iklimine gore gelecekte daha ¢ok yagis alacag1 ongoriilmektedir. Dogu Karadeniz bolgesinde
kis yagislarinda artislar gerceklesebilir. Buna gore, farkli senaryo ve model sonuglariin da gosterdigi
gibi, Tirkiye’de gelecekte bazi mevsimlerde giiniimiize gore daha yagishh ve yagislarin ozellikle
topografyanin da etkisiyle c¢ogunlukla saganak ve gok giiriltiilii saganak yagislar seklinde
gerceklesebilecegi; iilkenin Dogu Karadeniz boliimlerinin de, sel ve taskinlar ile bunlara bagli olarak etki
ve sikliklar1 artabilecek olan kiitle hareketlerinden ve arazi bozulumundan daha fazla etkilenebilecegi
beklenmelidir (Turp vd., 2014).

Sicakliktaki artis, kimyasal giibrelerden besin maddelerinin salinmasi igin gereken siireyi ve
yarayishligini azaltirken, topraktaki organik maddenin mikroorganizmalar tarafindan tiiketilmesini
hizlandirmaktadir. Yogun giinliik yagis, verimli iist topraklar1 ortadan kaldiran siddetli sellere veya
toprak kaymalarina neden olabilmektedir (Bhagat vd., 2016). Diinyada ¢ay tarim alanlarinda goriilen
sorunlar, iklim degisikliginin etkileri daha yogun hale geldik¢e Tiirkiye'de de goriilecektir. Ayrica
Tiirkiye'de ¢ay tarim alanlarinda toprakla ilgili en 6nemli sorun diisiik pH seviyesidir. Asitli topraklarin
rehabilitasyonu 6nemli bir kiiresel sorundur. Onlem alinmazsa iklim degisikligi sonucu goriilecek asir1
yagislar toprak asitligini daha da artiracaktir. Kuraklik, sel ve ¢ok soguk veya sicak hava gibi extrem
iklim olaylari, ¢ay tiretimi ve siirdiiriilebilir kalkinma icin ciddi sorunlara neden olacag: éngoriilmektedir
(Yazicy, 2021).

Beringer vd., (2020), yapmis olduklari LPJmL {irtin modeli ¢alisma sonuglarma gore farkl sicaklik
senaryolarini ele alarak su stresine maruz kalmayan cayliklarin kiiresel 1sinmaya bagl olarak CO:
miktarinin da artist ele alindiginda verimlerinde artis meydana gelebilecegini ve Tiirkiye'nin de verim
artis1 olacak iilkeler arasinda oldugunu ortaya koymuslardir.

Iklim degisikligi asir1 meteorolojik olaylarda artiga, daha sicak ve daha az yagish iklim kosullarina, su
kaynaklarinda azalmaya, kuraklik siddetinde artisa, su ve toprak kalitesinin bozulmasi, ekosistemin
bozulmasi, biyolojik cesitliligin azalmasi, ekolojik alanlarin kaymasi, cay {iiretiminin ve kalitesinin
diismesi, hasere ve hastaliklarin artmasi, giibreleme sorunlari, tarim ilaglar1 ve siirdiiriilebilir ¢ay tarimi
sorunlari, mevcut veya yeni ¢ay zararlilarinin gelismesine ve yayilmasina yol acarak ¢ay tarimini tehdit
edebilir. Bu nedenle, diinya cay tariminda oldugu gibi Tiirkiye'de de ¢ay tariminda iklim degisikligine
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kars1 gerekli 6nlemlerin alinmasi dnemlidir. Bu baglamda, iklim degisikliginin gozlenen ve tahmin edilen
etkilerine karsi1 ¢ay {irlinii arzin siirdiiriilebilir kilmak i¢in alinmas1 gereken 6nlemler gen kaynaklarinin
korunmasi, 1slahi, kuraklhiga, sicaga, dona, hastalik ve zararlilara dayanikli gesitlerin secimi, toprak
yOnetimi, ekosistem yOnetimi, hastalik ve zararli yonetimi, su yonetimi, atik yonetimi, eski ve verimsiz
cay bahgelerinin yenilenmesi ve genglestirilmesi, altyap: iyilestirme ¢alismalarmin kisa, orta ve uzun
vadeli planlanmasi ve bu sorunlar iizerinde gerekli tarim politikalarinin ivedilikle belirlenmesi
gerekmektedir (Yazici, 2021).

Tiirkiye Cay Havzasinda Ureticiye Yonelik Anket Caligmast ve Sonuclar

Cay {ireticilerinin kiiresel 1sinma konusunda farkindaliklarini 6l¢gmek, ¢ay bahgelerinde kiiresel isinmanin
etkilerini anlamak ve alinabilecek tedbirleri yorumlamak adina iireticilere farkli sorular Google forms
vasitasiyla yoneltilmistir.

Ankete katilan katilimcilarin %80.9'u, 20 yas ve {izeri ¢cayliga sahip oldugunu, % 0.9'u 1-5 yas araligina
sahip cayliklarda {iretim yaptiklarini belirtmistir ($Sekil 15). Bu veri iireticilerden daha giivenilir gozlem
ve bilgilerin alindiginin bir gostergesi olarak kabul edilebilir.
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Sekil 15. Cayliklara ait yas araliginin dagilimi.
Figure 15. Distribution of the age range of the tea garden.

CAYKUR (Cay Isletmeleri Genel Miidiirliigii) biinyesinde kayitli iireticilerin yedi yilda bir ¢ayda budama
yapmast zorunludur. Katilimcilarin ise %98.2’si genclestirme budamasi yapmakta oldugunu
belirtmislerdir (Cizelge 2). Bu durum, 0zel sektore cay veren iireticilerin de ankete katildigini
gostermektedir. Budama ile cay hem verim artis1 saglamakta hem de giiglenmektedir. Bu sayede stres
kosullarin dayanimi da artmis olabilmektedir.

Cizelge 2. Cay {ireticilerine yoneltilen bazi sorular ve yanutlarin dagilimlar.
Table 2. Some questions asked to tea producers and distribution of answers.

Yanitlarin % dagilimlar

Sorular Evet Hayir
Caylikta genglestirme budamasi yapiyor musunuz? 98.2 1.8
Caylikta gegmis yillara oranla verimde azalma goriildii mii? 70.9 29.1
Ikinci ve igiincii siirgiin veriminde azalma oldu mu? 80.9 19.1
Caylikta ¢igek ve tohum olusumu ge¢mis yillara oranla artt mi? 39.1 60.9
Caylikta ilk siirgiin hasat ge¢mis yillara oranla erkene geliyor mu? 38.2 61.8
Cayliklarmizda asir1 yagislar sebebi ile toprak erozyonu yasadiniz m1? 55.5 44.5
Son yillarda ¢aylikta kurumalar goriildii mii? 50.9 49.1

Ureticilerin %70.9'u gayliklarinda verimde azalma oldugunu,%80.9"u ikinci ve {igiincii siirgiin veriminde
azalmanin daha fazla oldugunu belirtmislerdir (Cizelge 2). Sicaklik artis1 ve kuraklik bitkilerde verim ve
kaliteyi olumsuz engelleyen bir abiyotik stres faktoriidiir. Cay, ¢ok yillik bir bitki olmas: yillara bagh
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olarak koklerinin bulundugu ortamda suyu aramak igin gelismesine olanak saglamistir. Fakat uzun siiren
kurakliklar verim kaybina sebep olmaktadir. Kurak kosullar bitkide oncelikli olarak gévde uzamasimi
azaltarak suya ulasmak icin kok uzamasini arttirmakta kurakligin devam ettigi ileriki donemde ise govde
ve kokte gelisimin durdugu yaprak alan ve sayisinin azaldig: belirtilmektedir (Anjum vd., 2011). Hava
sicakliginin artisinin  hasat periyodlarinin artis1 ile dogru orantili olmasina paralel olarak algak
kesimlerde verim kayb1 yasanmis olabilmesine karsin, yiiksek rakimlarda bu durum verimi artirici etki
yapmuis olabilir. %29.1 oraninda verimde azalma olmadigini beyan eden {ireticilerin cayliklarinin yiiksek
rakimlarda olabilme ihtimali mevcuttur (Cizelge 2). Ileriki calismalarda kiiresel ismnmanin etkilerine
yonelik verim ve rakim karsilastirilmasi konunun daha iyi anlasilmasina olanak saglayacaktir.

Katilmaillarin  %60.9'u caylikta c¢icek ve tohum olusumunun gec¢mis yillara oranla artmadigim
belirtmislerdir (Cizelge 2). Nitekim arastirmacilar da kurakligin generatif organlarda 6zellikle ¢iceklenme
ve tohum olusumu déneminde olmasinin, meyve kaybina sebep oldugunu belirtmektedirler (Farooq vd.,
2009).

Katilimcilarin %61.8'i caylikta ilk siirgiin hasat tarihinin ge¢mis yillara oranla erken déneme gelmedigini
belirtmislerdir (Cizelge 2). Yazic (2021) ¢alismasina gore son ii¢ yilin ve 2022 yilinin benzer tarihlerde ilk
siirglin hasat gerceklesmistir. Son 20 yil karsilastirildiginda hasat tarihlerinde hava sicakligina da bagh
olarak degisimler mevcuttur.

Ankete katillanlar1 %55.5’i cayliklarinda asir1 yagislar sebebi ile toprak erozyonu (kaymasi) yasadigin
belirtmistir (Cizelge 2). Bu durum katilimcilarin yarisindan fazlasin ifade ettigi icin biiyiik bir sorun
olarak belirtilebilir. Kiiresel 1stnmanin bir sonucu diizensiz ve kisa kiireli ani ve bol yagislardir. Bu
durum tarimda bir¢ok olumsuzlugu da beraberinde getirmektedir. Egimli arazilere sahip Dogu
Karadeniz’de toprak erozyonunda artislar goriilmeye baglamistir. Ozyazici vd. (2014) cay tarim
arazilerinin %70’inden fazlas1 su erozyonu, yetersiz toprak derinligi ve yetersiz drenajdan kaynaklanan
sorunlarla kars1 karsiya bulundugunu belirtmislerdir. Yapilan bu anketten ¢ikan sonuglar arastirmalarin
sonucu ile ortlismektedir.

Bir diger soru olan “Son yillarda caylikta kurumalar goriildii mii?” sorusuna katiimcilarin %50.9'u son
yillarda caylikta kurumalar goriildiigiinii belirtmis ve bunun sebebi olarak ¢ogunlukla «Arazinin su
tutmaya baslamasi, kuraklik, iklim degisikligi, yagis yetersizligi, cayligin yaslanmasi, asir1 kimyasal
giibreleme ve giibrenin yanls verilisi, havalarin zamansiz 1sinma ve sogumasi» yanitlarini vermislerdir
(Cizelge 2).

Katilimcilara sorulan “Kiiresel 1sinma (mevsim degisikligi) denildiginde ne anliyorsunuz?” sorusuna
tireticiler «Kuraklik», «Yasam sartlarinin bitkiler, insanlar ve hayvanlar i¢in degismesi», «Mevsimlerin
baslamasi gereken zamandan ge¢ baslamamalarmi. Kislarin daha 1ilik gegtigini, yazlarin daha sicak
olmasini anlamaktayim», «Sicaklik ve iklimin ani degismesidir. Bu ve benzeri faktorlere bagli olarak
canlilarin yasam sartlarnin degismesi ya da yok olmasidir», «Cesitli zararl gazlarin bilerek veya
bilmeyerek insanlar tarafindan atmosfere salinmasi sonucu denge bozularak iklim degisikligine neden
olmaktadir», «Mevsimlerin ortalama sicaklik derecelerinin degismesi», «Asir1 sicaklik ve sogukluk, su
kaynaklarinin azalmasi, med-cezirlerin olusmasi, kurakliklarin olusmasi, yanginlarin olusmasi»,
«Mevsim degisikligi, mevsim zamanlarimda kayma, diizensiz yagmur ve buna bagl olarak su baskinlar1
ve heyelanlar, bitki ortiisiinde ve iirtin verimliligi ile hasadinda degisiklikler ve sapmalar ile kuraklik gibi
hususlar aklima gelmektedir.», «Kisin yagmayan kar; yazin bitmeyen yagmur» , «Gereksiz zararh
gazlarin atmosfere ulasmasi nedeniyle olusan kirlilik yiiziinden olusan iklim degisikleri kuraklik,
¢Ollesme, yagislardaki dengesizlik ve sapmalar, su baskinlari, tayfun, firtina, hortum vb. meteorolojik
olaylarda artislar gibi belirtilerle kendini mevsimlerde degisiklik gostermesi» seklinde yanitlar
vermiglerdir. Katilimcilarin bir¢ogunun kiiresel 1sinma konusunda bilgili ve bilingli oldugu yantlardan
anlagilmaktadir.

“Gegmis yillarda ilk siirgiin ¢ay1 en erken ne zaman hasat ettiniz?” sorusuna genel olarak En erken 5
Nisan ve Nisanin 3. ve 4. haftas1 olacak sekilde cevaplar verilmistir. Soruya baglantili olarak “Tlk siirgiin
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hasat zamanlar1 arasinda yillara gore kag giinliik fark olustu?” seklindeki soruya yogunluk iki (8-14 giin)
ve ¢ haftalik (15-21 giin) fark olustugu yoniinde yanit verilmistir (Sekil 16). Katilimcilarin ankette
belirtmis oldugu fark yillara bagh olarak cayda {ig siirgiin hasat tarihlerinde de kendini gostermektedir.
Mevsim degisiklikleri ve kiiresel 1sinmanin da etkisiyle c¢ay hasat tarihlerinde yillara bagl olarak
degisiklikler goriilmektedir. Caym optimum sicaklik istegi karsilandifinda gozler uyanmaya ve
siirglinler biiylimeye baslamaktadir. Buda yillara bagli hasat tarihlerindeki degisimin nedenini ortaya
koymaktadir. Yazic1 (2021), 2003-2021 yillar1 arasinda ilk siirgiin hasat tarihinin 27 Nisan ve en geg ilk
siirglin hasat tarihinin de 29 Mayis oldugunu belirtmistir. Tiirkiye iklim kosullarinda erken ilkbaharda
goriilen yiiksek sicakliklar, hasat donemlerinin kaymasina, erken hasada, diger cay yetistirilen iilkelerde
oldugu gibi daha fazla hasat yapilmasina ve islenmis taze ¢ay kapasitesinin artmasina neden olabilecegi,
ancak yagisin azalmasi yaninda sicakligin artmasinin ¢ayin verimi ve kalitesi {izerinde olumsuz etkilere
neden olabilecegi arastirmaci tarafindan belirtilmistir.

® 17
® 3514
15-21
® 22vedahafazla

Sekil 16. Cay iireticilerinin yillara gore hasat tarihlerinde olusan farkliliklar.
Figure 16. Differences in harvest dates of tea producers according to years.

“Sizin gozlemlerinizde kiiresel 1sinmanin (mevsim degisikliklerinin) ¢ay bitkisi {izerine etkileri
nelerdir?” sorusuna «Verim ve kalite diisiisii», «Yanma-kuruma», «Ilk siirgiiniin baglangicin da gecikme
olmasi, bu gecikmeye bagl olarak 3. siirgiinde iirtin kayb1», «Su an olumsuz bir etki ile kars: karsiya
kalmadik. Hatta dnceden rakimi yiiksek arazilerde 3. siirgiin ¢ay az oluyordu. Son yillarda 3. siirgiin
sonrasl bile caylar filizlenmeye baslad1.», «Diizensiz, asir1 ve uzun siiren yagmurlar nedeniyle yabanci ot
istilas1 da verimi azaltmistir.», «3. siirglin soguk havalara denk geldigi icin 6zellikle iiriinde azalma
olmustur.», «Topragin gereginden fazla yikanmasi», «Kiiresel anlamda bence gaymn etkilenmedigini
diisiiniiyorum aksine asir1 soguk ve yagislarin cay1 olumsuz etkiledigini diisiiniiyorum», «Cayda cesitli
hastaliklar olusmaya basladi ve de ¢ay hasat zamami ve iki siirgiin arasindaki fark azaldi» yanitlar
gelmistir. Genel olarak kiiresel isinmanin sicaklik artisi seklinde degil, yagislarin artisi ve ilkbaharda
havalarin serin gitmesi yanitlar1 gelmis, yazin sicaklik yiikselisinin ise yiiksek rakimlarda ¢ay verimini
ylikseltecegi konusu yeni cay alanlarinin yiiksek rakimlarda cay bahgesi tesisi yoniinde genislemeye
olanak saglayacagl ongoriisii ortaya atilmistir. Katilmcilarin ¢ayliklarinin algak veya yiiksek rakimda
bulunmasi etki dereceleri ile de esdegerdir. Bu nedenle rakima gore ¢ayligin ugradig: hasart anlamakta
yarar vardir.

“Kiiresel 1sinmanin (mevsim degisikliklerinin) cay bitkisi iizerine etkilerine karsi ne gibi onlemler
aliyorsunuz?” sorununa ¢ok farkli yanitlar gelmistir. «Alabilecegimiz bir Onlem olmadigim
diisiiniiyorum Tek Onlem verdigimiz giibreler onun haricinde organik ahir giibresi verilebilir ve
budamada zaten yapiyoruz.», «Cevre temizligine dikkat ediyorum ¢evreye zarar verecek maddeleri en
aza indirdim dogaya zarar vermeyen giibre kullaniyorum.», «Hayvansal giibre, organik giibre gibi daha
dogal yontemlerle cay bitkisinin daha ¢ok besin almasini saglamaya galisiyoruz. Bu tarz bakimlar
topragin su tutma kapasitesinin artmasina sebep oluyor.», «Agaglandirma.», «Yetkililer bize bir bilgi
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vermedi, bir ¢alisma yapilmadi, hi¢ bir sey yapmadim.», «Cay bahgeleri yapilirken drenaj sorunu
¢oziilmeli ve uygun arazide (heyelan vs. olmasi diisiik) bahge kurulmalidir. Sitk¢a yabanci ot temizligi
yapilarak c¢ay bitkisinin yeterli besini almasi saglanmalidir. Cay setleri arasindaki bosluklar
azaltilmalidir. Topraga ve yoreye uygun, dayanikli ¢ay bitkisi gesitleri tespit edilerek dikilmelidir. Yeni
kurulacak bahgelerde, yer sekline, arazi uygunluguna, bitki ¢esidinin uygunluguna dikkat edilerek
profesyonel bahgeler olusturulmalidir. Uretici bilinglendirilmeli, gelisigiizel, uygun olmayan yer ve
alanlarda bahge kurulmamaldir.», «Budama sonrasi topragin havalandirilmasi, suni giibrenin
azaltilmasi», «Cay lifi sererek gay kok kisimlariin daha serin ve islak kalmasini», «Deniz seviyesinden
oldukga yiiksek yerde ikamet etmekle birlikte (ormana yakin) yok olan ya da yok ettigimiz agaclar yerine
yeni agaclar dikerek. Ayrica suyu daha dikkatli kullanmaya 0zen gostermekteyiz.», «Cayliklarn
genclestirilmesi.», «Higbir 6nlem alamiyoruz.» (Cogunluk bu cevab: vermistir.). Herhangi bir
bilgilendirme yapilmamasin ragmen bir¢ok iireticinin cay tarimin kiiresel isinma konusunda zarar
gormesini engellemek amaciyla farkli da olsa dogru yontemler kullandig1 anlasilmaktadir.

Cay, cok yillik herdem yesil bir bitki oldugundan, bu durumun yillara bagh olarak cayliklarin farkl
sicaklik degisiklerine kars1 adaptasyon yeteneklerinin de gelistirebilmektedirler. Bitkiler, olumsuz gevre
kosullarina karsi biinyelerinin en az zarar gorecek sekilde biiylime ve gelisme mekanizmalarini
esnetebilir ve hatta ayni stres kosullarina uzun siire maruz kaldiklarina zarar derecesini minimum
diizeyde tutacak sekilde cevre kosullarina adaptasyon saglayabilirler (Dolferus, 2014.) Ulkemizde ilk
cayliklar 1937 yilinda kurulmaya baslanmistir. Farkli ¢evre sartlarma yillarca maruz kalan cayliklar
olumsuz kosullara adaptasyon saglamis olabilir. Bu durum kiiresel isinmanin zarar derecesini tamamen
ortadan kaldiramayacak olsa da etki derecesini azaltacak bir pozitif gelisimdir. Her y1l yeni gayliklar tesis
edilmeye devam etmektedir. Yeni kurulan bahgeler kurakliga karsi daha hassas durumdadir ve
etkilenme yoniinden tehlike altindadir. Eski bahgelerdeki dayanikhilik goriintiisiiniin yeni kurulacak
bahgeler icin de gecerli oldugu diisiiniilmemelidir. Kurulacak cayliklarin gelistirilmis ve gelistirilecek
kurakliga (abiyotik strese) tolerant gay cesitleri ile kurulmasi gerekmektedir.

SONUC

Cin, Hindistan, Kenya ve Sri Lanka’da ge¢mis yillara oranla ¢ay iiretim alanlarimin ve &zellikle verimin
azalmasinda kiiresel 1sinmanin etkisinin deniz seviyesi ile yiiksek rakimlara gore farklihik gosterdigi
gortilmektedir. Cin diinya c¢ay tariminda agik ara ilk siray1 almasina karsin, kiiresel 1sinmanin etkisi ile
azalan verime karsi almas1 gereken tedbirler diinya gay iiretim miktar1 agisindan ¢ok biiyiik énem arz
etmektedir. Kenya'da iklim kosullari sebebiyle yok olmaya baslayan cayliklar sebebiyle kiigitk ¢aph
tireticilerin gelirinin azalmasi yaninda iilke ekonomisi agisindan ciddi boyutta etkiler yapabilecegi
ongoriilebilir. Hindistan ve Sri Lanka’daki cay {iretimlerinde de hem sicaklik artis1 hem de yagis
azalmalar1 sebebi ile diisiis miktarinin artacagi ongoriilmektedir.

Cay tarmminda soz sahibi olan diger {iiretici iilkeler ile karsilastirildiginda Tiirkiye kiiresel 1stnma
konusunda en kuzeyinde yer alan iilke olmasi sebebi ile avantajli konumdadir. Bu avantaji kullanabilmek
i¢in diiz ve diize yakin cayliklarin su baskini stresine dayanikli gesitler ile kurulmasi ve drenaj sistemi
tesis edilmesi gerekmektedir. Cayliklarin teras (set) seklinde kurulmasi zorunlu tutulmali, bu sekilde
toprak erozyonu onlenmelidir. Budamasi yapilan ¢ayliklarin capalanarak organik giibre, cay lifi ve tarim
kireci uygulamas: konusunda iiretici tesvik edilmelidir. Ticari giibrenin onerilenden fazla atilmasinin
zarar1 ve kiiresel 1sinma konusunda {ireticiler bilgilendirilmelidir. Tiim bu 6nlemler yeni goriilmeye ve
yogunlugu artmakta olan hastalik ve zararhilari da engelleyecektir.

Stres kosullarina dayanikli (su baskini stresi, kuraklik stresi) cesitlerin elde edilmesine yonelik 1slah
calismalar1 yapilmalidir. Yiiksek rakimlardaki cay yetistiriciliginde verim ve kalitenin kiiresel 1sinma ile
arttig1 diisiiniilmektedir. Ankete katilan iireticilerin ve Tiirkiye ¢ay alanlarinda kiiresel 1sinmaya bagh
olarak olusan etkilerin daha iyi anlasilmasi i¢in rakim farklarina bagli olarak yapilacak yeni ¢alismalara
da ihtiya¢ bulunmaktadir. Ulkemizde cay konusunda halen devam eden arastirmalarin biyotik ve
abiyotik stres konulariyla birlikte detaylandirilarak yapilmasinda biiyiik yarar goriilmektedir. Tiirkiye'de
cay tarimi cografi ve iklim yoniinden uygunluguyla Dogu Karadeniz bolgesinin tarim desenine ve sosyo-
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ekonomik yapisina etki yapan en 6nemli faktordiir. Bolgede cay siirdiiriilebilir kilmak tiim paydaslarin
ortak hedefi olmalidir.
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Farkli Anaglarin Bazi Badem Cegitlerinin Yaprak ve Meyvelerindeki Besin Elementi icerikleri
Uzerine Etkisi

Effect of Different Rootstocks on Nutrient Element Contents in Leaves and Fruits of Some Almond
Cultivars
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Oz: Bu calisma, GF-677 klonal anac ile Garrigues ¢ogiir anaglarinin {izerine agilanmis 11 badem gesidinin (Ferragnes, Ferraduel, Glorieta, Felisia,
Stiper Nova, Guara, Lauranne, Ne Plus Ultra, Moncayo, Marta ve Bertina) makro ve mikro besin elementleri igerikleri tizerine anaglarin etkilerinin
belirlenmesi amaciyla yiirtitilmiistiir. Calisma GAP Uluslararas1 Tarimsal Aragtirma ve Egitim Merkezi arazisinde 2020-2022 yillar1 arasinda
yiiriitiilmiistiir. Deneme bahgeleri tesadiif bloklar1 deneme desenine gore 3 tekerriirlii ve her parselde 3 agag olacak sekilde, 6 x 4 m dikim mesafesi
ile tesis edilmistir. Arastirma bulgularina gore ana¢ yapraklarinda en yiiksek N orani Bertina-GF-677 ve Marta-GF-677 cesitlerinde (%2,26)
incelenirken, en diisiik oran ise Glorietta -GF-677 gesidinde goriilmiistiir (%1,87). Meyvelerdeki N oranina bakildiginda en yiiksek oran %5,10 ile
Ferragnes-Garrigues cesidine , en diigiik oranin ise Ferraduel-GF-677 (%3,80) ¢esidine ait oldugu goriilmistiir. Yapraklardaki fosfor miktar: en yiiksek
Ferragnes-GF-677 (%0,29) cesidinde, en diisiik ise Super Nova-GF-677 (%0,1) gesidinde iken ; meyvelerde en yiiksek fosfor igerigi Guara-GF-677
cesidinde (%1,10), en diisiik ise Marta-Garrigues cesidinde (%0,67) belirlenmistir. Potasyum igerigi agisindan yapraklarda en yiiksek oran Ferragnes-
Garrigues (%4,03) cesidinde, en diisiik oran ise Felisia-Garrigues (%1,33) cesidinde belirlenirken, meyvelerde ise en yiiksek K orani1 Super Nova-
Garrigues (%1,24) gesidinde ve en diisiik oran ise Guara-Garrigues (%0,77) cesidinde gozlemlenmistir. Arastirmada kullanilan anaglardan GF-677
anaci iizerine asil gesitlerde, Garrigues anaci iizerine agili gesitlere gore daha yiiksek besin elementi miktarlar1 tespit edilmistir. Yapilan aragtirmalar
sonucunda anaglarin badem ¢esitlerinin makro ve mikro besin elementi igeriklerini dnemli 6l¢iide etkileyerek besin elementi alimini etkiledigi tespit
edilmistir.

Anahtar Kelimeler: Badem, anag, gesit, besin elementi

&

Abstract: This study examined the macro and micronutrient levels in the fruit leaves of 11 almond varieties (Ferragnes, Ferraduel, Glorieta, Felisia,
Super Nova, Guara, Lauranne, Ne Plus Ultra, Moncayo, Marta and Bertina) grafted onto Garrigues seedling rootstocks with the GF-677 clonal
rootstock. It was conducted in 2020 and 2021 to determine the effects on the elements. The study was conducted between 2020-2022 on the grounds of
the GAP International Agricultural Research and Training Center. The study gardens were established according to the randomized block trial design,
with 3 replications and 3 trees in each plot, with 6 x 4 spacing and distances. Based on the findings of the study, the highest N rate in the leaves of the
rootstock was examined in Bertina-GF-677 and Marta-GF-677 varieties (2.26%), while the lowest rate was seen in Glorietta -GF-677 (1.87%). Regarding
the N rate in fruits, the highest rate belonged to Ferragnes-Garrigues with 5.10%, and the lowest rate belonged to the Ferraduel-GF-677 (3.80%) variety.
The amount of Phosphorus in the leaves was highest in the Ferragnes-GF-677 (0.29%) variety and lowest in the Super Nova-GF-677 (0.1%) variety;
while in the fruits, the highest phosphorus content was determined in the Guara-GF-677 variety (1.10%) and the lowest in the Marta-Garrigues variety
(0.67%). Regarding potassium content, the highest amount in the leaves was determined in the Ferragnes-Garrigues (4.03%) variety and the lowest in
the Felisia-Garrigues (1.33%) variety, while in the fruits, the highest content was observed in Super Nova-Garrigues (1.24%) and lowest in Guara-
Garrigues (0.77%). Among the rootstocks used in the study, higher amounts of nutritional elements were determined in the varieties grafted on GF-
677 rootstock compared to the varieties grafted on Garrigues rootstock. After conducting research, it has been determined that rootstocks significantly
impact the macro and micro nutritional element contents of almond varieties, affecting nutrient uptake.

Keywords: Almond, rootstock, variety, nutrient element
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GIRIS

Diinya tizerinde genis bir yayilma alanina sahip olan badem, yetistiriciligi yapilan en eski meyve
tiirlerinden biridir. Bademin tarihi, binlerce yil dncesine dayanmaktadir. Insanlar bademi hem besin
kaynagi olarak hem de ticaret amaciyla kullanmislardir.

Bademin kdkeni Orta Asya'ya dayanmaktadir, ancak zamanla farkli bolgelere yayilmustir. Ozellikle
Akdeniz iklimine uygun bolgelerde, badem yetistiriciligi yaygindir. Badem agaclari, kuru iklimlere
dayanikhidir ve diisiik su ihtiyaglar1 nedeniyle ozellikle kurak bolgelerde basarii bir sekilde
yetistirilebilmektedir.

Badem yetistiriciligi, Akdeniz tilkeleri (ispanya, Halya, Tiirkiye, Yunanistan), ABD (California 6zellikle),
Orta Dogu ve Avustralya gibi bir¢ok bolgede 6nemli bir tarimsal faaliyettir. Badem, saglikli yaglar, protein,
lif, E vitamini ve mineraller agisindan zengin bir besin kaynagidir ve bu 6zellikleri nedeniyle diinya
genelinde tercih edilmektedir (Campos vd., 2023; Aktas, 2023).

Meyve yetistiriciliginde anaglar uzun yillardan giintimiize kadar kullanilmaktadir. Anaglar, iizerine
asilanan ¢esidin biiylimesi, verim ve hasat edilen {iiriiniin kalitesinin yani sira farkli ekolojik kosullara
uyum {izerine de etki etmektedir (Castle vd., 2010). Giintimiiz meyveciliginde klonal ana¢ kullanimi
oldukc¢a yaygindir. Klonal anacglarda, asi1 uyusma ve tutma oranlarinin iyi, sagak kok olusturma
kabiliyetlerinin yiiksek ve periyodisiteyi azaltici etkilerinin olmasi istenen 6zelliklerdendir. Ayrica tizerine
asilanan ¢esidin meyve iriligi ve kalitesine olumlu etki etmeli, olgunlastirici etki gostermeli, genglik kisirlig
donemini kisaltmali ve {izerine asilanan gesidi kisa siirede ¢igek tomurcugu olusturmaya tesvik etmelidir
(Webster, 1995).

Anaclar {izerine asilanan her ¢esit ile farkli davranislar sergiler. Yani her yeni as1 kombinasyonu yeni bir
farkliliktir. Degisik as1 kobinasyonlar1 tizerinde yapilan arastirmalarda kullanilan anaglarin bitkilerde
besin maddelerinin alimin etkiledigi ve bitkide verim iizerinde etkili oldugu ortaya konulmustur (Bolat
vd. 1995).

Bir¢cok meyve tiiriinde oldugu gibi bademde de gerek cagla ve olgun meyvesinde gerekse yaprak, kabuk
ve diger bitki organlarinda biyokimyasal igerikler arastirilmistir (Ozcan vd., 2020; Aslan, 2019; Bernoussi
vd., 2020; Gracia vd., 2021; Parklak¢i, 2008; Yildirim vd., 2008; Ozdemir, 2022). Yapilan bu ¢alismada ise
farkli anaglarin baz1 badem cesitlerinin yaprak ve meyvelerindeki besin elementlerine etkisi arastirilmistir.

MATERYAL VE METOT

Materyal

Bu aragtirma GAP Uluslararas: Tarimsal Arastirma ve Egitim Merkezi arazisinde 2020-2022 yillar1 arasinda
ylirtitiilmiistiir. Calismanin materyalini Garrigues ¢ogiir anact ve GF-677 klon anaci {izerine asilanmis 11
badem cesidi (Ferragnes, Ferraduel, Glorieta, Felisia, Siiper Nova, Guara, Lauranne, Ne Plus Ultra,
Moncayo, Marta ve Bertina) olusturmustur. Deneme bahgeleri tesadiif bloklar1 deneme desenine gore 3
tekerriirlii ve her parselde 3 agag olacak sekilde, 6 x 4 aralik ve mesafelerle tesis edilmistir.

Aragtirmanin yiiriitiildiigii bahgenin toprag: (0-40 cm) orta biinyeli, verimli, killi-tinl1 (%63.00 - %63.10),
organik madde orani diisiik (%1.12 - %1.17), toprak pH’s1 7.60 - 7.77 araliginda, CaCO igerigi % 4.74- % 7.90
arasinda degisiklik gosteren, tuzluluk orani diisiik (0.74 dS -m), P (P:0s)kapsam diisiik (5,95 kg/da), K
kapsami (K:0)ise yiiksek diizeyde (64.13 kg/da) 6zelliklere sahip oldugu tespit edilmistir.

Metot

Yaprak ve Meyve Numunelerinin Hazirlanmasi

Yaprak analizi i¢in 22 Agustos tarihinde agaglarin dort yanindan toplanan yapraklar 24 saat oda
sicakliginda bekletilmis ve daha sonra 24 saat 80°C’'de kurutulmustur. Kurutulan yaprak oOrnekleri
porselen havanda ogiitiilerek kiiciik pargaciklar haline getirilmistir.

Her agacin meyveleri ayr1 ayr1 hasat edilip paketlenerek laboratuvara alinmis ve burda bir hafta golgede
bekletilerek kurutulmustur. Kuruyan bademler elle kirilarak igleri ¢ikarilmis ve bu i¢ meyveler porselen
havanlarda doviilerek kiigiik parcaciklar haline getirilmistir.

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

70



Farkh Anaclarin Baz: Badem Cegitlerinin Yaprak ve Meyvelerindeki Besin Elementi I¢erikleri Uzerine Etkisi

Besin elementleri Analizi

Besin elementi analizleri i¢in yaprak ve meyve ornekleri, mikrodalga kuru yakma ile dl¢iime hazir hale
getirilmistir. Ogﬁtﬁlen her bir uygulamanin bir tekerriirii igin yaprak -meyve 6rneklerinden 0.20 g tartilip
tizerine nitrik asit ve hidrojen peroksit (6:2, v -v) eklenmis ve mikrodalga firmninda (Mars Xpress) 2 dakika
250 W, 2 dakika 0 W, 6 dakika 250 W, 5 dakika 400 W, 8 dakika 550 W siireyle yakilmistir. Yakilan 6rnekler
filtreden gecirilmis ve saf su ilave edilerek 50 mL'ye tamamlanmistir. Elde edilen Ornekler tiiplere
aktarilarak Indiiksiyonla Birlesmis Plazma Atomik Emisyon Spektrofotometresi (Inductively Coupled
Plasma Optic Emission Spectrometer - ICP-OES) cihaziyla (Thermo, ICAP 6300, Amerika) okumaya hazir
hale getirilmislerdir. Siiziiklerde makro (N, P, K, Ca ve Mg) ve mikro element (Fe, Mn, Cu, Na ve Zn)
igerikleri mg kg olarak belirlenmistir (AACC. 1990).

Yaprak ve meyve drneklerinin Azot icerigini belirlemek i¢in kurutularak havan icerisinde 6gtitiilmiis olan
yaprak ve meyve orneklerinden 0.20 g tartilmis ve Dumas cihazi i¢in 6zel tiretilmis olan aliiminyum folyo
icerisinde tablet sekline getirilmistir. Dumas cihaz1 iizerinde yer alan tablet cihazda yerlerine birakilarak
orneklerin azot icerikleri belirlenmistir.

BULGULAR VE TARTISMA

Azot (N) ve Fosfor (P)

Calismada incelenen anag ve gesitlerin N oranlar1 incelendiginde yapraklarda %1.87 (Glorietta/GF-677) ile
% 2.26 (Bertina, Marta/GF-677) arasinda; meyvelerde ise % 5.10 (Ferragnes/¢ogiir) ile 3.80 (Ferraduel/GF-
677) arasinda degismistir. Agaclarin yapraklarindaki N miktarina gore, anaglar karsilastirildiklarinda GF-
677 anacina asilanmis 8, Garrigues anacina asilanmis 3; meyvelerdeki N miktarina gore ise GF-677 anacina
asilanmis 5, Garrigues anacina asilanmis 6 gesitte N oranmin daha yiiksek oldugu goriilmiistiir. Anaglar
badem agaclarinin yaprak ve meyvelerindeki Azot miktarini etkilemistir. Yapraklardaki Azot igerigi,
meyvelere oranla daha diisiik olarak saptanmistir (Cizelge 1).

Cizelge 1. Anag - Cesitlerin yaprak ve meyvelerindeki azot ve fosfor igerikleri (%).
Table 1. Rootstock - Nitrogen and phosphorus contents in leaves and fruits of varieties (%).

Azot(N) Fosfor(P)
Cesitler Yaprak Meyve Yaprak Meyve
Garrigues GE677 Garrigues GE677 Garrigues GE677 Garrigues GE677

Bertina 21040010 af* 226:0050 a 4140300 be 4065:0066 be 01440020 bc* 01240010 bc 06940010 d 0930020 ac
Felisia 19040050 ef 2160020 ad 3900100 de 440040300 ae 0150020 bc 01120010 be 09740020 ab 095+0030 ac
Ferraduel 21040040  af 20240040 bf 47040100 ae 38000100 e 0150020 bc 01740000 bc 0850030 b-d 09740010 ab
Ferragnes 20000020 of 2140050 ad 510:0200 a 43000200 ae 01440020 bc 020:0020 a 0900040 bc 084+0040 bd
Glorietta 22040030 ad 1840040 f  460:0100 ae 430040100 ae 01740020 bc 0110000 be 085+0010 bd 08240020 bd
Guara 20000040 cof 19740010 df 460:0100 ae 490040200 ac 020:0020 ab 0130010 bc 08240020 bd 110:0100 a
Laurenne 2000040 of 2250040 ab 480:0100 ad 490040100 ac 0180020 bc 01240000 be 07740000 od 08440010 bd
Marta 2100060 af 2260050 a  470:0000 ae 450040200 ae 0180010 bc 016+0010 be 06740020 d 0910060 ac
Moncayo 160:0050 g 22340050 ac 410:0200 be 500040200 ab 01740020 bc 01740020 bc 068:0010 d 0840040 bd
NePlusUltra 2100080 af 2160030 ad 470:0100 ae 500040100 ab 0200040 ab 01740010 be 078+0010 b-d 0790040 bd
Siiper Nova 190:0020 ef 2130040 ae 410:0300 be 4000+0100 ce 0150010 bc 010:0000 c 090:0020 bc 0830030 bd

*: Ayru siitunda ayni harfli ortalamalar arasindaki fark p<0.05 diizeyinde onemli degildir.

Cantal (2022), 2019 ve 2020 yillarinda yiiriittiigii calismanin her iki yilinda da Ferragnes ve Ferraduel
gesitlerinin yapraklari ile meyvelerindeki bitki besin elementleri {izerine anaglarin etkilerini aragtirmigtr.
Arastirmac1 Ferraduel cesidininin 2019 yilinda ¢ogiir anaglar {izerine asilanmis agaclarindaki Azot
oraninin % 1.95, GF-677 anaci {izerine asilanmis agaclarinda % 2.44; 2020 yilinda ise Ferraduel/¢ogiir
kombinasyonunda % 1.85, Ferraduel/GF-677 kombinasyonunda ise % 2.55 olarak belirlemistir. Arastirmaci
Azotu, Ferragnes cesidinde 2019 yilinda ¢ogiir anaglar1 iizerinde % 2.00, GF-677 anaci {izerine asili
agaclarda % 2.35 olarak belirlerken, 2020 yilinda ¢6giir anaglarda % 2.11, GF-677 anaglar1 iizerine asilanmig
agaclarda % 2.42 olarak saptamus ve yaptigimiz calismanin sonuglariya benzer sonuglar elde etmistir. Oguz
(2011) calismasinda badem meyvelerinde azot oraninin % 3.08 ile % 3.59 arasinda belirlemis ve bu degerler
sonuglarimizdan kismen diisiik olarak degerlendirilmistir.
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Calismada incelenen anag-gesitlerin yapraklarindaki fosfor oran1 % 0.29 (Ferragnes/GF-677) ile 0.1 (Siiper
Nova/GF-677) arasinda; meyvelerindeki fosfor oranlar1 ise % 0.67 (Marta/¢ogiir) ile % 1.10 (Guara/GF-677)
arasinda degismistir. Yapraklardaki fosfor miktarina gore anaglar karsilastirildiklarinda Garrigues anacina
asilanmis 8, GF-677 anacina asilanmis 2 kombinasyonda yapraklardaki Fosfor orani daha yiiksek olarak
saptanmistir. Meyvelerdeki fosfor icerigi ise GF-677 anacina asilanmis 7, Garrigues anacina asilanmis 4
cesitte daha yiiksek olarak belirlenmistir. Anaglar badem agaclarinda yaprak ve meyvelerin fosfor oranini
etkilemistir (Cizelge 1).

Cantal (2022) yaptig1 arastirmanin sonucunda gesitlerin yapraklarindaki fosfor oraninin 2019 yilinda % 0.35
ile % 0.20 arasinda, 2020 yilinda % 0.31-0.16 arasinda degistigini bildirmistir. Arastirma sonuglarimiz bu
calismayla benzerlik gostermis ve badem agaclarinin yapraklarindaki fosfor igeriklerinin meyvelerine
oranla daha diisiik oldugu belirlenmistir.

Potasyum (K) ve Kalsiyum (Ca)

Calismada yapraklardaki Potasyum oranlar1 % 4.03 (Ferragnes/¢ogiir) ile % 1.33 (Felisia/¢ogiir),
meyvelerdeki potasyum oranlar1 ise % 1.24 (Stiper Nova/¢ogiir) ile 0.77 (Guara/¢dgiir) arasinda degismistir.
Yapraklardaki potasyum miktarina gore anaclar karsilastirildiklarinda Garrigues anacina asilanmis 7
kombinasyon, GF-677 anacina asilanmis 4 kombinasyon; meyvelerde ise GF-677 anacina asilanmis 5,
Garrigues anacina asilanmis 6 kombinasyonun Potasyum oranmin daha yiiksek oldugu goriilmdiistiir.
Anaclarin badem agagclarinin yaprak ile meyvelerindeki potasyum miktarin: etkilemistir (Cizelge 2).

Cizelge 2. Anag - gesitlerin yaprak ve meyvelerindeki potasyum ve kalsiyum igerikleri (%).
Table 2. Rootstock - potassium and calcium contents in leaves and fruits of varieties (%).

Potasyum (K) Kalsiyum (Ca)
Cesitler Yaprak Meyve Yaprak Meyve
Bertina 2.10+0.110 fg* 1.80+0.040 gh 0.91+0.070 b-d 1.06+0.040 a-c 6.98+0.030 bc* 6.37+0.160 ef 0.50+0.010 b-e 0.48+0.010 b-e
Felisia 1.33+0.180 i 1.54+0.030 hi 1.18+0.080 ab 0.82+0.020 cd 6.67+0.010 b-e 5.86+0.050 g 0.46+0.050 b-e 0.48+0.020 b-e

Ferraduel 2.27+0.050 d-f 2.77+0.060 c¢ 0.87+0.050 cd 0.91+0.060 b-d 7.03+0.050 b  6.95+0.040 bc 0.40+0.010 de 0.65+0.040 a
Ferragnes 4.03+0.020 a 3.92+0.040 a 0.98+0.000 a-d 0.83+0.030 cd 6.79+0.040 b-d 10.31+0.190 a  0.53+0.050 a-d 0.45+0.030 b-e

Glorietta 1.98+0.030 fg 1.79+0.020 gh 0.82+0.030 cd 0.88+0.060 cd 6.37+0.010 ef 5.19+0.045 ij 0.37+0.010 e 0.44+0.000 b-e
Guara 2.67+0.040 ¢ 3.35+0.050 b 0.77+0.010 d 1.07+0.060 a-c 6.59+0.080 c-e 5.67+0.015 gh 0.41+0.020 c-e 0.55+0.020 a-c
Laurenne 2.25+0.050 d-f 1.95+0.030 fg 0.87+0.020 cd 0.82+0.040 cd 7.03+0.020 b  4.85+0.090 jk 0.56+0.030 ab 0.41+0.010 c-e
Marta 2.49+0.050 c-e 2.20+0.040 ef 0.88+0.060 cd 0.92+0.060 b-d 5.29+0.030 hi 6.07+0.010 fg 0.38+0.010 e 0.44+0.020 b-e

Moncayo 2.57+0.020 cd 2.49+0.100 c-e 1.00+0.100 a-d 0.82+0.010 cd 6.46+0.030 d-f 4.74+0.040 k 0.39+0.030 de 0.48+0.010 b-e
NePlusUlra  2.10+£0.050 fg 3.32+0.070 b 0.80+0.050 cd 0.79+0.040 cd 4.95+0.040 i-k 5.79+0.130 g 0.44+0.030 b-e 0.44+0.040 b-e
SiperNova  2.24+0.020 d-f 1.57+0.020 hi 1.24+0.040 a 1.03+0.000 a-d 6.37+0.050 ef 5.18+0.030 ij 0.40+0.000 de 0.44+0.010 b-e

*: Aym stitunda ayni1 harfli ortalamalar arasindaki fark p<0.05 diizeyinde énemli degildir.

Simsek ve Kizmaz (2017), Beyazsu (Mardin) yoresinde yetisen badem genotiplerinin potasyum igeriginin
646.27-925.13 mg/100g, arasinda oldugunu belirlemisler ve sonuglarimizla kismen benzer sonuglar: tespit
etmislerdir.

Cantal (2022), yaptig1 arastirmada potasyum oranlarinin yapraklarda 2019 yilinda % 1.12-2.50, 2020 yilinda
% 2.75-1.11 arasinda, meyvelerinde ise 2019 yilinda % 0.38 ile % 0.67 arasinda ve 2020 y1ilinda % 0.67-% 0.53
arasinda degistigini bildirmis, sonugta 6zellikle meyvelerdeki potasyum oranmnin ¢alismamizdan kismen
diisiik kaldig1 saptanmistir. Onceki galismalarda toprak tipinin potasyumun bitkiler tarafindan alimin
etkiledigi, killi topraklarin kumlu topraklara gore daha yiiksek potasyum igerdigi ve bu da bitkilerin
potasyum alimini artirdig: bildirilmistir (Wakeel vd., 2002).

Calismada elde ettigimiz kalsiyum oranlari, anag ve gesitlerin yapraklarinda % 10.31 (Ferragnes/GF-677)
ile % 4.74 (Moncayo/GF-677), meyvelerinde ise % 0.65 (Ferraduel/GF-677) ile % 0.37 (Glorietta/¢ogiir)
arasinda degisiklik gostermistir. Yapraklardaki kalsiyum miktar1 Garrigues anacina asilanmis 8, GF-677
anacmna asilanmis 3; meyvelerdeki kalsiyum miktar1 GF-677 anacina asilanmis 7, Garrigues anacina
asilanmis 3 gesitte daha yiiksek olarak belirlenmis, 1 gesitte ise degismemistir (Cizelge 2).

Badem agaglarinin yapraklarindaki kalsiyum igeriklerinin meyvelerine oranla ¢ok daha yiiksek oldugu ve
anaclarin badem agaclarinin yapraklardaki kalsiyum oranina etki ettigi belirlenmistir.

——
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Oguz (2011), GAP Ust Bolgesinde susuz kosullarda yetistirilen bazi1 standart badem ¢esitlerinde i¢ badem
meyvelerinin kalsiyum miktarmin % 0.37 ile % 0.50 arasinda degisiklik gosterdigini belirlemis ve bu
sonuglar ¢alismamizla benzerlik gosterdigi saptanmaistir.

Magnezyum (Mg) ve Bakiwr (Cu)

Yapraklardaki magnezyum orami % 1.51 (Ferragnes/GF-677) ile % 0.66 (Glorietta/cogiir) arasinda;
meyvelerdeki magnezyum oranlar1 ise % 0.39 (Guara/GF-677) ile 0.26 (Ne Plus Ultra/¢ogiir, Siiper
Nova/GF-677) arasinda degisiklik goOstermistir. Anaglar magnezyum igerigi bakimindan
karsilastirildiklarinda, Garrigues {iizerine asilanmis 5, GF-677 {izerine asilanmis 6 kombinasyonda
yapraklardaki miktar;; GF-677 anacina asilanmis 7, Garrigues anacina asilanmis 3 kombinasyonun ise
meyvelerdeki magnezyum miktarmin daha yiiksek oldugu belirlenmistir. Anaglar badem agaclarinin
meyve ve yapraklarindaki magnezyum oranin etkilemistir. Yapraklardaki magnezyum igerigi meyvelere
oranla daha yiiksek olarak tespit edilmistir (Cizelge 3).

Cantal (2022), yaptig1 arastirmada anag x ¢esit kombinasyonlarinin yapraklarindaki magnezyum igeriginin
% 0.87- % 1.35, meyvelerindeki magnezyum oranlarin %0.17- %0.19 arasinda degistigini bildirmis ve
sonucta ¢alismamizdaki yaprak ve meyvelerin magnezyum miktari ile benzerlik gosterdigi belirlenmistir.
Ancak magnezyum sonuglarimizin Parlak¢i (2008)'in ¢alismasindaki magnezyum oranlarindan daha
diisiik kaldig tespit edilmistir.

Cizelge 3. Anag - gesitlerin yaprak ve meyvelerindeki magnezyum igerigi (%) ile bakir igerikleri (mg kg1).
Table 3. Magnesium content (%) and copper content (mg kg) in leaves and fruits of varieties -rootstock.

Magnezyum (Mg) Balar (Cu)

Cesitler Yaprak Meyve Yaprak Meyve

Bertina 0.87+0.010 c-f* 0.89+0.050 c-f 0.28+0.010 ab 0.36x0.010 ab 4.77+0.060 f-h* 4.86+0.075 f-h 16.98+0.200 hi 20.97+0.080 ¢
Felisia 0.85+0.070 c-f 0.76+0.040 d-f 0.30+0.040 ab 0.35+0.010 ab 4.40+0.060 hi 1.67+0.010 1 15.94+0.030 k 27.84+0.140 a
Ferraduel 0.95+0.000 c-e 1.20+0.045 b 0.28+0.030 ab 0.32+0.010 ab 8.17+0.160 b 3.01x0.010 jk 18.98+0.070 ef 17.92+0.170 g
Ferragnes 0.90+0.060 c-e 1.51+0.030 a 0.32+0.030 ab 0.28+0.020 ab 3.03+0.040 j 10.40+0.350 a 15.99+0.100 jk 21.43+0.120 ¢
Glorietta 0.66+0.030 f 0.76+0.040 d-f 0.28+0.000 ab 0.28+0.010 ab 5.00+0.050 fg 1.67+0.020 1 16.62+0.130 ij 17.75+0.120 g
Guara 0.89+0.060 c-f 0.97+0.020 b-d 0.27+0.010 ab 0.39+0.030 a 3.22+0.070 j 6.35+0.080 d 17.93+0.075 g 24.07+0.080 b
Laurenne 0.95+0.040 c-e 0.73+0.020 ef 0.30+0.030 ab 0.28+0.050 ab 6.62+0.040 cd 7.19+0.140 c 18.80+0.060 f 16.97+0.070 hi
Marta 0.79+0.030 d-f 0.77+0.030 d-f 0.29+0.000 ab 0.32+0.020 ab 4.05+0.040 i 5.23+0.030 ef 14.00+0.140 1 17.29+0.030 gh
Moncayo 0.82+0.030 c-f 0.77+0.045 d-f 0.28+0.010 ab 0.31+0.010 ab 245+0.060 k 4.17+0.060 i 15.99+0.060 jk 17.28+0.080 gh
NePlusUlira  0.84:0.040 c-f 1.05£0.040 bc 0.26+0.020 b  0.30£0.010 ab 8.52+0.100 b 4.18+0.020 i 19.58+0.090 de 19.76:0.160 d
Siiper Nova 0.78+0.065 d-f 0.72+0.000 ef 0.27+0.010 ab 0.26+0.030 b 5.65+0.010 e 4.46+0.060 g-i 15.55+0.150 k 16.76+0.150 hi

*: Ayni stitunda aymi harfli ortalamalar arasindaki fark p<0.05 diizeyinde énemlidir.

Calismada yapraklardaki bakir igerigi 10.40 mg kg (Ferragnes/GF-677) ile 1.67 mg kg (Glorietta/GF-677,
Felisia/GF-677) arasinda, meyvelerdeki bakir igerigi ise 27.84 mg kg (Felisia/GF-677) ile 14.00 mg kg
(Marta/¢ogiir) arasinda degisiklik gostermistir. Anaclar yapraklardaki bakir igerigine gore
karsilastirildiklarinda Garrigues {iizerine asilanmis 5, GF-677 anacina asilanmis 6 kombinasyonun;
meyvelerindeki Bakir icerigine gore GF-677 iizerine asilanan 9, Garrigues anacina asilanan 2
kombinasyonun daha yiiksek oldugu sagtanmistir. Anaglar, badem meyve ve yapraklarinin Bakir
igeriklerini etkilemistir (Cizelge 3).

Badem meyvelerinin bakir icerikleri yapraklarina oranla daha yiiksek olarak olarak saptanmustir. Cantal
(2022), arastirmasinin sonucunda anag x gesit kombinasyonlarinin yapraklarindaki bakir igeriginin 27.00
mg kg - 65.15 mg kg, meyvelerdeki bakir igeriginin 77.00 mg kg - 128.00 mg kg arasinda oldugunu
bildirmis ve bizim ¢alismamizdan yiiksek degerler ortaya koymustur.

Demir (Fe) ve Mangan (Mn)

Calismada incelenen anag-gesit kombinasyonlarinin yapraklarindaki demir igerigi 432.67 mg kg?!
(Ferragnes/GF-677) ile 145.52 mg kg (Glorietta/GF-677) arasinda; meyvelerinin demir igerikleri ise 72.61
mg kg1 (Guara/GF-677) ile 29.13 mg kg (Felisia/¢ogilir) arasinda degisiklik gostermistir. Badem agaglarinin
yapraklarinin Demir igerikleri, meyvelerinin demir igeriklerine oranla daha yiiksek olarak ol¢lilmiistiir

(Cizelge 4).
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Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

73


https://dergipark.org.tr/tr/pub/ijaws

Kenan CELIK, Muttalip GUNDOGDU

Bitkiler i¢in demir, biiyiime, fotosentez ve diger metabolik siireclerde Snemli bir mineraldir. Demir
eksikligi veya fazlalig1 bitki saghgin etkileyebilir. Demirin bitkiler tarafindan alimi, toprak pH'siyla
dogrudan iligkilidir. Asidik topraklar (diisiik pH), demirin daha ¢6ziiniir olmasini saglar, bu da bitkilerin
demiri daha iyi almasina yardimci olur. Alkalin topraklarda (yiiksek pH), demir daha az ¢oziintir hale gelir
ve bu durum demir eksikligine neden olabilir.

Oguz (2011), yaptig1 calismasinda i¢ badem meyvelerinin demir miktarinin 52 mg kg ile 406 mg kg™

arasinda degistigini bildirmis ve bizim sonuglarimiz bu araliklar icerisinde degerler gostermistir.

Cizelge 4. Anag - gesitlerin yaprak ve meyvelerindeki demir ve mangan igerikleri (mg kg1).

Table 4. Rootstock - varieties of copper and 1ron contents in leaves and fruits (mg kg1).

Demir (Fe) Mangan (Vi)
Cesifler Yaprak Meyve Yaprak Meyve

i R G R G GEGT7 o R
Bertina 151.06+5.840 Im* 183.16+5.510 i-m 41.17+0.120 1 43.35+0.060 j 97.09+2.490 c-i* 104.20+2.990 b-h 21.74+0.070 hi 28.39+0.190 c

Felisia 153.19+£7.070 Im 206.74+4.420 f-k 29.13+0.110 r 52.31+0.110 e 64.73+2.460 j 127.89+6.630 b 22.04+0.450 gh 29.35+0.160 c
Ferraduel 235.01£11.850 e-h 201.26+3.250 g-1 45.74+0.130 h 45.64+0.130 h 79.93+4.270 h-j 125.87+5.540 b 25.09+0.120 e 27.15+0.120 d
Ferragnes 174.06+10.870 j-m 432.67+7.400 a 44.47+0.060 i 33.33+0.210 op 112.97+4.340 b-e 280.24+4.490 a 26.93+0.080 d 22.89+0.090 fg
Glorietta 237.35+8.860 e-h 145.42+3.760 m 41.66+0.150 kl 33.63+0.065 o 107.38+2.780 b-f 84.90+3.360 f-j 21.75+0.010 hi 23.46+0.110 f
Guara 248.79+6.390 d-g 299.89+9.280 b-d 49.04+0.100 g 72.61+0.110 a 78.56+2.750 ij 119.86+3.405 bc 25.49+0.060 e 33.39+0.210 a
Laurenne 192.26+10.870 h-m 156.53+15.560 k-m 41.87+0.060 k 42.75+0.040 j 82.65+1.840 g-j 94.91+4.130 d-i 23.13+0.110 f 22.87+0.290 fg
Marta 227.0848.150 e-i 257.10+1.850 c-f 53.05+0.025 d 38.16+0.080 n 91.30+2.940 e-i 121.25+4.840 bc 21.53+0.110 hi 21.85+0.140 h1
Moncayo 262.54+9.400 c-e 220.69+9.520 e-j 40.36+0.050 m 57.33+0.070 c 87.17+3.510 f4 105.22+10.295 b-g 21.88+0.290 h 31.34+0.090 b
NePlusUltra 325.51+15.660 b 300.53+4.630 bc 58.20+0.160 b 51.15+0.060 f 116.28+4.620 b-d 115.03+1.140 b-e 25.95+0.140 e 28.61+0.060 c
SiperNova 179.22+13.040 i-m 177.95+5.410 i-m 32.87+0.160 p 31.55+0.040 q 74.90+0.810 ij 126.96+4.300 b 21.34+0.100 hi 20.88+0.110 1

*: Aym siitunda ayni harfli ortalamalar arasindaki fark p<0.05 diizeyinde 6nemli degildir.

Mangan, bitkiler i¢in esansiyel olan bir mikroelementtir ve bir¢ok biyokimyasal reaksiyonda (fotosentez,
notron transferinde, niikleik asitlerin ve proteinlerin sentezinde, antioksidan sistemde, demir kullaniminda
gibi) dnemli rol oynar.

Mangan eksikligi genellikle bitkilerde yaprak klorozu (sararma), yaprak kenarlarinda kahverengi lekeler
ve genel biiylime geriligi gibi belirtilerle kendini gosterir. Bunun yaninda, asirt mangan alimi da bitkilerde
toksisite belirtilerine neden olabilir. Mangan toksisitesinin belirtileri arasinda yaprak kenarlarinda
yaniklar, yapraklarin kivrilmas: ve yapraklarda lekeler bulunabilir.

Arastirmada ana¢ -gesit kombinasyonlarmin yapraklarindaki mangan igerikleri 280.24 mg kg?!
(Ferragnes/GF-677) ile 64.73 mg kg1 (Felisia/¢0giir) arasinda; meyvelerindeki mangan igerikleri ise 33.39 mg
kg1 (Guara/GF-677) ile 20.88 mg kg (Stiper Nova/GF-677) arasinda degisiklik gostermistir. Yapraklardaki
mangan miktarina gore anaclar karsilastirildiklarinda Garrigues anacina agilanmis 2, GF-677 anacina
asilanmis 9; meyvelerindeki Mangan iceriklerine gore GF-677 anacimna asilanmis 8, Garrigues anacina
asilanmis 3 gesidin meyvelerindeki Mangan igerigi daha yiiksek olarak belirlenmistir.

Brown ve Uriu (1996) ve Alpaslan vd., (2004) saglikli verim veren bir badem agacinin yapraklarinda
bulunmasi gereken mangan miktarmnin 20 ppm olmasi gerektigini bildirmislerdir. Yapilan bu calismada
incelenmis tiim gesitlerin yapraklardaki mangan igeriginin yeterli oldugu goriilmektedir.Anaglar badem
yaprak ve meyvelerindeki mangan miktarini etkilemistir. Badem agaglarinin yapraklarinin mangan igerigi
meyvelerine oranla daha ytiksektir.

Sodyum (Na) ve Nikel (Ni)

Arastirmada ana¢ -cesit kombinasyonlarinin yapraklarindaki sodyum icerikleri 948.84 mg kg
(Glorietta/¢ogiir) ile 153.00 mg kg (Stiper Nova/GF-677) arasinda; meyvelerindeki sodyum igerikleri ise
331.10 mg kg (Siiper Nova/¢ogiir) ile 36.85 mg kg (Bertina/¢ogiir) arasinda degisiklik gostermistir.
Garrigues anaci iizerine asilanan gesitlerin tamaminin yapraklarindaki Sodyum igerigi GF-677 anacina
asilanmis cesitlerinkine oranla bariz bir sekilde yiiksek olarak bulunmustur. Anaglarin meyve ve
yapraklarin Sodyum miktarini etkiledigi belirlenmistir. Bademlerde yapraklardaki Sodyum igerigi
meyvelerine oranla daha yiiksektir (Cizelge 5).
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Cizelge 5. Anag - gesitlerin yaprak ve meyvelerindeki sodyum ve nikel igerikleri (mg kg1).
Table 5. Rootstock - varieties of sodium and nickel contents in leaves and fruits (mg kg™).

Sodyum (Na) Nikel
Cegitler Yaprak Meyve Yaprak Meyve
o3 CGRG77 o CRe77 o CRG77 o CRGT7
Bertina 346.86+14.580 f* 185.84+11.210 h-j 36.85+0.530 j 173.70+61.000 d 6.74+0.050 fg* 7.39+0.020 d-f 0.93+0.015 h 1.980+0.010 cd
Felisia 778.56+12.240 ¢ 153.22+6.330 j 236.70£81.700 ¢ 225.00+44.000 c 9.31x0.230 b 5.13+0.070 hi 0.98+0.000 h 2.570+0.040 ab

Ferraduel 864.28+13.100 b 272.62+3.270 g 141.10+85.000 ef 130.80+£55.400 e-g 7.91+0.330 c-e 9.33+0.110 b 0.92+0.030 h 2.520+0.030 b
Ferragnes 237.54+11.930 g-i 234.5246.990 g-i 88.33x27.100 h 81.00+32.500 h 8.15+0.070 cd 14.26+0.210 a 1.05+0.005 f 1.950+0.030 d
Glorietta 948.84+22.260 a 181.08+10.120 1j 116.10+39.200 fg 116.30+48.000 fg 7.06+0.050 fg 5.54+0.180 h 0.92+0.015 h 2.400+0.010 b

Guara 759.34+12.070 ¢ 271.89+£7.950 g 75.30+14.100 hi1 267.80+41.000 b 6.95+0.190 fg 7.47+0.020 d-f 1.29+0.010 g 2.745+0.025 a
Laurenne 633.62£12.450 d 158.30£8.110 j 39.41+21.200 j 114.55+33.500 g 8.40+0.120 ¢ 6.58+0.050 g 0.60+0.020 i 1.410+0.010 fg
Marta 772.58+5.770 ¢ 267.27+6.610 g 55.59+67.400 ij 146.20+19.000 e 5.49+0.040 hi 5.74+0.040 h 0.43+0.005 i 1.980+0.030 cd
Moncayo 508.2749.370 e 187.69+3.470 h- 51.60+21.700 ij 117.70+53.000 fg 7.50+0.210 d-f 5.34+0.020 hi 0.54+0.020 i 2.570+0.110 ab
NePlusUltra  837.95+13.500 b

241.40+2.610 gh 122.90+37.200 e-g 113.90+17.000 g 4.77+0.060 i 7.30+0.080 e-g 1.08+0.000 h 1.700+0.020 e
SiiperNova 552.80+1.650 e 153.00+7.460 j 331.10+24.500 a 68.40+21.000 hi 6.88+0.070 fg 5.30+0.080 hi 1.53+0.020 ef 2.160+0.040 ¢

*: Aym slitunda ayni1 harfli ortalamalar arasindaki fark p<0.05 diizeyinde énemli degildir.

Anac -¢esitlerin kombinasyonlarinin yapraklarindaki nikel igeriklerigi 14.26 mg kg (Ferragnes/GF-677) ile
4.77 mg kg (Ne Plus Ultra/¢ogiir) arasinda, meyvelerindeki nikel icerikleri ise 2.745 mg kg (Guara/GF-
677) ile 0.43 mg kg (Marta/¢ogiir) arasinda degisiklik gostermistir. Yapraklardaki nikel miktar: Garrigues
anacina agilanmis 5 gesitte, GF-677 anacina asilanmis 6 ¢esitte daha yiiksek; meyvelerindeki Nikel miktar1
ise GF-677 anacina asilanan tiim cesitlerde daha yiiksek olarak saptanmigtir. Anaglar bademlerin yaprak
ve meyvelerindeki Nikel miktarini etkilemistir. Badem agaglarinin yapraklarimin Nikel icerigi meyvelerine
oranla ¢ok daha yiiksektir. Bitkiler i¢in Nikelin bir¢ok fizyolojik rolii oldugu diisiiniilmektedir, ancak bu
rol hala tam olarak anlasilmamuistir. Nikel, bitkilerin saglikli biiyiimesi ve gelisimi i¢in gerekli olan bir
mikroelementtir. Ozkaynak (2014) calismasinda Ni miktarini ortalama olarak bademde 0.929 mg kg olarak
bildirmis ve bizim ¢alismamiza benzer bulgular ortaya koymustur (Cizelge 5).

Cinko (Zn)

Yapraklardaki ¢inko igerigi 67.38 mg kg! (Marta/¢cogiir) ile 10.31 mg kg! (Bertina/¢dgiir) arasinda;
meyvelerdeki ¢inko icerigi ise 98.46 mg kg' (Ferraduel/GF-677) ile 39.92 mg kg! (Siiper Nova/¢dgiir)
arasinda  degisiklik gostermistir. Badem yapraklarindaki ¢inko miktarna gore anaclar
karsilastirildiklarinda Garrigues anacina asilanmis 6 cesidin GF-677 anacina asilanmis 5 ¢esidin;
meyvelerdeki Cinko miktarina gore ise Garrigues anacina asilanmis 3, GF-677 anacina asilanmis 8 ¢esidin
icerigi daha yiiksek olarak saptanmistir. Anaglar badem agaglarinin yaprak ve meyvelerinin Cinko
miktarin etkilemistir (Cizelge 6).

Cantal (2022), yaptig1 arastirmada anag x gesit kombinasyonlarmin yapraklarindaki ¢inko elementini 6.50
mg kg -17.91 mg kg, i¢ meyvelerde 30.06 mg kg 40.94 mg kg arasinda belirlemis ve Cinko bulgular:
¢alismamizin sonuglarindan kismen diisiik olara-k degerlendirilmistir.

Anag ve cesitler ile onlarin kombinasyonlarinin meyve agaclarinda mineral beslenme {izerinde anlaml
derecede etkili oldugu ancak, bu anlamli etkiye ragmen, hangi anacin, ¢esidin veya kombinasyonun meyve
agaclarinda genel beslenme durumu {izerinde daha etkili olduguna yonelik kesin bir sonuca
ulasilamamistir (Nazli ve Erdal, 2019). Meyvenin yarusira, yapraklarin N, P, K, Mg, Fe icerigine de
anaclarin etkisi istatistiksel olarak énemli bulunan ¢alismalar raporlanmistir (Bolat vd., 1995, Kamiloglu
vdadaslari, 2015; Nazlh ve Erdal, 2019).

Degisik tiirlerde yapilan bir¢ok ¢alismada da anaglarin iizerine asili gesitlerde meyvenin suda ¢oziiniir
kuru madde, asit, besin elementi igerigini farkl sekilde etkiledigi saptanmistir (Muradoglu vd. 2011, Stern
ve Doron, 2009; Parvaneh vd. 2011; Fallahi vd., 2012).

Anaglar meyve agaclarinin beslenmesinde etkili rol oynamaktadir. Farkli toprak ozellikleri {izerinde
yetistiricilik yaparken anaglarin bu etkilerinden faydalanilmaktadir (Jimenez vd, 2011). Su ve besin
elementlerinin alinmasi anag ile gesit arasinda karmasik etkilesimler sonucu; hormonlar, makromolekiiller
ve m RNA'lar tarafindan kontrol edilmektedir (Nawaz vd. 2016; Martinez-Ballesta, 2010; Buzo vd. 2009).
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Cizelge 6. Anag - gesitlerin yaprak ve meyvelerindeki ¢inko igerikleri (mg kg1).
Table 6. Zinc contents in leaves and fruits of rootstocks -varieties (mg kg).

Cesiler Yaprak Meyve
Cogiir GF-677 Cogiir GF-677

Bertina 10.31+0.100 k*  14.82+0.140 j 40.80+0.350 ij  56.03+10.200 de
Felisia 17.00+0.040 ij 35.21+0.160 d 43.90+0.040 i 71.52+0.260 b
Ferraduel 24.66+0.150 gh 53.43+0.080 b 57.37+0.970 d  98.46+0.210 a
Ferragnes 19.50+0.070 i 47.61+2.529 c 48.25+0.400 h  47.79+0.460 h
Glorietta 22.82+0.050 h 17.81+0.140 jj 53.44+0.130 ef 51.72+13.400 fg
Guara 18.29+0.060 i 23.26+0.240 h 55.41+0.210 de 72.11+0.450 b
Laurenne 54.63+0.130 b 17.48+0.070 ij 43.89+0.180 i 50.75+0.150 f-h
Marta 67.38+0.120 a 26.62+0.090 fg  43.33+0.050 i 48.47+0.020 gh
Moncayo 30.78+0.070 e 17.90+0.080 ij 40.88+11.500 ij 62.06+0.480 c
Ne Plus Ultra 28.52+0.060 ef  23.80+0.180 gh  71.74+0.240 b 55.40+0.300 de
Siiper Nova 24.43+0.580 gh 16.48+0.070 ij 39.92+11.000 j 42.21+0.110 jj

*: Aym siitunda ayni harfli ortalamalar arasindaki fark p<0.05 diizeyinde 6nemli degildir.

Sonug olarak anaglar meyve agaglarinin besin maddelerininin alinmasinda, yaprak ve meyvelerdeki besin
maddesi miktarlarini etkilemektedir (Barbera vd, 1994; Vahdati vd. 2021)

SONUC

Meyvecilikte anaglar; agaclarin gelisimi, toprak kosullarina adaptasyon, hastalik ve zararlilara karsi
dayaniklilik, meyve verimi ve kalitesine olumlu etki saglamak amaciyla kullanilmaktadir Anaglar, iizerine
asilanmis cesitlerin yetistiriciligine sagladig1 avantajlarin yaninda; meyve irilik, renk vb kalite 6zelliklerine
ve biyokimyasal komposizyonlarina da etki etmektedir.

Calismada kullanilan anaglardan GF-677 anaci {izerine asilanmis gesitlerin igeriginde Garrigues anacina
asilanmis gesitlere oranla daha yiiksek miktarda besin elementleri belirlenmistir. Bununla birlikte anaglarin
etkileri, besin elementi ve cesitlere gore de farkliliklar gostermistir. Dolayisiyla meyve ve yapraklardaki
makro-mikro elementlerin igerigi tizerine anag-gesit kombinasyonlarinin etkisinin farkli oldugu sonucuna
varilmigtir.
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Preservation of Postharvest Quality of Fresh-Cut Cauliflower through Exogenous Putrescine, Citric
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Abstract: Cauliflower is among the perishable vegetables after harvest. In recent years, the popularity of fresh-cut cauliflower has increased among
consumers as a minimally processed product. This study was carried out to determine the effects of exogenous putrescine (PUT), citric acid (CA) and
salicylic acid (SA) treatments on postharvest quality of fresh-cut cauliflower stored at 4+0.5 °C and 90+5% relative humidity for 21 days. In the study, a
total of seven different treatments using two different doses (0.5 and 1.0 mM) of PUT, CA and SA were investigated. To evaluate the quality of fresh-cut
cauliflower, the necessary measurements and analyzes were performed at periodic intervals on days 0, 7, 14, and 21 of storage. The results demonstrated
that quality properties changed significantly depending on the postharvest treatments and storage durations. With the increase of storage duration,
weight loss and ash content increased, while K, Zn and Cu contents decreased. In general, the treatments examined in the study had positive effects on
postharvest quality of cauliflower. Among the treatments, especially 1.0 mM PUT was found to be more effective. Compared to the control, 1.0 mM PUT
treatment decreased weight loss by 61.32%, though it increased protein content by 14.48% and P content by 21.55%. It was concluded that 1.0 mM PUT
treatment can be recommended as an alternative application method to extend the storage life of fresh-cut cauliflower and reduce postharvest quality
losses.

Keywords: Brassica oleracea L. var. botrytis, storage, natural compounds, quality, nutritional composition

&

Oz: Karnabahar hasattan sonra gabuk bozulan sebzeler arasinda yer almaktadir. Son yillarda minimal islenmis bir {iriin olarak taze kesilmis karnabaharin
titketiciler arasinda popiilaritesi artmistir. Bu ¢alisma, 21 giin boyunca 4+0.5 °C ve %90+5 nispi nemde muhafaza edilen taze kesilmis karnabaharin hasat
sonrast kalitesi {izerine digsal putresin (PUT), sitrik asit (CA) ve salisilik asit (SA) uygulamalarinin etkilerini belirlemek igin yiiriitiilmiistiir. Calismada
PUT, CA ve SA'min iki farkli dozunun (0.5 ve 1.0 mM) kullanildig1 toplam yedi farkli uygulama aragtirilmigtir. Taze kesilmis karnabaharin kalitesini
degerlendirmek icin gerekli 6lgiim ve analizler muhafazanin 0, 7, 14 ve 21. giinlerinde periyodik araliklarla yapilmistir. Sonuglar kalite 6zelliklerinin
hasat sonrasi uygulamalara ve muhafaza siirelerine bagli olarak 6nemli 6lgiide degistigini gostermistir. Muhafaza siiresinin artmasiyla birlikte agirlik
kaybi ve Kkiil igerigi artarken, K, Zn ve Cu igerikleri azalmistir. Genel olarak ¢alismada incelenen uygulamalarin karnabaharin hasat sonras: kalitesi
tizerine olumlu etkileri olmustur. Uygulamalar arasinda 6zellikle 1.0 mM PUT un daha etkili oldugu bulunmustur. Kontrol ile karsilastirildiginda 1.0
mM PUT uygulamas: agirlik kaybimi %61.32 oraninda azaltirken, protein igerigini %14.48 ve P igerigini %21.55 oraninda artirmistir. Taze kesilmis
karnabaharin muhafaza émriinii uzatmak ve hasat sonrasi kalite kayiplarini azaltmak i¢in 1.0 mM PUT uygulamasimn alternatif bir uygulama yontemi
olarak oOnerilebilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Brassica oleracea L. var. botrytis, muhafaza, dogal bilesikler, kalite, besin kompozisyonu
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INTRODUCTION

Cauliflower (Brassica oleracea L. var. botrytis) is an important vegetable that belongs to the Brassicaceae
(Cruciferae) family and is widely distributed in the Mediterranean countries. It is well known worldwide
and has great economic benefits. The edible part of cauliflower is the immature inflorescence. The parts of
cauliflower consumed as vegetable are called as curd. It is an important component of human diet. It is
quite delicious and can be eaten raw, cooked or pickled. It is defined as a vegetable with high nutritional
value because of important vitamins, antioxidants and anti-carcinogenic compounds it contains (Lee and
Kader, 2000). Cauliflower is widely consumed due to its unique taste, nutritional value, and bioactive
compounds such as glucosinolates (GLSs), carotenoids, phenolic compounds and ascorbic acid (Avato and
Argentieri, 2015). It is a good source of vitamins (B1, B2, B3, B5, B6, C, E and K), protein, minerals
(phosphorus, potassium, iron, magnesium and manganese), dietary fiber, folic acid and omega-3 fatty acids
(Florkiewicz et al., 2014). It has many health benefits such as providing protection against various diseases.
Cauliflower is rich in glucosinolates (anticancer compounds), a class of secondary metabolites in plants
that have anticarcinogenic properties (Holst and Williamson, 2004). It is reported that the consumption of
vegetables rich in glucosinolates, including cauliflower, can significantly reduce the risk of cancer (Lampe
and Peterson, 2002; Neuhouser et al., 2003).

Cauliflower is a popular and important vegetable that is widely grown in Turkey. In Turkey, cauliflower
was grown in an area of 86.771 da with a production of 239.857 tons in 2022 (TUIK, 2023). In recent years,
cauliflower cultivation in our country has been increasing rapidly due to the increase in demand, its sale
in the market at higher prices than other cabbage group vegetables, and its higher income per unit area.

However, it is among the perishable vegetables after harvest. As cauliflower heads (curds) have a high
respiration rate and water loss, their storage life is short (Kader, 2002). Cauliflower, with its high moisture
content, is susceptible to microbial spoilage. It inflorescences are harvested while they are totally immature.
Major postharvest problems affecting the shelf life of fresh cauliflower heads during marketing are
yellowing and browning of heads, bitterness, softening, microbial attacks and spoilage, undesirable odor
development and discoloration (Hodges et al.,, 2006; Licciardello et al., 2013; Zhan et al., 2014). These
negativities affect consumer behavior and directly decrease consumer purchase.

Nowadays, with changes in lifestyle and consumption habits, there has been increasing interest in fresh-
cut cauliflower as a minimally processed product (Sanz-Cervera et al., 2007). As consumer preferences for
ready-to-use or ready-to-eat vegetables increase, fresh-cut or minimally processed cauliflower is becoming
much more common as a convenience product in food services and retail markets (Escalona et al., 2007).
The quality of fresh-cut cauliflower, usually sold in supermarkets, can easily deteriorate. The perishable
nature of fresh-cut cauliflower is a limiting factor that reduces its consumption due to its short shelf life
after harvest (Hodges et al., 2006). Consumers demand fresh and high-quality product with minimal
changes in their nutritional and sensory properties during processing and storage. The quality of fresh-cut
cauliflower is a combination of characteristics such as appearance, texture, color, flavor and nutritional
value. Studies carried out to extend the shelf life and to reduce the nutritional loss of fresh-cut cauliflower
during postharvest are of great importance.

In recent years, in addition to different preservation techniques, natural compounds such as polyamines
(putrescine, spermine and spermidine), citric acid and salicylic acid have been used to decrease postharvest
quality losses and extend the storage life of fresh-cut vegetables. Studies investigating the effects of the
postharvest use of these compounds on the storage time and quality of different vegetables have increased.
By treating fresh-cut vegetables with low-dose solutions of these compounds after harvest, quality can be
preserved and storage time can be increased. On the other hand, the effectiveness of these compounds vary
depending on many factors such as species, variety, application method, application time, application dose
and environmental conditions (Horvath et al., 2007).

Polyamines (PAs), which are one of the substances used to protect or improve the postharvest quality of
products, are low molecular weight organic compounds that occur naturally in plants (Khosroshahi et al.,
2007). The most common PAs found in plants are reported to be putrescine, spermidine and spermine
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(Takahashi and Kakehi, 2010). Among the PAs, putrescine (PUT) is generally found in the highest amount
(Kalac and Krausova, 2005). In studies conducted on different vegetables, it has been reported that
postharvest PA application delays ripening and aging, slows down the softening of fruit flesh, inhibits
ethylene production and activity, controls respiration rate, and affects the postharvest shelf life and quality
of the product (Gonzalez-Aguilar et al., 2000; Palma et al., 2014; Jia et al., 2018). Salicylic acid (SA) is an
endogenous plant growth regulator that functions in the regulation of physiological events in plants (Hayat
et al., 2010). It is a natural and safe phenolic compound produced by plants (Rivas-San Vicente and
Plasencia, 2011). SA inhibits ethylene biosynthesis and delays aging (Ozeker, 2005). SA has high potential
to extend the postharvest storage life of fruits and vegetables and maintain their sensory and nutritional
quality (Asghari and Aghdam, 2010). It has been reported that exogenous application of SA in horticultural
crops is effective in maintaining postharvest quality (Asghari and Aghdam, 2010; Davarynejad et al., 2015;
Dokhanieh and Aghdam, 2016). Citric acid (CA) is an organic acid and increases the postharvest storage
life of horticultural products and affects the quality. It is widely used in the food industry as a preservative.
It is one of the substances used to prevent darkening (Garcia and Barrett, 2002). It has been determined that
the polyphenol oxidase (PPO) enzyme, which is associated with enzymatic darkening, is blocked by CA
(Pizzocaro et al,, 1993). Recently, researchers have focused on exogenous CA applications to maintain
postharvest quality in horticultural crops (Manolopoulou and Varzakas, 2014; Kasim and Kasim, 2016;
Ozturk et al., 2021).

Previous studies have shown that exogenously applied PUT, CA and SA reduce the losses in postharvest
quality parameters in vegetables (Jia et al., 2018; Davras et al., 2019; Motamedi et al., 2020; Uner, 2021;
Sahin, 2022; Kibar et al., 2023). However, there is little information on the effect of these compounds on the
postharvest quality and shelf life of fresh-cut cauliflower. Therefore, the purpose of this study was to
determine the influence of exogenous PUT, CA and SA treatments on postharvest quality (i.e., weight loss,
total soluble solids, pH, ash, dry matter, color, protein and mineral contents) of fresh-cut cauliflower stored
at4 £ 0.5 °C and 90 + 5% relative humidity for 21 days.

MATERIAL AND METHOD

Material

Fremont F1 cauliflower variety (Brassica oleracea L. var. botrytis) was used in the study. Sixty firm, compact,
healthy, and medium size cauliflower heads were harvested at the commercial maturity stage from the
field of a commercial farmer in Bolu, Tiirkiye. To ensure homogeneity in the experiment, cauliflower heads
at the same size and maturity stage were selected. There was no disease, insect damage or mechanical
damage in the cauliflower heads. After harvesting, the leaves were removed and the stalks were cut.
Cauliflower heads were immediately transported to the laboratory in plastic crates.

PUT and SA used in the study were purchased from Sigma-Aldrich company, and CA was purchased from
Akbel Kimya company.

Experimental Design, Treatments and Sample Preparation

The experiment was established in a completely randomized design (CRD) with three replications and each
replication contained three packages containing 800 g of fresh-cut cauliflower sample. In the study, a total
of seven different treatments using two different doses (0.5 and 1.0 mM) of PUT, CA and SA were
investigated (Table 1). No PUT, CA and SA was added to the control application.

After the outer leaves were removed, cauliflower inflorescences were cut with a stainless steel knife into
single florets of 30-60 g each by carefully separating the florets from the main stem. The total soluble solids,
pH, ash, dry matter, color, protein and mineral contents of the initial fresh-cut cauliflower sample were
determined. Fresh-cut cauliflower samples were divided into seven equal groups for treatments. Then, the
samples were subjected to the treatments in the study. PUT, CA and SA solutions were prepared at the
doses discussed in the study, and postharvest treatments were made by dipping cauliflower samples into
the solutions. The samples were immersed in 2 L of solutions (Table 1) at 4 °C containing 0.01% dose of
Tween 20 used as an adhesive and left for 5 min. Control group samples were similarly immersed in
distilled water at 4 °C containing 0.01% dose of Tween 20 used as an adhesive and kept for 5 min. After the
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dipping process, all samples were kept on drying papers for 30 min at room conditions (20-23 °C and 50-
60% relative humidity) to remove excess water. Five holes with a diameter of 2 mm were drilled on the lids
of the transparent plastic containers to be used for preservation. Then, 800 g of the cauliflower sample was
weighed, placed in 2 L transparent plastic containers with lids and closed.

Table 1. Treatments used in the study.
Cizelge 1. Calismada kullamilan uygulamalar.

Treatment Abbreviation
Control Control
0.5 mM Putrescine 0.5mM PUT
1.0 mM Putrescine 1.0 mM PUT
0.5 mM Citric Acid 0.5 mM CA
1.0 mM Citric Acid 1.0 mM CA
0.5 mM Salicylic Acid 0.5 mM SA
1.0 mM Salicylic Acid 1.0 mM SA
Storage

The samples, packaged in triplicate, were immediately placed on shelves in the cold storage room and
stored for 21 days at 4+0.5 °C and 90+5% relative humidity. To evaluate the quality of fresh-cut cauliflower,
measurements and analyzes were performed at periodic intervals on days 0, 7, 14, and 21 of storage.

Determination of Weight Loss (WL)

Initial fresh weight of each packet was determined immediately after treatments before storage. WL was
detected by regularly weighing the cauliflower samples at different storage days (7, 14, and 21) and
expressed as percentage WL. The samples were weighed on a precision balance with a precision of 0.01 g.
On days 7, 14 and 21, the differences compared with the initial weight. WL was calculated using the
following formula as stated in the study of Hodges et al. (2006).

(FWo—FWr)
FW,

WL (%) =

where;

x 100 (1)

FWo = fresh weight of cauliflower before storage, g
FW: = fresh weight of cauliflower at 7, 14 and 21 d of storage, g

Determination of Dry Matter, Ash, Total Soluble Solids (TSS) and pH Contents
The dry matter content of the cauliflower samples was determined by using the procedures of AOAC (1990)
and expressed as percentage.

The ash content was detected by burning the dried samples in a ash oven (Mipro MKF, Ankara, Tiirkiye)
at 550 °C for about 8 h until gray white ash was obtained (AOAC, 1990). The ash content was expressed as
percentage.

To determine TSS, cauliflower sample consisting of florets and stems was juiced using a commercial home
juicer. TSS was measured with a hand-held refractometer (ATC-1, Atago, Japan) and expressed as
percentage.

For pH measurement, 25 g of cauliflower sample was kept in a beaker with 100 mL of pure water at room
temperature (23£1.5 °C) for 24 h. Then, the pH values of the samples were measured using a digital pH
meter (Thermo Scientific, Orion Star A111, USA).

Determination of Protein Content
The total nitrogen (N) content of cauliflower samples was determined according to Kjeldahl method. The
protein content (Nx6.25) was calculated as described by AOAC (1990) and expressed as percentage.
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Determination of Mineral Element Contents

To determine element contents [phosphorus (P), potassium (K), magnesium (Mg), calcium (Ca), iron (Fe),
manganese (Mn), zinc (Zn) and copper (Cu)], all samples were dried in an oven at 65 °C until they reached
a constant weight. Then, dried cauliflower samples were ground into powder by using a grinder (MC23200,
Siemens, Germany). Subsequently, the samples prepared for analysis according to the microwave digestion
method. Element contents were detected using inductively coupled plasma mass spectrometry (ICP-MS;
Thermo Scientific, X Series, Cambridge, U.K.). Phosphorus content was determined by UV-visible
spectrophotometer (UV-1800, Shimadzu, Japan). Mineral element contents were expressed as mg kg dry
weight (DW).

Determination of Color

The color of cauliflower samples was measured by using a digital colorimeter (3NH NR60CP, Shenzhen,
China) at different storage days (0, 7, 14 and 21) and expressed as L*, a* b*, Chroma and Hue angle values.
Color was measured at five different points on the surface of the cauliflower florets from each replicate per
treatment.

Statistical Analysis

The experiment was conducted in a completely randomized design (CRD) with three replications. All
chemical analyzes were performed in triplicate. The results obtained were expressed as mean * standard
deviation. Data were analyzed to two-factor analysis of variance to define the effects of the main factors
and interactions (SD x T); wherein storage duration (SD) and traetments (T) were regarded as the main
factors (JMP software version 13.2; SAS Institute Inc., Cary, North Carolina, USA). The differences among
means were determined by the Tukey’s HSD test (P < 0.05).

RESULTS AND DISCUSSION

Changes in WL, Dry Matter, Ash, TSS and pH Contents

The analysis of variance showed that the difference among the storage durations in terms of WL, ash, TSS
and pH content was statistically significant (P<0.01). On the other hand, no statistically significant
difference was found among the storage durations in terms of dry matter content. There were significant
differences in terms of all the examined properties except pH among the treatments. When the interaction
between storage durations and treatments was examined, it was found to be significant (P<0.01) in terms
of all the examined properties (Table 2).

When the effect of storage durations on WL was examined, the highest WL was found on the 21st day
(1.89%). It was determined that WL increased regularly during storage. Among the treatments, the highest
values in terms of WL were detected in 0.5 mM SA and control (1.73 and 1.71%, respectively), whereas the
lowest WL was observed in 1.0 mM PUT treatment with 1.06%. It was determined that 1.0 mM PUT
treatment reduced WL by 61.32% compared with the control. Post-harvest treatments in the study had a
positive effect on WL of cauliflower. Compared to the control, the lower values in terms of WL were
obtained from all treatments except 0.5 mM SA. In the present study, WL differed significantly according
to different storage durations and treatments. WL varied between 0.70% (Day 7x1.0 mM PUT) and 2.40%
(Day 21xControl). The highest dry matter content was found in 0.5 mM PUT treatment, while the lowest
values for dry matter content were observed in control, 0.5 CA, 1.0 CA and 1.0 SA treatments. Depending
on different storage durations and treatments investigated in the study, dry matter content varied from
7.35% (Day 7x1.0 mM SA) to 8.94% (Day 21x0.5 mM PUT). When storage durations were examined, the
highest ash content was detected on the 21st day. With the increase in storage duration, the ash content
also increased. Compared with before storage, ash content increased significantly after storage. Among the
treatments, maximum ash contents were found in 1.0 mM PUT and 0.5 mM SA, whereas minimum ash
contents were observed in 0.5 mM PUT and 0.5 mM CA. The ash content varied from 5.10 to 9.86%
depending on storage duration x treatment interaction. Compared to before storage, TSS content decreased
significantly after storage. TSS contents fluctuated depending on storage duration. TSS content increased
on the 14th day of storage and decreased on the 21st day. Among the treatments, maximum TSS content
was found in 0.5 mM PUT (6.43%), whereas minimum TSS content was recorded in 0.5 mM SA and 1.0 mM
SA treatments with 5.28%. When storage duration x treatment interaction was examined, TSS content
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ranged from 4.75 to 7.30%. In the current study, pH contents fluctuated depending on storage duration.
The highest pH value was determined on the 7th day, while the lowest pH value was detected on the 14th
day. In general, pH content decreased on the 14th day of storage and increased on the 21st day. Depending
on different storage durations and treatments discussed in the study, pH value varied from 6.07 to 7.15.

Loss in weight during storage of vegetables is considered as a quality decrease parameter. The high
respiration rate of vegetables causes an increase in WL during storage and a short shelf life. WL is mainly
due to water loss in vegetables through transpiration and evaporation of water. Vegetables are particularly
vulnerable to quick water loss (Kays, 1991). Water loss is an important factor in shortening the storage life
of fresh products by affecting their deterioration during storage (Pan and Sasanatayart, 2016). Similar to
our findings, previous studies found that WL of fresh-cut cauliflower increased continuously during cold
storage (Miceli et al., 2015; Kasim and Kasim, 2017; Giuffrida et al., 2018; Madonna et al., 2018; Nasrin et
al.,, 2022). Dhall et al. (2010) determined that WL varied between 1.70-4.25% after 21-day storage at 0+1 °C
in cauliflower, which was consistent with our findings. Kibar et al. (2023) reported that SA, CA and PUT
applications decreased significantly weight loss of broccoli stored at 4 °C for 21 days compared to the
control, which was compatible with our results. In another study, the effect of PUT, SA and CA treatments
on WL of Pleurotus ostreatus mushroom stored at 4 °C for 14 days was found to be insignificant (Sahin,
2022). In the study conducted on cucumber by Jia et al. (2018), it was found that WL could be reduced with
PUT application. Our results are consistent with the researchers’ findings. It was stated that CA treatments
significantly reduced WL of Agaricus bisporus mushroom at the end of the storage period compared to the
control (Lagnika et al., 2014; Khan et al., 2015; Gupta and Bhat, 2016). Alali et al. (2023) reported that CA
has the ability to close stomata, reduce transpiration rates, and decrease WL in fruits and vegetables. In
studies conducted on cucumber (Altikardes et al., 2018), tomato (Davras et al., 2019) and parsley (Uner,
2021), it was determined that postharvest SA applications significantly reduced WL at the end of the storage
period compared to the control.

The dry matter amount of fresh-cut cauliflower decreased during cold storage (14 days at 4 °C) and also
decreased at the end of the storage period compared to before storage (Giuffrida et al., 2018). Since dry
matter is used in respiration, a decrease in the amount of dry matter during storage is an expected result.
On the contrary, Cebula et al. (2006) reported that the dry matter content of cauliflower stored at 2 °C for 5
weeks increased after storage compared to before storage. In another study, the effect of PUT, SA and CA
applications on dry matter amount of Pleurotus ostreatus mushroom stored at 4 °C for 14 days was found to
be insignificant. It was also reported that dry matter amount decreased as storage time increased ($ahin,
2022). Ozturk et al. (2021) stated that CA application generally caused a decrease in dry matter amount of
Cantharellus cibarius mushroom stored at 0 °C for 12 days compared to the control.

The ash content of vegetables typically consists of various minerals such as potassium, calcium,
phosphorus and magnesium. The change in the ash content of vegetables during the storage period directly
affects the change in mineral content. Similar to our findings, it was stated that the ash content of broccoli
stored at 4 °C for 21 days increased significantly compared to before storage. Researchers also reported that
there was no significant difference in terms of ash content among SA, CA, PUT and control (Kibar et al.,
2023). In another study, the effect of PUT, SA and CA applications on ash content value of Pleurotus ostreatus
mushroom stored at 4 °C for 14 days was found to be insignificant (Sahin, 2022). Ozturk et al. (2021) stated
that significant increases in the amount of ash were observed in Cantharellus cibarius mushroom stored at 0
°C for 12 days as a natural result of water loss as the storage period progressed. Researchers also reported
that the ash content in CA application was lower than the control at the end of the storage period.

Sugars constitute the majority of total soluble solid amount. The sugar content of vegetables generally
decreases during post-harvest period because they are consumed through respiration and the sugar supply
from the plant is interrupted (Lemoine et al., 2009). As a matter of fact, in our study, total soluble solid
content of fresh-cut cauliflower decreased significantly compared to before storage. Similar to our findings,
Kasim and Kasim (2017) reported that total soluble solid content of fresh-cut cauliflower stored for 28 days
at 4 °C reduced significantly compared to before storage. Likewise, Giuffrida et al. (2018) determined that
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total soluble solid content of fresh-cut cauliflower decreased during cold storage (14 days at 4 °C) and also
decreased at the end of the storage period compared to before storage. On the other hand, Nasrin et al.
(2022) found that total soluble solid content of fresh-cut cauliflower increased during 20 days of storage at
4 °C. Kibar et al. (2023) reported that TSS content of fresh-cut broccoli increased as storage time increased,
and TSS content in SA, CA and PUT applications was lower than control. In terms of the soluble solid
content in Pleurotus ostreatus mushroom stored at 4 °C for 14 days, higher values were obtained from PUT,
SA and CA applications compared to the control ($Sahin, 2022). It was determined that PUT and CA

Table 2. Effect of putrescine, citric acid and salicylic acid on WL, dry matter, ash, TSS and pH contents of fresh-cut
cauliflower during storage at 4 °C.
Cizelge 2. 4 °C’'de muhafaza siiresince taze kesilmis karnabaharin WL, kuru madde, kiil, TSS ve pH icerikleri iizerine putresin,

sitrik asit ve salisilik asidin etkisi.

Storage duration WL Dry matter Ash TSS pH

(SD) (%) (%) (%) (%)

Before storage 0.00+0.00 D 8.23+0.33 ns 7.5620.60 C 8.00+0.45 A 6.49+0.13 B
Day 7 0.86+0.15 C 8.03+0.52 ns 7.67+1.23 BC 5.53+0.78 C 7.10+0.10 A
Day14 1.58+0.30 B 7.95+0.44 ns 8.42+0.56 AB 6.40+0.55 B 6.1540.15 C
Day 21 1.89+0.34 A 8.20+0.61 ns 9.06+0.72 A 5.54+0.72 C 6.60+0.20 B
Treatment (T)

Before storage 0.00+0.00 B 8.23+0.23 AB 7.56+0.12 B 8.00+0.45 A 6.49+0.38 ns
Control 1.71+0.70 A 7.87+0.21 B 8.10+0.13 AB 5.92+0.75 BC 6.53+0.44 ns
0.5 mM PUT 1.28+0.36 A 8.66+0.56 A 7.58+0.45 B 6.43+0.68 B 6.64+0.46 ns
1.0 mM PUT 1.06+0.30 A 8.20+0.26 AB 9.24+0.51 A 6.22+0.40 BC 6.68+0.37 ns
0.5mM CA 1.35+0.44 A 7.96+0.38 B 7.44+1.81 B 5.97+0.82 BC 6.66+0.49 ns
1.0 mM CA 1.37+0.49 A 7.91+0.55 B 8.50+0.78 AB 5.67+1.05 BC 6.48+0.46 ns
0.5mM SA 1.73+0.52 A 7.99+0.72 AB 9.26+0.39 A 5.28+0.57 C 6.68+0.40 ns
1.0 mM SA 1.59+0.45 A 7.84+0.48 B 8.57+0.59 AB 5.28+0.50 C 6.63+0.43 ns
SDxT

Before storage 0.00+0.00 1 8.23+0.23 ab 7.56x0.12 fgh 8.00+0.25 a 6.49+0.12 efg
Day 7xControl 0.83+0.07 ijk 8.05+0.10 ab 8.05+0.12 efg 6.45+0.45 bed 7.07+0.12 a-d
Day 14xControl 1.90+0.10 bcd ~ 7.90+0.20 ab 8.10+0.20 efg 6.30+0.30 cd 6.09+0.09 h
Day 21xControl 2.40+0.20 a 7.67+0.10 ab 8.16+0.10 cde  5.00+0.25 gh 6.43+0.10 e-h
Day 7x0.5 mM PUT  0.82+0.08 ijk 8.57+0.20 ab 7.17+0.17 h 6.00+0.22 def 7.12+0.12 ab
Day 14x0.5 mM PUT  1.42+0.08 gh 8.48+0.20 ab 7.56+0.10 fgh ~ 7.30+0.13 ab 6.09+0.10 h
Day 21x0.5 mM PUT  1.59+0.10 efg 8.94+1.00 a 8.00+0.52 efg 6.00+0.32 def 6.72+0.08 cde
Day 7x1.0 mM PUT  0.70+0.15 k 8.39+0.40 ab 8.75+0.25 bc 6.45+0.45 bed 7.07+0.07 a-d
Day 14x1.0 mM PUT  1.12+0.08 hi 8.14+0.14 ab 9.10+0.13 b 6.20+0.20 cde 6.25+0.15 fgh
Day 21x1.0 mM PUT  1.36+0.04 gh 8.06+0.06 ab 9.86+0.10 a 6.00+0.51 def 6.73+0.07 b-e
Day 7x0.5 mM CA 0.79+0.10 jk 7.68+0.20 ab 5.10+0.211 5.00+0.52 gh 7.15+0.15 a
Day 14x0.5 mM CA  1.48+0.10 fg 7.82+0.10 ab 8.14+0.14 def 6.20+0.30 cde 6.07+0.07 h
Day 21x0.5 mM CA  1.77+0.10 c-f 8.37+0.37 ab 9.09+0.09 b 6.70+0.35 bed 6.77+0.13 a-e
Day 7x1.0 mM CA 0.77+0.04 jk 7.660.20 ab 7.53+0.23 gh 5.00+0.50 gh 7.08+0.12 a-d
Day 14x1.0 mM CA  1.45+0.15g 7.99+1.00 ab 8.71+0.20 becd  7.00+0.25 be 6.10+0.13 gh
Day 21x1.0 mM CA  1.89+0.10 b-e 8.08+0.20 ab 9.27+0.12 ab 5.00+0.25 gh 6.27+0.10 fgh
Day 7x0.5 mM SA 1.0520.10 jj 8.52+0.50 ab 8.93+0.07 b 5.05+0.20 fgh 7.10+0.12 abc
Day 14x0.5 mM SA  2.01+0.10 bc 7.49+0.10 b 9.10+0.12 b 6.00+0.15 def 6.26+0.26 fgh
Day 21x0.5 mM SA  2.13+0.07 ab 7.96+1.00 ab 9.76+0.10 a 4.80+0.20 h 6.69+0.22 de
Day 7x1.0 mM SA 1.04+0.06 ij 7.35+0.35 b 8.16+0.16 cde  4.75+0.25h 7.11%0.11 abc
Day 14x1.0 mM SA 1.65+0.10 d-g 7.85+0.10 ab 8.25+0.25cde  5.80+0.22 d-g 6.17+0.17 gh
Day 21x1.0 mM SA  2.07+0.03 bc 8.31+0.31 ab 9.30+0.30 ab 5.3040.33 e-h 6.60+0.15 ef
Significant effects (P values)

SD 0.0001 0.4463 0.0001 0.0001 0.0001

T 0.0001 0.0106 0.0001 0.0001 0.9531

SD x T 0.0001 0.0071 0.0001 0.0001 0.0001

PUT: Putrescine; CA: Citric acid; SA: Salicylic acid; WL: Weight loss; TSS: Total soluble solids; +: Standard deviation of mean; ns: non-
significant.
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applications increased the amount of total soluble solid compared to the control in Agaricus bisporus
mushroom (Motamedi et al., 2020). Similarly, in the study conducted on cucumber by Jia et al. (2018), it
was found that soluble solid content decreased during the storage period, and the amount of total soluble
solid in PUT application was significantly higher than the control at the end of the storage period.
Accordingly, the results obtained in the current study are consistent with findings of Jia et al. (2018). It was
reported that the amount of total soluble solid in fresh-cut broad bean decreased during the storage period,
and that the amount of total soluble solid in CA applications was higher than in the control at the end of
the storage period (Kasim and Kasim, 2016). In studies conducted on tomato (Akbulut, 2015) and pepper
(Giilsoylu, 2015), soluble solid content in SA treatments was found to be higher than in the control at the
end of the storage period. Davras et al. (2019) and Uner (2021) reported that no significant difference was
observed between control and SA applications in terms of soluble solid content in tomato and parsley
during storage.

The change in pH during storage is associated with the growth of microorganisms and the resulting
production of organic acids (Heard, 2002). Miceli et al. (2015) reported that pH value of minimally
processed cauliflower decreased during storage (21 days at 4 °C). On the other hand, Nasrin et al. (2022)
found that pH increased in fresh-cut cauliflower during 20 days of storage at 4 °C. Kibar et al. (2023)
reported that effect of SA, CA and PUT applications on pH value of fresh-cut broccoli was found to be
insignificant. Likewise, the effect of PUT, SA and CA on pH value of Pleurotus ostreatus mushroom stored
at 4 °C for 14 days was found to be insignificant. It was also reported that pH value increased as storage
time increased (Sahin, 2022). Our findings are similar to the results of Sahin (2022) and Kibar et al. (2023).
Kasim and Kasim (2016) investigated the effects of CA applications at different doses on postharvest quality
of fresh-cut broad bean. At the end of the storage period, the pH value in CA applications was found to be
lower than the control. In studies conducted on pepper (Giilsoylu, 2015) and tomato (Davras et al., 2019),
it was found that the pH value increased during storage and that the pH value in SA applications was
lower than the control at the end of the storage period. It was determined that the effect of SA on pH in
grated carrot stored at 4 °C for 10 days was insignificant (Ergun and Kosetiirkmen, 2008).

Changes in Protein and Mineral Contents

As seen in Table 3, there were statistically significant differences among storage durations for K, Zn and
Cu contents, while no statistically significant difference was found among storage durations for protein, P,
Mg, Ca, Fe and Mn contents. The effects of treatments on protein, P, K, Mg, Ca, Fe, Mn, Zn and Cu contents
of cauliflower were statistically significant. Similarly, storage duration x treatment interaction in terms of
the nutritional properties mentioned above were found to be statistically significant.

When the effect of treatments on protein content was examined, 1.0 mM PUT possessed the highest value
with 17.63%, though the lowest values were recorded in control and 1.0 mM CA treatments. In the current
study, it was determined that all treatments significantly increased protein content compared to the control.
It was found that 1.0 mM PUT treatment increased protein content by 14.48% compared with the control.
The protein content varied from 14.81 (Day 21xControl) to 18.13% (Day 21x1.0 mM SA) depending on
storage duration x treatment interaction. Among the treatments, the highest P content was determined in
1.0 mM PUT and 0.5 mM SA, though the lowest P content was detected in control and 0.5 mM PUT. The
higher values in terms of P content were obtained from all treatments except 0.5 mM PUT compared to the
control. It was determined that 1.0 mM PUT treatment increased P content by 21.55% compared with the
control. Regarding storage duration x treatment interaction, it was found that the highest P content (5616
mg kg1) was detected in Day 7x1.0 mM PUT treatment, while the lowest P content (3989 mg kg') was
observed in Day 14xControl treatment. Compared with before storage, K content decreased significantly
after storage. With the increase in storage duration, the K content decreased. When the effect of treatments
on K content was examined, the highest values were found in 1.0 mM PUT and 1.0 mM SA treatments. On
the other hand, the lowest K content was observed in 0.5 mM PUT. Depending on different storage
durations and treatments investigated in the study, K content varied from 21780 (Day 21xControl) to 27740
(Day 7x1.0 mM SA) mg kg'. Among the treatments, the highest Mg and Ca contents were obtained from
1.0 mM SA, while the lowest values for Mg and Ca were recorded in 0.5 mM PUT. Compared with the
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control, 1.0 mM SA treatment increased Mg and Ca contents by 13.38% and 22.46%, respectively. Mg and
Ca contents varied from 1419 to 1949 mg kg and 4425 to 6977 mg kg, respectively, depending on storage
duration x treatment interaction.

Table 3. Effect of putrescine, citric acid and salicylic acid on protein, P, K, Mg, Ca, Fe, Mn, Zn and Cu contents of fresh-
cut cauliflower during storage at 4 °C.
Cizelge 3. 4 °C’de muhafaza siiresince taze kesilmis karnabaharin protein, P, K, Mg, Ca, Fe, Mn, Zn ve Cu igerikleri iizerine
putresin, sitrik asit ve salisilik asidin etkisi.

Storage duration Protein P K Mg Ca

(SD) (%) (mg kg™) (mg kg™) (mg kg™) (mg kg™)
Before storage 17.64+1.03 ns 4683+410 ns 26020+1036 A 1695+110 ns 4875+442 ns
Day 7 16.50+1.40 ns 4728+609 ns 2474942345 A 1689+206 ns 5398+763 ns
Day14 16.51+1.41 ns 4677+431 ns 23868+1275 AB 1699+162 ns 5340+522 ns
Day 21 16.31+1.78 ns 4611+340 ns 23029+1334 B 1651+144 ns 5273+601 ns
Treatment (T)

Before storage 17.64+1.07 A 4683241 ABC 260201012 A 1695+106 ABC 4875+203 DE
Control 15.40£1.59 B 41904263 C 23470+2187 AB 1622+104 BC 4969+246 CDE
0.5 mM PUT 15.89+0.75 AB 4181+330 C 22309+1295 B 1482+159 C 4622+309 E
1.0 mM PUT 17.63£1.08 A 5093+443 A 248131655 A 1749+149 AB 6019+379 AB
0.5 mM CA 16.61+1.06 AB 4939+279 AB 24092+1202 AB 1616+167 BC 5220+209 CD
1.0 mM CA 15.54+1.35 B 4761+234 AB 24667+1535 AB 1722+116 AB 5506+237 BC
0.5 mM SA 16.84+0.69 AB 5035316 A 22747+1056 AB 1728+121 AB 4939+201 DE
1.0 mM SA 17.18+2.28 AB 4505+304 BC 25075+2570 A 1839+145 A 6085+716 A
SDxT

Before storage 17.64+1.22 ab 4683+110 b-e 26020+1012 ab 169598 abc 48754217 e-i
Day 7xControl 15.31+1.21 be 4215+190 cde 25810+1986 abc 1612+19 abc 4812+190 f-i
Day 14xControl 16.07£2.25b 3989+185 e 22820+978 bc 1731431 abc 49714297 d-i
Day 21xControl 14.81+2.18 ¢ 4365286 b-e 21780+995 ¢ 1524+102 abc 51244208 d-i
Day 7x0.5 mM PUT 15.31+0.32 be 4000+470 de 21920+1055 bc 14194210 ¢ 4763+195 ghi
Day 14x0.5 mM PUT  15.94+1.08 bc 4215+106 cde 22856+1995 bc 1480+202 bc 4678+305 hi
Day 21x0.5 mM PUT = 16.44+0.44b 4329+205 b-e 22150+1024 bc 1546196 abc 4425+382 i
Day 7x1.0 mM PUT 17.96+2.00 a 5616224 a 24950+950 abc 1661+103 abc 5706+303 b-e
Day 14x1.0 mM PUT  17.50+0.52 ab 48261232 a-e 24840+842 abc 1729+179 abc 6105+320 bc
Day 21x1.0 mM PUT  17.44+0.44 ab 4838+307 a-e 24650+205 abc 1856+101 ab 6245+375 ab
Day 7x0.5 mM CA 17.64+1.00 ab 5005+395 abc 24420+2160 abc 1642+202 abc 52124202 d-i
Day 14x0.5 mM CA 16.25£0.25 b 4975+306 abc 24315+353 abc 1685+198 abc 52694210 d-h
Day 21x0.5 mM CA 15.94+1.03 be 4836+212 a-e 23541+1096 be 1520+105 be 51784296 d-i
Day 7x1.0 mM CA 16.50+0.50 b 4867+214 a-d 25820+1998 abc 17504187 abc 5356+287 c-h
Day 14x1.0 mM CA 15.12+1.02 be 47961208 a-e 24730+1100 abc 1730432 abc 5615+206 b-f
Day 21x1.0 mM CA 15.00+2.04 be 4619+306 b-e 23450+455 bc 1685+120 abc 5547+182 b-g
Day 7x0.5 mM SA 17.33+0.33 ab 5002+463 abc 22580+1036 bc 1787+186 abc 4959+123 d-i
Day 14x0.5 mM SA 16.75+1.12 b 51364216 ab 23514+1020 be 1712420 abc 5012+304 d-i
Day 21x0.5 mM SA 16.44+0.44 b 4968+322 abc 22147+1021 be 1684+108 abc 48454222 f-i
Day 7x1.0 mM SA 15.44+1.08 bc 43904298 b-e 27740+2080 a 1949498 a 69774389 a
Day 14x1.01 mM SA 17.96+2.06 a 4800+196 a-e 24000+1503 abc 18244202 abc 57294209 bed
Day 21x1.0 mM SA 18.13+3.12 a 43252205 b-e 23485+2042 be 174545 abc 5548+206 b-g
Significant effects (P values)

SD 0.5769 0.8822 0.0034 0.8216 0.5821

T 0.0042 0.0001 0.0009 0.0001 0.0001

SD x T 0.0294 0.0001 0.0001 0.0044 0.0001

PUT: Putrescine; CA: Citric acid; SA: Salicylic acid; P: Phosphorus, K: Potassium, Mg: Magnesium; Ca: Calcium; +: Standard deviation

of mean; ns: non-significant.
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Table 3. Continue.
Cizelge 3. Devam.

Storage duration Fe Mn Zn Cu

(SD) (mg kg™) (mg kg™) (mg kg™) (mg kg?)
Before storage 105.50+35.06 ns 22.02+3.01 ns 64.07+13.11 C 4.02+1.61 A
Day 7 166.19+£79.87 ns 23.93+2.74 ns 107.3+29.64 A 2.40+1.08 AB
Day14 193.81+£72.24 ns 23.01+2.15ns 90.08+£32.15 B 2.54+1.41 AB
Day 21 147.34+42.33 ns 22.91+2.14 ns 87.08+25.65 B 1.94+0.73 B
Treatment (T)

Before storage 105.50+15.20 CD 22.00+3.10 ABC 64.00+6.03 D 4.00+0.21 A
Control 175.70+44.31 BC 21.47+1.61 BC 76.43+19.87 D 3.37+0.79 A
0.5 mM PUT 91.87+10.58 D 20.63+0.57 C 103.63+10.62 BC 2.97+0.20 AB
1.0 mM PUT 202.09+15.97 B 24.60+1.89 A 112.14+16.17 B 3.40+0.21 A
0.5 mM CA 280.07+44.18 A 24.27+1.98 AB 145.77£15.59 A 1.10+0.26 C
1.0 mM CA 164.60+12.47 BC 23.67+1.83 AB 77.07£7.72 D 1.70+0.10 C
0.5 mM SA 140.43+16.38 CD 23.50+0.62 ABC 64.40+4.81 D 1.50+0.15 C
1.0 mM SA 129.03+37.06 CD 24.87+3.42 A 84.30+18.01 CD 2.03+0.59 BC
SDxT

Before storage 105.50+5.57 ghi 22.00£3.16 b 64.00+6.47 gh 4.00+0.27 b
Day 7xControl 150.30+10.47 efg 21.80+1.12Db 103.70£10.74 cde  3.60+0.16 bc
Day 14xControl 254.00£35.10 b 21.90+2.03 b 65.00£10.24 gh 5.30+0.14 a
Day 21xControl 122.80+22.58 f-i 20.70+2.14 Db 60.60+5.56 h 1.20+0.04 hi
Day 7x0.5 mM PUT 87.90+10.08 i 20.60+0.40 b 111.90+11.24bed  3.00+0.25 de
Day 14x0.5 mM PUT 95.20+5.41 i 20.40+041b 104.00+10.47 cde  3.10+0.26 de
Day 21x0.5 mM PUT 92.50+8.78 i 20.90+0.91b 95.00+4.08 c-g 2.80+0.13 e
Day 7x1.0 mM PUT 190.53+10.10 cde ~ 24.80+2.08 ab 115.60+15.12 bed ~ 3.60+0.27 bc
Day 14x1.0 mM PUT 200.33+14.91 cd 24.80+3.04 ab 120.38+19.83 bc 3.40+0.18 cd
Day 21x1.0 mM PUT 215.40+15.35 bc 24.20+1.24 ab 100.43+10.10 c-f 3.20+0.05 cde
Day 7x0.5 mM CA 334.70+30.20 a 24.80+3.10 ab 158.30+10.20 a 0.80+0.21 i
Day 14x0.5 mM CA 320.50+20.10 a 24.60+1.22 ab 142.00£16.23 ab 1.20+0.12 hi
Day 21x0.5 mM CA 185.00£15.02 cde  23.40+2.02 ab 137.00+10.05 ab 1.30+0.05 gh
Day 7x1.0 mM CA 175.30£10.31 cde 23.90+2.25 ab 85.00+5.47 d-h 1.60+0.05 fgh
Day 14x1.0 mM CA 163.90£10.21 def ~ 23.60+3.14 ab 71.204£5.12 fgh 1.70+0.14 fg
Day 21x1.0 mM CA 154.60+10.05 d-g 23.50+0.52 ab 75.00£6.24 e-h 1.80+0.03 £
Day 7x0.5 mM SA 125.10+5.68 f-i 23.50+1.04 ab 61.80+5.06 h 1.40+0.15 fgh
Day 14x0.5 mM SA 145.60+20.12 e-h 23.40+0.40 ab 65.40+4.36 gh 1.50+0.15 fgh
Day 21x0.5 mM SA 150.60+10.70 efg 23.60+0.62 ab 66.00£6.45 gh 1.60+0.15 fgh
Day 7x1.0 mM SA 99.50+9.24 hi 28.10+2.56 a 114.80£14.21 bed  2.80+0.21 e
Day 14x1.0 mM SA 177.10+5.42 cde 22.40+1.74 ab 62.60+8.08 h 1.60+0.10 fgh
Day 21x1.0 mM SA 110.50+10.68 ghi 24.10+3.45 ab 75.50+5.09 e-h 1.70+0.15 fg
Significant effects (P values)

SD 0.0556 0.3790 0.0330 0.0205

T 0.0001 0.0001 0.0001 0.0001

SD x T 0.0001 0.0039 0.0001 0.0001

PUT: Putrescine; CA: Citric acid; SA: Salicylic acid; Fe: Iron, Mn: Manganese, Zn: Zinc; Cu: Copper; +: Standard deviation of mean;
ns: non-significant.

Among the treatments, 0.5 mM CA treatment had the highest Fe content, while the lowest Fe content was
recorded in 0.5 mM PUT. Regarding storage duration x treatment interaction, it was found that the highest
Fe content (334.70 mg kg ') was detected in Day 7x0.5 mM CA treatment. However, the lowest Fe content
(87.90 mg kg') was observed in Day 7x0.5 mM PUT treatment. When the effect of treatments on Mn content
was examined, the highest values were detected in 1.0 mM PUT and 1.0 mM SA, though the lowest value
was recorded in 0.5 mM PUT treatment. The higher values in terms of Mn content were obtained from all
treatments except 0.5 mM PUT compared to the control. Depending on different storage durations and
treatments discussed in the study, Mn content varied from 20.40 (Day 14x0.5 mM PUT) to 28.10 mg kg
(Day 7x1.0 mM SA). The Zn content of cauliflower increased after storage compared with before storage.
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As the storage duration increased, Zn content decreased. The zinc content on the 7th day was found to be
the highest. Among the treatments, maximum Zn content was detected in 0.5 mM CA, whereas minimum
Zn contents were observed in control, 1.0 mM CA and 0.5 mM SA. It was found that the higher values in
terms of Zn content were obtained from all treatments except 0.5 mM SA compared to the control. It was
determined that 0.5 mM CA treatment increased Zn content by 90.72% compared with the control. In the
present study, Zn content differed significantly according to different storage durations and treatments.
Zn content varied between 60.60 and 158.30 mg kg'. Compared with before storage, Cu content decreased
significantly after storage. The Cu content on the 21st day was found to be the lowest. When the effect of
treatments on Cu content was examined, the highest values were found in control and 1.0 mM PUT, though
the lowest values were recorded in 0.5 mM CA, 1.0 mM CA and 0.5 mM SA treatments. Cu content ranged
from 0.80 to 5.30 mg kg depending on storage duration x treatment interaction.

One of the most important features that increase the nutritional value of vegetables is their high protein
content. Kibar et al. (2023) reported that the effect of storage durations (7, 14 and 21 days) on protein content
of broccoli stored at 4 °C for 21 days was found to be insignificant, and SA, CA and PUT applications
increased protein content compared to the control. In terms of protein content in Pleurotus ostreatus
mushroom stored at 4 °C for 14 days, generally higher values were obtained from PUT, SA and CA
applications compared to the control. It was also reported that the effect of storage time on protein content
was insignificant (Sahin, 2022). Our findings are similar to the results of Sahin (2022). In the study
conducted on Agaricus bisporus mushroom by Motamedi et al. (2020), it was determined that PUT and CA
applications increased protein content compared to the control. Therefore, the results obtained in this study
are compatible with the findings of Motamedi et al. (2020). Contrary to our results, it was stated that
postharvest CA application generally caused a decrease in protein content of Cantharellus cibarius
mushroom stored at 0 °C for 12 days compared to the control (Ozturk et al., 2021).

Mineral element contents of vegetables may vary depending on post-harvest preservation methods. Little
literature is available on changes in the mineral composition of cauliflower during postharvest storage.
Cebula et al. (2006) reported that P, K, Ca, Mg and Fe contents of cauliflower stored at 2 °C for 5 weeks
increased after storage compared to before storage. Kibar et al. (2023) found that SA, CA and PUT
treatments increased P, Mg and Ca contents of broccoli stored at 4 °C for 21 days, and decreased K content
compared to the control. Researchers also reported that the effect of storage durations (7, 14 and 21 days)
on K, Mg and Ca contents was insignificant. In the study conducted on Agaricus bisporus mushroom by
Motamedi et al. (2020), it was determined that PUT and CA applications significantly affected the macro
and micro element contents of the mushroom. Researchers reported that polyamine treatments cause an
increase in nutritional value. It was also stated that the increased uptake of nitrogen, phosphorus and
potassium minerals with polyamine application may be because polyamines play a role in many
biochemical and physiological processes. In another study, it was reported that postharvest PUT treatment
in cucumber caused a delay in ageing and was a promising method for preserving postharvest quality (Jia
et al., 2018). Uner (2021) stated that postharvest SA application in parsley helped maintain quality. The
results obtained in this study are generally compatible with the findings reported in previous studies. The
effectiveness of postharvest chemical applications may vary depending on species, variety, application
dose, storage conditions and laboratory conditions (Horvath et al., 2007; Assar et al., 2012).

Changes in Color Properties

According to statistical analysis results, significant differences were observed among storage durations
with regards to all color values examined. There were statistically significant differences among treatments
for a* and Hue angle values, while no statistically significant difference was found among treatments in
terms of L*, b* and Chroma values. When the interaction between storage durations and treatments was
examined, it was found to be significant for L*, a* and Hue angle values. On the other hand, storage

duration x treatment interaction in terms of b* and Chroma values were found to be statistically insignificant
(Table 4).
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Table 4. Effect of putrescine, citric acid and salicylic acid on color properties of fresh-cut cauliflower during storage at

4°C.

Cizelge 4. 4 °C’de muhafaza siiresince taze kesilmis karnabaharin renk ozellikleri iizerine putresin, sitrik asit ve salisilik asidin

etkisi.
Storage duration L* a* b* Chroma Hue angle
(SD)
Before storage 81.30+1.41 A 3.61+0.59 B 20.46+2.28 A 20.77+2.34 A 79.93+1.06 A
Day 7 78.65+8.03 AB 3.93+1.13 B 19.29+2.41 AB 19.82+2.38 AB 78.54+2.88 A
Day14 76.49+8.54 B 5.01+1.64 A 19.31+2.75AB 19.99+2.94A 75.59+3.51 B
Day 21 80.99+1.93 A 3.57+0.54 B 17.98+1.44 C 18.50+1.51 B 78.88+0.99 A
Treatment (T)
Before storage 81.30+1.41 ns 3.61+0.59 B 20.46+2.28 ns 20.77+2.34 ns 79.93+1.06 A
Control 79.46+2.72 ns 3.78+0.79 B 18.68+2.06 ns 19.27+2.08 ns 78.63+1.45 AB
0.5mM PUT 77.09+6.06 ns 5.00+1.28 A 19.83+2.57 ns 20.52+2.96 ns 76.23+4.57 C
1.0 mM PUT 75.68+11.79 ns 4.49+1.25 AB 19.02+2.87 ns 19.58+2.87 ns 76.63+3.90 C
0.5 mM CA 81.23+2.29 ns 3.70+0.95 B 18.20+1.77 ns 18.58+1.91 ns 78.58+1.86 AB
1.0 mM CA 79.43+2.30 ns 4.24+0.92 AB 19.43+1.81 ns 20.09+1.78 ns 77.90+1.69 B
0.5 mM SA 77.22+11.69 ns 4.37+1.22 AB 18.91+3.11 ns 19.70+2.96 ns 76.94+3.33 C
1.0 mM SA 80.88+3.12 ns 3.61+0.96 B 17.97+1.56 ns 18.34+1.68 ns 78.79+2.42 AB
SDxT
Before storage 81.30+1.41 a 3.61+0.59 b 20.46+2.28 ns 20.77+2.34 ns 79.93+1.06 a
Day 7xControl 79.23+3.10 ab 3.73+0.54 b 19.53+1.89 ns 19.88+1.95 ns 79.23+0.54 a
Day 14xControl 78.66+3.01 ab 4.42+0.90 ab 18.89+2.90 ns 19.40+3.02 ns 76.92+0.96 abc
Day 21xControl 80.48+2.25 a 3.19+0.35b 17.63+0.77 ns 18.52+1.02 ns 79.75+0.69 a
Day 7x0.5 mM PUT  78.17+4.29 ab 4.58+1.85 ab 20.11+2.62 ns 20.65+2.98 ns 77.49+3.17 abc
Day 14x0.5 mM PUT  72.30+7.65 ab 6.54+1.91 a 20.60+3.54 ns 21.73+4.00 ns 72.80+6.31 bc
Day 21x0.5 mM PUT  80.79+2.08 a 3.87+0.53 b 18.7741.19 ns 19.17+1.27 ns 78.38+0.93 ab
Day 7x1.0 mM PUT  79.91+0.60 ab 4.54+0.42 ab 21.62+1.45 ns 22.09+1.50 ns 78.15+0.43 ab
Day 14x1.0 mM PUT  65.42+6.63 b 5.71+0.97 ab 17.99+3.20 ns 18.90+3.15 ns 72.10+3.42 ¢
Day 21x1.0 mM PUT  81.72+3.15a 3.21+0.67 b 17.45+1.92 ns 17.75+1.99 ns 79.64+1.25 a
Day 7x0.5 mM CA 81.70+2.92 a 3.20+0.44 b 18.17+1.09 ns 18.45+1.15ns 79.93+0.92 a
Day 14x0.5 mM CA  80.22+2.72 a 4.28+1.38 ab 19.01+£2.55 ns 19.50+2.76 ns 77.53+2.57 abc
Day 21x0.5 mM CA  81.77+0.68 a 3.63+0.55 b 17.41+1.30 ns 17.79+1.38 ns 78.26+0.95 ab
Day 7x1.0 mM CA 79.82+1.51 ab 3.59+0.15b 18.74+0.66 ns 19.08+0.65 ns 79.16+0.59 a
Day 14x1.0 mM CA  77.54+2.54 ab 5.11+1.14 ab 20.36+2.37 ns 20.99+2.56 ns 76.05+1.67 abc
Day 21x1.0mM CA  80.92+1.54 a 4.02+0.31 ab 19.18+1.92 ns 20.18+1.34 ns 78.51+0.44 a
Day 7x0.5 mM SA 71.57+7.14 ab 4.64+1.34 ab 19.07+4.34 ns 20.48+3.48 ns 75.90+5.42 abc
Day 14x0.5 mM SA 79.15+2.20 ab 4.97+1.33 ab 19.97+3.28 ns 20.59+3.49 ns 76.06+1.49 abc
Day 21x0.5 mM SA  80.94+2.39 a 3.49+0.37 b 17.69+1.02 ns 18.04+1.06 ns 78.84+0.65 a
Day 7x1.0 mM SA 80.13+4.61 ab 3.25+1.35b 17.80+2.01 ns 18.12+2.17 ns 79.94+3.60 a
Day 14x1.0 mM SA 82.15+2.90 a 4.04+0.82 ab 18.38+1.55 ns 18.82+1.66 ns 77.68+1.72 abc
Day 21x1.0 mM SA  80.35+1.17 a 3.54+0.58 b 17.73+1.31 ns 18.08+1.39 ns 78.75+1.15 a
Significant effects (P values)
SD 0.0410 0.0001 0.0199 0.0227 0.0001
T 0.2599 0.0426 0.2403 0.1464 0.0482
SD xT 0.0100 0.0001 0.1540 0.0762 0.0001

PUT: Putrescine; CA: Citric acid; SA: Salicylic acid; +: Standard deviation of mean; ns: non-significant.

When the color properties of cauliflower was examined, L*, b*, Chroma and Hue angle values decreased
significantly after storage compared to before storage. The highest L* value was determined on the 21st
day, while the lowest L* value was observed on the 14th day. The highest a* and Chroma values were
detected on the 14th day. On the other hand, the lowest b* and Chroma values were found on the 21st day.
The highest Hue angle value was detected on the 7th and 21st days, whereas the lowest Hue angle value
was recorded on the 14th day. Among the treatments, the highest a* value was detected in 0.5 mM PUT.
However, the lowest a* values were observed in control, 0.5 mM CA and 1.0 mM SA treatments. The
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highest values with regard to Hue angle were found in control, 0.5 mM CA and 1.0 mM SA treatments,
though the lowest values were observed in 0.5 mM PUT, 1.0 mM PUT and 0.5 mM SA treatments. The color
properties of cauliflower (except for b* and Chroma values) considerably changed depending on storage
duration x treatment interaction. The L*, a* b*, Chroma and Hue angle values ranged from 65.42 to 82.15,
3.19 to 6.54, 17.41 to 21.62, 17.75 to 22.09 and 72.10 to 79.94, respectively.

Color is one of the most important sensory properties affecting the quality of cauliflower. Accordingly, the
color of cauliflower is an important criterion in consumer preference. However, fresh-cut cauliflower will
brown and rot during postharvest storage, which visually manifests as a color change (Liu et al., 2020).
Changes in color during the processing and storage of cauliflower need to be measured and controlled.
Browning of curd is a result of enzymatic browning due to polyphenol oxidase enzyme activity (PPO)
(Brown, 2003). The change in color of cauliflower can be explained by ethylene production (Simon et al.,
2008). Because, this vegetable is extremely sensitive to ethylene (Suslow and Cantwell, 1999). Kasim and
Kasim (2017) reported that the L* value of fresh-cut cauliflower stored for 28 days at 4 °C decreased at the
end of the storage period compared to before storage. Additionally, it was stated that L* and Hue angle
values fluctuated during storage. Nasrin et al. (2022) found that L*, Chroma and Hue angle values of fresh-
cut cauliflower decreased during storage (20 days at 4 °C) and also compared to before storage. In another
study, the L* value of cauliflower decreased during 28 days of storage at 0+1°C, while the b* value increased
(Dhall et al., 2010). Mu et al. (2022) reported that the L* value of fresh-cut cauliflower decreased during
storage (15 days at 4 °C), while a* and b* values increased. Researchers also found that the L* value
decreased compared to before storage, while the a* and b* values increased. In minimally processed
cauliflower stored at 4 °C for 21 days, L* and a* values decreased compared to before storage, and b* and
Chroma values increased (Miceli et al., 2015). Raseetha and Nadirah (2018) reported that the L* and b*
values of fresh-cut cauliflower increased during storage (21 days at 8-10 °C) and also compared to before
storage, while a* value decreased.

Kibar et al. (2023) reported that the effect of SA, CA and PUT treatments on color values (L* a*, b*, Chroma
and Hue angle) of broccoli was found to be insignificant. Researchers also stated that as storage time
increased, L*, b* and Chroma values increased, while a* value decreased. In the study conducted on
cucumber by Jia et al. (2018), no significant difference was found between the control and PUT application
in terms of L* and Hue angle color values at the end of the storage period. It was also detected that color
was positively affected by the PUT application. The L* value of Agaricus bisporus mushroom in CA
application at the end of the storage period was found to be higher than the control (Brennan et al., 2000).
In the study conducted by Gupta and Bhat (2016) on Agaricus bisporus mushroom, it was found that the
darkening of the mushrooms was significantly reduced with CA. It has been reported that CA has
inhibitory activity on polyphenol oxidase (PPO) and anti-browning activity in processed fruits and
vegetables (Ahvenainen, 1996). Dokhanieh and Aghdam (2016) determined that postharvest SA application
in Agaricus bisporus mushroom delayed the darkening of the mushroom. It was stated that SA increased
the antioxidant activity and accumulation of phenols and was beneficial in reducing post-harvest browning
by preserving cell membrane integrity.

CONCLUSION

This study revealed the effect of exogenous PUT, CA and SA treatments on the postharvest quality of fresh-
cut cauliflower during cold storage. The results of the study indicated that WL and ash content significantly
increased with the increase of storage duration, while K, Zn and Cu contents decreased. Compared to the
control, all treatments in the study except for 0.5 mM SA significantly reduced WL. The lowest WL was
observed in 1.0 mM PUT treatment with 1.06% and it reduced WL by 61.32% compared with the control.
Moreover, the highest values in terms of protein, ash, P, K and Mn contents were detected in 1.0 mM PUT
treatment. Compared with the control, 0.5 mM CA treatment increased Zn content by 90.72%, and 1.0 mM
SA treatment increased Mg and Ca contents by 13.38% and 22.46%, respectively. It was determined that
the treatments investigated in the study had the potential to be used in extending the storage period and
reducing quality losses of fresh-cut cauliflower. Additionally, 1.0 mM PUT was the most effective
treatment. As a result, especially 1.0 mM PUT can be recommended as a promising application to maintain
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the nutritional content of fresh-cut cauliflower, extend its storage life and reduce postharvest quality losses.
The findings obtained in this study will contribute to the food industry by minimizing postharvest losses
of fresh-cut cauliflower and provide potential information for future studies.
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Determination of Antagonistic Activities of Endophytic Bacteria Isolated from Different Wheat Genotypes
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Abstract: This study aimed to evaluate the physiological and biochemical properties and enzyme activities of endophytic bacteria obtained from different wheat
genotypes, as well as their effectiveness against Fusarium culmorum, which causes root and crown rot in wheat. The results obtained from double culture tests
of isolates against F. culmorum showed that the inhibition rate varied between 80.56% and 13.90%. The inhibition rate against F. culmorum was 80.59% for Bacillus
subtilis (MM11), 69.41% for Stenotrophomonas maltophilia (EY5), and 61.10% for Enterobacter sp. (MY3) under in vitro conditions, the most effective isolates.
Pseudomonas putida (EM9) and Pseudomonas orientalis (MM21) isolates gave positive results in all tests in the production of amylase, cellulase, phosphatase, ACC
deaminase, and siderophore. To identify six promising isolates, 165 rRNA gene-based sequence analysis was utilized. The efficacy of bacterial strains against
F. culmorum, pot experiments were conducted in a growth room (in vivo). The results demonstrated that the combination of S. maltophilia, Enterobacter sp., and
B. subtilis (MY3+EY5+MM11) yielded the most favorable outcomes in terms of disease severity, plant height, wet weight, dry weight, root wet weight, and root
dry weight. The combination of Stenotrophomonas rhizophila, P. putida, and P. orientalis (EY1+EM9+MM21) exhibited promising results. Utilizing effective
bacterial strains is anticipated to reduce the dependence on and costs associated with chemical fertilizers and pesticides while minimizing their environmental
impact. Furthermore, these strains show potential for commercial applications pending further validation procedures. The findings from this study significantly
contribute to the field of biological control strategies against F. culmorum by leveraging the diverse capabilities of endophytic bacteria.

Keywords: Endophyte, Fusarium culmorum, biological control, wheat

&

Oz: Bu arastirmada, farkli bugday genotiplerinden elde edilen endofitik bakterilerin, fizyolojik ve biyokimyasal 6zelliklerinin ile enzim aktivitelerinin yanisira
bugdayda kok ve kokbogazi ciiriikliigiine neden olan Fusarium culmorum’a kars: etkinliginin degerlendirilmesi amaglanmstir. izolatlarin F. culmorum’a karst
ikili kiiltiir testlerinden elde edilen sonuglara gore inhibisyon orani %80.56- %13.90 arasinda degisiklik gostermistir. In vitro kosullarda Fusarium culmorum’a
kars1 inhibisyon oran1 %80.59 oraniyla Bacillus subtilis (MM11), %69.41 oraniyla Stenotrophomonas maltophilia (EY5) ve %61.10 oraniyla Enterobacter sp. (MY3) en
etkili izolatlar olmustur. Amilaz, seliilaz, fosfataz, ACC deaminaz ve siderofor tiretiminde Pseudomonas putida (EM9) ve Pseudomonas orientalis (MM21) izolatlar1
tlim testte pozitif sonug vermistir. Umut vadeden alt1 izolat 165 rRNA geninin sekans analizi kullanilarak tanimlanmustir. Bakteri suslarinin F. culmorum’a karst
etkinligini degerlendirmek igin iklim odasi kogullarinda (in vivo) sakst denemeleri kurulmustur. Sonuglar, Enterobacter sp., S. maltophilia ve B. subtilis
(MY3+EY5+MM11) kombinasyonunun hastalik siddeti, bitki boyu, yas agirlik, kuru agirlik, kok yas agirhg ve kok kuru agirligi agisindan en uygun sonuglart
verdigini gostermistir. Stenotrophomonas rhizophila, P. putida ve P. orientalis (EY1+EM9+MM21) kombinasyonu da oldukga etkili olmustur. Etkili bakteri
suglarmin kullanilmasinin, gevresel etkilerini en aza indirirken, kimyasal giibre ve pestisitlere olan bagimliligi ve bunlarla iligkili maliyetleri azaltmasi
beklenmektedir. Ek dogrulama prosediirlerinin ardindan bu suslarin, ticari uygulamalar igin potansiyelinin oldugu diistintilmektedir. Bulgular, F. culmorum’a
kars: gesitli endofitik bakterilerin kullanildig: biyolojik kontrol ¢alismalarina katkida bulunacaktir.

Anahtar Kelimeler: Endofit, Fusarium culmorum, biyolojik miicadele, bugday
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Determination of Antagonistic Activities of Endophytic Bacteria Isolated from Different Wheat Genotypes Against Fusarium culmorum

INTRODUCTION

In Turkey, wheat cultivation occupies a preeminent position within the cereals sector, boasting an
expansive span of 66.3 million hectares of cultivated land and a notable aggregate production volume of
19.8 million tons, as per the Turkish Statistical Institute (TURKSTAT, 2023) data. This production landscape
is characterized by the allocation of 54.2 million hectares for the cultivation of bread wheat (Triticum
aestivum L.), yielding 16 million tons, and 12.05 million hectares dedicated to durum wheat (Triticum durum
Desf.), which yields 3.8 million tons. Remarkably, the province of Mardin accounts for 11.4% of the nation's
total wheat production. However, the wheat cultivation sector faces considerable challenges, primarily
stemming from the deleterious impact of pests and diseases on crop yields. These issues are particularly
pervasive given the nationwide prevalence of soil-borne pathogens, which significantly contribute to
disease incidence and yield losses throughout wheat-growing regions (Wildermuth and McNamara, 1994).

At the forefront of these soil-borne afflictions lies Fusarium root rot, a pathology recognized for its
paramount importance in engendering substantial yield diminishment. This phenomenon is especially
pronounced in arid regions, both within the global context and, more acutely, within Turkey (Akinsanmi
et al., 2004; Cook, 2010; Shikur Gebremariam, et al., 2018; Ozer et al., 2020, 2023; Bozoglu et al., 2022).

Among the pantheon of pathogens inflicting root and root collar ailments in wheat, the Fusarium genus
commands notable attention. Notable members include F. culmorum, F. graminearum, F. nivale, F. poae, F.
avenaceum, in addition to Bipolaris sorokiniana, Rhizoctonia spp. (comprising R. solani, R. oryzae, and R.
cerealis), Pythium spp., Gaeumannomyces graminis var. tritici, and Alternaria spp. It is pertinent to underscore
that Fusarium spp. stands out prominently as a pivotal contributor to root and root collar rot in Turkish
wheat production, accentuating its significance (Tunali et al., 2008; Shikur Gebremariam et al., 2018).

Of these pathogenic agents, F. culmorum takes precedence as the predominant and consequential Fusarium
species, imposing its deleterious influence across a spectrum of cereals, with wheat and barley occupying
a central role. This insidious pathogen has registered its adverse impact on global and Turkish agriculture,
underscoring its prominence (Aktas et al, 1997, Demirci, 2003; Aric1 et al., 2013; Kosiak et al., 2003;
Goswami and Kistler, 2004; Wang et al., 2006; Wagacha and Muthomi, 2007; Ozer et al., 2020, 2023; Alkan
et al., 2021). Notably, F. culmorum's presence in wheat-growingh regions has been observed to engender
severe reductions in both yield and quality, thus exacerbating the challenges faced by the wheat production
sector (Cook, 2001; Gokge and Kotan, 2016; Xu et al., 2018; Bozoglu et al., 2022).

Endophytic bacteria are recognized for their effectiveness in mitigating the impact of plant pathogens,
either by preventing their harmful effects or diminishing their severity (Berg and Hallman, 2006). These
microorganisms also exhibit the ability to enhance a plant's resilience to biotic stressors and confer systemic
resistance against pathogenic invaders. Within the realm of biological control, endophytes engage in
competitive interactions with microbial pathogens and demonstrate antagonistic activities, thereby
exerting a significant influence on disease reduction (Kloepper et al., 1992; Chen et al., 1995; Pleban et al.,
1995; Soylu et al., 2016).

Endophytic microorganisms, virtually ubiquitous in nearly all plant species (Owen and Hundley, 2004;
Ryan et al., 2008; Khan et al., 2015), establish residence within the living tissues of their host plants without
causing any discernible harm (Reinhold-Hurek and Hurek, 2011; Brader et al., 2014; Tiirkdlmez et al., 2023).
These endophytic bacteria possess a diverse array of functional traits, encompassing the capacity for
phosphate solubilization (Wakelin et al., 2004), phytohormone production (Shi et al., 2009), hydrolytic
enzymatic activities, including lytic hydrolases (Chernin and Chet, 2002), glucanases (Singh et al., 1999),
chitinases (Frankowski et al., 2001), antibiotic synthesis (Demain, 1981; Ezra et al., 2004), siderophore
secretion (Lodewyckx et al., 2002), and nitrogen fixation (Watanabe et al., 1979). These multifaceted abilities
contribute significantly to nutrient acquisition by the plant and serve to augment overall plant growth.
Such endophytic bacteria, endowed with growth-promoting mechanisms, are favored choices in the
context of eco-friendly plant production and the pursuit of sustainable agricultural practices. Endophytes'
desirability extends beyond agriculture and finds application in diverse domains, ranging from medicine
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to industry, thanks to their microbial biosynthetic capabilities and distinctive chemical profiles, which
confer protective attributes (Jasim et al., 2013).

The present study is dedicated to probing the efficacy of endophytic microorganisms that stimulate plant
growth and fortify plant defense mechanisms. These microorganisms are also prolific producers of various
hydrolytic enzymes and antibiotic compounds. The primary objective is to assess their effectiveness against
the notorious F. culmorum pathogen, which poses a substantial threat to wheat cultivation. Identifying and
promoting endophytic bacteria that exhibit antagonist effects against F. culmorum holds the promise of
reducing the losses incurred due to pathogen-induced diseases, thereby facilitating more productive
agricultural practices. Furthermore, these endophytes hold potential as sustainable alternatives to
conventional fungicides, facilitating the production of agricultural products with reduced chemical
residues and promoting environmentally responsible farming practices.

MATERIAL AND METHOD

Isolation of Endophytic Bacteria

The isolation of endophytic bacteria involved the collection of wheat samples from fields located in the
geographical coordinates of Kii¢iikkdy Mahallesi, Artuklu district, Mardin province, Turkey (37°07'47.9"N,
40°51'11.2"E). Subsequently, wheat plant segments, carefully measuring 1-2 centimeters in length, were
precisely excised from the root and root collar regions of visibly healthy bread wheat and durum wheat
genotypes. These plant segments served as the primary source for isolating the endophytic bacteria
employed in the study. To ensure surface sterilization, these plant segments underwent a rigorous
decontamination process. Initially, they were immersed in a 70% ethanol solution for a duration of 2
minutes, followed by a subsequent immersion in a 1% NaClO solution for 1 minute. Following this, the
samples were thoroughly rinsed on five separate occasions using sterile distilled water.

Concurrently, a portion of the final rinse water was subjected to direct inoculation onto nutrient agar (NA)
medium (Merck, Darmstadt, Germany). This procedure served as a critical assessment of the efficacy of the
surface decontamination process. The absence of any colony development on the NA agar affirmed the
successful sterilization of the plant samples.

Subsequently, Petri dishes containing NA agar were placed in an incubation chamber and maintained at a
temperature of 24°C for a period spanning from 24 to 72 hours. Colonies that exhibited discernibly different
growth characteristics, including variances in morphology, color, and edge attributes, were systematically
categorized, purified, and subsequently preserved for subsequent analysis (Zvyagintsev, 1991).

Obtaining and Preservation of Pathogen Isolates

The F. culmorum isolate denoted as Fc22, utilized in the present investigation, was originally procured from
a diseased wheat specimen acquired during a preceding research endeavor (Alkan et al., 2019). Fc22 has
previously demonstrated marked pathogenicity, instigating severe disease symptoms in the crown and
root tissues of wheat plants belonging to the Seri 82 cultivar (T. aestivum). The quantification of disease
severity, assessed on a graduated scale from 1 to 4, revealed a mean score of 3.80, signifying the
considerable virulence inherent in this specific isolate. The deleterious consequences of Fc22 were
conspicuously observable, resulting in substantial morbidity among the subjected plants and, in certain
instances, culminating in the demise of entire specimens within the confines of the experimental pots (C)zer
et al., 2020). The origin of the isolate can be traced to the Culture Collection housed within the Department
of Plant Protection at the Faculty of Agriculture, Bolu Abant Izzet Baysal University, Bolu, Turkey.

To ensure the viability of all bacterial isolates acquired during this study, a fresh culture was derived from
a 24-48 hour incubation period. Subsequently, these cultures were inoculated onto slant agar medium
enriched with NA (Nutrient Agar). The isolates were then subjected to an incubation period of 24 to 72
hours at 24°C to facilitate observable growth. Once successfully established, the isolates were conserved at
a temperature of 4°C. For prolonged conservation and to facilitate their utilization in both in vitro and in
vivo experiments conducted under controlled conditions, all representative isolates were subjected to a
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secondary purification process on NA agar medium. Following this, they were meticulously preserved in
a solution of 30% glycerol and stored at a temperature of -80°C.

Morphological Characteristics of Bacterial Isolates

The investigation of the isolated bacterial strains encompassed Gram staining procedures (Demirbag and
Demir, 2005). In the catalase test, fresh cultures of the isolates were developed in Nutrient Broth (NB,
Merck, Darmstadt, Germany) at 28°C for 48 hours. Subsequently, a 3% H:0: solution was introduced to
the isolates, and their reactions, characterized by the presence or absence of foaming, were assessed (Holt
et al., 1994). As for the oxidase test, samples were collected from bacterial isolates and applied to filter
paper. Following this, oxidase reagent (Fluka, N,N-dimethyl-p-phnylenediamine oxalate, a-naphthol) was
administered, and any alterations in color were meticulously evaluated to determine the oxidase activity
of the isolates (Holt et al., 1994).

Enzymatic Activity
For all enzymatic experiments, cultures of the isolates were prepared to match a McFarland standard of 5.
All enzymatic assays were conducted with triplicate repetitions.

Amylase Activity (Hydrolysis of Starch)

Isolates were subjected to streaking onto Petri dishes containing starch agar, followed by a 2-day incubation
period at 28°C. The colonies that emerged on the agar were subsequently evaluated for their amylase
activity. A positive indication of starch hydrolysis was characterized by the development of a distinct bright
color upon the addition of Lugol's solution, while a blue-black coloration was interpreted as a negative
outcome (Egamberdieva et al., 2008).

Phosphatase Activity

The NBRIP (National Botanical Research Institute's Phosphate) medium, formulated with glucose (10 g I-
1), Ca3(POs)2 (5 g 1), MgCl2.6H20 (5 g 1), MgS04.7H20 (0.25 g 1), KCI (0.2 g I''), (NH4)250s (0.1 g 1), and
agar (15 g I'1), was carefully prepared and adjusted to a pH of 7.0 before undergoing sterilization.
Subsequently, 10 pl of cultures were inoculated onto Petri dishes containing this medium. Incubation at
28°C for a period of 2-4 days resulted in the development of a clear zone surrounding the colonies, which
was considered a positive indicator of phosphatase activity (Nautiyal, 1999). For control purposes, isolates
were also cultured in media devoid of Cas(POs)2 supplementation.

Cellulase Activity

To evaluate cellulase activity, sterile solutions B and D were prepared. Solution B comprised 1M
MgS04.7H20, while Solution D consisted of a 7.5% CaCl: solution. One milliliter from each of these
solutions was extracted and incorporated into a sterile mixture of Solutions A and C. Solution A consisted
of NaCl (0.25 g), carboxymethylcellulose (2.5 g), K2HPOs (1.5 g), and distilled water (400 ml). Meanwhile,
Solution C contained Na:HPOx (3 g), yeast extract (0.5 g), glycerol (2.5 g), NH4Cl (0.5 g), agar (6.5 g), and
distilled water (100 ml).

Isolates were subjected to streaking onto this composite medium and were subsequently incubated at 28°C
for a duration of 96 hours. Following incubation, a 0.1% Congo red solution was applied to the colonies
and allowed to stand for 20 minutes. Subsequent to this, the colonies underwent a washing procedure
utilizing a 1 M NaCl solution. Colonies displaying a discernible clear zone around them were regarded as
exhibiting positive cellulase activity (Egamberdieva, 2005).

ACC Deaminase Production

To assess ACC (1-Aminocyclopropane-1-carboxylate) deaminase production, the DF salt minimal medium
method, originally outlined by Dworkin and Foster in 1958, was employed. Isolates that exhibited growth
during incubation were categorized as positive for ACC deaminase production.

Siderophore Production

To assess siderophore production, the Blue agar medium, originally developed by Schwyn and Neilands
in 1987, was employed. The evaluation of siderophore production was based on the observation of color
changes within the Blue agar medium.
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Physiological and Biochemical Characteristics of Isolates

To assess the tolerance of endophytic bacteria to different temperature levels, the growth of isolates was
monitored at temperatures of 4°C, 15°C, 27°C, 37°C, and 41°C for 7 days (Gardner et al., 1984).To evaluate
the tolerance of isolates to varying salt concentrations, NB medium was prepared with NaCl concentrations
of 0%, 1%, 2%, 3%, and 4%, and the isolates were incubated at 28°C for 7 days to assess their growth under
these conditions (Cappuccino and Sherman, 1992).

Carbohydrate Tests

To assess carbohydrate utilization, individual carbohydrates, including glucose, maltose, fructose, xylose,
mannitol, tryptophan, and 0.1 M inositol, were separately filtered through a 0.45 um filter and added to a
sterile mineral salt medium. The growth of isolates was monitored for 3, 7, and 14 days at 28°C, following
the methodology established by Ji and Wilson in 2002.

Pectolytic Activity Test

For the purpose of sterilization, unblemished and freshly harvested potato tubers were immersed in a 5%
NaOCl solution for a duration of 10 minutes. Subsequently, these tubers were sliced into approximately 5
mm thick sections and carefully positioned within Petri dishes containing sterile, moist paper.A volume of
1 ml from 24-hour-old endophytic bacterial cultures was aseptically withdrawn and injected into the potato
slices. The inoculated potato slices were then subjected to incubation at 28°C. The assessment of softening
in the potato slices was conducted between 24 to 72 hours, with the presence of softening being regarded
as a positive outcome. Sterile distilled water served as the control medium.

Tobacco Hypersensitivity (HR) Test

Endophytic bacteria cultures, aged 24 hours, were streaked onto NA agar plates and subsequently
incubated. These bacterial cultures were then transferred into sterile distilled water and thoroughly mixed
using a vortex device. The resulting mixture's concentration was standardized to 108 colony-forming units
per milliliter (cfu ml?).Through the use of an injector, this prepared solution was precisely introduced into
the leaf veins of tobacco plants (Nicotina tabacum L. cv. Samsun). Following the inoculation, the treated
plants were placed in controlled plant growth chambers for a duration of 2 days. This period allowed for
the observation of any necrotic tissue formation in the regions where the inoculation had been
administered. For experimental validation, a positive control employed Pseudomonas syringae pv. syringae
isolate, while sterile distilled water served as the negative control. Those displaying HR (+) indicated the
presence of necrotic tissue formation, whereas those without such tissue formation were classified as HR
(-) negative.

Antagonistic Activity
To assess the antagonistic activity of endophytic bacteria against the pathogen, the following formula was
applied:

%Rl =R—r /R x 100 (1)

Where:

%RI represents the inhibition rate.

R represents the growth of the pathogenic fungus in the absence of bacteria (measured in millimeters).

r represents the growth of the pathogenic fungus towards the presence of bacteria (measured in
millimeters).

Molecular Identification of Endophytic Bacteria
Before progressing to the climate chamber experiments, we conducted species-level identification of the
top six isolates exhibiting the highest antagonist activity, which were isolated from the sampled areas. To
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achieve this, we performed nucleic acid isolation from fresh cultures using the DNeasy Blood and Tissue
kit (Cat No. ID; 69504, Qiagen, Hilden, Germany) following the manufacturer's instructions. The resulting
DNA quantity was quantified using a DS-11 FX+ spectrophotometer (Denovix Inc., Wilmington, DE, USA),
and the DNA was diluted to a concentration of 10 ng pl! with sterile ultrapure water.

The 16S rRNA regions of these isolates were amplified using specific primers, namely (Amp-F) 5-GAG
AGT TTG ATY CTG GCT CAG-3' and (Amp-R) 5'- AAG GAG GTG ATC CAR CCG CA-3', as described by
Baker et al. (2003). The PCR amplification process was carried out in a total volume of 50 pl, consisting of
1 ul DNA, 5 ul of 10x PCR buffer, 0.5 pl of 2 mM dNTPs, 1 pl of 10 uM primers, 0.25 pl of 5 U pl Dream
Taq DNA polymerase (Thermo Fischer Scientific, Waltham, MA, USA), and sterile ddH20. The PCR
reaction followed a specific program: initial denaturation at 95 °C for 2 minutes, followed by 35 cycles of
denaturation at 95 °C for 30 seconds, annealing at 55 °C for 60 seconds, and extension at 72 °C for 90
seconds, with a final extension step at 72 °C for 10 minutes. Subsequently, 10 ul of the resulting PCR
products were loaded onto a 1.5% (w v-') agarose gel and electrophoresed in 1x TAE buffer for 2 hours.
Afterward, the gel was stained with ethidium bromide and visualized using the G:BOX F3 gel
documentation system (Syngene, Cambridge, UK).

The sequences obtained from this process underwent bidirectional sequence analysis, and species-level
identification was established by comparing them with sequences of known species in the GenBank
database through BLAST analysis. Furthermore, the sequences corresponding to the isolates were
deposited in the GenBank database, and unique accession numbers were obtained.

In Vivo Studies

Climate Chamber Studies

In this research, we utilized sterilized seeds of the vulnerable wheat variety, known as Pehlivan. Before
sowing, meticulous surface disinfection of these seeds was diligently performed. The process involved a 5-
minute rinse with sterile distilled water, followed by a 30-second immersion in 75% ethanol, and a
subsequent 1-minute exposure to a 0.5% NaOCl solution for thorough surface disinfection. Following this
rigorous procedure, the seeds underwent two additional rounds of rinsing with sterile distilled water and
were carefully dried under sterile conditions. They were then planted in vials. After a span of 10 days, the
seedlings were meticulously transplanted into individual pots. Notably, the pots were first inoculated with
bacteria, and subsequently, after a 2-hour interval, the introduction of the pathogen took place.

Bacterial Inoculation

In this study, we employed various combinations of endophytic bacterial isolates carefully chosen based
on their specific characteristics. These combinations included MY3+EY5+MM11 isolates, EYI+EM9+MM21
isolates, MM21 isolate on its own, MM21+MY3+EY5 isolates, and MY3+EY5+MM11+EM9+MM21 isolates.
Each of these isolate mixtures was suspended in a 250 ml bacterial solution with a concentration of 107 cfu
ml, and a 1% Carboxy Methyl Cellulose (CMC) adhesive was added to enhance adhesion.

Wheat seedlings underwent a 2-hour immersion of their roots in these bacterial suspensions before being
transplanted into individual pots. Soil application of the endophytic bacterial suspension (107 cfu ml') was
carried out for each pot after transplantation, with an additional application applied 30 days post-
inoculation. As a control group, sterile distilled water was utilized.

Pathogen Inoculation

In preparation for the pathogenicity test, an inoculum of the Pehlivan wheat variety was meticulously
created. This process involved soaking Pehlivan wheat seeds in distilled water overnight, followed by
thorough drainage. The hydrated seeds were then carefully arranged within 500 ml Erlenmeyer flasks. To
ensure the sterilization of the seeds, approximately one-third of the Erlenmeyer flask volume was filled
with seeds, which subsequently underwent a rigorous autoclaving procedure spanning three consecutive
days.

Subsequently, 5 mm discs were meticulously excised from 7-day-old F. culmorum cultures that had been
cultivated on Potato Dextrose Agar (PDA) plates. These discs were judiciously employed to inoculate the
hydrated wheat seeds within the Erlenmeyer flasks. Daily agitation was maintained, and the flasks were
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subjected to a four-week incubation period at a temperature of 25°C. This duration allowed for the complete
colonization of F. culmorum within the wheat grains. Upon the conclusion of the inoculation process, the
wheat grains underwent a 24-hour drying period at 30°C. Subsequently, they were transformed into flour
via mechanical blending techniques employing a blender, following the methodology outlined by
Wallwork et al. in 2004.

Each individual pot was then endowed with 0.5 g of the prepared wheat inoculum. These pots were
methodically irrigated, hermetically sealed using sterile polyethylene bags, and afforded a one-week
period to facilitate the pervasive distribution of the fungus within the soil.

For the potted plant experiment, a mixture of sterilized sand, peat, and field soil in a 1:1:1 ratio was filled

to one-third of the volume in sterile plastic pots with a 20 cm diameter. Wheat seedlings, previously grown

in vials, were transplanted into each pot, with four wheat plants in each. The following treatments were

applied:
1. . maltophilia + Enterobacter sp. + B. subtilis (MY3+EY5+MM11) + F. culmorum

. maltophilia + Enterobacter sp. + B. subtilis (MY3+EY5+MM11)

. putida + S. rhizophila + P. orientalis (EY1+EM9+MM21) + F. culmorum

. putida + S. rhizophila + P. orientalis (EY1+EM9+MM21)

. orientalis (MM21) + F. culmorum

""" »

. orientalis (MM21)
P. orientalis + Enterobacter sp. + S. maltophilia (MM21+MY3+EY5) + F. culmorum
P. orientalis + Enterobacter sp. + S. maltophilia (MM21+MY3+EY5)

© ® N o ok P

Enterobacter sp. + S. maltophilia + B. subtilis + S. rhizophila + P. orientalis
(MY3+EY5+MM11+EM9+MM21) + F. culmorum

10.  Enterobacter sp. + S. maltophilia + B. subtilis + S. rhizophila + P. orientalis
(MY3+EY5+MM11+EM9+MM21)

Additionally, there were control groups consisting of an uninoculated negative control and a positive
control with only F. culmorum inoculum.

The potted plants were cultivated within a controlled environment inside a growth chamber, maintaining
specific conditions such as 50-65% humidity, a 14-10 hour light dark photoperiod, and temperatures held
within the range of 25 20+2°C. This cultivation period extended over 60 days, aligning with the protocol
established by Ekmekg¢i and Terzioglu in 1998.

To assess their influence on plant development, wheat plants were subjected to distinct bacterial
treatments. The impact on key parameters including plant height, plant fresh weight, plant dry weight,
root fresh weight, and root dry weight was scrutinized.

Subsequent to the 60-day post-inoculation period, the wheat plants underwent careful removal from their
respective pots, ensuring minimal disruption to the root system. A gentle wash was administered using
tap water to remove the surrounding soil. The study evaluated the effects of endophytic bacterial isolates
on plant growth and their efficacy in combatting the F. culmorum pathogen.

Each isolate underwent triplicate pot experiments, with every pot housing four wheat plants, resulting in
a total of 24 plants for each isolate treatment and a cumulative total of 144 plants. The research investigation
focused on various parameters, encompassing plant height, fresh weight, total plant dry weight, total root
fresh weight, and total root dry weight for the wheat seeds.
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Disease Assessments

For disease assessments, the seeds of bread wheat variety Pehlivan were germinated in vials, and later,
pots with four wheat seedlings were established for each treatment, including both individual and
combined isolates, with one control group and three replicates, totaling four replicates. An evaluation scale
ranging from 0 to 5, following the guidelines of Wildermuth and McNamara (1994), was employed to assess
disease severity levels based on lesion and necrosis development:

0: Healthy or symptomless plant 1: Plant affected less than 25% 2: Plant affected between 25-50% 3: Plant
affected between 51-75% 4: Plant affected more than 75% 5: Dead plant

To ensure disease inoculation, the pathogen was introduced into the soil, and the experiment was set up
with four replicates. After four weeks of inoculation, the potted plants were uprooted, evaluated based on
the 0-5 scale, and disease index values were calculated. Statistical analyses of the data collected from the
pot experiments were conducted using the JMP program and Tukey's Test method. Following
observations, Koch's postulates were applied to each sample for reisolation. Disease severity was calculated
using the Townsend-Heuberger formula:

Y.(Scale Value x Number of Plants at that Scale Value)100
Total Number of Plants x Highest Scale Value

(2)

Disease Severity (%) =

Statistical analysis of the study data involved one-way analysis of variance (ANOVA), and differences
between means were determined using the Tukey test (p <0.05).

RESULTS AND DISCUSSION

Isolation of Endophytic Bacteria

A total of 69 endophytic bacterial isolates were obtained from the roots and root collars of wheat plants,
including 9 from local bread wheat genotypes, 23 from modern bread wheat genotypes, 13 from local
durum wheat genotypes, and 24 from modern durum wheat genotypes (Table 1).

Morphological characteristics of Bacterial Isolates
The phenotypic test results of the bacterial isolates selected for in vivo pot experiments based on in vitro
Petri dish trials are presented in Table 1.

Table 1. Phenotypic test results of isolates.
Cizelge 1. [zolatlarin fenotipik test sonuclar.

Bacteria®* Gr Staining Catalase = Oxidase Amylase Cellulase Phosphatase = ACC Deaminase Siderophore

EY1 - + + + - + + -
EY2 - + + + - + + %%
EY3 - + + + - + + W
EY4 - + + + + + + -
EY5 - + + + + - + -
EY6 - + + - - + + \
EY7 - + + - - + + W
EY8 - + + - + + + +
EY9 + + + + - + + +
EM1 - + + - W - + -
EM2 - + + - W - + -
EM3 - + - - - + - -
—
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Table 1. Continued.
Cizelge 1. Devama.

Bacteria#  Gr Staining Catalase Oxidase Amylase Cellulase Phosphatese ACC Deaminase Siderophore

EMA4 - + W - + - -
EM5 - + + - + +
EM6 - +
EM7 -
EMS8 -
EM9 -
EM10 -
EM11 -
EM12 -
EM13 -
EM14 -
EM15 -
EM16 +
EM17 -
EM18 -
EM19 -
EM20 -
EM21 -
EM22 -
EM23 -
MY1 -
MY2 -
MY3 -
MY4 -
MY5 -
MY6 -
MY7 -
MY8 -
MY9 -
MY10 -
MY11 -
MY12 -
MY13 -
MM1 -
MM2 -
MM3 -
MM4 -
MM5 -
MM6 -
MM7 -
MMS8 -
MM9 -
MM10 -
MMI11 +
MM12 -
MM13 -
MM14 -
MM15 -
MM17 -
MM18 -
MM19 -
MM20 -
MM21 -
MM22 -
MM23 -
MM24 - - - -
MM25 - + - - W + -

+

2 '
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*EY: Local Bread Wheat; EM: Modern Bread Wheat; MY: Local Durum Wheat; MM: Modern Durum Wheat. Assessments in columns:
Weak (W), Negative (-), Positive (+).
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Enzymatic Activity

The enzymatic activities of amylase, cellulase, phosphatase, and ACC deaminase were examined in 69
endophytic bacterial isolates. Isolates displaying observable growth were categorized as positive, while
those without growth were deemed negative, as summarized in Table 1. In the case of amylase activity, 29
isolates yielded negative results, while all other isolates exhibited positive outcomes (Table 1) (Figure 1a).
Regarding phosphatase activity, 19 isolates demonstrated negativity, while the remaining isolates
displayed positive results (Table 1) (Figure 1b). For cellulase activity, 51 isolates displayed cellulase
positivity, whereas the rest were negative (Table 1) (Figure 1c). In the ACC deaminase test, 14 of the
endophytic isolates were found to be negative, while the rest exhibited positive reactions (Table 1).
Concerning siderophore production, 35 endophytic isolates tested negative, while all other isolates
exhibited positive siderophore production (Table 1) (Figure 1d).

In a study conducted by Pang et al. (2022), the isolation of endophytic bacteria from the roots, stems, leaves,
and seeds of three winter wheat varieties was documented. These isolated bacteria were subjected to
various investigations, including their capacity to produce indole-3-acetic acid (IAA), solubilize potassium
and phosphate, and thrive in a nitrogen-depleted environment. Additionally, their impact on plant growth
parameters, such as dry root weight, above-ground dry weight, and plant height, was assessed through
pot experiments. A total of 127 strains were thoughtfully selected from a pool of 610 isolated endophytic
bacterial cultures, representing 10 different genera and 22 species. Remarkably, Bacillus aryabhattai, B.
stratosphericus, Pseudomonas oryzihabitans, and Leclercia adecarboxylata were identified for the first time as
endophytes within wheat plants using 165 rRNA gene sequencing.

k EMG6 ‘

Figure 1. a) Amylase activity of endophytic bacteria; b) Phosphatase activity of endophytic bacteria; c)
Cellulase activity of endophytic bacteria; d) Siderophore production of endophytic bacteria.

Sekil 1. a) Endofitik bakterilerin amilaz aktivitesi; b) Endofitik bakterilerin fosfataz aktivitesi; c) Endofitik
bakterilerin seliilaz aktivitesi; d) Endofitik bakterilerin siderofor iiretimi.

The study unveiled noteworthy findings, with 45% of the 127 strains exhibiting IAA production, 29%
displaying inorganic phosphate solubility, 37% demonstrating organic phosphate solubility, 2.4%
showcasing potassium solubility, and 37.8% thriving in a nitrogen-deprived environment. In pot
experiments, each bacterial strain displayed distinctive effects on wheat plants, influenced by the
evaluated growth parameters. Bacillus emerged as the predominant bacterial taxon isolated from winter
wheat plants. These findings underscored the pivotal role of wheat roots as the primary reservoir for
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screening endophytic bacteria with biofertilizer potential. Furthermore, our studies revealed that 69
isolates exhibited notably effective results, with 58% displaying amylase activity, 72% phosphatase
activity, 74% cellulase activity, 80% ACC deaminase enzyme activity, and 49% demonstrating siderophore
production.

Physiological and Biochemical Characteristics of Isolates

A statistical analysis was conducted to evaluate variations in temperature tolerance among isolates at
different concentrations. Notably, a significant difference was observed solely at 4°C (p < 0.01), while no
statistically significant disparities were detected at other temperature levels. Similarly, when assessing
tolerance to varying salt concentrations among isolates, no statistically significant differences emerged.

Carbohydrate Tests

In the context of carbohydrate utilization tests, it was observed that specific isolates displayed varying
responses in different carbon sources. In a mineral medium supplemented with glucose, eight isolates
failed to exhibit growth, while all other isolates demonstrated robust growth. A similar pattern was
observed when fructose was incorporated into the mineral medium, with six isolates showing no growth,
and all other isolates thriving. Mannitol supplementation in the mineral medium resulted in growth
inhibition for 21 isolates, while the remaining isolates displayed growth. In the case of tryptophan-
supplemented mineral medium, 21 isolates did not grow, while the others thrived. For maltose-
supplemented mineral medium, growth was inhibited in eight isolates, with the rest showing robust
growth. When xylitol was introduced to the mineral medium, nine isolates did not grow, while others
flourished. Lastly, in the presence of myo-inositol, 15 isolates failed to grow (Table 2).

Endophytic bacteria with a diverse carbon source utilization profile are speculated to contribute to disease
severity reduction. Their capacity to utilize carbon sources could position them as promising biological
control agents. The carbohydrate test serves as a valuable tool to ascertain the presence of carbon similarity
among bacterial strains. Therefore, considering the in vitro results alongside carbon source utilization
profiles, siderophore production, and enzyme activities, it can be inferred that endophytic bacteria hold
promise as effective biological control agents (Ji and Wilson, 2002).

Table 2. Carbohydrate test results of endophytic bacteria.
Cizelge 2. Endofitik bakterilerin karbonhidrat test sonuglari.

Bacteria’ Glucose Fructose Mannitol Tryptophan Maltose Xylose M-Inositol
EY1 + + W +
EY2
EY3
EY4
EY5
EY6
EY7
EY8
EY9
EM1
EM2
EM3
EM4
EM5
EM6
EM7
EMS
EM9 -
EM10 -
EMI1
EM12
EM13
EM14
EM15
EM16

+

+ +

+
+
+

+ o+ o+
+ o+ o+

+
+
+

+ o+ o+ o+
==

+ + 4+ + + =+ + 0
I T T T
S T4 oe
P+ S S0+ + o+ 4+
T LT T T T S S S
)
+ o+ o+ o+ =+ o+

+ o+
oSS
Co+ 4

+ o+ o+ o+ o+ o+ + o+

o+ 4+t S+ o+ o+ o+ o+
+ o+ o+ o+ S+ o+

+ + + + + + 3+ + +

+ o+ o+ o+ o+ o+
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Table 2. Continued.
Cizelge 2. Devami.

Bacteria* Glucose Fructose Mannitol Tryptophan Maltose Xylose M-Inositol

EM17 A
EM18
EM19
EM20
EM21
EM22
EM23
MY1
MY2
MY3
MY4
MY5
MY6
MY7
MY8
MY9
MY10
MY11
MY12
MY13
MM1
MM2
MM3
MM4
MM5
MMe6
MM7
MM8
MM9
MM10
MM11
MM12
MM13
MM14
MM15
MM17
MM18
MM19
MM20
MM21
MM22
MM23
MM24 -
MM25 + W - -
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+ + + + + + =+ + + +
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#EY: Local Bread Wheat; EM: Modern Bread Wheat; MY: Local Durum Wheat; MM: Modern Durum Wheat. Assessments in columns:
Weak (W), Negative (-), Positive (+).

Pectolytic Activity Test
The results of the pectolytic activity test indicated that all isolates exhibited a negative response.

Tobacco Hypersensitive Reaction (HR) Test
In the HR test, all endophytic bacteria were evaluated as negative (HR-) since they did not induce the
formation of necrotic tissue.

Antagonistic Activity

In the evaluation of antagonistic activity exhibited by endophytic bacteria, a spectrum of inhibition rates
was observed, spanning from a minimum of 13.90% to a maximum of 80.56% (Table 3). Notably, the MM11
isolate demonstrated the highest inhibition rate at 80.59%, followed by the EY5 isolate at 69.41%, and the

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri https://dergipark.org.tr/tr/pub/ijaws

107


https://dergipark.org.tr/tr/pub/ijaws

Inci GULER GUNEY, Sibel DERVIS, Goksel OZER, Hiisniit AKTAS, Mehmet Ata KESKE

MY3 isolate at 61.10%. Conversely, the lowest inhibition rates were identified in the MY7 and MY10
isolates, both registering at 13.90%.

The endophytic bacteria exhibited notable antagonistic activities against F. culmorum, as depicted in
Figure 2. A statistical analysis using one-way analysis of variance (ANOVA), as detailed in Table 4,
revealed significant differences (p < 0.001) among the mean effects displayed by these bacterial strains.

Table 3. Antagonistic activity of isolates against Fusarium culmorum.
Cizelge 3. Izolatlarn Fusarium culmorum’a kars: antogonistik etkinlikleri.

Bacterium?® Effect (%) Bacterium Effect (%) Bacterium Effect (%) Bacterium Effect (%)

EY1 58.314# EM10 41.691 MY5 30.56n MM10 41.691
EY2 30.56" EM11 27.79° MY6 30.59" MM11 80.592
EY3 41.69 EM12 30.59~ MY7 13.90* MM12 33.41m™
EY4 41.69 EM13 36.10! MYS8 25.00p MM13 33.41m
EY5 69.41° EM14 36.10! MY9 30.59n MM14 25.00p
EY6 36.10! EM15 44411 MY10 13.90* MM15 50.008
EY7 44411 EM16 30.59" MY11 25.00p MM17 52.79¢
EY8 30.59n EM17 44411 MY12 30.59" MM18 50.008
EY9 22.214 EM18 36.10! MY13 50.008 MM19 36.10!
EM1 36.10! EM19 33.31m MM1 41.69 MM20 47.21h
EM2 52.79f EM20 30.59" MM2 30.59" MM21 61.10¢
EM3 55.59¢ EM21 30.59" MM3 36.10! MM22 38.90x
EM4 52.79f EM22 33.31m MM4 33.31m MM23 36.10!
EM5 44411 EM23 22.214 MM5 30.59" MM24 25.00p
EM6 38.90k MY1 41.69 MM6 30.59n MM25 44411
EM7 44411 MY2 50.008 MM7 44511

EMS 38.90k MY3 61.10¢ MMS8 52.79¢

EM9 55.59¢ MY4 50.008 MM9 41.69

#EY: Local Bread Wheat; EM: Modern Bread Wheat; MY: Local Durum Wheat; MM: Modern Durum Wheat.
#Means sharing the same letter within the same column do not exhibit statistically significant differences.

Figure 2. The antagonistic activities of endophytic bacteria EM1, EM2, EM3, EM4, MM1, MM2, MM3, and MM4 in
comparison to the control.
Sekil 2. Kontrole gore EM1, EM2, EM3, EM4, MM1, MM2, MM3 ve MM4 endofitik bakterilerin antagonistik aktiviteleri.
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Table 4. Analysis of variance for antagonistic activities of isolates.
Cizelge 4. Izolatlarin antagonistik aktivitelerinin varyans analiz tablosu .

Sources of Variation DF* SS* MS# F Value Prob>F
Isolate 68 30337.94 446.15 6606.83 0.0001***
Error 138 9.32 0.07

General 206 30347.26

*DF: Degrees of Freedom SS: Sum of Squares MS: Mean Squares.
*** Significant at p < 0.001 level.

In a biological control investigation, Bacillus amyloliquefaciens subsp. plantarum xh-9 exhibited the potential
to serve as a biocontrol agent against F. oxysporum and various other phytopathogens when applied to a
locally cultivated wheat field, as documented in the study by Wang et al. in 2018. Another study conducted
by Jankiewicz et al. in 2012 highlighted the inhibitory effects of the bacterium Stenotrophomonas maltophilia
on the growth of fungal phytopathogens from the Fusarium, Rhizoctonia, and Alternaria genera through its
enzymatic activity. Our current research similarly suggests the biocontrol potential of certain endophytic
bacteria isolated from wheat, including S. rhizophila (EM9), P. putida (EY1), Stenotrophomonas maltophilia
(EY5), Enterobacter sp. (MY3), Bacillus subtilis (IMM11), and P. orientalis (MM21), against F. culmorum.

Molecular Identification of Endophytic Bacteria

The isolates were visualized using a 165 rRNA Agarose gel (Figure 3). PCR amplification yielded DNA
fragments of approximately 1500 base pairs corresponding to the 165 rRNA region of the rDNA. BLASTn
queries, based on the 165 rRNA region, revealed that all isolates exhibited a remarkable similarity, ranging
from 99% to 100%, with species documented in the GenBank database. All sequences obtained in our study
have been registered in GenBank, each assigned a unique accession number, as detailed in Table 3.

Figure 3. 16S rRNA agarose gel image of bacterial isolates obtained as part of the study. M: 100 bp DNA Ladder (Solis
BioDyne, Tartu, Estonia).
Sekil 3. Calismadaki elde edilen bakteriyel izolatlara ait 16S rRNA agaroz jel goriintiisii. M: 100 bp DNA Ladder (Solis BioDyne,
Tartu, Estonya).

In a prior investigation focused on bacteria that stimulate plant growth within the wheat rhizosphere, 16
bacterial isolates were obtained, considering various traits such as ammonium production, siderophore
production, phosphate solubilization, nitrification, and IAA (indole acetic acid) production. Taxonomic
classification of these isolates was determined through 165 rDNA sequencing, placing them within the
genera Bacillus, Pseudomonas, Stenotrophomonas, and Lysinibacillus (Di Benedetto et al., 2019).
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In a similar vein, our current study selected six isolates based on a comprehensive set of criteria, including
morphological, physiological, and biochemical characteristics, carbohydrate utilization patterns, enzyme
activities, siderophore production, and antagonistic activities. These isolates were subsequently identified
through 16S rRNA gene sequencing as Stenotrophomonas rhizophila (EM9), Pseudomonas putida (EY1),
Stenotrophomonas maltophilia (EY5), Enterobacter sp. (MY3), Bacillus subtilis (MM11), and Pseudomonas
orientalis (MM21), as summarized in Table 5.

Table 5. Isolates in the antagonistic efficiency assays and their GenBank accession numbers.
Cizelge 5. Antogonistik etkinlik denemelerinde kullanilan izolatlar ve GenBank erisim numaralari.

Species Isolate code GenBank accession number
Stenotrophomonas rhizophila EM9 OP811184
Pseudomonas putida EY1 OP811185
Stenotrophomonas maltophilia EY5 OP811186
Enterobacter sp. MY3 OP811187
Bacillus subtilis MM11 OPrg11188
Pseudomonas orientalis MM21 OP811189

Climate Chamber Studies

The findings from the pot experiment clearly indicate that the endophytic bacterial isolates exhibited
significant disease control efficacy when the plants were inoculated with F. culmorum. This efficacy was
particularly notable when compared to the positive control group, which was solely inoculated with F.
culmorum and lacked bacterial treatment. The positive control group exhibited an average disease
incidence of 91.7% on the 0-5 scale, along with a disease severity of 79.1%. In contrast, when considering
the mixtures of endophytic bacterial isolates with F. culmorum+MM21 displayed the highest disease
incidence at 46.5% and a disease severity of 41.3%. On the other hand, the mixture of MY3+EY5+tMM11
with F. culmorum showed the lowest average disease incidence at 35.0%, accompanied by a disease severity
of 29.1%. In a similar vein, the combination of EY1, EM9, and MM21 yielded the second lowest average
disease incidence, standing at 38.2%, while concurrently demonstrating a disease severity of 32.7% (Table
6).

Table 6. Efficacy of isolates against the disease.
Cizelge 6. [zolatlarin hastaliga etkileri.

Application# Average disease incidence## Average disease severity##
Control - 0 0
Control+F.c 91.7+0.08 791+0.852
MY3+EY5+MM11+F.c 350+0.19f 29.1+1.00¢
EY1+EM9+MM21+F.c 38.2+0.21¢ 32.7+0.20¢
MM21+F.c 46.5+0.38° 413+1.00°
MM21+MY3+EY5+F.c 444+111¢ 383+1.14¢
MY3+EY5+MM11+EM9+MM21+F.c 411+0.85¢ 353+0.434
F value 3627.2%%* 1423.6***

# Application: Control — (no pathogen, no endophytic bacteria); F.c: Fusarium culmorum; MY3: Enterobacter sp.; EY5: Stenotrophomonas
maltophilia; MM11: Bacillus subtilis; EY1: Pseudomonas putida; EM9: Stenotrophomonas rhizophila; MM21: Pseudomonas orientalis.

## Mean values indicated by the same letter within the same column are not significantly different, as determined by the Tukey
multiple comparison test.

***: Significance level p < 0.001.

Among wheat seedlings that were not inoculated with F. culmorum, those exposed to the combination of
Enterobacter sp., S. maltophilia, and B. subtilis (MY3+EY5+MM11) exhibited the most favorable results, with
a plant height of 67.7 cm, a plant fresh weight of 1.29 g, a total dry weight of 0.18 g, a root fresh weight of
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0.082 g, and a root dry weight of 0.014 g (Table 7). Conversely, among wheat seedlings exposed to both
endophytic bacteria and F. culmorum, the MY3+EY5+MM11+F.c mixture demonstrated superior outcomes
compared to the control, with a plant height of 59 cm, a plant fresh weight of 0.947 g, a total dry weight of
0.163 g, a root fresh weight of 0.058 g, and a root dry weight of 0.009 g (Table 7).

Table 7. Impact of effective isolates on selected plant parameters in the pot experiment.
Cizelge 7. Saks1 denemesinde etkili bulunan izolatlarin bazi bitki parametrelerine etkisi.

Application# BB## YA## TKGA## TKYA## TK KA##
Control 59.7bcd™ 0.975b¢ 0.1702 0.059<d 0.0114abe
Control+F.c 47.0f 0.190¢ 0.087° 0.0208 0.006¢
MY3+EY5+MM11+F.c 59.0bed 0.947b¢ 0.1637 0.058¢d 0.009abe
EY1+EM9+MM21+F.c 55.3¢de 0.653¢ 0.1437 0.054¢de 0.009b<
MM21+F.c 50.0¢f 0.563¢ 0.133% 0.031% 0.006¢
MM21+MY3+EY5+F.c 59.0b«d 0.860¢ 0.1522 0.058< 0.009b<
MY3+EY5+MM11+EM9+MM21+F.c 52.0def 0.523¢ 0.143 0.040¢f 0.009b¢
MY3+EY5+MM11 67.72 1.2872 0.1772 0.0822 0.0142
EY1+EM9+MM21 63.3%® 1.2502 0.173# 0.075% 0.012:
MM21 60.02b¢ 1.017° 0.1702 0.0742> 0.010abe
MM21+MY3+EY5 62.33b¢ 0.970pc 0.1652 0.063b<d 0.0103be
MY3+EY5+MM11+EM9+MM21 62.30b¢ 1.0830 0.1722 0.0703bc 0.0103b<
Mean 58.1b 0.860¢ 0.1542 0.057<d 0.0103b¢
Fvalue 14.245% 122.93%** 5.612** 47.915%** 5.417***

# Application: Control — (no pathogen, no endophytic bacteria); F.c: Fusarium culmorum; MY3: Enterobacter sp.; EY5: Stenotrophomonas
maltophilia; MM11: Bacillus subtilis; EY1: Pseudomonas putida; EM9: Stenotrophomonas rhizophila; MM21: Pseudomonas orientalis.

##PH: Plant height (cm); FW: Fresh weight (g plant); TDW: Total dry shoot weight (g); TRW: Total root fresh weight (g); TKW: Total
dry root weight (g).

***: Significantly different at p < 0.001. Means sharing the same letter within the same column, according to Tukey's multiple
comparison test, are not significantly different.

In their 2017 study, Mnasri et al. investigated the potential of biocontrol agents against F. culmorum root
infections in durum wheat. They found that endophytic bacteria exhibited antagonistic effects on the in
vitro growth and sporulation of this pathogen. These bacteria, mainly belonging to the Bacillus genus and
residing in cereal roots, demonstrated significant antagonistic activities against F. culmorum. Some of these
antagonistic bacteria could even inhibit key aspects of F. culmorum's life cycle, such as mycelial growth,
conidial germination, and sporulation. This inhibition was attributed to the production of volatile
antifungal compounds by these bacteria, highlighting their biocontrol potential for cereal root diseases.
Importantly, the effectiveness of F. culmorum's biocontrol, especially in greenhouse conditions, depended
not only on the pathogen's virulence but also on the specific interactions between bacterial and fungal
strains. Our research aligns with these findings, indicating that endophytic bacteria from genera such as
Stenotrophomonas, Pseudomonas, Enterobacter, and Bacillus possess significant potential for antifungal
activity in cereal root biocontrol. Moreover, our greenhouse experiments yielded results consistent with
the efficacy of F. culmorum biocontrol observed in previous studies.

In a study by Quartana et al. (2022), the potential of five bacterial endophytic isolates derived from durum
wheat seeds was investigated for their ability to inhibit F. culmorum growth, both in vitro and in vivo. These
isolates were identified as belonging to the Pantoea genus (A1, F7, F15, and G1 isolates) and the Paenibacillus
genus (isolate B). The findings revealed that the combination of F7 + F15 isolates significantly increased
shoot height by 94% and improved root length by 47%, along with an 81% enhancement in the vitality
index. Moreover, the combination of Al + B isolates notably reduced Fusarium rot incidence by 21% and
its severity by 30%. Isolate A1, when used alone, also contributed to a 15% reduction in disease incidence
and a 16% reduction in disease severity. These results underscore the potential of the identified bacterial
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seed endophytes as promising candidates for the sustainable management of Fusarium root rot in durum
wheat.

In a separate investigation, B. subtilis strains 53 and 71, P. fluorescens strain biov1 32, and Streptomyces sp.
Strain 3 were evaluated as potential biological agents for controlling Fusarium head blight. These bacterial
antagonists demonstrated a remarkable capacity to inhibit F. graminearum pathogen growth, reducing its
myecelial growth by 37-97% through the production of volatile metabolites. Notably, Streptomyces sp. Strain
3 effectively reduced disease severity after 21 days and resulted in significantly higher wheat yields
compared to control groups. Furthermore, it was observed that Streptomyces sp. alone led to increased
wheat yield compared to uninoculated controls (Nourozian et al., 2006).

Similarly, in our study, we found that endophytic bacteria exhibited significant efficacy against the F.
culmorum pathogen in both in vitro and in vivo experiments. These bacteria demonstrated superior
performance in various aspects, including plant height, fresh weight, dry weight, root fresh weight, and
root dry weight, when compared to the control group.

CONCLUSION

In this study, we explored the antagonistic activity of endophytic bacteria isolated from wheat plants in the
Southeastern Anatolia Region of Turkey against F. culmorum, the pathogenic agent responsible for inducing
root and crown rot in wheat crops. The study involved the isolation of endophytic bacteria from both the
root and root crown regions of wheat plants in Mardin province. Subsequently, we conducted
comprehensive assessments of the physiological and biochemical activities of these microorganisms,
including enzyme assays. Furthermore, we examined their antagonistic potential against Fusarium
culmorum under controlled laboratory conditions (in wvitro). To gain deeper insights, we performed
molecular analyses on the six most promising isolates that exhibited remarkable efficacy in laboratory
settings. Subsequently, we transitioned to greenhouse conditions (in vivo) to evaluate the effectiveness of
these bacterial strains through pot experiments. The results were particularly noteworthy for the
combination of Enterobacter sp., S. maltophilia, and B. subtilis (MY3+EY5+tMM11), which demonstrated
superior performance across various parameters, including plant height, fresh weight, dry weight, root
fresh weight, and root dry weight. Following closely, the combination of P. putida, S. rhizophila, and P.
orientalis (EY1+EM9+MM21) also exhibited commendable outcomes.

In summary, the remarkable efficacy of Enterobacter sp., S. maltophilia, and B. subtilis (MY3+EY5+MM11)
endophytic bacterial strains against F. culmorum, a prominent wheat pathogen, underscores their potential
to mitigate the economic and environmental impacts associated with pesticide and chemical fertilizer use
in wheat cultivation. Future investigations will further validate this potential and explore its practical
applications for commercial use.
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Abstract: This study was carried out in 2014-2015 at Kahramanmaras Siitcii imam University, Faculty of Agriculture, Department of Plant Protection,
Entomology Laboratory. This study aims to evaluate the viability of propylene oxide (PPO) as an alternative fumigant to methyl bromide (MeBr) for the
efficient control of Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae) and to model the mortality rates of P. interpunctella insects using different
regression techniques. The biological effectiveness of PPO was assessed across all life stages of P. interpunctella during a brief exposure period (4 hours)
under three conditions: normal atmospheric pressure (PPO alone), low pressure (PPO+Vacuum), and an atmosphere enriched with carbon dioxide (COz)
(PPO+CQ). For all PPO treatments, PPO was directly introduced into the fumigation chamber at seven or more concentrations using different micro-
syringes of different volume ranges: 2.5-25 ul1-1, 1.5-45 ul I-1, 1.5-30 pl I-1, and 0.5-15 ul I-1 for eggs, larvae, pupae, and adults, respectively. The results
indicate that 100% mortality was observed in eggs at concentrations of 25 ul I, 20 ul I'* and 20 ul I; in larvae at concentrations of 45 ul I, 30 ul 1* and
40 pl 17; in pupae at concentrations of 30 pl 17, 15 ul I and 25 pl 17; and in adults at concentrations of 15 pl 17, 10 pl I and 10 pl 17 for the PPO alone,
PPO+Vacuum, and PPO+CO: treatments, respectively. The results obtained from the developed regression models for insect mortality reveal that these
models generally exhibited a better fit when described by exponential and third-order polynomial functions. In summary, this study indicates that PPO
treatments hold significant promise for rapid insect control, particularly in the case of the Indian meal moth, rendering them invaluable for quarantine
purposes.

Keywords: Indian meal moth, dried figs, fumigant, modelling, mortality

&

Oz: Bu calisma 2014-2015 yillarinda Kahramanmaras Siitcii imam Universitesi Ziraat Fakiiltesi Bitki Koruma Boliisii Entomoloji Labaratuvar’nda
gergeklestirilmistir. Bu calismamin amaci, Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae)'min etkin kontrolil i¢in metil bromiire (MeBr) alternatif
bir fumigant olarak propilen oksidin (PPO) uygulanabilirligini degerlendirmek ve farkli regresyon teknikleri kullanarak P. interpunctella bdceklerinin
oliim oranlarim1 modellemektir. Yapilan calismada; PPO'nun biyolojik etkinligi, kisa maruz kalma siiresi (4 saat) altinda ti¢ farkli kosulda test edilmistir:
normal atmosferik basingta (yalnizca PPO), diisiik basingta (PPO+vakum) ve karbon dioksit (CO2) ile zenginlestirilmis bir atmosferde (PPO+COz). PPO'ya
yonelik tiim uygulamalarda, PPO; farkli hacim araliklarina sahip farkli mikro siringalar kullanilarak yedi veya daha fazla konsantrasyonda dogrudan
flimigasyon ¢cemberine uygulanmistir: sirasiyla yumurtalar igin 2.5-25 ul I-1, larvalar igin 1.5-45 ul I-1, pupalar i¢in 1.5-30 ul 1-1 ve erginler i¢in 0.5-15 ul
I-1. Elde edilen sonuglar, tek basma PPO, PPO+vakum ve PPO+CO: uygulamalarimin sirasiyla yumurtalarda 25 ul I, 20 pl I'' ve 20 ul 17
konsantrasyonlarinda; larvalarda 45 pl 17, 30 pl 11 ve 40 ul I konsantrasyonlarinda; pupalarda 30 pl 17, 15 pl I ve 25 ul I konsantrasyonlarinda; ve
erginlerde 15 pul17, 10 ul I ve 10 pl 1! konsantrasyonlarinda %100 6liim sagladigim gostermektedir. Bocek 6liimleri igin gelistirilen regresyon modelleri,
genellikle {istel ve iigiincii dereceden polinom fonksiyonlariyla tamimlandiginda daha iyi bir uyum gosterdigini ortaya koymaktadir. Ozetle, yapilan bu
¢alisma PPO uygulamalarimin hizli bécek kontroliinde dzellikle Kuru meyve giivesinde umut vadeden bir potansiyel oldugunu ve karantina amaglar1
i¢in biiyiik 6neme sahip oldugunu gostermektedir.

Anahtar Kelimeler: Fumigant, kuru incir, kuru meyve giivesi, modelleme, 6liim orani
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INTRODUCTION

The Indian meal moth, scientifically known as Plodia interpunctella (Hubner) (Lepidoptera: Pyralidae), is a
highly destructive pest and poses a significant threat to stored products on a global scale (Mohandass et
al.,, 2007; Nansen and Phillips, 2004; Razazzian et al., 2015). The larvae of P. interpunctella feed on the fruit
reduce fruit quality and display a distinctive behavior by constructing a continuous silken web, both
internally within the infested food and on its surface. Within this intricate web, they actively feed on the
stored food, leading to the creation of an unsightly and unsanitary environment. The web itself serves as a
habitat for the larvae, offering protection as well as a means for facilitating their feeding activities. This
silk-encased environment is not only aesthetically unappealing but also contributes to the degradation of
the infested produce. The infestation is further compounded by the inclusion of larval excreta and cast
skins within the web, contributing to its undesirable characteristics (Tripathi, 2018). Additionally, the
accumulation of these materials may contribute to an undesirable odor, further emphasizing the
detrimental impact of P. interpunctella infestations on stored products. Infestation with of P. interpunctella
may result in direct losses of infested produce. In addition, the economic impact extends to indirect costs,
including expenses for pest control measures, reduced product quality, and customer losses (Phillips et al.,
2000).

Fumigants play a crucial role in pest control within stored products, encompassing large commodities,
packaged materials, and various structures (Rajendran and Sriranjini, 2008); hence, methyl bromide (MeBr)
finds extensive application as a fumigant (Bell, 2000). Nevertheless, its categorization as an ozone-depleting
substance took place in 1992, falling under the regulations of the Montreal Protocol on Substances that
Deplete the Ozone Layer (Delpage, 2020). Consequently, developed countries began phasing out the use
of MeBr in 2005, while developing countries completed their phase-out by 2015 (Gareau, 2010). The phase-
out of MeBr could significantly negatively impact global agriculture, primarily because there are no readily
available alternatives that can rapidly disinfect commodities. This circumstance emphasizes the pressing
requirement for the development of novel fumigants specifically designed for quarantine purposes, aiming
to guarantee swift and comprehensive control measures.

Therefore, efforts have been made worldwide to find suitable substitutes for postharvest commodity
treatments. Alternative fumigants have been explored, with options such as ethyl formate (Park et al., 2021),
carbon disulfide (Wright, 2003), nitric oxide (Liu et al., 2021), and sulfuryl fluoride (Zettler et al., 1998)
being considered. However, it's important to note that these alternatives come with various drawbacks and
limitations (Fields and White, 2002; Rajendran, 2001). For example; carbon disulfide, has been shown to be
highly toxic to crops or nurseries and has not been approved in many countries due to possible toxic
residues (Fields and White, 2002). Ethyl formate has been identified as an explosive, flammable and
corrosive substance (Bond and Monro, 1984), and has been found to produce carcinogenic compounds
when used on food (Wesley et al., 1965). Sulfuryl fluoride is chemically very promising, but cannot be used
on food due to the established tolerances for food residues (Fields and White, 2002).

Propylene oxide (PPO) stands as a liquid fumigant acknowledged for its safety in the context of food
sterilization. With a boiling point of 35°C, it emits an ether-like odor under normal temperature and
pressure conditions (Navarro and Navarro, 2016). PPO is known for its efficacy in reducing microflora and
microfauna, making it effective in sterilizing food products (Maille et al., 2023). One of the reasons PPO is
considered safe for food sterilization (Dhulipalla et al., 2023) is its rapid conversion to non-toxic propylene
glycols, both in the soil and the human stomach. This minimizes any potential harm to the environment
and human health.

Compared to MeBr, PPO presents reduced environmental risks and does not contribute to ozone depletion,
making it a more environmentally friendly fumigant (Meylan et al., 1986). The use of PPO as a food sterilant
dates to 1958, and since then, it has gained popularity in fumigation studies for its effectiveness against
stored-product insects. Studies have shown that PPO can successfully eliminate eggs and larvae of various
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stored-product insect pests, making it a valuable tool for pest control (Isikber et al., 2017; Myers et al., 2021;
Navarro et al., 2004).

The use of PPO as a fumigant comes with the disadvantage of flammability, as it can ignite when its
concentration in the air falls within the range of 3% to 37% (Navarro et al., 2004). To minimize the risk of
combustion, it is advisable to apply PPO under low-pressure (LP) conditions or in an atmosphere enriched
with carbon dioxide (CO2). The combination of PPO with low pressure (PPO+Vacuum) or carbon dioxide
(PPO+CO2) demonstrates potential as an alternative to MeBr. Previous research has established that PPO
displays outstanding insecticidal properties in vacuum conditions, efficiently eliminating all life stages of
diverse stored-product insects within an exceptionally brief exposure time of 4 hours (Creasy and Hartsell,
1999; Isikber et al., 2006; Navarro et al., 2004; Zettler et al., 2003). In their studies, Isikber et al. (2006) and
Navarro et al. (2004) conducted a comparative analysis to assess the efficacy of PPO alone, PPO+Vacuum,
and PPO+CO:. Their objective was to ascertain the required dosages essential for achieving significant
mortalities across all life stages of Tribolium castaneum Herbst (Coleoptera: Tenebrionidae), a stored-product
insect species. This investigation was conducted within a concise exposure time of 4 hours. Their research
findings demonstrated a synergistic effect on the toxicity of PPO to T. castaneum when combined with
vacuum (PPO+Vacuum) and carbon dioxide (PPO+CQO:). Based on these published results, it is suggested
that PPO warrants further evaluation as a potential substitute for MeBr, especially in specific commodities
and under certain conditions. Numerous reports on insect toxicity consistently highlight the potential of
PPO as a viable alternative to MeBr in particular postharvest scenarios (Creasy and Hartsell, 1999; Isikber
et al., 2006; Navarro et al., 2004; Zettler et al., 2003). These insect toxicity studies establish an initial database
supporting the idea that PPO could effectively replace MeBr in various post-harvest situations.

To date, no comprehensive studies have been conducted on the interaction between various doses of PPO
applications and their effects on mortality rates at different life stages of P. interpunctella. Thus, given the
lack of fundamental knowledge about the relationship between PPO applications and insect mortality,
there is an urgent need to investigate whether regression models can serve as valuable tools for modeling
insect mortality. Regression techniques are a fundamental set of statistical methods used in data analysis
to model the relation between a dependent variable and one or more independent variables (Nunez et al.,
2011). These techniques are widely employed in various fields, including economics (Busu and Trica, 2019),
finance (Zhao et al., 2018), healthcare (Buselli et al., 2020), and engineering (Cemek et al., 2020), to make
predictions and understand the underlying patterns in data. Nevertheless, it is noteworthy that a
significant gap exists in the field of entomology, particularly concerning the utilization of regression
techniques to model insect mortality.

Based on the above, the objectives of the study are twofold: (1) To investigate the potential of PPO as an
alternative fumigant to MeBr for the rapid control of P. interpunctella and (2) To model the mortality rates
of P. interpunctella using different regression techniques.

MATERIAL AND METHOD
This study was carried out in 2014-2015 at Kahramanmaras Siitcii Imam University, Faculty of Agriculture,
Department of Plant Protection, Entomology Laboratory.

Cultivation of Insect Culture Used in Biological Tests

The nutrient mixture used for the cultivation of P. interpunctella consists of wheat bran (2 kg), corn flour
(350 g), glucose syrup (400-500 mL), glycerol (350-400 mL), and inactive yeast (20-25 g). The wheat bran
and corn flour were subjected to a protective measure against insect infestation by placing them in a freezer
at -20°C for 3-4 days. First, the ingredients were carefully mixed by hand according to the specified
proportions and then processed in a mixer. To obtain the adult eggs of P. interpunctella, the adults were
transferred from vacuum-sealed culture vessels to a 3-liter glass container. The opening of the container
was covered with a net and the container with the adult eggs was left in an air-conditioned environment
for 24 hours. A net, allowing only the eggs to pass through, was then attached to the opening of the
container, which was then inverted to facilitate the deposition of the eggs on a paper surface. The collected
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eggs were then placed in 3-liter jars, each containing 350-400 grams of food, with the openings of the jars
covered with a net to facilitate air circulation. The culture jars were then kept in a dark incubator at a
constant temperature of 30+1°C and a relative humidity of 65+5%, with insect growth monitored daily.
These procedures were strictly maintained throughout the research period to ensure the continuity of the
cultures (Kiigiiktopcu, 2023).

Fumigant and Carbon Dioxide (CO2) Gas

The fumigant PPO was acquired from SERVA Electrophoresis GmbH (Heidelberg, Germany) with a purity
of >%99 (CAS No. 75569, Cat. No. 33715). Subsequently, the PPO was transferred to a 100 ml glass bottle
and securely sealed with a septum. During the treatment phase, the predetermined amount of PPO was
drawn up from the glass bottle using a gas-tight micro syringe (Hamilton, Switzerland).

Carbon dioxide (CO:z) employed in the biological experiments was sourced by Linde Gas Company
(Ankara, Tiirkiye) in a pressurized steel cylinder with a purity of 99%.

Fumigation Chamber

The fumigation chamber consists of 3-L glass jars with metal lids, each with a metal tube that has an inlet
and an outlet. Two flexible silicone tubes, each 5 cm long and 0.62 cm in diameter, were placed over the
inlet and outlet metal tubes. These silicone tubes were securely fastened with metal clamps to create a gas-
tight environment. To ensure no gas escapes, silicone is carefully applied around the edges of the metal
lids before they are sealed. This gas-tight system allows the safe use of vacuum and PPO without any
leakage.

Biological Tests

In all PPO treatments, 20 adults (1-2 days old), 20 pupae (1-2 days old), 20 late larvae (28-32 days old), and
50 eggs (1-2 days old) of P. interpunctella were used. To accommodate these stages, each developmental
group was carefully placed in separate 50 ml glass vials. Sun-dried Sarilop (Calimyrna) (Ficus carica L.)
dried fig varieties with a moisture content of 21+1% were used for the biological tests. This food medium
was added to the vials to meet the larvae's dietary needs, filling approximately 1/3 of their volume
(equivalent to 10 g for 50 ml vials).

In order to ease the introduction of PPO gas and to ensure the containment of insects, the vial openings
were covered with a fine muslin mesh and tightly secured with plastic rubber. These prepared insect vials
were then positioned within 3-L glass jars, each equipped with a metal lid, forming a sealed fumigation
chamber. This arrangement ensured a gas-tight environment for both the test insect and the PPO gas.

For the application of PPO under a LP condition, a vacuum pump (KNF N026 1.2.AN 18 Diaphragm
Vacuum Pump) was employed to evacuate the air from the 3-liter fumigation chamber, leading to a
reduced pressure of 100 mm Hg. To precisely monitor the LP within the chamber, a Celesco vacuum gauge
(SE-2000) was employed. Once the desired pressure was achieved, PPO was introduced into the chamber
using a gas-tight micro-syringe (Hamilton Company, Bonaduz, Switzerland).

To conduct PPO treatment under a CO: atmosphere, the fumigation chamber's pressure was lowered to
60.8 mm Hg and then reestablished to normal atmospheric pressure by introducing CO2 gas. The CO:
concentration was accurately gauged using a CO2 Oz! measurement device (CheckPoint, PBI-Dansensor,
Denmark). Once the desired CO: level of 92% was attained, PPO was added to the fumigation chamber
using a microsyringe.

For all PPO treatments, PPO was directly introduced into the fumigation chamber at seven or more
concentrations using different micro-syringes of different volume ranges: 2.5-25 pl 11, 1.5-45 ul 11, 1.5-30 pl
11, and 0.5-15 pl 1" for eggs, larvae, pupae, and adults, respectively.

After completing the biological tests, the fumigation chamber lids were promptly closed, and the chambers
were placed within a dark climate chamber for 4 hours, maintaining a temperature of 26+1°C and a relative
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humidity of 65+5%. To ensure the validity of the results, each PPO treatment was replicated four times,
and four control groups were included for each treatment condition.

Regression Techniques

Regression techniques involve establishing a mathematical relationship between measurements of two
variables, typically denoted as 'y’ and 'x.’ This relationship is designed to enable the prediction of the value
of one variable,'y', based on measurements of the other variable, 'x.' When assessing the appropriateness of
measured data for the application of regression techniques, creating a graphical representation of the data
is recommended. This approach is often the most effective way to identify data characteristics that might
render them unsuitable for regression analysis. Plotting the data on a graph can visually inspect whether
data points exhibit anomalies or errors. Such anomalies may suggest the influence of human error or
instrument malfunction on these specific data points. In such cases, it is advisable to investigate and verify
the accuracy of these data points before proceeding with regression analysis.

If a linear relation exists between the variables, it can be expressed as:

y=ax+b (1)

In cases where the relation between two variables, 'y’ and 'x', is not initially linear but follows a power-law
relation such as y = ax, it is possible to transform the data to create a linear relation. By taking the logarithm
of both sides of the equation, a linear relation can be derived as follows:

log(y) = log(a) + clog (x) 2)

Any quadratic and higher-order relations between one variable, y, and another variable, x, can be expressed
using a power series in the following form:

y = ax + bx? + cbx3 + -+ + dxP 3)

When the appropriate form of the relation between variables in measurement data sets is not readily
discernible through visual inspection or grounded in established physical laws, a practical approach
involves employing a trial-and-error method. This approach entails iteratively testing various functional
forms or equations that may potentially elucidate the connection between the variables 'y' and 'x.’

RESULTS

PPO Applications and Their Effects on Mortality

As a result of a two-way analysis of variance, it was determined that both the PPO treatments and the
biological stages of P. interpunctella had a statistically significant impact on mortality rates (Fss=213.29,
P=0.0000 for PPO treatments; Fss69=3.23, P=0.0022 for biological stages). Significant differences were
observed in mortality rates among the biological stages of P. interpunctells when exposed to varying
concentrations of PPO (Fs,10s=49.73; P=0.000 for eggs; Fs172=48.43; P=0.000 for larvae; F3140=59.59; P=0.000 for
pupae; and F3140=68.61; P=0.000 for adults). Table 1 presents the average mortality rates of all life stages of
P. interpunctella for PPO alone, PPO+Vacuum, and PPO+CO: treatments over 4 hours. The percentage
mortality data for P. interpunctelln eggs, larvae, pupae, and adults after exposure to PPO alone,
PPO+Vacuum, and PPO+CO:z treatments for 4 hours are presented in Table 2-5, respectively.

Focusing solely on the comparison between the three different treatments and ignoring the differences in
the biological stages of P. interpunctella, we found an average mortality rate of 56.63% for the PPO treatment
alone, 74.92% for the PPO+Vacuum treatment and 70.59% for the PPO+CQO: treatment. While there were no
statistical differences between the mean mortality rates of P. interpunctella exposed to the PPO+Vacuum
and PPO+CO2 combination, both combinations had statistically significantly higher mean mortality rates
than the PPO treatment alone. In addition, all PPO treatments showed statistically significant differences
compared to the control group (Fs14=63.00; P=0.000) (Table 1).
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Table 1. Average percentage mortality rates of all life stages of Plodia interpunctella exposed to different PPO application

for 4 hours.
Cizelge 1. Farkli PPO uygulamalarina 4 saat boyunca maruz kalan Plodia interpunctella’nin tiim yasam evrelerinin ortalama

yiizde 6liim oranlari.

Applications N Average Mortality (%) + SE F and P Value

PPO 3720 56.63+5.23 B* Fs,140=2.30; P=0.080
PPO+Vacuum 3720 74.92+4.39 A Fs,140=1.46; P=0.228
PPO+CO2 3720 70.59+4.55 A Fs,140=1.27; P=0.286
Control 3720 8.47+0.47 C F3,140=63.00; P=0.000

*Differences between means were analyzed by the Tukey test at a 5% significance level. Different capital letters in the same column

are statistically different from each other.

Table 2. Average mortality rates (%) Plodia interpunctella eggs were exposed to various concentrations of PPO alone,
PPO+Vacuum, and PPO+CO: for 4 hours.

Cizelge 2. Tek basina PPO, PPO+Vakum ve PPO+CO:’'nin cesitli konsantrasyonlarina 4 saat boyunca maruz birakilan Plodia
interpunctella yumurtalarimn ortalama 6liim oranlar: (%).

PPO Mortality (%) + SE Average
. Fand P
Concentration mortality
(ul 1) PPO PPO+Vacuum PPO+CO:  Control value ©)
25 10.50+1.26 34.50+0.96 39.00£0.58  5.00+0.58 F312=364.74 22.25+3.82
Gc* Fb* Fa* Bd* P=0.000 D*
5 28.00+0.82 45.50+0.96 49.50+0.50  6.00+1.42 F5,12=410.52 32.25+4.46
Fb Ea Ea ABc P=0.000 CD
75 34.50+0.96 61.00+1.29 63.50+1.71  10.50+0.50  Fs,12=433.90 42.38+5.61
Eb Da Da Ac P=0.000 BCD
10 57.50+1.50 71.00£1.29 73.00+1.00 10.50+1.26  F312=523.18 53.00+6.55
Db Ca Ca Ac P=0.000 ABCD
15 69.00+1.29 95.00+0.58 87.50£0.96  5.00+0.58  F312=2059.15 64.1349.16
Cc Ba Bb Bc P=0.000 ABC
20 89.00+1.29 100.00+0.00 100.00+0.00  6.00+1.42  F512=2254.82 73.80+10.18
Bb Aa Aa ABc P=0.000 AB
25 100.00+0.00  100.00£0.00  100.00+0.00 10.50+0.50  F312=32041.00 77.62+10.00
Aa Aa Aa Ab P=0.000 A

F6,21=868.13 F621=917.68 Fo21=746.62  Fe21=7.58

F and P value For applications: F10s=49.73, P=0.000

P=0.000 P=0.000 P=0.000 P=0.000 For dosage periods: Fs105=7.79, P=0.000
Average 55504588 72.43+479  7321#429  7.64+058 Lorapplications’dosage periods
. % F1884=221.80, P=0.000
mortality (%) b a a C

*One-way ANOVA was applied to mortality data for PPO concentrations in each column and PPO treatments in each row. Means
within a row with the same lowercase letter and within a column with the same uppercase letter were not significantly different
(Tukey's HSD test at the 5% level).

A PPO concentration of 25 ul 11! resulted in 100% mortality of P. interpunctella eggs when exposed to PPO
alone, while a PPO concentration of 20 pl I was effective for both PPO+Vacuum and PPO+CO:. Focusing
only on the comparison between the three different treatments, ignoring PPO concentrations, no
statistically significant difference in toxicity was observed between PPO+vacuum and PPO+CO:z treatments
against the egg stage of P. interpunctella. Thus, it was determined that the PPO+vacuum and PPO+CO:2 were
the most effective PPO treatments tested for mortality of the egg stage (Table 2).
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Table 3. Average mortality rates (%) of Plodia interpunctella larvae exposed to various concentrations of PPO alone,
PPO+Vacuum, and PPO+CO: for 4 hours.

Cizelge 3. Tek basina PPO, PPO+vakum ve PPO+CO:z'nin cesitli konsantrasyonlarina 4 saat boyunca maruz kalan Plodia
interpunctella larvalarinin ortalama 6liim oranlari (%).

PPO Mortality (%) + SE A it
Concentration F and P value verageomor aluty
(ul 1) PPO PPO+Vacuum PPO+CO:2  Control (%)
15 3.75£1.25 15.00+2.04 7.50+1.45 5.00+£2.04 F312=8.48 7.81£1.37
Ib* Ha* Ib* Ab* P=0.003 F*
25 13.75+1.25 27.50+1.45 23.75#1.25  6.25+1.25 F3,12=55.00 17.81+2.24
Hb Ga Ha Ac P=0.000 EF
5 23.75+1.25 37.50+1.45 32.50+£1.45  6.25+2.40 F3,12=65.82 25.00£3.16
Gb Fa Ga Ac P=0.000 E
s 33.75+1.25 52.50+1.45 42.50+1.45  5.00+2.04 F3,12=169.00 33.43+4.63
’ Fc Ea Fb Ad P=0.000 DE
10 50.00+2.04 63.75+2.40 57.50+1.45  6.25+1.25 F3,12=200.05 44.37+5.88
Eb Da Eab Ac P=0.000 CD
15 65.50+0.00 73.75£1.25 68.75£1.25  6.25+2.40 F3,12=452.88 53.43+7.11
Db Ca Dab Ac P=0.000 BC
20 76.25+1.25 88.75+1.25 82.50£1.45  5.00+£2.04 F312=651.78 63.12+8.77
Cb Ba Cab Ac P=0.000 AB
25 81.25+1.25 98.75+1.25 88.75+1.25  6.25+1.25 Fs12=1144.00 68.75+9.47
Cc Aa Bb Ad P=0.000 AB
30 87.50+1.45 100.00+0.00 97.50£1.45  5.00+0.00 F512=1972.00 72.50+10.15
Bb Aa Aa Ac P=0.000 A
0 97.50+1.45  100.00¢0.00  100.00+0.00  6.25¢1.25  F312=2369.57 75.93+10.40
Aa Aa Aa Ab P=0.000 A
15 100.00+0.00 100.00+0.00 100.00+0.00  6.25+1.25  F312=5625.00 76.56+10.48
Aa Aa Aa Ab P=0.000 A

F1033=735.51 F10,33=533.85 F1035=704.00  Fi03=0.14 . applications: F,72=48.43, P=0.000
P=0.000 P=0.000 P=0.000 P=0.999  For dosage periods: Fi165=11.08, P=0.000

For applications*dosage periods
F30,132=139.68, P=0.000

F and P value

Average 57.50+5.01 68.86+4.64 63.75+4.83  5.79+0.46
mortality (%) b* a ab c

*One-way ANOVA was applied to mortality data for PPO concentrations in each column and PPO treatments in each row. Means
within a row with the same lowercase letter and within a column with the same uppercase letter were not significantly different
(Tukey's HSD test at the 5% level).

A PPO concentration of 45 pl I was necessary to achieve 100% mortality of P. interpunctella larvae when
exposed to PPO alone, while PPO+Vacuum and PPO+CO: required 30 pl I and 40 pl 1 PPO concentrations,
respectively. The percentage mortality data showed that the most toxic treatment for the larvae was the
PPO+vacuum, followed by the PPO+CO2 and PPO alone (Table 3).

When exposed to PPO alone, a concentration of 30 pl I' was needed to achieve 100% mortality of P.
interpunctella pupae. In contrast, PPO+ Vacuum and PPO+CO: treatments required lower concentrations of
15 pl It and 25 pl 1 PPO, respectively, to achieve similar results. The percentage mortality data analysis
revealed that the most toxic treatment for pupae was the PPO+Vacuum treatment, followed by the
PPO+COg, and finally, PPO alone (Table 4).
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Table 4. Average mortality rates (%) of Plodia interpunctella pupae exposed to various concentrations of PPO alone,
PPO+Vacuum, and PPO+CO:z2 for 4 hours.

Cizelge 4. Tek basina PPO, PPO+Vakum ve PPO+CO:'nin cesitli konsantrasyonlarina 4 saat boyunca maruz birakilan Plodia
interpunctella pupalarimin ortalama 6liim oranlari (%).

PPO Mortality (%) + SE
. Average mortality
Concentration F and P value o

(ul 1) PPO PPO+Vacuum PPO+CO: Control (%)

15 17.50+1.45 27.50+1.45 21.25+1.25 11.25+1.25 F512=25.43 19.37+1.64
Hb* Fa* Gb* Ac* P=0.000 F*

25 32.50+1.45 47.50+1.45 38.75+1.25  15.00+0.00 F312=131.91 33.43+3.12
Gc Ea Fb Ad P=0.000 E

5 48.75+1.25 66.25+1.25 57.50+1.45  13.75%1.25 F312=312.85 46.56+5.18
Fc Da Eb Ad P=0.000 DE

75 60.00+2.04 78.75+1.25 67.50+1.45  15.00+0.00 F3,12=400.20 55.31+6.28
’ Ec Ca Db Ad P=0.000 CD

10 71.25+1.25 92.50+1.45 76.25+¢1.25  13.75+1.25 F3,12=696.85 63.43+7.70
Db Ba Cb Ac P=0.000 BC

15 82.50+1.45 100.00+0.00 87.50+1.45 11.25+1.25 F312=1120.27 70.31+£8.97
Cb Aa Bb Ac P=0.000 AB

20 87.50+1.45 100.00+0.00 97.50+1.45 15.00+0.00 F3,12=1564.00 75.00+9.04
BCb Aa Aa Ac P=0.000 AB

25 92.50+1.45 100.00+0.00 100.00£0.00  13.75+1.25 F312=1937.57 76.56+9.41
Bb Aa Aa Ac P=0.000 AB

30 100.00+0.00 100.00+0.00 100.00£0.00  15.00+0.00 F312=----- 78.75+9.50
Ac Ab Aa Ad = A

F and P value Fs,27=408.38 Fs,27=690.38 Fs27=551.91 Fs27=2.70 g or applications: F3140=59.59, P=0.000

P=0.000 P=0.000 P=0.000 P=0.025 For dosage periods: Fs135=8.17, P=0.000
For applications*dosage periods
Average 65.83+4.54 79.16+4.28 71.80+4.52  13.75+0.37  Fa4108=146.45, P=0.000
mortality (%) b* a ab c

*One-way ANOVA was applied to mortality data for PPO concentrations in each column and PPO treatments in each row. Means
within a row with the same lowercase letter and within a column with the same uppercase letter were not significantly different
(Tukey's HSD test at the 5% level).

To achieve 100% mortality of P. interpunctella adults when exposed to PPO alone treatment, a concentration
of 15 pl I PPO was necessary. However, for PPO+Vacuum and PPO+COz, lower concentrations of 10 pl I
Tand 7.5 pl I'1 PPO were sufficient to achieve the same mortality rate. Analysis of the percentage mortality
data indicated no significant difference in the toxicity of PPO+Vacuum and PPO+CO:z treatments against
adults, and both combination treatments were more toxic to adults than PPO alone treatment (Table 5).
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Table 5. Average mortality rates (%) Plodia interpunctella adults exposed to various concentrations of PPO alone,
PPO+Vacuum, and PPO+COzfor 4 hours.

Cizelge 5. Tek basina PPO, PPO+Vakum ve PPO+CO:'nin ¢esitli konsantrasyonlarina 4 saat boyunca maruz kalan Plodia
interpunctella erginlerinin ortalama 6liim oranlari (%).

PPO Mortality (%) + SE Average
. Fand P -
Concentration mortality
(ul 1) PPO PPO+Vacuum PPO+CO:2  Control value (%)
0.5 11.25+¢1.25 36.25+2.40 26.25+2.40  5.10+£2.04 F5,12=46.88 19.68+3.31
’ Fc* Fa* Fb* Ac* P=0.000 D*
1 16.25+1.25 51.25+1.25 42.50+1.45 5.00£2.04  F312=201.33 28.75+4.91
Fc Ea Eb Ad P=0.000 CD
15 18.75+1.25 62.50+1.45 53.75+1.25 7.50£1.45  F312=388.86 35.63+5.99
) Fc Da Db Ad P=0.000 BCD
25 18.75+2.40 77.50£1.45 70.00£2.04 7.50+1.45  F512=357.15 43.44+7.97
’ Fb Ca Ca Ac P=0.000 ABCD
5 33.75+1.25 88.75+2.40 82.50+1.45 7.50+1.45  Fs512=534.00 53.12+8.78
Eb Ba Ba Ac P=0.000 ABCD
75 58.75+2.40 97.50+1.45 100.00+0.00  5.00+00 F312=1010.33 65.31+£9.95
’ Db Aa Aa Ac P=0.000 ABC
10 71.25£1.25 100.00+0.00 100.00£0.00 7.50+1.45  F312=2087.29 69.68+9.76
Cb Aa Aa Ac P=0.000 AB
12.5 90.00+2.04 100.00+0.00 100.00£0.00 7.50+1.45  F512=1286.33 74.37+10.05
’ Bb Aa Aa Ac P=0.000 A
15 100.00+0.00 100.00+0.00 100.00+0.00  5.00+00 Fs10=-——-- 76.25+10.63
Ac Ab Aa Ad = A
F and P value Fs27=450.12 Fs27=270.39 Fs27=465.52  Fs2=0.83 . applications: F3140=68.61, P=0.000
P=0.000 P=0.000 P=0.000 P=0.581  for dosage periods: Fs135=6.37, P=0.000
For applications*dosage periods
Average 46.52+5.48 79.30+3.86 75.00#4.55  6.38+0.47 Fa110s=125.81, P=0.000
mortality (%) b* a a c

*One-way ANOVA was applied to mortality data for PPO concentrations in each column and PPO treatments in each row. Means
within a row with the same lowercase letter and within a column with the same uppercase letter were not significantly different
(Tukey's HSD test at the 5% level).

For three different applications (PPO alone, PPO+Vacuum, and PPO+CQz), the mortality rates (%) of P.
interpunctella at different developmental stages (eggs, larvae, pupae, and adults) were plotted against the
PPO concentration, as shown in the Figure 1a-d.

In all cases, mortality rates showed a general upward trend with increasing PPO concentrations. These
observed averages were statistically different from the control group, indicating a significant impact of
PPO concentration on the mortality rates of P. interpunctella at various developmental stages across the
three distinct applications.
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Figure 1. The mortality rates versus PPO concentrations for (a) adults, (b) larvae, (c) eggs, and (d) pupae of Plodia
interpunctella for different PPO applications.

Sekil 1. Farkli PPO uygulamalar: icin Plodia interpunctella’mun (a) erginleri, (b) larvalari, (c) yumurtalar: ve (d) pupalari igin
PPO konsantrasyonlarina kars: 6liim oranlar1.

Fitted Regression Models

To investigate the relationships between PPO applications and mortality of P. interpunctella, different
regression models (linear, logarithmic, exponential, and polynomial) were used. The most appropriate
model was selected by trial and error, focusing on the highest coefficient of determination (R?), lowest root
mean square error (RMSE), and the sum of squares error (SSE). The strategies for finding an appropriate
model include the forward method, starting with a straightforward model, such as a straight line. If this
basic model does not adequately fit the data, more complex models are considered, such as a 2nd-degree
polynomial, and continuing this process is necessary (Alexopoulos, 2010).

The fitted regression models for each application are displayed in Figure 2a-m. The blue curves represent
the fitted models in these figures, while the black points correspond to the training data. Upon examination
of the developed models, it becomes evident that only one model (for adults under PPO-alone treatment)
exhibits a linear relationship (y=6.455x+6.213). In contrast, the remaining models are generally best fitted
with exponential and 3rd-degree polynomial functions. For example, the exponential model is the most
suitable for describing the relationship for larvae under PPO+Vacuum treatment, as indicated by its high
R? value of 0.996, low RMSE of 2.576, and SSE of 53.09. Meanwhile, the 3rd-degree polynomial model proves
to be the most appropriate choice for characterizing the relationship observed in eggs subjected to the
PPO+CO:2 treatment. This conclusion is supported by its notably high R? (0.990), along with the low RMSE
(4.378) and SSE (76.65).
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Figure 2. The fitted regression models for (a-c) adults, (d-f) larvae, (g-j) eggs, and (k-m) pupae of Plodia interpunctella
for different PPO applications.

Sekil 2. Farkli PPO uygulamalar: icin Plodia interpunctella’nin (a-c) erginleri, (d-f) larvalari, (g-j) yumurtalar: ve (k-m) pupalar
icin uygun regresyon modelleri.

DISCUSSION AND CONCLUSION

It is well known that PPO has shown promising results in controlling stored-product insect pests (Isikber
et al., 2017; Navarro et al., 2004). Nevertheless, it is crucial to note that the effectiveness of commercial
fumigation is subject to various factors, encompassing environmental conditions during treatment, the
nature of the treated product, and the performance of the equipment involved. These factors play a pivotal
role in determining the overall success of the fumigation process. Therefore, it is essential to evaluate the
insecticidal efficacy of PPO and its ability to thoroughly penetrate the product, as this information is of
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great importance for the wide commercial application of PPO gas in the food industry. In this context, this
study focuses on investigating the insecticidal efficacy of PPO in three different treatments (PPO alone,
PPO+Vacuum, and PPO+COz) against all biological stages of P. interpunctella, using dried figs as the test
substrate.

Statistically significant differences were observed in the mortality rates between different biological stages
of P. interpunctella when exposed to PPO alone, PPO+Vacuum, and PPO+CO: treatments. The test results
showed clear trends: the highest mortality rates were observed at concentrations of 15 ul 1" for adults, 45
pl 1 for larvae, 25 pl 1! for eggs, and 30 ul I for pupae. The results suggest that P. interpunctella larvae and
pupae exhibit greater resistance to PPO treatments overall, whereas P. interpunctella adults and eggs show
higher sensitivity to these treatments. The order of tolerance from the most resistant to the most susceptible
life stage for PPO treatments was as follows: larvae > pupae > eggs > adults. These results are consistent
with previous research by Isikber et al. (2012), who also reported that P. interpunctella eggs and larvae had
greater resistance to PPO+Vacuum treatments, underscoring the consistency of these results. Also, Isikber
et al. (2017) reported similar trends in T. castaneum, where eggs exhibited the highest sensitivity to PPO
with an LD value of 30.1 mg L for a 4-hour exposure, while pupae were the most tolerant, with an LD99
value of 146.5 mg L-1. These findings highlight the exceptional efficacy of PPO against P. interpunctella eggs,
particularly within very brief exposure periods. This bears significance due to the inherent difficulty in
managing stored product insect eggs using conventional fumigants and contact insecticides, often
necessitating prolonged exposure durations for effective control.

Based on the findings from all bioassays of this study, it was determined that the PPO+Vacuum and
PPO+CO2 resulted in a pronounced increase in toxicity against all life stages of P. interpunctella. Isikber et
al. (2001) assessed the efficacy of PPO alone, PPO+Vacuum, and PPO+COz, during a brief exposure period
of 4 hours on all life stages of T. castaneum. Their research revealed that PPO+Vacuum and PPO+CO:
exhibited heightened insecticidal activity across all life stages of T. castaneum, except for eggs, as compared
to the application of PPO alone. Zettler et al. (2003) observed that the use of PPO in combination with CO:
demonstrated effectiveness against seven distinct stored-product insect pests, which encompassed P.
interpunctella, T. castaneum, Tribolium confusum Duv. (Coleoptera: Tenebrionidae), Trogoderma variable Ballion
(Coleoptera: Dermestidae), Lasioderma serricorne (E.) (Coleoptera: Anobiidae), Rhyzopertha dominica (F.)
(Coleoptera: Bostrychidae), and Oryzaephilus surinamensis (L.) (Coleoptera: Silvanidae), thus affirming its
broad-spectrum utility.

This study is noteworthy for its pioneering use of regression methods to model insect mortality, and it
paves the way for a better understanding of the relationship between mortality and PPO concentrations.
These findings provide valuable insights that can empower scientists and practitioners to potentially
develop more effective and targeted strategies for pest management and quarantine procedures.

In the test results, the recommended and effective doses were found to be 15 ul I-1 for adults, 45 ul 1-1 for
larvae, 25 ul 1-1 for eggs and 30 ul 1-1 for pupae. The results of this study indicate that PPO is a promising
substitute for MeBr to rapidly eliminate insect infestations in dried figs. This study is a basic study and it
is clear that with the involvement of different disciplines, this study will gain importance and provide
practical results. In this way, the potential of the fumigant used in our study will be fully revealed and the
possibilities of its use will be better understood. To determine the insecticidal efficacy of this fumigant
against stored dried fig pests, studies on different types of food and different pests should be supported.
In addition, it is undoubtedly important to develop and apply this study in large-scale commercial trials
under warehouse and grain silo conditions
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The Effect of Irrigation Water Quality and Growing Medium on Growth Parameters of Chokeberry*

Sulama Suyu Kalitesi ve Yetistirme Ortaminin Aronyanin Biiyiime Parametreleri Uzerine Etkisi
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Abstract: This study aimed to determine the effect of irrigation water quality and growing medium differences on the growth parameters of the
chokeberry plant. The effects of control (0.65 dS m™), 2 dS m™, 4 dSm™, 8 dS m™, and 10 dS m™ electrical conductivity irrigation water and 2 different
growing medium (peat and soil) were evaluated on plant growth. For this purpose, specific leaf area (SLA), leaf area ratio (LAR), leaf weight ratio
(LWR), stem weight ratio (SWR), root weight ratio (RWR), net assimilation rate (NAR), relative growth rate (RGR), and leaf thickness (LT) parameters
were evaluated. Differences were observed in growth parameters depending on irrigation water salinity and growing medium. The SLA value varied
between 26.47 (control) and 3.07 cm?day! (10 dS m™) in soil medium and between 25.07 (control) and 2.88 cm? day™ (10 dS m™) in peat medium. The
values of LAR ranged between 127.98-12.65 cm? day™' in soil and 134.14-61.33 cm?day' in peat, and LWR between 0.25-0.03 g g (soil) and 0.43-0.05 g
g (peat). The SWR value varied between 0.41-0.18 g g in soil and 1.22-0.29 g g in peat. The RWR value ranged between 0.63-0.37 g g in the soil
medium and 1.62-0.31 g g in the peat medium. NAR and RGR are the most potent parameters used to evaluate plant growth and to express growth
and development. NAR and RGR parameters reached the highest value in soil medium in 2 dS m* application, while in peat medium in control
application.

Keywords: Aronia, irrigation water quality, growth parameters

&

Oz: Bu calismada sulama suyu kalitesi ve yetistirme ortamu farkliigmin aronya bitkisinin biiyiime parametrelerine etkisinin belirlenmesi
amaclanmugtir. Sulama suyu kalitesindeki degisimin bitki gelisimine etkisini belirlemek amaciyla kontrol (0.65 dS m™), 2 dS m™, 4 dS m?, 8 dS m™ ve
10 dS m™ elektriksel iletkenlikte sulama suyu ve 2 farkl yetistirme ortaminin ( torf ve toprak) etkisi degerlendirilmistir. Bu amacla oransal yaprak
alani (YAO), 6zgiil yaprak alani (OYA), oransal yaprak agirligi (OYA), oransal govde agirhigi (OGA), oransal kok agirligi (OKA), net asimilasyon
orani (NAO), nisbi biiyiime hiz1 (NBH), yaprak kalinligi (YK) parametreleri degerlendirilmistir. Sulama suyu tuzlulugu ve yetistirme ortamina bagh
olarak biiyiime parametrelerinde farkliliklar gozlemlenmistir. YAO degeri toprak ortaminda 26.47 (kontrol)-3.07 cm? giin (10 dS m™), torf ortaminda
ise 25.07 (kontrol) ile 2.88 cm?giin! (10 dS m) arasinda degisim gostermistir. OYA toprak ortaminda 127.98-12.65 cm? giin®, torf ortamunda 134.14-
61.33 cm? giin, OYA 0.25-0.03 g g (toprak), 0.43-0.05 g g (torf) arasinda degerler almaktadir. OGA degeri toprak ortaminda 0.41-0.18 g g7, torf
ortaminda 1.22-0.29 g g arasinda degistigi belirlenmistir. OKA degeri ise toprak ortaminda 0.63-0.37 g g7, torf ortaminda 1.62-0.31 arasinda deger
almaktadir. Bitki gelisimini degerlendirmek, biiylime ve gelismeyi ifade etmek adina kullanilan en giiglii parametreler NAO ve NBH'dir. NAR ve
NBH parametreleri toprak ortaminda en yiiksek degerine 2 dS m™ uygulamasinda ulasirken, torf ortaminda kontrol uygulamasinda ulagmistir.
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The Effect of Irrigation Water Quality and Growing Medium on Growth Parameters of Chokeberry

INTRODUCTION

Chokeberry, which originates from North America and belongs to the Rosaceae family, is a deciduous
multi-stemmed shrub-type plant (Hardin, 1973). Chokeberry attracts attention both as an ornamental plant
and as an effective fruit in the treatment and prevention of diseases (Brand, 2010).

Regardless of soil type, chokeberry grows best at 6-6.5 pH (Walther and Schnell, 2009), in moist soils, and
in areas with good sunshine (Brand, 2010). As in all plants, it is very important to provide optimum
moisture content in the root zone for better development. In chokeberry cultivation, irrigation water quality
and soil water content affect fruit quality and yield (Won et al., 2017).

In order to determine the effects of different conditions on plant quality, it is very important to determine
leaf, stem, root dry, and fresh weights, leaf area, net assimilation rate, and relative growth rate, which are
crucial concepts in monitoring plant growth. Growth analyses are critical for identifying relationships
among plant growth, development, and factors affecting yield and productivity. Parameters like RGR
(relative growth rate) and its component NAR (net assimilation rate ) must be thoroughly understood to
explain plant dry matter accumulation and plant growth and development (Uzun, 1997). Cemek et al.
(2005) determined the effects of different greenhouse covers on the growth and yield of eggplant. Oztiirk
and Demirsoy (2006) demonstrated the effect of shading on the growth of strawberries by quantitative
analyses. Oner and Sezer (2007) determined the effects of light and temperature on growth parameters in
maize. Oztiirk et al. (2014) determined the effect of shading on the net assimilation rate and relative growth
rate of strawberry plants. Fast-growing plants always have high NAR values, and plants with high net
assimilation rates grow faster (Li et al., 2016). Kiran et al. (2017) examined the effect of rootstock/scion
combinations on the morphological characteristics of eggplant plants under salinity and drought stress.

The change in irrigation water quality causes differences in plant development. The effects of factors
directly affecting plant growth, such as light, temperature, irrigation water quantity, and salinity on plant
growth have been examined in different studies. However, since there is no study for chokeberry, this
study aims to contribute to the literature in this respect. This study aimed to determine the changes in
growth parameters of aronia plant due to different growing media and changes in irrigation water quality.

MATERIAL AND METHOD

The research was conducted at the Samsun Ondokuz Mayis University Faculty of Agriculture greenhouse
unit during 2021-2022. The plants were protected from rainfall and grown in a greenhouse covered with
polyethylene material to ensure they were not affected by precipitation while allowing open-air access from
the sides to reflect outdoor temperature conditions.

In this study, one-year-old chokeberry plants of the Viking variety were grown under different irrigation
water qualities, and the effect of different doses of salt applications on their vegetative growth was
determined. The research was carried out according to the random plots experimental design with 3
replications and 3 plants in each replicate. Two different medium (peat and soil) were used to observe the
effect of the growing medium. The soil used in the study was analyzed at Ondokuz Mayis University,
Faculty of Agriculture, Department of Soil Science and Plant Nutrition (Table 1). The peat used is standard
seedling peat with a pH of 6 and 1.5 g fertilizer per liter (Klasmann TS1®).

Table 1. Characteristics of the soil used in the experiment.
Cizelge 1. Denemede kullanilan topragin 6zellikleri.

Saturation Structure dS m+! % ppm  Mek 100g?!
(%) pH EC CaCOs OM N P Ca Mg K N
51 Loamy 777 032 2.05 265 008 205 3237 1448 041 095

Five different treatments were examined for their effects: control (0.65 dS m (S1)), 2 dS m (S2), 4 dS m!
(S3), 8 dS m (S4), 10 dS m! (S5) electrical conductivity of irrigation water. The salts used for preparing
waters were calculated with the help of QBASIC computer program as CaClz, MgSOs, and NaCl salts, with
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Sodium Adsorption Rate (SAR) =5 and Ca Mg ratio me I' as 1 1+ (Unliikara et al., 2015). The amounts of
salts used for preparing irrigation waters for each application are given in Table 2.

Table 2. Amounts of salts to prepare 1L of water solution.
Cizelge 2. 1L ¢ozelti hazirlamak icin gerekli tuz miktarlar1.

Irrigation Water  Subjects Salt Sources (g)

NaCl MgSO4 CaCl2
2dS m! 0.56 0.45 0.31
4dS m?! 0.87 1.75 0.75
8dS m-! 1.50 5.00 1.75
10dS m! 2.00 6.12 2.50

For the plants whose field capacity was determined (Unlﬁkara et al., 2008a; Unliikara et al., 2008b), the
amount of irrigation water to be applied in each irrigation was determined with the help of equation (1)
(Unliikara et al., 2015).

I= (W — Wa) / (1-L) (1)

In equality; I, the amount of water applied in each irrigation (L), W, field capacity weight of the pot (kg),
Wa is the weight of the pots weighed before irrigation and LF taken 0.15 (Maas and Hoffman 1977, Ayers
and Wescot, 1989).

Fruit harvest was carried out on September 23 in the first year of the experiment and on September 20 in
the second year. Along with fruit harvest, destructive harvests were conducted on randomly selected one
plant from each replication in each treatment to determine the plant's vegetative growth parameters
quantitatively. Plants were separated into roots, stems, and leaves. The leaves of each plant were fixed on
A4 paper, scanned, and transferred to a computer (Cemek et al., 2011; Cemek et al., 2020). The area of the
scanned leaves was determined according to Tunca et al. (2018). The root parts were washed thoroughly
and cleaned from soil and peat. The fresh weights of roots, stems, and leaves were determined by weighing
them on a precision balance sensitive to 0.001 g. Then, the plant materials were placed in paper bags and
dried in an oven at 80 °C for 72 hours, and their dry weights were measured. Quantitative growth
parameters given in Table 3 were determined with these values (Uzun, 1996).

Table 3. Quantitative growth parameters (Uzun, 1996).
Cizelge 3. Kantitatif biiyiime parametreleri (Uzun, 1996).

Specific Leaf Area (SLA) The leaf area of the plant (cm?) x The total leaf dry mass of the plant (g) !
Leaf Area Ratio (LAR) The total leaf area of the plant (cm?) x The total dry mass of the plant (g) !
Leaf Weight Ratio (LWR) The total leaf dry mass of the plant (g) x The total dry mass of the plant (g) -
Stem Weight Ratio (SWR) The total stem dry mass of the plant (g) x The total dry mass of the plant (g) !
Root Weight Ratio (RWR) The total root dry mass of the plant (g) x The total dry mass of the plant (g) -

Net Assimilation Rate (1 AMdA dt! (g cm? day)*

(NAR)

Relative Growth Rate (RGR) Net assimilation rate (NAR) x Leaf area ratio (LAR)[day"]
Leaf Thickness (LT) 1 / Specific Leaf Area (SLA) !

*A:Total area of the plant; t: Time in days

The data obtained from the study were statistically analyzed, correlation analysis, analysis of variance, and
comparisons between parameters and treatments were performend. The graphs were drawn using the
RStudio package program (2023.06.1+524 (2023.06.1+524)).
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RESULTS AND DISCUSSION
The calculated growth parameters of chokeberry plants grown under different irrigation water quality are
given in Table 4 (soil) and Table 5 (peat).

Table 4. Descriptive statistics of growth parameters of chokeberry plants at different irrigation water quality in the soil
medium.

Cizelge 4. Toprak ortaminda farkli sulama suyu kalitesinde aronya bitkilerinin biiyiime parametrelerine iliskin tammlayici
istatistik degerleri.

Water SLA LAR
Quality Mean+SD Max Min Mean+SD Max Min
S1 100.39+17.69 127.98 85.51 20.95+3.77 26.47 15.90
S2 91.93+16.35 122.00 73.30 21.39+3.92 28.54 17.47
S3 87.19+27.64 123.97 51.24 15.00+4.18 18.84 8.79
S4 57.19+24.29 86.44 25.71 7.38+2.17 10.26 4.78
S5 47.81+34.23 88.50 12.65 4.27+1.18 6.12 3.07
LWR SWR
MeanSD Max Min MeantSD Max Min
S1 0.21+0.04 0.30 0.16 0.28+0.05 0.37 0.23
S2 0.23+0.05 0.34 0.18 0.31+0.05 0.40 0.25
S3 0.17+0.01 0.20 0.14 0.30+0.07 0.41 0.18
5S4 0.14+0.03 0.18 0.08 0.31+0.05 0.40 0.26
S5 0.13+0.07 0.24 0.05 0.33+0.04 0.40 0.29
RWR NAR
MeanSD Max Min MeantSD Max Min
S1 0.51+0.07 0.60 0.37 0.00026+0.000020 0.00032 0.00024
S2 0.48+0.05 0.55 0.42 0.00030+0.000010 0.00033 0.00028
S3 0.52+0.02 0.56 0.50 0.00019+0.000050 0.00024 0.00010
5S4 0.53+0.06 0.63 0.44 0.00017+0.000010 0.00020 0.00016
S5 0.49+0.05 0.59 0.44 0.00018+0.000005 0.00019 0.00018
RGR LT
Mean+SD Max Min Mean+SD Max Min
S1 0.00560+0.000002 0.0080 0.0030 0.01+0.000002 0.011 0.007
S2 0.00640+0.001200 0.0080 0.0040 0.01+0.001000 0.013 0.008
S3 0.00310+0.000100 0.0040 0.0008 0.01+0.004000 0.019 0.008
54 0.00100+0.000200 0.0016 0.0009 0.02+0.010000 0.030 0.010
S5 0.00078+0.000200 0.0011 0.0005 0.03+0.020000 0.070 0.010

The SLA value ranged from 127.98 (S1) to 12.65 cm2 g-1 (S5) for chokeberry plants with different irrigation
water quality in the soil (Table 4). The LAR value ranged from 28.54 (52) to 3.07 cm2 g-1 (S5), and the LWR
value ranged from 0.34 (S2) to 0.05 g g-1 (S5). The SWR parameter was 0.41 and 0.18 g g-1 for the S3
treatment. The RWR value ranged from 0.63 (54) to 0.37 g g-1 (S1). The highest NAR value was obtained
in the 52 (0.00033 g cm-2 day-1) treatment, and the lowest value was obtained in the S3 (0.0001 g cm-2 day-
1) treatment. The highest RGR value was obtained in the 2 dS m-1 application with an average of 0.0064
day-1. LT value varied between 0.07 (S5) and 0.007 (51).

When the growth parameters of chokeberry plants grown in peat medium with different irrigation water
quality were analyzed, the SLA value varied between 134.19 (S1) and 61.33 cm? g (S5) (Table 5). LAR value
varied between 25.07 (S1) and 2.88 cm? g1 (S5). The LWR value varied between 0.24 (53) and 0.03 g g™ (S5).
The highest SWR value was 1.22 g g (S5), and the lowest was 0.3 g g (S1). The highest mean RWR value
of 0.92 g g1 was obtained in the S4 treatment. The highest NAR mean value was 0.00034 g cm2day in the
control treatment. The highest RGR value was obtained in the S1 treatment (0.008 day), and the highest
LT value was obtained in the S5 treatment (0.016 day!).
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Table 5. Descriptive statistics of growth parameters of chokeberry plants at different irrigation water quality in the
peat medium.
Cizelge 5. Torf ortanunda farkli sulama suyu kalitesinde aronya bitkilerinin biiyiime parametrelerine iliskin tanmimlayict istatistik

degerleri.
Water SLA LAR
Quality Mean+SD Max Min Mean+SD Max Min
S1 126.61+5.340 134.19 121.51 23.74+1.08 25.07 21.91
S2 112.47+5.380 118.39 102.94 21.96+1.26 23.75 20.46
S3 90.22+13.76 104.10 70.47 17.46+2.02 19.14 13.47
S4 86.81+13.05 103.93 72.43 4.38+0.25 4.71 4.01
S5 75.79+11.21 90.55 61.33 3.65+0.61 4.69 2.88
LWR SWR
Mean+SD Max Min MeantSD Max Min
S1 0.18+0.009 0.20 0.17 0.48+0.15 0.66 0.3
S2 0.19+0.010 0.20 0.17 0.51v0.16 0.68 0.29
S3 0.19+0.030 0.25 0.17 0.55v0.16 0.74 0.37
S4 0.05+0.007 0.06 0.04 0.69v0.12 0.81 0.56
S5 0.04+0.008 0.05 0.03 0.79+0.27 1.22 0.54
RWR NAR
MeantSD Max Min MeantSD Max Min
S1 0.87+0.45 1.36 0.43 0.00034+0.00003 0.00038 0.0003
S2 0.93+0.57 1.62 0.31 0.00026+0.00004 0.0003 0.00021
S3 0.81+0.47 1.26 0.34 0.00023+0.00003 0.00028 0.00021
5S4 0.92+0.62 1.59 0.33 0.00019+0.000008 0.0002 0.00018
S5 0.74+0.40 1.22 0.35 0.00017+0.0000008 0.00018 0.00016
RGR LT
MeantSD Max Min MeantSD Max Min
S1 0.00800+0.00100 0.00930 0.0065 0.0079+0.0003 0.0082 0.0074
S2 0.00570+0.00070 0.00600 0.004 0.008+0.0004 0.0097 0.0084
S3 0.00410+0.00080 0.00510 0.0029 0.011+0.001 0.014 0.009
5S4 0.00083+0.00006 0.00090 0.0007 0.011+0.001 0.013 0.009
S5 0.00062+0.00010 0.00079 0.00046 0.01+0.002 0.016 0.011

The parameters examined were affected by the salt doses applied and showed differences according to the
treatments (Table 4, 5). The highest mean SLA value was 100.39 (S1) in soil medium and 126.61 (S1) in peat
medium. The highest average LAR value was obtained in S1 treatment with 20.95 and 23.74 values in soil
and peat media, respectively. The highest LWR value was 0.23 (S2) in soil and 0.19 (52,53) in peat medium.
The highest mean SWR values were 0.33 and 0.79 (55) in soil and peat media, respectively. RWR values of
0.53 (54) and 0.93 (S2) were obtained in soil and peat media, respectively. The highest mean values of NAR
and RGR, which represent good growth and development of the plant, were 0.00030 (S2) and 0.0064 (S2) in
soil medium, 0.00034 (51) and 0.008 (S1) in peat medium, respectively. LT value was obtained from S5
treatment with the highest mean value of 0.03 in soil and 0.01 in peat medium. In accordance with these
results, it can be said that aronia plant shows a better development in peat medium at different irrigation
water quality.

Correlation analysis was performed to determine the relationships between the growth parameters of
chokeberry plants. The correlation analysis results of SLA, LAR, LWR, SWR, RWR, NAR, RGR, and LT of
growth parameters of chokeberry plants grown in soil environment are given in Figure 1.

——
Uluslararas: Tarim ve Yaban Hayat:1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

136



The Effect of Irrigation Water Quality and Growing Medium on Growth Parameters of Chokeberry

Pearson's 0.08  gwR
Correlation LLL

r - oot T

-1.0 -0.5 00 05 1.0 ns ] RGR

0.01
ns

0.02 -0..39 NAR

ns

0.14 0.12 LWR
ns ns

-0.31 -0.25 -0.33
ns ns ns

-0;§5 -0r.§6 RWR

--- o) -S“\
ns ns ns

& N Q- Q- o & >
& E O F Y

ns p >= 0.05; * p < 0.05; ** p < 0.01; and *** p < 0.001

Figure 1. Results of correlation analysis of chokeberry plants in soil medium.
Sekil 1. Toprak ortamindaki aronya bitkilerinin korelasyon analizine ait sonuclar.

According to Table 1, there is a positive relationship between LWR, LAR, and SLA. The relationship
between LWR and LAR is significant at p<0.001 level. There is statistically significant relationship between
LAR and SLA (p<0.001). Similarly, Oztiirk and Demirsoy (2014) determined that there was a positive and
statistically significant relationship between LWR, LAR, and SLA in strawberry. There was a negative and
very strong relationship between LWR and RWR and a positive and insignificant relationship with SWR.
There is a negative and significant relationship between LT, SLA, and LAR at p<0.001 level. Oztiirk and
Demirsoy (2014) found a negative and statistically significant relationship between LWR, RWS, and SWR
at p<0.01 level. A positive and statistically very significant relationship was found between RGR, NAR, and
LAR. Oztiirk and Demirsoy (2014) similarly determined a positive and strong relationship between RGR
and LAR.

The correlation of growth parameters of chokeberry plants grown in peat medium with different irrigation
water quality is given in Figure 2.
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Figure 2. Results of correlation analysis of chokeberry plants in peat medium.
Sekil 2. Torf ortanundaki aronya bitkilerinin korelasyon analizine ait sonuglar.
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Correlation analysis results show us there is a positive relationship between LAR and LWR, SLA, NAR,
and RGR at p<001 significance level (Figure 2). There is a negative relationship between LWR and LT, SWR
(p<0.01), and RWR (ns). There is a negative and statistically very significant relationship between LT and
LAR, LWR, SLA, NAR, and RGR. There is a strong positive relationship between RGR and LAR, LWR,
SLA, and NAR at p<0.001 significance level. In their study, Ozbakir et al. (2012) found a positive and strong
relationship between SLA and LAR, RWR and LAR and SLA, and RGR and NAR. Oztiirk and Demirsoy
(2014) determined a positive relationship between LAR, LWR, and SLA in parallel with our study. Uzun
and Kar (2004) determined a negative relationship between LT, SLA, and LAR in their study.

The differences in growth parameters of the chokeberry plant in different irrigation water quality and soil
conditions according to irrigation treatments are given in Figure 3.
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Figure 3. Response of growth parameters of chokeberry in soil medium to treatments A) Specific leaf area, B) Leaf area
ratio, C) Leaf weight ratio, D) Stem weight ratio, E) Root weight ratio, F) Net assimilation ratio, G) Relative growth
rate.

Sekil 3. Torf ortaminda aronyanin biiyiime parametrelerine tepkisi A) Oransal yaprak orani, B) Ozgiil yaprak alani, C) Oransal
yaprak agirlig, D) Oransal gévde agirligi, E) Oransal kok agirligi, F) Net asimilasyon orani, G) Nisbi biiyiime hizu.
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Figure 3. Continue.
Sekil 3. Devami.

According to the SLA parameter of chokeberry plants in soil, statistical differences between the treatments
can be seen (Figure 3, A). The highest SLA value was observed in S1 treatment while the lowest one was
observed in S5 treatment. As irrigation water salinity increased, SLA decreased. For LAR value, control
and S2 treatments were in the same the highest statistical group, while S4 and S5 treatments were in the
same lowest statistical group (Figure 3, B). On the other hand, statistical differences were observed between
treatments for LWR parameters, while there were no statistical differences between treatments for SWR
and RWR parameters (Figure 3 C,D,E). When NAR was analyzed, control and 52 were in the same group,
and S3, 54, and S5 were in the same group (Figure 3F). NAR and RGR reflect dry matter production and
high yield (Thakur and Patel, 1998). When RGR and LT were analyzed, it was determined that there were
statistical differences between treatments (Figure 3, G, H). Leaf thickness increased as irrigation water
salinity increased.

The differences in growth parameters of chokeberry plants grown in peat medium against irrigation water
of different quality are given in Figure 4.
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Figure 4. Response of growth parameters of chokeberry in peat medium to treatments A) Specific leaf area, B) Leaf
area ratio, C) Leaf weight ratio, D) Stem weight ratio, E) Root weight ratio, F) Net assimilation ratio, G) Relative growth

rate.

Sekil 4. Torf ortaminda aronyanin biiyiime parametrelerine tepkisi A) Oransal yaprak orami, B) Ozgiil yaprak alani, C) Oransal
yaprak agirlig, D) Oransal gévde agirligi, E) Oransal kok agirligs, F) Net asimilasyon orani, G) Nisbi biiyiime hizu.
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Figure 4. Continue.
Sekil 4. Devami.

SLA parameters of chokeberry plants in peat medium showed statistical differences according to the
treatments. SLA decreased as irrigation water salinity increased. This results agree with the Cirak and
Esendal’s (2006) results who concluded that plants reduce transpiration by decreasing leaf surface area in
conditions where they cannot get water from the soil. Control and 2dS m-! were in the same statistical group
in SLA and LAR parameters, while control, 2 and 4 dS m™? were in the same statistical group in LWR
parameters. This situation can be explained by the fact that with increasing irrigation water salinity, the
plants are subjected to a physiological drought and shrink the leaf surface to reduce transpiration. Unliikara
et al. (2017) evaluated the effect of greenhouse and outdoor environment on salinity tolerance of spinach
and found that LAR and SLA were affected by salinity under both conditions. The decrease in leaf area per
unit dry biomass due to salinity stress is consistent with this study. SWR and RWR were not statistically
affected by increasing irrigation water salinity. NAR and RGR were statistically affected by irrigation water
salinity, and there were differences between treatments. Studies have revealed that temperature and light
affect NAR and RGR. Oztiirk and Demirsoy (2014) determined that strawberry plants grown in the open
field during the growth period had higher NAR values than those grown in the shade. Acock et al. (1978)
and Uzun (1996) reported that NAR value increased with the increase in photosynthesis rate in intense
light. As a result, it is thought that decreases in photosynthesis rate cause decreases in NAR and RGR
values.

CONCLUSION

Chokeberry plants showed different development according to irrigation water quality and growing
medium. In the study, an increase in irrigation water salinity caused a decrease in root, stem, leaf fresh and
dry weights, and leaf area. This decrease caused differences in SLA, LAR, LWR, SWR, RWR, NAR, RCR,
and LT values, which are important evaluation parameters to reveal plant development. In both peat and
soil mediums, the increased electrical conductivity of the irrigation water decreased leaf, stem, root
weights, and leaf areas, which caused an increase in LWR, SWR, and LT values and decreases in SLA, LAR,
NAR, RGR, and LWR values. RWR value increased with increasing salinity in the peat medium, while it
showed a decreasing trend in the soil medium.

The interaction between water quality and growing medium had an effect on plant growth. NAR and RGR,
which are the parameters that express plant growth most strongly, were affected by the growing medium
and electrical conductivity of the irrigation water. According to the results, irrigation water quality and
growing medium should be considered for plant growth and quality in chokeberry cultivation. NAR and
RGR parameters reached their highest values in control (0.65 dS m) in the peat medium and 2 dS m™ (S2)
in the soil medium. Considering that plants with high NAR and RGR values grow faster and show good
development, irrigation water with an electrical conductivity of 0.65 dS m™ in peat medium and 2 dS m"!
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in soil medium was found suitable for optimum development. The data obtained in this study to determine
the effect of irrigation water salinity and medium effect on plant growth parameters will be useful in
studies to determine the effect of irrigation water quality and medium on plant growth in chokeberry
plants.
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Potasyum Nitrat I¢erikli Priming Uygulamasinin Tuzlu Ortamlarda Korunga (Onobrychis sativa L.)
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Effects of Priming Application Containing Potassium Nitrate on Sainfoin (Onobrychis sativa L.)
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Oz: Aragtirma tuzlu ortamlarin ve priming uygulamalarmin korunga tohumlarimin ¢imlenmesi iizerine etkilerini belirlemek iizere laboratuvar
ortaminda yiiriitiilmistiir. Calismada Ozerbey ve Liitfibey korunga gesitleri kullanilmistir. Tuzlu ortamlara (0, 1.0- 2.5- 5.0 ve 10.0 g L' NaCl) ekilen
tohumlarin ¢imlenmeleri tizerine priming (kontrol- saf su- 100- 1000- 2000 ppm KNOs) etkileri incelenmistir. Calisma sonuglarina gére 2.5 g L' NaCl
tuz konsantrasyonundan sonra ¢imlenme 6zellikleri belirgin sekilde olumsuz yonde etkilenmeye baslamigtir. Uygulamalar, kontrole gore ¢imlenme
ozelliklerini iyilestirmede etkili olurken en yiiksek degerler saf su uygulamalarindan elde edilmistir. Normal ve tuzlu ortamlarda fide yas ve kuru
agirhg haric diger 6zelliklerde Ozerbey gesidi daha iyi performans gostermistir.

Anahtar kelimeler: Onobrychis sativa L., priming, ¢imlenme, tuz konsantrasyonlar1 (NaCl), Potasyum Nitrat (KNOs)
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Abstract: The research was carried out in a laboratory environment to determine the effects of salty environments and priming on sainfoin germination.
Ozerbey and Liitfibey sainfoin varieties were used in the study. The effects of priming (control, distilled water, 100- 1000- 2000 ppm KNOs) on the
germination of seeds planted in saline environments (0- 1- 2.5- 5.0 and 10.0 g L' NaCl) were investigated. According to the results, after 2.5 g L' NaCl
salt concentration, germination properties started to be affected negatively. While the priming were effective in improving the germination properties
compared to the control, the highest values were obtained in hydropriming. Ozerbey cultivar performed better in normal and saline conditions, except
for seedling fresh and dry weight.
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Potasyum Nitrat i¢erikli Priming Uygulamasinin Tuzlu Ortamlarda Korunga (Onobrychis sativa L.) Cimlenmesine Etkileri

GIRIS

Bitkiler, yasam dongiileri siiresince, yetistirildikleri topraklarda ve yetistirildikleri bolgelerde, biiyiime ve
gelismelerini olumsuz etkileyen ve stres olarak adlandirilan (Giirel ve Avcioglu, 2001) bir¢ok sorunla
karsilasirlar. Bressan (2008)’e gore stres faktorleri; kuraklik, tuzluluk, riizgar ve sicaklik gibi abiyotik;
bocekler ve hastalik etmenleri gibi biyotik stres faktorleri olmak {izere iki gruba ayrilir. Kurakliktan sonra
tuzluluk tiim diinyada bitki gelisimi ve {iriin verimliligini kisitlayan en 6nemli abiyotik stres faktorlerinden
birisidir (Shabala ve Munns, 2012). Toprak yapisinda dogal olarak bulunmasi, ¢ok biiyiik alanlarda tarim
yapilmasi, sulamalar veya topragin yanls ve asir1 kullanimina bagh olarak ne yazik ki marjinal ve kurak
alanlarda tuzluluk sorunu artmaktadir (Munns, 2011; Tanji ve Wallender, 2012; Hussain vd., 2016). NaCl
ise en fazla biriken ve kiiltiirii yapilan bitkileri en fazla etkileyen tuzdur (Munns ve Gilliham., 2015). Diinya
topraklarinin 1 milyar hektarnin su ve toprak tuzlulugunun etkisi altinda oldugu diisiiniilmektedir.
Bunun yaninda, bu miktarin her yil %10 oraminda artis gosterdigi; 21. Yiizyilin ortalarina kadar ise,
tuzluluk sorunuyla kars1 karsiya kalan tarim alanlarmin %50’sinin kaybolacagi tahmin edilmektedir
(Munns ve Tester, 2008). Ulkemizde ise, 1.5 milyon ha alanda tuzluluk ve alkalilik (coraklik) sorunu oldugu
(Kendirli vd., 2005), bu alanin {ilkemiz y{izol¢iimiiniin %2’sini, toplam islenen tarim arazilerinin ise %5’ini
olusturdugu bildirilmistir (Temel ve Simsek, 2011). Kurak ve yar1 kurak alanlarda tuzlulugun
yayginlasmasi, toprak asiimini kiiresel bir sorun haline getirmektedir (Martinez-Beltran ve Manzur,
2005).

Topraktaki yiiksek tuz konsantrasyonlarin tolere edebilen ve tuzlu su ile sulamaya imkan veren halofit
bitkilerin kullanimi, kurak ve yar1 kurak bolgelerde siirdiiriilebilir tarim1 saglamak agisindan en 6nemli
stratejilerden biridir (Koyro ve Eisa, 2008). Korunga (Onobrychis sativa L.), farkl iklim sartlarina dayanimi
yiiksek olan (Tan ve Serin, 2013; Dadasoglu ve Tosun, 2017), kurak ve yar1 kurak alanlarda tiretilebilen
(Erkovan vd., 2016) bir baklagil yem bitkisidir. Dogal ve suni meralarda yetistirilebilen korunga, kok
yapisina bagli olarak, topragin derinliklerine inebilmekte, topragin degisik katmanlarindan
yararlanabilmektedir. Nispeten tuza toleransh bir bitki olarak kabul edilse de, diger yem bitkisi tiirleriyle
karsilagtirildiginda, 6zellikle fide doneminde tuz stresine hassastir (Temel vd., 2016). Tuzluluk gibi stres
kosullari, bitkilerde morfolojik ve biyokimyasal degisikliklere neden olur. Farkli tohum uygulamalar
¢imlenme {izerinde olumlu etkilerde bulunabilmektedir. KNOs'1n tohum ¢imlenmesinde (Puppala ve ark.
2002), siirgiin uzunlugunun artmasinda (Ertem ve adak, 2022), domansinin kirilmasinda (Olmez ve ark.,
2004) ve stres kosullarinda savunma mekanizmalar1 iizerinde etkili oldugu (Shaykhi ve ark., 2015),
bildirilmektedir. Bu ¢alisma potasyum nitrat icerikli tohum uygulamalarinin tuz stresinde korunga
bitkisinin ¢cimlenmesi tizerine etkilerini belirlemek amaciyla ytirtitiilmiistiir.

MATERYAL VE METOT

Aragtirma, 2023 yilinda, Isparta Uygulamali Bilimler Universitesi, Atabey Meslek Yiiksekokulu
Labaratuvari’'nda yiiriitiilmiistiir. Calismada Ozerbey ve Liitfibey korunga cesitlerine ait tohumlar
kullanilmistir.

On Islem Uygulamalar:

Deneme oncesi tohumlar ylizey sterilizasyonu saglamak amaciyla 10 dakika %2’lik (v v-1) sodyum
hipoklorit (NaOCl) ¢ozeltisinde bekletilerek dezenfekte edilmis, ardindan 3 kez 5er dakika saf suda
calkalanarak durulanmustir (Bilgili vd., 2011). Denemede kullanulan petri kaplar1 %70°lik etanolde 10
dakika bekletilerek sterilize edilmis ve saf suyla durulanmigtir. Potasyum nitrat (KNOs) dozlarmin tuz
stresi karsisinda ¢imlenme iizerine etkilerini belirlemek amaciyla yiiriitiilen ¢calismada 4 farkli KNOs (0-
100-1000-2000 ppm) ile 5 farkh tuz (0 - 1.0 - 2.5 — 5.0 — 10.0 g L' NaCl) dozlar1 kullanilmistir. Korunga
tohumlar1 KNOs ve saf su iginde, 16+2 °C sicaklikta ve karanlik kosullarda 18 saat siireyle bekletilmistir.
On islemden sonra tohumlar 1 kez musluk suyuyla, 3 kez saf su ile durulanmis, fazla nemi alinmis ve
baslangi¢ agirligina kadar kurutulmustur.
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Cimlendirme Denemeleri

Kurutulan korunga tohumlari, 15 cm ¢apindaki steril petri kaplarina, Whatman filtre kagidi arasina 20’ser
adet 4 tekerriirlii olarak yerlestirilmistir. Her petri kabina, hazirlanan farkli konsantrasyondaki tuz (0-1.0-
2.5-5.0-10.0 g L) soliisyonlarindan 5 ml olacak sekilde ilave edilmis ve buharlasmay1 énlemek amaciyla
petri kaplari parafilm ile kaplanmistir. Kontrol uygulamalari i¢in ayni miktarda saf su kullanilmistir. Petri
kaplarinda tuz birikimini 6nlemek amaciyla filtre kagitlar: 2 giinde bir degistirilmistir (Dogan ve Budakl
Carpicy, 2016). Degistirilen filtre kagitlar1 aynm1 doz ve miktarda soliisyonlarla islatilmistir. Cimlendirme
dolabina koyulan petri kaplar1 karanlik kosullarda 24 +1 °C’ de 7 giin siireyle ¢imlenmeye birakilmistir.
Cikis sayimlar 2 giin arayla yapilmistir. Kok uzunlugu 2 mm olan tohumlar ¢imlenmis olarak kabul
edilmistir. Cimlendirme denemeleri Tesadiif Parsellerinde Faktoriyel Deneme Desenine gore kurulmustur.
Elde edilen verilerin analizi IBM SPSS Istatistik 25.0 paket programi kullanilarak yapilmis, ortalamalar
arast farklilik Duncan Coklu Karsilagtirma Testi (I’<0.05) ile belirlenmistir.

Cimlenme Parametreleri
Cimlenme Yiizdesi (Cimlenme orani) (CY), % olarak asagidaki esitlik (1)’e gore hesaplanmistir ((Bewley ve
Black, 1994).

CY (%) = (Xni/N)x 100 (1)

ni = i. glindeki ¢imlenen tohum sayis1, N = teste konulan toplam tohum say1s1

Ortalama ¢cimlenme siiresi (OCS) , giin olarak esitlik (2)'ye gore hesaplanmistir((Bewley ve Black, 1994).

OCS (giin) = YDn/Yn (2)

D = Testin baslangicindan itibaren giin sayisy, n: D giiniinde ¢imlenen tohum sayisi.

Cimlenme Degeri (Cimlenme Hizi) (CD), % olarak esitlik (3)’e gore hesaplanmistir(Copeland ve
McDonald, 2012)

CD=Yn/d (©)

n = Normal fide sayis1 (d giiniinde elde edilen), d = testin baslangicindan itibaren giin sayis1

11k Sayim Testi (%), ilk sayim giiniinde (4. giin) ¢imlenen tohum sayisinin toplam tohum sayisina orani
hesaplanarak bulunmustur (ISTA, 2012). Kokgiigili en az 2 mm uzayan tohumlar ¢imlenmis olarak kabul
edilmigtir.

Fide Yas Agirlig1 (mg fide™), denemenin 7. giiniinde ¢imlenen fidelerin agirliklar: 0.001 hassaslikta terazide
tartilarak belirlenmistir.

Fide Kuru Agirligr (mg fide™), yas agirliklar1 alinan fideler, 70 °C’lik firinda 5 giin kurutulduktan sonra
agirliklar ol¢lilmiistiir.

BULGULAR VE TARTISMA

flk sayimm testi degerleri Ozerbey cesidinde daha yiiksek bulunsa da cesitler arasindaki fark énemli
bulunmamustir. Incelenen diger tiim 6zellikler bakimindan gesitler, uygulamalar, tuz konsantrasyon ve
interaksiyonla arasindaki farkliliklar istatistiki olarak onemli bulunmustur (Cizelge 1).
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C)zerbey cesidinde ¢cimlenme orany, ilk sayim testi ve ¢cimlenme indeksi daha ytiiksek bulunmustur. Liitfibey
cesidinde ise ortalama ¢imlenme siiresi daha kisa, fide yas ve kuru agirliklar1 degerleri daha yiiksek
olmustur. (Sekil 1). Fide yas agirhig1 Liitfibey cesidinde belirgin sekilde yiiksek olmasina ragmen bu
sonucun fide kuru agirhigina yansimadig: goriilmiistiir. Bitkilerin tuz stresine kars: toleransi, bitki tiirlerine
gore degisim gosterdigi gibi, aymu tiir icinde de farkliliklar gostermektedir (Asci, 2011; Turhan ve Seniz,
2010). Bitkilerin tuza gosterdigi reaksiyon, tuzdan etkilenme durumu, uygulanan tuz cesidi ve miktar
(Dajic, 2006), cevre kosullars, bitki tiirii ve bitki ¢esidine bagh olarak degisiklik gostermektedir (Yilmaz vd.,
2011).

Cizelge 1. Incelenen 6zelliklere ait varyans analiz tablosu.
Table 1.Variance analysis table of the examined traits.

Cesit Tuz Uygulama Ces. x Tuz Cesit x Uyg. Tuz x Uyg.
df F Sig.df F Sig. df F Sig. df F Sig. df F  Sig. df F Sig.

Cim. yiiz. (%) 1 981 .000 4 430 000 4 65 .000 4 94 000 4 46 .002 16 64  .000
Cim. indeksi 1 280 .000 4 670 000 4 377 000 4 45 .002 4 61 .000 16 9.6  .000
gﬁtﬁm’ Stire 1 130 .000 4 379 000 4 656 .000 4 44 002 4 153 .000 16 35  .000
Ik sayim testi 1 21 .155 4 446 000 4 470 000 4 55 .000 4 48 .001 16 81  .000
Fideyasag. (mg) 1 100... .000 4 37.1 .000 4 200 .000 4 11.8.000 4 68 .000 1610.8  .000
Fidekuruag.(mg) 1 986 .000 4 51 .001 4 51 .001 4 36 .009 4 61 .000 16 35  .000
150 5 47
116.2
41
100 4
3.4
63.3 64.0
50.9 , 31
50 33.0
30.9 223 156 I
0 | Em
. Cim. index Ort. ¢im. s. (glin)
Cimlenme orani. llk sayimt. (%)  Fide yas. ag. Fide kuru ag.
(%) (mg) (mg) W Liitfibey m Ozerbey

H Litfibey m Ozerbey

Sekil 1.Cesitlerin cikis 6zellikleri tizerine etkileri.
Figure 1.Effects on emergence characteristics of cultivars.

Cimlenme {tizerine tuz konsantrasyonlarnin etkisi degerlendirildiginde; 0, 1 ve 25 g L7 tuz
konsantrasyonlarinda ¢imlenme ytizdesi % 60 civarinda gerceklesmistir (Sekil 2). Kontrol ile aymi grupta
yer aldiklarindan 1 ve 2 g L' tuz konsantrasyonunun ¢imlenmeyi 6nemli 6lciide etkilemedigi sdylenebilir.
Ancak artan tuz konsantrasyonlarinda ¢imlenme oranindaki diisiisler belirgin olmustur. 10 g L' tuz
konsantrasyonunda diisiis % 33’leri bulmustur. Benzer durum ¢imlenme indeksi ve ilk sayim testinde de
acik sekilde goriilmektedir. Yiiksek tuz konsantrasyonu ortalama ¢imlenme siiresinin uzamasina neden
olmustur. Fide yas agirhigindaki diisiis 2.5 g L' tuz konsantrasyonunda baglamistir. Fide kuru agirhiginda
ise sadece 2.5 g L' dozunda diisiis 6nemli olurken diger konsantrasyonlar arasinda fark bulunmamustir.

Cimlenme 06zellikleri iizerine potasyum nitrat igerikli priming uygulamalarinin etkisi Sekil 3’de verilmistir.
Priming uygulamalarinin ¢gimlenme yiizdesi, ¢gimlenme indeksi, ortalama ¢imlenme siiresi, ilk sayim testi,
fide yas ve kuru agirliklar iizerinde anlamli ve olumlu etkide bulundugu goértilmiistiir. Ancak potasyum
nitrat dozlar1 arasinda fark 6nemli olmamistir. Bunun yaninda saf su uygulamasinin (hydropriming) genel
olarak korunga ¢imlenmesi {izerine potasyum nitrat igerikli priming uygulamalarindan daha etkili oldugu
sOylenebilir.
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Sekil 2. Tuzun ¢imlenme 6zellikleri tizerine etkisi.
Figure 2. Effect of salt on germination traits.

Cesit x Uygulama interaksiyonu ¢imlenme ytizdesi bakimindan incelendiginde, Ozerbey cesidinde daha
yliksek degerler bulunmasina karsilik, saf su uygulamas: olumlu etkide bulunurken, potasyum nitrat
dozlarinda artan dozlara bagl olarak ¢imlenme yiizdesi olumsuz etkilenmistir. Liitfibey cesidinde ise saf
su ve 100 ppm KNOs uygulamalar1 daha belirgin olmak iizere tiim uygulamalar kontrole gore ¢imlenme
oranini arttirmistir. Benzer etki ¢imlenme indeksi, ortalama ¢imlenme siiresi ve ilk sayim testinde de
goriilmektedir. Fide yas ve kuru agirhk degerleri Liitfibey cesidinde daha yiiksek bulunmustur.
Uygulamalarin etkileri Ozerbey cesidinde belirgin olmazken, fide agirhklari tizerine uygulamalarin etkileri
Liitfibey ¢esidinde kontrole gore olumlu olmustur (Sekil 4).
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Sekil 3.Cimlenme ozellikleri iizerine tohum uygulamalarinin (priming) etkisi.
Figure 3.Effect of seed treatments (priming) on germination traits.

Cesit x Tuz konsantrasyonu interaksiyonu $ekil 5'de verilmistir. Farkli tuz konsantrasyonlarinda fide yas
ve kuru agirligi harig, incelenen diger 6zelliklerde Ozerbey cesidinin degerleri daha yiiksek bulunmustur
(Sekil 5). Fide yas ve kuru agirhik degerlerindeki azalma belirgin olarak 2.5 g L-* NaCl dozundan itibaren
goriilmektedir. Buna karsilik bazi 6zelliklerde 1 g L-* NaCl dozunda daha yiiksek degerler elde edilmistir.
Bu durumda NaCl’ nin korunganin ¢imlenmesi iizerine olumsuz etkilerinin 2.5 g L' dozundan itibaren
basladig1 soylenebilir. Bagka bir deyisle korunga bitkisi hafif tuzlu topraklarda ¢imlenme agisindan sorun
yasamayacaktir. Tuz dozlari, fide yas ve kuru agirliklarini azaltsa da, bu azalis Liitfibey cesidinde daha
belirgindir.
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Sekil 4.Cesit x Uygulama interaksiyonunun ¢imlenme 6zellikleri {izerine etkisi.
Figure 4.Effect of cultivar x treatment interaction on germination traits.

Tuz x Uygulama interaksiyonu incelendiginde; ¢imlenme 6zelliklerine, artan NaCl dozlarinin olumsuz
etkisi acikca goriilmektedir(Sekil 6). Bu olumsuz etkiyi azaltmada en etkili uygulamanin saf su uygulamasi
oldugunu soylemek miimkiindiir. Bu etki 6zellikle 10 g L' NaCl dozunda daha belirgindir. Beklendigi
iizere tuzun en olumsuz etkileri kontrol uygulamasinda goriilmektedir.
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Sekil 5.Cesit x Tuz interaksiyonunun korunganin ¢imlenme 6zellikleri tizerine etkisi.
Figure 5.Effect of cultivar x salt interaction on germination traits of sainfoin.

Bitkilerin tuz stresine karg1 gosterdikleri direng, yiiksek tuz konsantrasyonlarinda ¢imlenme, biiyiime ve
gelismelerini tamamlayabilme yetenegi olarak belirlenmektedir (Parida ve Das, 2005). Bitkilerin tuz
stresine karsi toleransi, bitki tiirlerine gore degisim gosterdigi gibi, ayni tiir icinde de farkliliklar
gostermektedir (Asgy, 2011; Kuscu vd., 2018; Turhan ve Seniz, 2010; Yilmaz vd. 2011;). Calisma
sonuglarinda Ozerbey ve Liitfibey gesitleri arasinda tuza dayanim yoniinden farklilik oldugu, Ozerbey
gesidinin tuza dayaniminin daha yiiksek oldugu belirlenmistir. Tuz stresi, ayn1 zamanda turgor, fotosentez
ve bazi enzimlerin aktivitesini engelleyerek bitki gelisimine olumsuz etkide bulunmaktadir (Munns, 1992).
Bu etki, iki evrede meydana gelir. Birinci evre, kok bolgesindeki yiiksek tuz konsantrasyonunun neden
oldugu osmotik etki tarafindan yiiriitiiliirken, ikince evre, yaprak dokularinda biriken yiiksek tuzun neden
oldugu toksik etki tarafindan yiiriitiiliir (Munns, 2005). Bu durum da, bitkinin topraktan mineral madde
ve su alma kapasitesinin azalmasma neden olur (Munns vd., 2006). Bitki kok bolgesinde tuz iyonlar:
biriktiginde, bitki gelisimi siurlanmaktadir (Parihar vd., 2015). Calismamiz sonuglarinda artan tuz
konsantrasyonlarinda ¢imlenme orany, ilk sayim testi, fide yas ve kuru agirlig1 azalmistir. Benzer sekilde
¢imlenme siirelerinin uzamasi, ¢imlenme indeksinin azalmasi 6nceki ¢alismalarla benzerlik gostermektedir
(Thomas ve Middleton, 1993; Ertekin vd., 2017; Sandhu vd., 2017). Bu etkinin derecesi uygulanan tuzun
cesidi ve miktarina gore de degisiklik gostermektedir (Dajic, 2006; Temel vd. 2015). Tuz
konsantrasyonlarindaki artisa bagh olarak, ¢cimlenme orani, fide boyu, kok uzunlugu, toprak {istii yas ve
kuru agirliklarinda 6nemli azalmalar belirlenmistir (Kara vd., 2011). Pek ¢ok bitki tiiriinde tuza karsi en
hassas donem ¢imlenme donemidir (Khan vd., 2000; Kusvuran vd., 2007; Zamani vd., 2010). Bunun ana
nedeni tohum igerisine su aliminin engellenmesidir (Aydinsakir vd. 2012). Tohum su aliminin
engellenmesi veya yavaglamasi dogal olarak ilk saymm testi degerlerininde diisiik olmasina neden
olmaktadir. Priming uygulamalar1 ¢imlenme siirecini kokgiik ¢ikisina kadar ilerlettigi i¢in sonraki
¢imlenme ortami tuzlu bile olsa ¢cimlenme orani ve ¢cimlenme indeksi artmakta, ortalama ¢imlenme stiresi
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kisalmaktadir (Ekren ve Giingdr, 2020). Saf su uygulamasimin ¢imlenme ozellikleri i{izerine KNOs
iceriklerine gore daha yiiksek ya da aym olmasinin nedeni ¢cimlenmenin ilk agamasinda tohumun yeteri
kadar su alabilmis olmasidir. Cimlenme &zellikleri iizerinde uygulamalarin etkileri kontrole gore olumlu
bulunmustur.

e Kontrol am— KOntrol C @ K ONtrol
A e Saf su B m— Saf sU e Saf su
100 ppm KNO3 100 ppm KNO3 100 ppm KNO3
1000 ppm KNO3 1000 pprm KNO3 1000 ppm KNO3
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Sekil 6. Uygulama x Tuz interaksiyonunun korunganin ¢gimlenme &zellikleri {izerine etkisi. (A) Cimlenme yiizdesi (%),
(B) cimlenme indeksi, (C) Ortalama ¢imlenme siiresi, (D) ilk sayim Testi (%), (E) Fide yas agirhig1 (mg), (F) Fide kuru

agirhigl (mg)
Figure 6. Effect of treatment x salt interaction on germination traits of sainfoin. (A) Germination percentage (%), (B) Germination
index, (C) Average germination time, (D) First count test (%), (E) Seedling wet weight (mg), (F) Seedling dry weight (mg)

SONUC

Priming uygulamalarinin korunganin ¢imlenme 0Ozellikleri {izerine etkileri olumlu olmustur. Saf su
uygulamasi (hidropriming), potasyum nitrat igerikli priming uygulamalarindan genel olarak daha etkili
olmustur. Potasyum nitrat dozlar1 arasinda etki bakimindan belirgin fark bulunmamistir. Incelenen
6zelliklerden ¢imlenme oraninin, ilk sayim testinin ve ¢cimlenme indeksinin yiiksekligi dikkate alindiginda
cimlenmedeki gecikmeye ragmen tuz yoniinden problemli arazilerde Ozerbey cesidinin kullanilmasi
uygun goriilmektedir. Korungada ekim Oncesi priming uygulamas: bitkinin ilk gelisim doneminde
tuzluluktan kaynaklanan ¢imlenme sorunlarini ¢dzmede etkili olacaktir.

CIKAR CATISMASI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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Korunga Genotiplerinin Makro Element I¢erikleri A¢isindan Incelenmesi
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Oz: Baz1 korunga genotiplerinin makro element igeriklerinin belirlenmesi amaciyla bu aragtirma yiiriitiillm{istiir. Arastirma, iki y1l siireyle (2017-2018)
Bingol ili kosullarinda yiiriitiilmiis ve bitkisel materyal olarak 13 adet korunga genotipi kullanilmustir. Arastirmada, 2017-2018 yillar1 arasinda iki yil
siireyle yetistirilen 13 adet korunga genotipine ait kuru otun igerdigi fosfor (P), potasyum (K), kalsiyum (Ca) ve magnezyum (Mg) oranlari ile Ca:P ve
K:(Ca+Mg) degerleri incelenmeye alinmistir. incelenen bu zellikler agisindan istatistiksel olarak énemli farkliliklarin oldugu belirlenmistir. Fosfor,
Ca:P ve K:(Cat+Mg) degerleri agisindan genotipler ve yillar arasinda ortaya ¢ikan farkliliklarin 6nemli, potasyum, kalsiyum ve magnezyum oranlar1
agisindan genotipler arasindaki farkliliklarin 6nemsiz, yillar arasindaki farkliliklarin da istatistiksel olarak 6nemli oldugu goriilmiistiir. Genotip ve yil
interaksiyonu ise sadece Ca:P degeri agisindan 6nemli bulunmustur. Genotipler arasinda en yiiksek fosfor oranini Yedisu ve Kog genotipleri vermistir.
En diistik Ca:P degerini Hilal, en diisiik K:(Ca+Mg) degerini de Adakli genotipleri vermistir. Yillar agisindan bakildiginda; birinci y1l fosfor, potasyum
ve K:(Ca+tMg) degerlerinin daha yiiksek, ikinci yil ise kalsiyum, magnezyum ve Ca:P degerlerinin daha yiiksek oldugu goriilmiistiir. Sonug olarak
genotiplerin fosfor, kalsiyum, magnezyum ve K:(Ca+tMg) degerleri agisindan ideal degerlere sahip olduklari, ancak potasyum oranlarmin diisiik ve
Ca:P degerlerinin de yiiksek oldugu tespit edilmistir.
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Abstract: This research was conducted to determine the macro element contents of some sainfoin genotypes. The study was conducted for two years
(2017-2018) under the conditions of Bingdl province and 13 sainfoin genotypes were used as plant material. In the study, phosphorus (P), potassium
(K), calcium (Ca) and magnesium (Mg) ratios and Ca:P and K:(Ca+Mg) values in the hay of 13 sainfoin genotypes grown for two years between 2017-
2018 were analyzed. It was determined that there were statistically significant differences in terms of these properties. It was observed that the
differences between genotypes and years in terms of phosphorus, Ca:P and K:(Ca+tMg) values were significant, the differences between genotypes in
terms of potassium, calcium and magnesium ratios were insignificant, and the differences between years were statistically significant. The genotype
and year interaction were found to be significant only in terms of Ca:P value. Yedisu and Kog genotypes gave the highest phosphorus ratio among the
genotypes. The lowest Ca:P value was given by Hilal and the lowest K:(Ca+Mg) value was given by Adakli genotypes. In terms of years, it was
observed that phosphorus, potassium and K:(Ca+Mg) values were higher in the first year and calcium, magnesium and Ca:P values were higher in
the second year. As a result, it was determined that the genotypes had ideal values in terms of phosphorus, calcium, magnesium and K:(Ca+Mg)
values, but their potassium ratios were low and Ca:P values were high.
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Korunga Genotiplerinin Makro Element I¢erikleri Agisindan Incelenmesi

GIRIS

Korunga cinsine bagh yaklasik 100 adet tiir bulunmaktadir. Bu tiirler arasinda en fazla tarimi yapilan tiir
Onobrychis viciifolia Scop.’tur. Bu tiir, halk arasinda mukaddes ot veya evliya otu olarak da bilinmektedir
(Manga vd., 2003). Kisa 6miirlii ve ¢ok yillik bir yem bitkisi olan korunga, ayni zamanda iyi bir toprak
muhafaza ve balozii bitkisidir. Ayrica otlatmaya dayarikli oldugu igin iyi bir mera bitkisi, kurakliga
dayanikli oldugu icin iyi bir ekim ndbeti bitkisidir (Ekiz vd., 2011). Korunga, soguga ve kurakliga dayanikh
oldugu i¢in yoncanin yetisemedigi fakir ve kiregli topraklarda yetisebilir. Ancak sulanabilir yerlerde verim
yoniinden yonca ile yarisamaz. Yoncadan farkli olarak korunga, hayvanlarda siskinlik yapmaz. Bundan
dolay1 korunganin yesil otu hayvanlara istenildigi kadar yedirilebilir (Soya vd., 2004).

Korunga kirag sartlarda her yil bir bi¢gim verir. Bu sartlarda bicilen korungadan 1 000 kg da yesil ve
ortalama 250-300 kg da kuru ot alinir. Nemli bolgelerde ve sulanabilen yerlerde kuru ot verimi 500-1000
kg da'"1 bulabilir. Korunga ortalama 3-4 y1l yasar ve en bol verimini ikinci ve {iglincii yilda verir. Dérdiincii
yilda seyreklesir. Bu nedenle {igiincii yilin sonunda korunganin siiriilerek yerine baska bir bitkinin
yetistirilmesi gerekmektedir (Acikgdz, 2001, 2013). Tiirkiye Istatistik Kurumunun 2022 yili verilerine gore
tilkemizde korunganin 1.618.249 dekar alanda 1.786.207 ton yesil ot tiretimi yapilmaktadir. Dekar basina
yesil ot verimi ise 1.110 kg’'dir. Arastirmanin yiiriitiildiigii Bing0l ilinde ise dekar basina verimin 1.651 kg
oldugu kayitlara ge¢mistir (Anonim, 2023).

Kaba yemlerin mineral madde kapsamlari1 acisindan {izerinde en fazla durulan elementlerin basinda fosfor
(P), potasyum (K), kalsiyum (Ca) ve magnezyum (Mg) gelmektedir (Orak vd., 2004). Fosfor bitkilerde
fotosentez ve diger metabolik olaylarda enerjinin aktarilmasim ve depolanmasini, generatif gelismenin
saglanmasini, kuru madde olusumunu ve depolanmasini saglamaktadir (Lambers vd., 2003; Geger ve
Yilmaz, 2011). Potasyumun bitkiler {izerinde hayati éneme sahip metabolik, fizyolojik ve biyokimyasal
islevleri vardir. Bu islevler sayesinde bitkisel iiriinlerin verimi ve kalitesi artar. Potasyum bitkilerde kok
gelisimini tesvik eder, yatmayi onler, erkencilik saglar, azotun etkinligini artirir ve hastalik ve zararhlara
kars1 dayaniklilig1 artirir. Potasyum protein igerigini artirmak kosuluyla gida ve yem bitkilerinin besin
degerini artirir ve meralarda yem bitkilerinin daha kaliteli olmasina yardim eder (Kacar, 2005).

Kalsiyum, bitki besin maddelerinin alinmasinda, bitkilerde kok salgisi {izerinde ve bitki dokularinin
donma-¢oziinme stresine karsi korunmasinda etkilidir. Yeterli kalsiyum olmasi durumunda bitkiler,
hastaliklara karsi daha dayarmikli olur. Aymi zamanda kalsiyum bitkilerde protein olusumunda ve
karbonhidratlarin tasinmasinda rol oynar (Plaster, 1982; Cepel, 1996; Kacar ve Katkat, 2010). Magnezyum,
bitkilerde klorofilin yapisinda yer alir. Bu nedenle magnezyum eksikliginde klorofil miktar1 diiser ve
fotosentez yavaslar. Bunun dogal sonucu olarak ta bitkilerde gelisme geriligi ve {irlin miktarinda azalma
ortaya c¢ikar. Magnezyum eksikliginde, bitkilerde protein sentezi de geriler (Aktas ve Ates, 1998; Ozbek
vd., 2001; Kacar ve Katkat, 2010). Kalsiyum ve fosfor arasinda siki bir iliski bulunmaktadir. Kalsiyum ile
fosfor arasindaki oranin 2:1 veya 1:1 olmasi gerekmektedir (Miller ve Reetz, 1995). Benzer bir durum
potasyum ve kalsiyum ile magnezyum arasinda da bulunmaktadir. Biinyesinde fazla miktarda potasyum
bulunan yemlerde K:(Ca+Mg) dengesi bozulmakta bunun sonucunda hayvanlarda “mera tetanozu”
hastali1 ortaya ¢ikmaktadir (Ozkan vd., 2016).

Ulkemizde korunganin ot verimi, ot kalitesi, tohum verimi ve diger tarimsal 6zelliklerinin belirlenmesi
yonelik farkli zamanlarda ve farkli bolgelerde birgok calisma yiiriitiilmiistiir (Ttirk ve Celik, 2005; Erkovan
ve Tan, 2009; Ertus vd., 2012; Aksu Elmal1 ve Kaya, 2012; Parlak Ozaslan vd., 2014; Cecen vd., 2015; Kog ve
Akdeniz, 2017; Cagan vd., 2023). Korunganin yem kalitesi yiiksek ve basta kalsiyum ve fosfor olmak {izere
diger besin elementlerince yiiksek degerlere sahip olmasina (Ekiz vd., 2011) ragmen yukarida verilen daha
onceki calismalardan da anlasilacag: tizere, korungalarin makro besin madde igerikleri ile ilgili yapilan
calismalarin az ve yetersiz diizeyde oldugu anlasimaktadir. Bu nedenle bu ¢alisma, korunga
genotiplerinin sahip olduklar1 makro element igeriklerinin belirlenmesi amaciyla yiiriitiilmiistiir.
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MATERYAL VE METOT

Bu arastirma, Bingol Universitesi Gen¢ Meslek Yiiksekokulu Arastirma ve Uygulama Alaninda 2017 ve
2018 yillar1 arasinda iki yil siireyle yiiriitiilmiistiir. Bingdl ili Tiirkiye'nin Dogu Anadolu Bolgesinde yer
almaktadir. Arastirmanin yiiriitiildiigii Geng ilgesi, Bingol il merkezine 20 km mesafede olup, alaninin
deniz seviyesinden yiiksekligi ortalama 986 m’dir. Arastirma alani, 38.749460 Kuzey enlemi ile 40.536780
Dogu boylami koordinatlarinda yer almaktadir.

Calismada bitkisel materyal olarak bazi kurum ve kuruluslardan temin edilen 2 adet tescilli gesit, 6 adet
cesit aday1 ve 5 adet popiilasyon olmak iizere toplam 13 adet genotip kullanilmistir. Calismada kullanilan
cesit, cesit aday1 ve popiilasyonlarin temin edildikleri kaynaklar Cizelge 1’de verilmistir.

Bing®dl 11 Meteoroloji Miidiirliigii'nden temin edilen iklim verilerine gore, Bingdl ilinin uzun yillar (1990-
2015) ortalama sicakliginin 12.3 °C, yagis miktarinin 917.8 mm ve nem orammnin ise %56.6 oldugu
goriilmiistiir. Arastirmanin yiirtitiildiigii 2017-2018 yetistirme sezonunda, uzun yillar ortalamasinin biraz
tizerinde sicaklik degerleri (12.8 °C ve 11.5 °C) ve uzun yillar ortalamasinin bir miktar altinda nispi nem
degerleri (%51.6 ve %54.1) ile yagis miktarlar: alinmistir (709 mm ve 905 mm).

Arastirma alanindan alman toprak 6rneklerinin analiz sonuglar, Sezen (1995) tarafindan belirlenen simir
degerler esas almarak degerlendirilmistir. Analiz sonucunda; toprak yapismin kumlu-killi-tinl1 yapida
(%59.5 kum, %18.2 kil, %22.3 tin), pH degerinin notr (7.26), az kiregli (%3.48), tuzsuz (0.34 mS cm™), organik
madde orani orta (%2.1), fosfor (5.1 kg da'') miktarinin az ve potasyum (43.6 kg da') miktarmin yeterli
oldugu gortlmiistiir.

Cizelge 1. Arastirma materyali olarak kullanilan genotipler ve genotiplerin temin edildikleri kaynaklar.
Table 1. Genotypes used as research material and the sources from which the genotypes were obtained.

1 Litifbev Tescilli cesit Dogu Anadolu Tarimsal Arastirma Enstitiisii
2 Peschanyj 1251 Tescilli gesit Maro Tarim Ins. ve San. A.S.

3 Emre Cesit aday1 Tarim Isletmeleri Genel Miidiirliigii
4 Hilal Cesit aday1 Tarim Isletmeleri Genel Miidiirliigii
5 Fatih Cesit aday1 Tarim Isletmeleri Genel Miidiirliigii
6 Mehmetalibey Cesit aday Tarim Isletmeleri Genel Miidiirliigii
7 Kog 1461 Cesit aday1 Tarim isletmeleri Genel Miidiirliigii
8 Yunus Cesit aday1 Tarim Isletmeleri Genel Miidiirliigii
9 Geng Popiilasyon Bingél ili Geng Ilcesi

10 Adakli Popiilasyon Bingol ili Adakl Ilesi

11 Yedisu Popiilasyon Bingol ili Yedisu Ilcesi

12 Ankara Popiilasyon Ankara ili

13 Tarim Popiilasyon Bingol il Tarim Midiirliigi

Arastirmaya ait tarla denemesi 06.04.2016 tarihinde, tesadiif bloklar1 deneme desenine gore iig tekerriirlii
olarak kurulmustur. Her parselin boyu 5 metre, her parselde 6 sira ve siralar aras1 30 cm olacak sekilde
ekim islemi yapilmistir. Dekara 10 kg olacak sekilde tohumluk hesaplanip, el markorii yardimiyla acilan
her siraya 10 gram tohum ekimi yapilmistir. Ekim ile birlikte deneme alanina 4 kg azot ve 10 kg fosfor
giibrelemesi yapilmistir (Tan ve Sancak, 2009). Bingdl ilinde yazlar oldukga sicak ve kurak ge¢mektedir.
Bu kosullarda korunganin susuz yasama sansi olmadigindan, tarla denemesi sulu kosullarda
yliriitiilmiistiir. Calismada 2016 yili tesis yili oldugu icin herhangi gozlem alinamamistir. Yabanci otlarla
miicadele icin iki defa temizlik bigimi yapilmistir. Ikinci y1l hasat 29.05.2017 tarihinde, iigiincii y1la ait hasat
ise 27.05.2018 tarihinde ve tam ¢igeklenme doneminde yapilmistir. Dolayisiyla bu ¢alisma 2016 yilinda
kurulmus olmasina ragmen sadece 2017 ve 2018 yillarina ait veriler degerlendirmeye alinmistir.

Korunga ikinci bi¢im igin ¢iceklenme asamasina gecemediginden, her iki yilda da sadece birer bicim
almabilmistir. Her parselden bigilen yesil ot numunelerinden 0.5 kg 6rnekler alinarak kurutma firninda 70
°C’de 48 saat (Anonim, 2001) tutularak kurutulmustur. Kurutulan ot drnekleri 6giitiilerek analize hazir hale
getirilmistir. NIRS (near infrared spectroscopy) cihazi yardimiyla ve C-0904FE kalibrasyon seti kullanilarak
fosfor, potasyum, kalsiyum ve magnezyum oranlar1 belirlenmistir (Basbag vd., 2023; Cacan vd., 2023; Sayar
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ve Han, 2023). Ca:P ve K/(Ca+tMg) icerikleri ise hesaplanarak elde edilmistir (Ozyazml ve Acgikbas, 2020;
Sayar ve Han, 2023).

Calisma neticesinde elde edilen bulgular JMP istatistik paket programi yardimiyla ii¢ tekerriirlii tesadiif
bloklar1 deneme desenine uygun olarak varyans analizi uygulanmistir. Varyans analizi sonuglaria gore
istatistiksel olarak Onemli ¢ikan faktor ortalamalar1 Tukey testi ile karsilastirilmistir. Ayni program
yardimiyla incelenen 6zellikler arasinda korelasyon analizi yapilmistir JMP, 2018).

BULGULAR VE TARTISMA

Korunga genotiplerinde tespit edilen fosfor ve potasyum oranlar: Cizelge 2’de verilmistir. Fosfor igerigi
acgisindan korunga genotipleri ile yillar arasinda, potasyum igerigi acisindan ise sadece yillar arasinda
tespit edilen farkliligin istatistiksel olarak 6nemli oldugu, hem fosfor hem de potasyum acisindan yil x
genotip interaksiyonunun 6nemsiz oldugu goriilmektedir. En yiiksek fosfor orani %0.39 oran ile Yedisu
genotipinden, en diisiik deger ise %0.34 ile Geng genotipinden elde edilmistir. Geriye kalan diger tiim
genotipler de istatistiksel olarak en yiiksek degeri veren grup icerisinde yer almistir. 2017 yilinda elde
edilen fosfor oraninin, 2018 yilinda elde edilen fosfor oranindan istatistiksel olarak daha yiiksek oldugu
goriilmiistiir. Yil ve genotiplerin ortalamasi olarak da %0.37 oraninda fosfor orani elde edildigi
belirlenmistir. Potasyum orani agisindan genotipler arasinda istatistiksel bir farklilik olmayip, potasyum
orani genotipler arasinda %1.90-2.31 arasinda degisim gostermistir. Yillar acisindan bakildiginda 2017
yilinda alinan potasyum degerinin 2018 yilina gore daha yiiksek oldugu goriilmektedir. Yil ve genotiplerin
ortalamasi olarak da potasyum orani %2.10 olarak elde edilmistir (Cizelge 2).

Cizelge 2. Korunga genotiplerinde tespit edilen fosfor ve potasyum oranlari.
Table 2. Phosphorus and potassium ratios detected in sainfoin genotypes.

Fosfor (%) Potasvum (%)
Genotipler 2017 2018 Ortalama 2017 2018 Ortalama

1 Adakh 0.37 0.32 0.35 ab 1.99 191 1.95
2 Ankara 0.39 0.36 0.37 ab 2.19 2.05 2.12
3 Emre 0.39 0.35 0.37 ab 2.35 2.04 2.20
4 Fatih 0.39 0.35 0.37 ab 2.18 1.95 2.07
5 Geng 0.33 0.34 0.34b 1.78 2.06 1.92
6 Hilal 0.38 0.37 0.37 ab 224 2.18 221
7 Kog 1461 0.39 0.37 0.38 ab 2.17 2.12 2.15
8 Liitfibey 0.39 0.35 0.37 ab 2.18 2.00 2.09
9 Mehmetalibey 0.38 0.36 0.37 ab 224 1.96 2.10
10 Peschanyj 1251 0.34 0.35 0.35 ab 1.78 2.02 1.90
11 Tarim 0.38 0.36 0.37 ab 2.38 217 2.27
12 Yedisu 0.42 0.36 0.39a 2.52 2.11 2.31
13 Yunus 0.38 0.33 0.36 ab 2.23 1.86 2.05

Ortalama 0.38 A 0.35B 0.37 217 A 2.03B 2.10

CV (%): 6.38, P degeri (genotip): 0.0230, P degeri CV (%): 11.53, P degeri (genotip): 0.0952, P degeri
(y1l): 0.0001, P degeri (genotip x yil): 0.1916 (yil): 0.0161, P degeri (genotip x yil): 0.3580

* Ayni satir ve siitunda ayni harfle gosterilen ortalamalar arasindaki fark istatistiksel onemsizdir. P: Onem diizeyi, CV: Varyasyon katsayisi

Korunga genotiplerinde tespit edilen kalsiyum ve magnezyum oranlar1 Cizelge 3'te verilmistir. Kalsiyum
ve magnezyum oranlar1 agisindan sadece yillar arasindaki farklihigin istatistiksel olarak énemli oldugu,
genotipler arasindaki farklilik ile yil x genotip interaksiyonunun 6nemsiz oldugu goriilmiistiir. 2018
yilinda elde edilen %1.95 kalsiyum orani ile %0.33 magnezyum oraninin, 2017 yilinda elde edilen %1.74
kalsiyum orani ile %0.29 magnezyum oranindan istatistiksel olarak daha yiiksek oldugu goriilmektedir.
Genotip ve yillarin ortalamasi olarak da kalsiyum orani %1.84 ve magnezyum orani da %0.31 olarak elde
edilmistir (Cizelge 3).
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Cizelge 3. Korunga genotiplerinde tespit edilen kalsiyum ve magnezyum oranlari.
Table 3. Calcium and magnesium ratios detected in sainfoin genotypes.

Kalsivum (%) Magnezvum (%)

Genotipler 2017 2018 Ortalama 2017 2018 Ortalama
1 Adakh 1.79 1.96 1.88 0.30 0.35 0.33
2 Ankara 1.60 2.08 1.84 0.29 0.37 0.33
3 Emre 1.77 1.93 1.85 0.30 0.31 0.31
4 Fatih 1.77 1.97 1.87 0.29 0.33 0.31
5 Geng 1.66 1.93 1.79 0.29 0.33 0.31
6 Hilal 1.75 1.82 1.78 0.29 0.30 0.30
7 Kog 1461 1.72 1.92 1.82 0.30 0.33 0.31
8 Litfibey 1.80 1.94 1.87 0.31 0.33 0.32
9 Mehmetalibey 1.83 1.90 1.86 0.30 0.31 0.31
10 Peschanyij 1251 1.65 1.96 1.81 0.27 0.34 0.30
11 Tarim 1.74 1.93 1.83 0.27 0.32 0.30
12 Yedisu 1.75 1.96 1.85 0.31 0.34 0.32
13 Yunus 1.72 2.08 1.90 0.29 0.34 0.32
Ortalama 1.74 B 1.95 A 1.84 0.29B 0.33 A 0.31

CV (%): 5.82, P degeri (genotip): 0.8037, P degeri CV (%): 6.13, P degeri (genotip): 0.0754, P degeri
(y1l): 0.0001, P degeri (genotip x yil): 0.1035 (y1l): 0.0001, P degeri (genotip x yil): 0.0636

* Aym satir ve siitunda aym harfle gosterilen ortalamalar arasindaki fark istatistiksel énemsizdir. P: Onem diizeyi, CV: Varyasyon katsayisi

Genotiplerin fosfor igerikleri acisindan farkliik gostermesi, genotiplerin toprakta bulunan fosfor
oranindan istifade etme yeteneklerinden kaynaklanmaktadir. Genotiplerden elde edilen fosfor ve
potasyum oranlarinin ikinci yil diisiis gostermesi ise birinci y1l genotiplerin topraktan besin elementlerini
almalar1 sonucunda toprakta bulunan fosfor ve potasyum oranlarinin azalmasi ile ac¢iklanabilir. Fosfor ve
potasyum oranlarinin yiiksek oldugu yillarda kalsiyum ve magnezyum oranlarinin diisiik olarak elde
edildigi, ayn1 sekilde fosfor ve potasyum oranlarimnin diisiik oldugu yillarda da kalsiyum ve magnezyum
oranlariin yiiksek olarak elde edildigi goriilmektedir. Dolayisiyla fosfor ve potasyum ile kalsiyum ve
magnezyum arasinda ters bir iliski oldugu anlasilmaktadir (Cizelge 2, Cizelge 3).

Ruminant hayvanlarda fosfor yetersizliginde idrar yolu sorunlar1 ve tahta, guval gibi yem degeri olmayan
maddeleri yeme egilimi; potasyum yetersizligi durumunda kaslarin zayiflamasy, sallantili yiiriiytiis, ishal
ve zayiflama; kalsiyum yetersizliginde, kalsiyum fosforla birlikte hayvanlarda kemik ve dislerin
olusumunda rol aldig: icin, kemik gelisiminin gerilemesi; magnezyum yetersizliginde ise biiyiimede
gecikme, istah azalmasi, kaslarda koordinasyon bozuklugu gibi problemler ortaya ¢ikmaktadir (Kutlu vd.,
2005).

Hayvanlarin makro element ihtiyaglarinin minimum diizeyde karsilanabilmesi icin baklagil yem
bitkilerinde fosfor oraninin %0.31, potasyum oraninin %3.00, kalsiyum oraninin %1.30 ve magnezyum
oraninin %0.26 oraninda olmas: gerekmektedir (Muller, 2023). Bu ¢alismada korunga genotiplerinin fosfor
oranlar1 %0.34-0.39, potasyum oranlar1 %1.90-2.31, kalsiyum oranlar1 %1.78-1.90 ve magnezyum oranlar1
%0.30-0.33 arasinda degisim gostermistir (Cizelge 2, Cizelge 3). Bu agidan bakildiginda korunga
genotiplerinde elde edilen potasyum oranmnin diisiik, fosfor, kalsiyum ve magnezyum oranlarinin ise
yeterli sevide oldugu goriilmektedir.

Daha 6nce korunga genotipleri ile ilgili yiiriitiilen benzer ¢alismalara bakildiginda; Vuckovic vd. (2006)
fosfor oranini %0.20-0.36, potasyum oranini %1.48-2.09, kalsiyum oranin1 %0.91-1.43, magnezyum oranini
%0.14-0.26 ve K:(Cat+tMg) degerini 1.075-1.524, Turk vd. (2011) fosfor oranmi %0.17, potasyum oranini
%2.47, kalsiyum oranini %1.52, magnezyum oranini %0.26 ve K:(Ca+Mg) degerini de 1.48, Ozkdse (2018)
fosfor oranini %0.14-0.19, potasyum oranimi %2.74-3.08, kalsiyum oranini %0.64-1.10 ve magnezyum
oranini %0.50-0.52, Sayar ve Han (2023) fosfor oranini %0.25-0.26, potasyum oranini %3.07-3.27, kalsiyum
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oranini %1.08-1.19, magnezyum oranini %1.21-1.41, Ca:P degerini 4.28-4.96 ve K:(Ca+Mg) degerini de 2.35-
2.57 araliginda tespit etmislerdir. Daha 6nce yapilan ¢alismalardan elde edilen bulgularin, mevcut ¢alisma
bulgulari ile paralellik gosterdigi anlasilmaktadir.

Korunga genotiplerinin Ca:P ve K:(CatMg) degerleri Cizelge 4’te verilmistir. Ca:P’ degeri agisindan
genotipler, yillar ve yil x genotip interaksiyonu arasinda tespit edilen farklihigin, K:(Ca+tMg) degeri
agisindan ise sadece genotipler ile yillar arasinda tespit edilen farkliligin istatistiksel olarak énemli oldugu
goriilmektedir. En diisiik Ca:P degeri 4.78 ile Hilal, en yiiksek deger ise 5.49 ile Adakli genotiplerinden
elde edilmistir. 2017 yilinda, 2018 yila gore daha diisiik Ca:P degeri elde edildigi ve genotipler ile yillarin
ortalamas1 olarak da 5.08 olarak Ca:P degeri elde edildigi belirlenmistir. Y1l x genotip interaksiyonu
acgisindan bakildiginda, en diisitk Ca:P degerinin 2017 yilinda Ankara genotipinden, en yiiksek Ca:P
degerinin de 2018 yilinda Adakli ve Yunus genotiplerinden alindig1 goriilmektedir. K:(Ca+Mg) degeri
agisindan bakildiginda da en diisiik degerin Adakly, en yiiksek degerin de Tarim ve Yedisu genotiplerinden
alindig1 goriilmektedir. 2017 yilinda, 2018 yilina gore daha yiiksek K:(CatMg) degeri elde edildigi, yil ve
genotiplerin ortalamasi olarak 0.98 K:(Ca+Mg) degeri elde edildigi belirlenmistir (Cizelge 4).

Cizelge 4. Korunga genotiplerinde tespit edilen Ca:P ve K:(Ca+Mg) degerleri.
Table 4. Ca:P and K:(Ca+Mg) values determined in sainfoin genotypes.

Ca:P K:(Ca+Mg)
Genotipler 2017 2018 Ortalama 2017 2018 Ortalama
1 Adakh 4.84 b-g 6.15a 549 a 0.94 0.82 0.88d
2  Ankara 414 ¢ 5.82 ab 4.98 cde 1.15 0.84 1.00 a-d
3 Emre 448 d-¢ 5.56 a-e 5.02 b-e 1.14 0.92 1.03 abc
4 Fatih 4.60 c-g 5.59 a-e 5.10 a-e 1.06 0.85 0.95 a-d
5 Geng 4.97 b-g 5.59 a-e 5.28 abc 0.91 0.91 0.91 cd
6 Hilal 4.60 c-g 4.96 b-g 478 e 1.10 1.03 1.06 ab
7 Kog 1461 4.46 efg 5.18 a-g 4.82 de 1.07 0.94 1.00 a-d
8 Liitfibey 4.60 c-g 5.65 abc 5.12 a-e 1.03 0.88 0.96 a-d
9 Mehmetalibey 4.81 b-g 5.31 a-f 5.06 b-e 1.07 0.89 0.98 a-d
10 Peschanyj 1251 4.80 b-g 5.61 a-d 5.20 a-d 0.92 0.88 0.90 cd
11 Tarim 4.53 c-g 5.33 a-f 4.93 cde 1.18 0.97 1.07 a
12 Yedisu 4.19 fg 5.50 a-e 4.85 de 1.22 0.92 1.07 a
13 Yunus 4.53 c-g 6.27 a 5.40 ab 1.11 0.77 0.94 bcd
Ortalama 4.58 B 5.58 A 5.08 1.07 A 0.89B 0.98
CV (%): 7.07, P degeri (genotip): 0.0223, P degeri CV (%): 11.27, P degeri (genotip): 0.0374, P degeri
(y1l): 0.0001, P degeri (genotip x yil): 0.0336 (y1l): 0.0001, P degeri (genotip x yil): 0.2176

* Aym satir ve siitunda aym harfle gosterilen ortalamalar arasindaki fark istatistiksel nemsizdir. P: Onem diizeyi, CV: Varyasyon katsayisi

Ca:P degerinin kalsiyum ile K:(Ca+Mg) degerinin ise potasyum ile dogru bir iligki igerisinde oldugu
goriilmektedir. Yani kalsiyumun yiiksek olarak elde edildigi yillarda Ca:P degerinin de yiiksek,
potasyumun yiiksek olarak elde edildigi yillarda da K:(Ca+Mg) degerinin yiiksek olarak elde edildigi
goriilmektedir. Dolayisiyla Ca:P degeri iizerine kalsiyumun, K:(Ca+Mg) degeri {izerinde de potasyumun
daha belirleyici oldugu anlasilmaktadir (Cizelge 2, Cizelge 3, Cizelge 4).

Mevcut calismada Ca:P degeri 4.78-5.49 ve K:(Ca+tMg) degeri ise 0.88-1.07 arasinda degisim gostermistir.
Hayvan saglig1 agisindan bitkilerde bulunan elementler arasindaki denge oldukga 6nemlidir. Genel olarak
Ca:P degeri 2:1 civarinda olmalidir (A¢ikgoz, 2001). Yem bitkilerinde Ca:P degerinin 2:1’den yiiksek olmasi
durumunda hayvanlarda siit hummas: hastalig1 ortaya cikabilmektedir (Giiliimser vd., 2017). Ancak
hayvanlar yeterince D vitamini almalar1 durumunda, Ca:P degeri 7:1 civarinda olmas1 durumunda bile bu
hastalik tolere edilmektedir (Barnes vd., 1990; Buxton ve Fales, 1994). Arastirmada Ca:P degerinin 2:1'in
tizerinde, ancak 7:1 smirinin altinda oldugu goriilmektedir. Dolayisiyla bu oran hayvanlarin yeterince D
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vitamini almalari durumunda problem tegkil etmeyecegini gostermektedir. Yem bitkilerinde K:(Ca+Mg)
degerinin 2.2’den daha diisiik olmasi tavsiye edilmektedir (Kidambi vd., 1989). K:(Ca+tMg) degerinin
2.2’den yiiksek olmasi durumunda hayvanlarda cayir tetanisi hastalig1 riski ortaya ¢ikmaktadir (Giiliimser
vd., 2017). Arastirmada elde edilen K:(Ca+Mg) degerinin 2.2’den diisiik oldugu, dolayisiyla cayir tetanisi
riski olmadig1 goriilmektedir.

Korunga genotiplerinin P, K, Ca, Mg, Ca:P ve K:(Ca+Mg) oranlar: arasindaki iligki korelasyon analizi ile

belirlenmis olup, elde edilen sonuglar Cizelge 5’te verilmistir.

Cizelge 5. Korunga genotiplerinde incelenen elementler arasindaki korelasyon katsayilar1 (r)**
Table 5. Table 4. Correlation coefficients between elements analyzed in sainfoin genotypes (r)**

Elementler K Ca Mg Ca:P K:(Ca+Mg)
P 0,8778** -0,2181 -0,1245 -0,7505** 0,8325**
K -0,0183 0,0572 -0,5404** 0,8323**
Ca 0,8608** 0,8015** -0,5617**
Mg 0,6696** -0,4342**
Ca:P -0,8738**

**: P<0.01 diizeyinde 6nemli

Iki y1lin ortalamasi olarak, korunga genotiplerinin Ca ve P, Ca ve K, Mg ve P, Mg ve K diginda incelenen
tiim Ozellikler arasindaki iliskinin ¢cok 6nemli diizeyde ve istatistiksel olarak anlamli oldugu goriilmiistiir.
P ve K, Ca ve Mg, Ca ve Ca:P, Mg ve Ca:P, P ve K:(CatMg) ve K ve K:(Ca+Mg) oranlar1 arasinda pozitif ve
¢ok onemli (P<0.01) diizeyde bir korelasyon oldugu goriilmiistiir. P ve Ca:P, K ve Ca:P, Ca ve K:(Ca+tMg),
Mg ve K:(CatMg), Ca:P ve K:(Ca+tMg) oranlar1 arasinda da negatif ve ¢cok énemli (P<0.01) diizeyde bir
korelasyon oldugu goriilmdiistiir (Cizelge 5).

Korunga genotiplerinin incelenen o6zellikleri arasindaki iliskiyi gosteren korelasyon analizi, Cizelge 2,
Cizelge 3 ve Cizelge 4’te verilen sonuclari anlaml kilmaktadir. Cizelge 2'de P ve K oranlari ile Cizelge 3’te
Ca ve Mg oranlar arasinda ters bir iliski oldugu goriilmektedir. P ve K oranlarmin yiiksek olarak elde
edildigi birinci y1lda Ca ve Mg oranlarinin diisiik, P ve K oranlarmin diisiik olarak elde edildigi ikinci y1lda
ise Ca ve Mg oranlariin en yiiksek degerlerini verdigi goriilmektedir. Bu durum Cizelge 5’te goriildiigii
tizere P ve K oranlariin kendi aralarindaki pozitif ve anlamli, P ve Ca, K ve Ca ile P ve Mg oranlarinin
kendi aralarindaki negatif iliskiden kaynaklanmaktadir. Benzer bir durum Ca:P ve K:(Ca+Mg) oranlar1
arasinda da oldugu goriilmektedir. Cizelge 4'te goriildiigii tizere Ca:P oraninin yiiksek degerlerini verdigi
ikinci y1lda K:(Ca+Mg) oranlarinin diisiik, Ca:P oraninin diisiik degerini verdigi birinci yilda ise K:(Ca+Mg)
oraninin yiiksek olarak elde edildigi goriilmektedir. Bu durum da Cizelge 5'te verilen ve Ca:P ile
K:(CatMg) arasindaki anlaml1 ve negatif korelasyondan kaynaklanmaktadir.

SONUC

Bingdl ilinde yetistirilen bazi korunga genotiplerinin fosfor, potasyum, kalsiyum ve magnezyum
oranlariin incelendigi bu g¢alismada, genel olarak korunga genotiplerinin sahip olduklar1 potasyum
oraninin diisiik, fosfor, kalsiyum ve magnezyum oranlarinin ise yeterli diizeyde ve 6n goriilen sinirlar
icerisinde oldugu goriilmiistiir. En yiiksek fosfor orani Yedisu ve Kog genotiplerinden elde edilmistir.
Potasyum, kalsiyum ve magnezyum agisindan genotipler arasinda herhangi bir farklilik tespit
edilememistir. Genel olarak genotiplerin icerdikleri K:(Ca+Mg) degerleri sinir degerlerin altinda, ancak
Ca:P degerinin ise beklenen degerlerden daha yiiksek oldugu goriilmiistiir. Yillar agisindan bakildiginda
genotiplerin birinci yil daha yiiksek fosfor, potasyum ve K:(Ca+Mg) degerleri, ikinci yil ise daha yiiksek
kalsiyum, magnezyum ve Ca:P degerleri verdigi goriilmiistiir. Sonug olarak incelenen 6zellikler agisindan
korunga genotiplerinin potasyum oranlarinin diisiik, Ca:P degerlerinin yiiksek, diger degerler acisindan
ise ideal degerlere sahip oldugu goriilmiistiir. Korunga genotiplerinde Ca:P degerinden kaynaklanan
dengesizligin de hayvanlarin yeteri kadar D vitamini almalari durumunda bir sorun tegkil etmeyecegi 6n
goriilmektedir.

——
Uluslararas: Tarim ve Yaban Hayat:1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

162



Korunga Genotiplerinin Makro Element I¢erikleri Agisindan Incelenmesi
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Tavuk Giibresi Kullanim Potansiyeli A¢isindan Kokteyl Domates Yetistiriciligi
Potential of Poultry Manure Use in Cocktail Tomato Growing
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Oz: Bu calismada kiigiik meyve yapisina sahip kokteyl tipi domateste tavuk giibresinin kullamim olanaklari arastirilmistir. Tavuk giibresinin
toprak organik maddesi, toprak EC degeri, toplam azot, degisebilir magnezyum, alinabilir ¢inko ve mangan kapsamlarim artirdig, bakir igerigini
ise diistirdiigii belirlenmistir. Yapraklarda bulunan azot ve demir kapsami tavuk giibresi uygulamalarina bagli artarken, bakir azalmistir. Kokteyl
domates meyvelerinin mineral kapsami degerlendirildiginde tavuk giibresi uygulamalarinin potasyum, kalsiyum, demir, mangan, ¢inko ve bakir
kapsamini artirdigy tespit edilmistir. Meyve verimi ve kalitesi incelendiginde meyve asitligi, bitki basina meyve sayisi, bitki bagina verim ve
ortalama meyve ¢ap1 U2 (1200 kg da' tavuk giibresi+kimyasal giibre) uygulamasinda en yiiksek degeri almistir. U2 uygulamas: bitki basina
verimi kontrol uygulamasina gére %17.6 artirmistir. Bu verim (1260 kg da) artis1 tiretici geliri agisindan oldukga 6nemlidir. Kokteyl domates tuza
daha dayanikli oldugundan dolay1 &zellikle uygun mevsim ve fertigasyon EC'si kullanildiginda tavuk giibresi kullanimindan olumsuz
etkilenmeden U2 uygulamas: ile en yiiksek verimin alinmas: dikkat gekicidir. Verim artisgina ek olarak pek ¢ok meyve kalite kriteri de tavuk
giibresi uygulamalar: ile korunmus veya artmistir.Tavuk giibresinin kokteyl domates disinda kiiciik meyve yapisina sahip diger meyve ve
sebzelerde de etkileri aragtirilmalidir. Bunun yani sira tarimda kullanildiginda yiiksek tuzlulugundan dolayi, olumsuz etkilere sahip olan bagta
diger kanatl giibreleri olmak {izere mantar kompostu gibi organik giibrelerin, yine kiigiik meyve yapisina sahip bitkilerde kullanim olanaklar1
aragtirilmalidir.

Anahtar Kelimeler: Tuzluluk, ortiialt;, domates verimi, domates kalitesi
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Abstract: In this study, the possibilities of using poultry manure in cocktail-type tomatoes with a small fruit structure were investigated. It was
determined that poultry manure increased soil organic matter, soil EC value, total nitrogen, exchangeable magnesium, available zinc, and
manganese contents, and decreased copper content. While nitrogen content and iron content in leaves increased due to poultry manure
applications, copper decreased. When the mineral content of cocktail tomato fruits was evaluated, it was determined that poultry manure
applications increased the content of potassium, calcium, iron, manganese, zinc, and copper. When fruit yield and quality were examined, fruit
acidity, number of fruit per plant, yield per plant, and average fruit diameter were highest in U2 (1200 kg da' poultry manure+chemical fertilizer)
application. U2 application increased the yield per plant by 17.6% compared to the control application. This increase in yield (1260 kg da™) is very
important in terms of producer income. Since the cocktail tomato is more resistant to salt, it is remarkable that the highest yield is obtained with
the U2 application, without being adversely affected by the use of poultry manure, especially when the appropriate season and fertigation EC are
used. In addition to the increase in yield, many fruit quality criteria have been preserved or increased with poultry manure applications. The
effects of poultry manure on other fruits and vegetables with small fruit structures besides cocktail tomatoes should be investigated. In addition,
the possibility of using organic fertilizers such as mushroom compost, especially other poultry manures, which have negative effects due to their
high salinity when used in agriculture, should be investigated in plants with small fruit structures.

Keywords: Salinity, greenhouse, tomato yield, tomato quality
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GIRIS

Tiirkiye %6.9'luk pay ile Diinya domates iiretiminde Cin ve Hindistan’dan sonra 3. sirada yer almaktadur.
Tiirkiye’de yaklasik 32 milyon ton sebze iiretilmekte ve bu sebze iiretiminde 13.09 milyon ton iiretim
miktari ile domates ilk sirada yer almaktadir (FAO, 2021). Domates iiretiminde kat1 ve siv1 organik giibre
kullanimi verim ve kaliteyi etkileyen 6nemli unsurlardan biridir. Bu nedenle de her gecen giin farkh
ozelliklere sahip organik giibreler bitkisel iiretimde kullanilmaktadir (Kalkan vd., 2017). Ulkemizde
yaklagik 5.5 milyon ton/yil iiretimi bulunan ve her gegen giin iiretimi artan ve depolama sorunu bulunan
tavuk giibresi tarimsal iiretimdeki organik giibre ihtiyacinin karsilanmasinda ¢nemli alternatiflerden
birisidir (Kaplan ve Maltas, 2016). Ancak tavuk giibresinin bitkisel {iiretimde dogru sekilde
kullanilmamasi, bazi sorunlara yol agabilmektedir. Tavuk giibresinin yiiksek tuz igermesi kullanimini
azaltan en Onemli unsurlardan birisidir (Korkmaz vd. 1996). Domates bitkisi ile yapilan bazi
calismalarda ozellikle tanelik domates ile kurulan denemelerde, tavuk giibresinin tuzluluguna bagh
olarak meyve veriminin ve kalitesinin olumsuz etkilendigi tespit edilmistir (Sonmez vd., 2019; Ata ve
Kaplan, 2020). Ancak tuzlulugun bitki gelisimi ve meyve verimine olan etkisinin iklim, sulama suyunun
tuz icerigi, genotip ve iiretim teknikleri (Maggio vd., 2004; Reina Sanchez vd., 2005) gibi faktorlere gore
farklilik gosterdigi de kabul edilmektedir. Nitekim literatiir arastirmalarinda kokteyl domates gibi kiigiik
meyveli bitkilerin biiyiik meyveli olanlara oranla tuza dayaniminin daha yiiksek oldugu pek ok
aragtirmaci tarafindan bildirilmistir (Romero-Aranda vd., 2001; Silva vd., 2021).

Literatiir taramalarinda tanelik domates iiretiminde tavuk giibresi kullanim olanaklari ile ilgili pek ¢ok
calisma olmasmna karsin; literatiirdeki kiiciik domateslerin 6zellikle tavuk giibresinin tuzlulugundan
dolay1 kullanim sorunlarinin yasanip yasanmayacag: bilgilerini degerlendiren calismalarin yeterince
olmadigr gozlemlenmistir. Bu amagla tavuk giibresinin kullanilmasi durumunda sorun olarak goriilen
tuzluluk probleminin, dogru yonetilmesi durumunda sorun olmayabilecegi gibi, yiiksek tuzlulugun
kalite icin yararli hale gelebilecegi kosullarin olusturulabilecegi ihtimali s6z konusudur. Bu kapsamda
domates iiretiminde tuz hassasiyetinin yiiksek oldugu fide déneminin, diisitk mineralizasyon hizi olacak
sekilde soguk donemde baslatilip ve tuzluluktan az etkilenen bitki tiir veya cesitlerinin se¢ilmesi (kokteyl
ve cherry domates) ile tavuk giibresinin kullanim olanagini artirabilecegi diistiniilebilir.

Bu calisma sofralik domateslere oranla kii¢iik meyveye sahip kokteyl domates cesidinde bitki gelisimi,
meyve verimi ve kalitesi {izerine tavuk giibresinin kullanim potansiyelini degerlendirmek amaciyla
yapilmistir.

MATERYAL VE METOT
Calisma Akdeniz Universitesi Ziraat Fakiiltesi Uygulama arazisindeki 1 Nolu (Aksu) serasinda
ylritiilmistiir. Arastirmanin yapildig: seranin toprak 6zellikleri Cizelge 1'de verilmistir.

Cizelge 1. Deneme topraginin bazi 6zellikleri.
Table 1. Some properties of the trial soil.

Toprak ozelligi Analiz sonucu Toprak 6zelligi Analiz sonucu
Organik madde (%) 2.43 Degisebilir potasyum (me 100 g) 1.46

Kireg (%) 17.2 Degisebilir kalsiyum (me 100 g) 21.30

pH 7.42 Degisebilir Magnezyum (me 100 g1) 3.88

EC (dS/m) 0.42 Alinabilir demir (ppm) 4.73

Tekstiir Killi tin Alinabilir mangan (ppm) 10.7

Toplam azot (%) 0.15 Alinabilir ¢inko (ppm) 9.24

Alinabilir Fosfor (ppm)  236.5 Alinabilir bakir (ppm) 6.8

Calismada c¢alisma konusunun amacina uygun olacak sekilde kiiciik meyve yapisina sahip kokteyl
domates gesidi olan Elika F1 ¢esidi kullanilmistir. Denemede kullanilan tavuk giibresinin igerigi Cizelge
2'de verilmistir.
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Cizelge 2. Denemede kullanilan tavuk giibresinin bazi 6zellikleri.
Table 2. Some properties of poultry manure used in the experiment.

Kriter Analiz sonucu
pH 6-8

Toplam organik madde (%) 55

Organik azot (%) 1

Toplam azot (%) 2

Toplam fosfor (%) 3

Arastirma, kimyasal giibre (kontrol), Ul: 600 kg da' tavuk giibresi+kimyasal giibre ve U2: 1200 kg da?
tavuk giibresitkimyasal giibre olacak sekilde 3 konu ve 3 tekerriirlii olacak sekilde tesadiif parselleri
deneme deseni seklinde yiiriitiilmiistiir. Kimyasal giibreleme amaciyla Amonyum siilfat, MAP,
potasyum nitrat, kalsiyum nitrat ve magnezyum siilfat giibreleri kullanilmistir. Tavuk giibresi
uygulamalan fide dikiminden 15 giin 6nce yapilmis ve toprak ile karigtirilmistir. Sira arasi 0.40 m ve sira
tizeri 0.90 m olacak sekilde her parsele 12 adet kokteyl domates fidesi 3 Subat 2016 tarihinde dikilmistir.
Deneme sirasinda ¢ekilmis olan bazi gorseller Sekil 1'de verilmistir.

Sekil 1. Deneme ile ilgili baz1 gorseller.
Figure 1. Some images of the experiment.

Calismada meyve ve yaprak Ornekleri laboratuvara getirilmis ve saf su ile yikanmistir. Daha sonra
yaprak Ornekleri ve meyve Ornekleri (dilimlenerek) 65 °C sicaklikta sabit agirhga geldikten sonra,
ogiitiilerek analize hazir hale getirilmistir (Kacar ve Inal, 2008). Bitki analizleri icin ise domates yaprak
orneklerinde toplam N modifiye Kjeldahl yéntemine gore belirlenmistir (Kacar ve Inal, 2008). Ayrica, P,
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K, Ca, Mg, Fe, Mn, Zn ve Cu analizleri i¢in bitki o6rnekleri yas yakilip ICP-OES cihazinda okunmustur
(Kacar ve Inal, 2008). Toprak orneklerinde pH (Jackson, 1967), kire¢ (Evliya, 1964), elektriksel iletkenlik
(Bower ve Wilcox, 1965), tekstiir (Bouyoucos, 1955), organik madde (Black, 1965), toplam N (Black, 1957),
almabilir P (Olsen ve Sommer, 1982), degisebilir K, Ca ve Mg (Kacar, 1972) ve alinabilir Fe, Zn, Cu ve Mn
analizleri (Lindsay ve Norwell, 1978) yapilmistir. Domates meyvelerinde ortalama meyve capi, bitki
basina meyve sayisi, ortalama meyve agirligi, bitki basina verim degerleri tespit edilmistir. Meyvelerin C
vitamini igerigi (Cemeroglu vd., 2007), renk (McGuire, 1992), suda ¢oziinebilir kuru madde (SCKM)
(Karagali, 2009) miktari, titre edilebilir asit (TEA) (Karacali, 2009) degeri ve meyve suyu pH's:
belirlenmistir. Meyve eti sertligi 3mm’lik bir u¢ ¢apina sahip el penetromesi yardimiyla meyve ekvator
bolgesinden ti¢ farkli noktadan dlgiilmiistiir.

Elde edilen veriler SPSS 17.0 paket programinda varyans analizi yapilarak Duncan ¢oklu karsilagtirma
testine tabi tutulmustur.

BULGULAR VE TARTISMA

Uygulamalarin Toprak Ozellikleri Uzerine Etkisi

Uygulamalarin toprak oOzellikleri {izerine olan etkisi Cizelge 3'de verilmistir. Uygulamalarin etkileri
incelendiginde tavuk giibresi uygulamalarinin toprak organik maddesi, toprak EC degeri, toplam azot,
degisebilir magnezyum, alinabilir ¢inko ve mangan kapsamlarin: artirdig1 belirlenmistir. Alinabilir bakir
kapsami incelendiginde ise kontrol ve Ul uygulamalarina oranla U2 uygulamasinda azaldig:
belirlenmistir (Cizelge 3).

Cizelge 3. Tavuk giibresi uygulamalarinin toprak 6zellikleri {izerine etkisi.
Table 3. The effect of poultry manure applications on soil properties.

Uygulamalar Organik EC pH N P K Ca Mg Fe Mn Zn Cu
madde
dS m- % ppm me 100 me 100 me 100 ppm ppm ppm ppm
% 1 g-] g.l g_1
Kontrol 2.2b 0.53¢  7.39 012b 22304 171 21.71 3.57b 2.73 14.62c  10.38b  10.44a
U1 3.0a 0.64b 744 0.20a  228.14 1.88 21.99 3.62b 2.96 18.21a 10.58b 10.72a
U2 3.1a 0.74a 742 02la 21959 251 27.50 4.60a 2.46 16.09b 12.32a  9.99b

* Stitunlardaki farkli harfler, uygulama ortalamalar1 arasinda 6nemli farkliliklar oldugunu gosterir (P < 0.05).

Toprak EC degeri incelendiginde tavuk giibresi uygulamalarinin her iki dozu da toprak EC degerinde
artis saglamistir. Benzer sonuglar literatiirde pek ¢ok arastirmaci tarafindan bildirilmis (Tavali vd., 2014)
ve bu EC artisina bagli olarak verimin azaldig1 belirlenmistir (Ata ve Kaplan, 2020; Sénmez vd., 2019). Bu
calismada ise kontrole oranla Ul uygulamasinda verimin diistiigii gozlemlense de U2 uygulamasinda
diger iki uygulamaya gore meyve veriminin arttig1 belirlenmistir. Nitekim tuzlu kosullarda iri meyveli
gesitlerde verim kaybi kiiciik meyvelilerden daha fazla olabilmektedir (Fernandez-Mufioz vd., 1999).
Kara ve Erel (1999), yulaf bitkisi {izerine yaptiklar: ¢calismada artan tavuk giibresi dozlarina bagl olarak,
toprakta almabilir Zn iceriginin arttigin1 bulmuslardir. Ewulo ve Sanni (2015), tarafindan tavuk giibresi
kullanilarak yiiriitiilen bir ¢alismada topraklarin degisebilir Ca diizeyinde istatistiksel agidan farkliligin
olmadig: tespit edilmisgtir.

Uygulamalarin Bitki Beslenmesi Uzerine Etkileri

Uygulamalarin yaprak besin kapsamu {izerine olan etkisi Cizelge 4'de verilmistir. Uygulamalarin etkileri
incelendiginde tavuk giibresinin yaprak azot kapsamini ve demir kapsamimi uygulama dozu ile dogru
orantii olacak sekilde artirdig1 belirlenmigtir. Yaprakta bulunan mangan ve ¢inko beslenmesi
bakimindan kontrol ve U2 uygulamalar1 en iyi beslenmeyi saglarken, yapraklardaki bakir kapsami
uygulamalarin etkisi ile azalmistir (Cizelge 4).

Tavuk giibresi uygulamalarinin domates yapraklarinda bulunun P, Ca, Mg elementleri {izerine etkisinin
olmadig1 bildirilmistir (Ata ve Kaplan, 2020). Organik giibre uygulamasmin kabak bitkisinin
yapraklarinda bulunan Mn miktarimi artirdigl, Fe, Zn ve Cu miktarin etkilemedigi (Tavali vd., 2014),
kirmizi baglahananin yapraklarinda bulunan Cu elementi hari¢ diger mikro elementleri farkh diizeylerde
etkiledigi bildirilmistir (Maltas vd., 2017).
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Cizelge 4. Uygulamalarin kokteyl domates bitkisinin yaprak besin icerigi iizerine etkileri.
Table 4. The effects of the applications on the leaf nutrient content of the cocktail tomato plant.

Uygulamalar N (%) P(%) K(%) Ca(%) Mg(%) Fe(ppm) Mn(ppm) Zn(ppm) Cu (ppm)

Kontrol 2.64b 0.25 4.60 5.14 0.42 77.24b 13.68a 13.68a 9.42a
Ul 3.08a 0.23 4.32 5.18 0.41 80.20a 9.83b 9.83b 8.69b
U2 3.18a 0.22 4.17 5.47 0.48 99.54a 15.02a 15.02a 7.18b

* Siitunlardaki farkli harfler, uygulama ortalamalar1 arasinda 6nemli farkliliklar oldugunu gosterir (P < 0.05).

Uygulamalarin Meyve Besin Elementi I¢erigi Uzerine Etkileri

Uygulamalarin meyve besin igerigi iizerine olan etkisi Cizelge 5'de verilmistir. Uygulamalarin etkileri
incelendiginde tavuk giibresi uygulamalarinin meyve potasyum, kalsiyum demir, mangan, ¢inko ve
bakir kapsamini artirdig1 belirlenmistir. Tavuk giibresi uygulamalar1 kokteyl domates meyvesinin bitki
besin elementi kapsamini biiyiik dlgiide artirmistir. Ozellikle U2 uygulamasindaki verim artigi da dikkate
alindiginda meyvelerde besin iceriginin seyrelme etkisi ile diismemesi dikkat cekicidir. Kokteyl domates
tiiketicisi tarafindan genel olarak yogun tadinin olmasindan dolay1 tercih edilmektedir. Ureticilerden bu
tip domates alan tiiccarlar genellikle meyvelerin iriliginden ¢ok, tat testi yaparak satin almaktadirlar. Bu
sebepten otiirti 6zellikle de kokteyl tipi domatesler toptanci hallerde iri olmalar1 durumunda ¢ok fazla
tercih edilmemektedirler. Buna bagh olarak da iireticilerde yetistirme tekniklerini (giibreleme-sulama)
meyvelerin iri olmayacak sekilde uygulamaktadirlar. Ancak bu ¢alismada 6zellikle meyve tad: ve kalite
kriterleri {izerine etkisi oldugu bilinen potasyum (Kacar, 2005; Yener ve Altunbas, 2021)
konsantrasyonunun tavuk giibresi uygulamalarina bagh olarak artti1 belirlenmistir. Bu durum verim
artisina ek olarak meyve tadinin da artirilabileceginin isaretidir.

Cizelge 5. Uygulamalarin kokteyl domates meyvesinin besin kapsamu iizerine etkileri.
Table 5. The effects of applications on the nutritional content of cocktail tomato fruit.

Uygulamalar N (%) P(%) K(%) Ca(%) Mg(%) Fe(ppm) Mn(ppm) Zn(ppm) Cu (ppm)

Kontrol 1.87 0.36 1.33¢  0.08b 0.12 31.71b 5.06¢ 11.19b 8.80c
U1 2.08 0.40 2.01b  0.09a 0.14 44.86a 9.77a 13.12a 29.18a
U2 2.08 0.38 244a  0.09a 0.13 47.73a 7.36b 13.05a 20.91b

* Stitunlardaki farkli harfler, uygulama ortalamalar: arasinda onemli farkliliklar oldugunu gosterir (P < 0.05).

Uygulamalarin Meyve Kalitesi ve Verimi Uzerine Etkileri

Uygulamalarin meyve kalitesi ve verimi tizerine olan etkileri Cizelge 6'da verilmistir. Uygulamalarin
etkileri incelendiginde tavuk giibresi uygulamalarinin ortalama meyve g¢apini artirdigi belirlenmistir.
Olgiilen diger kriterlerde uygulamalarin etkileri degismekle birlikte en yiiksek meyve pH degeri Ul
uygulamasindan elde edilmistir. Meyve asitligi, ortalama meyve capi, bitki basina meyve sayis1 ve bitki
basma verim kriterleri U2 uygulamasinda en yiiksek degeri almistir. Meyvelerde SCKM degerleri ise
tavuk gilibresi uygulamalarma bagh olarak azalmistir. U2 uygulamasi bitki basina verimi Ul
uygulamasina gore %20.9, kontrol uygulamasina gore ise %17.6 artirmistir. Bitki basina meyve sayisi
degeri kontrole oranla Ul uygulamasinda azalmis, U2 uygulamasinda artmistir. Bu durum polen
olusumu ve kalitesini etkileyen ¢inko elementinin kontrole oranla Ul uygulamasinda azalp, U2
uygulamasinda artmasi ile aciklanabilir. Verim artisina bitki basina meyve sayisi ve ortalama meyve
capmndaki artiglar sebep olmustur (Cizelge 6). Toptanci hallerde tiiccarlar veya pazarcilar tarafindan
kokteyl domates alinirken genellikle meyve biiyiikliigiiniin (¢apinin) artmasi sorun olarak kabul
edilebilmektedir. Ciinkii kokteyl domateste meyve biiyiiditkce aromanin azalacagi kamisi hakimdir.
Ancak, meyvelerdeki potasyum icerinin kontrole oranla U1l uygulamasinda %51.13 ve U2 uygulamasinda
%83.46 artmasi meyve cap1 artarken, aromanin korunabilecegini diisiindiirmektedir. Nitekim, yeterli
potasyum icgeren ¢ay bahgelerinden toplanan yas ¢ay yapraklarindan {iretilen siyah ve yesil caylarda
randiman daha yiiksek oldugu gibi aroma ve renk yoniinden de caylarin daha kaliteli oldugu
bildirilmistir (Kacar, 2005). Tavuk giibresi uygulamalar: kontrol uygulamasina gore, C vitamini igerigi de
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artirmistir. Ancak verimdeki yiikselmeye bagl seyrelme etkisi ile, C vitamini artisinin istatistiksel olarak
onemli ¢itkmadig: diisiiniilmektedir.

Cizelge 6. Uygulamalarin kokteyl domates meyvesinin kalite parametreleri ve verimi {izerine etkileri.
Table 6. Effects of applications on quality parameters and yield of cocktail tomato fruit.

Uygulamalar pH Asitlik SCKM  L* Cc* h° Sertlik C Ortalama Ortalama  Bitki Bitki
(%) (N vitamini meyve meyve basina  basina
(%) cm2) (mg agirhigs cap1 meyve  verim
100g1)  (g) mm)  says (kg)

(adet)
Kontrol 444b 142a 7.23a 3792 31.83 4093 1.10 30.27 25.91 37.26b 98.94b  2.56b
U1 453a 1.16b 7.07ab 3721 3125 4023 1.05 30.58 28.08 38.14a 89.00c 2.49c
U2 4.36c 145a 6.57b 3761 31.10 40.63 1.10 30.89 27.96 38.15a 107.89a 3.0la

* Siitunlardaki farkli harfler, uygulama ortalamalar1 arasinda 6nemli farkliliklar oldugunu gosterir (P < 0.05).

SONUC

Tavuk giibresinin kullanim1 kontrol uygulamasina gore toprak tuzlulugunu énemli derecede artirmistir.
Normal kosullarda pek ¢ok arastirmada tavuk giibresi kullanimima bagl olarak toprak tuzlulugu
artisinin, verimi diislirdiigii tespit edilmis olsa da, kokteyl domates bu tuzluluk artisindan olumsuz
etkilenmemistir. Tavuk giibresinin, kokteyl domates yetistiriciliginde, toprak tuzlulugunu artirmis
olmas: dikkate alinarak kullanilmas: faydalidir. Bu kapsamda tavuk giibresi bitki tiirii, toprak yapisi,
uygulama dozu, uygulama dénemi, uygulama siklig1 ve uygulanacak toplam kimyasal giibre miktarlari
da dikkate alinarak kullanilmalidir. Calismada kokteyl domatesin dikim siklig1 dikkate alindiginda
dekara yaklasik 2800 bitki dikilmistir. Kontrol uygulamasina gore U2 uygulamasi dekar basmna verimi
1260 kg artirmistir. Bu verim artisi {iretici agisindan oldukca onemlidir. Bu kapsamda kokteyl domates
gibi kiiciik meyve yapisina sahip kismen tuzluluktan daha az etkilenen meyveler ile daha yiiksek EC'de
fertigasyon uygulamalarinin veya daha yiiksek diizeyde tavuk giibresi uygulamalarinin etkileri de
arastirilabilir. Ayrica tavuk giibresinin kullanim olanaklar: kiigiik meyve yapisina sahip diger sebze-
meyvelerde de arastirilmalidir. Bunun yani sira tarimda yiiksek tuzlulugundan dolay1 kullaniminda
olumsuz etkilere sahip olan basta diger kanatli giibreleri olmak {izere mantar kompostu gibi organik
giibrelerin yine kii¢iik meyve yapisina sahip bitkilerde kullanim olanaklar1 arastirilmalidir. Elde edilecek
bilgi ve tecriibe toplami bu giibrelerin kullanimina kars: var olan kaygilarin giderilmesinde yararl
olabilecek ve bu giibrelerin kullanim potansiyelini artirabilecektir. Boylece bir atik olarak goriilen bu tiir
organik madde miktar: yiiksek hayvan giibrelerinin tarimda girdi olarak kullanilmasi ¢evre ve biyolojik
dongii agisindan da 6nem arz etmektedir.
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