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Zaki Ahmad FAIZI, Ahmet OZTURK

THE OVERALL EFFECT OF RESERRCH YEARS, ROOTSTOCKS,
AND CULTIVARS ON THE MORPHOLOGICAL
CHARACTERISTICS OF PERR TREES

ABSTRACT

This research was conducted to determine the combined effect of 3 factors, inc-
luding rootstocks, cultivars, and research years, on the morphological characteris-
tics in Samsun/Tiirkiye ecological conditions in 2021 and 2022 years. Eight roots-
tocks consisting of quince BA29 (BA29), quince A (QA), FOX9, FOX11, OHxF333,
OHxF87, FAROLD40, and European pear seedlings were used in the study, while
the 3 standard pear cultivars were ‘Santa Maria, ‘Williams, and ‘Deveci. The study
results revealed the significance of the combined factors on all leaf characteristics
of European pear. The rootstock diameter, scion diameter, tree height, and trunk
cross-sectional area showed insignificant variations. It was determined that the
canopy characteristics of the ‘Williams’/FAROLD40 and ‘Williams’/OHxF333 sci-
on/rootstock combinations in 2022 were higher than other combinations, while
the same combination was obtained with lower values in the case of other morp-
hological characteristics. Generally, all the morphological attributes were obta-
ined higher in the rootstocks/cultivars combination in 2022. In conclusion, the
genetic capacity of rootstocks, cultivars, and variations of the climate situations
in two consequent research years, resulted in variations in the morphological
attributes of pear trees.

Keywords: European Pear, Rootstock, Vegetative Growth, Pyrus communis.
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ARMUT AGACLARININ MORFOLOJiK OZELLIKLERI
UZERINE ARASTIRMA YILLARININ, ANACLARIN
VE CESITLERIN GENEL ETKISI

0z

Bu aragtirma, 2021 ve 2022 arastirma yillarinda Samsun/Tiirkiye ekolojik ko-
sullarinda armut agaglariin morfolojik ozellikleri tizerine anag, gesit ve arastir-
ma yillart olmak tizere 3 faktoriin birlesik etkisini belirlemek amaciyla yapilmistir.
Arastirmada BA29 (BA29), Ayva A (QA), FOX9, FOX11, OHxF333, OHxF87, FA-
ROLDA40 ve Avrupa armut ¢6giirii olmak tizere sekiz anag; ‘Santa Maria, ‘Williams’
ve ‘Deveci’ olmak tizere 3 standart armut ¢esidi kullanilmistir. Caligma sonuglari,
birlesik faktorlerin Avrupa armudunun tiim yaprak ozellikleri tizerindeki 6nemi-
ni ortaya koymustur. Ana¢ capi, kalem ¢api, aga¢ boyu ve govde kesit alani ba-

https://doi.org/10.7161/omuanajas.1353744 d



The Overall Effect of Research Years, Rootstocks, and Cultivars...

kimindan ise 6nemsiz farkliliklar gostermistir. 2022 arastirma yilinda ‘Williams’/
FAROLDA40 ve ‘Williams'/OHxF333 kombinasyonlarinda ta¢ 6zelliklerinin diger
kombinasyonlardan daha yiiksek oldugu, diger morfolojik ozelliklerde ise ayni
kombinasyonlarda daha diistik degerler elde edildigi belirlenmistir. Genel olarak
2022 aragtirma yilinda anag/cesit kombinasyonunda tiim morfolojik 6zellikler
daha yiiksek elde edilmistir. Sonug olarak, anaglarin ve gesitlerin genetik kapasitesi
ile birbirini takip eden iki arastirma yilindaki iklim kosullarindaki degisiklikler
armut agaclarinin morfolojik 6zelliklerinde farkliliklara neden olmustur.

Anahtar Kelimeler: Avrupa Armudu, Anag, Vejetatif Gelisme, Pyrus communis.

i

1. INTRODUCTION

Pear (Pyrus communis L.) is one of the most common and well-known pome
fruits in terms of fruit-growing techniques (Orman, 2005). Pears require 200-300
chilling hours in subtropical regions, while temperate areas at low to high latitudes
(between 600-2700 m above sea level) need 500-1500 chilling hours (Kumar et al.,
2023). Late spring frosts can limit cultivation and optimum production because its
flowers are damaged at -2.2°C, and small fruits are damaged at 1.1°C (Kurt et al.,
2022a). Along with pear rootstocks, quince dwarf rootstocks are desired to estab-
lish modernized pear orchards (Bolat and Ikinci, 2019; Kurt et al., 2022b). Roots-
tocks are widely used in fruit cultivation for various reasons, including their cli-
mate adaptation, soil qualities, impact on quality and yield, and tolerance to biotic
stresses (Corso and Bonghi, 2014). According to research by Pasa et al. (2015) and
Hepaksoy (2019), optimal planting density, proper rootstock choice, and adequa-
te ecology contribute significantly to fruit trees’ perfect vegetative and generative
performances. The Pyrus genus mostly includes species of mid-sized trees, some
shrubs, and various woody plants. The Pyrus genus trees have straight stems that
are deeply rooted in the soil. The leaves are simple, alternately orientated, and vary
in length from 2 to 12 cm and width from 3 to 5 cm. The petioles are stipulate and
have whole or serrated limb margins. Even though most species are deciduous, a
few Southeast Asian species have evergreen leaves. Some species have silvery, thick
tomentose leaves, while others have glossy green foliage (Simionca et al., 2023).
The vigor of pear trees is an outcome of heritability, biological versatility, adapta-
tion, or favorable responses within the ecological conditions of the study area. For
highly-density planting pear orchards and the availability of the cultural resources,
dwarf trees are ideal. Nevertheless, trees with vigorous growth are ideal if the aim
is to produce pears in drought conditions with less management resources, wood
production, as ornaments for providing shade and shelter, construction, and furni-
ture (Ozturk and Faizi, 2023; Simionca et al., 2023). Some selections of wild pears
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species have a recognized ornamental value due to rapid growth, the varied range
of shapes and sizes, rusticity, low demands on the soil, ability to thrive in different
climates, having attractive foliage and flowers (Yamada et al., 2015). Huge canopy
spread results in substantial costs for management procedures like pruning. The-
refore, cultivars of pears like ‘Hardy, ‘Flemish Beauty, ‘Anjou, and ‘Comice’ with
less vegetative growth are perfect for reducing such expenditures (Kul et al., 2022).
The using of the vigorous rootstocks and cultivars is one of the leading low yield
causes in pear orchards (Pasa et al., 2017). For control the pear cultivars’ vegetative
growth potential, both Pyrus and Cydonia species are used as rootstock (Iglesias
and Asin, 2011; North et al., 2015). However, Pyrus species as rootstock shows
more vigorous growth than Cydonia (Kul et al., 2022). This research was conduc-
ted to determine the combined effects of 8 rootstocks (BA29, QA, FOX9, FOX11,
OHxF333, OHxF87, FAROLDA40, and European pear seedling), 3 cultivars (‘Santa
Maria, ‘Williams, and ‘Deveci’) and 2 consecutive research years (2021 and 2022)
on the morphological characteristics under the ecological conditions of Bafra dist-
rict of Samsun province of Tiirkiye.

2. MATERIAL AND METHOD

2.1. Materials

In the study ‘Santa Maria, ‘Williams’ and ‘Deveci’ cultivars were grafted on ei-
ght different rootstocks, including two Quince clonal rootstocks (BA29 and QA),
five pear clonal rootstocks (FOX9, FOX11, OHxF333, OHxF87, and FAROLDA40),
and European pear seedling rootstocks were used as plant materials in the 2021
and 2022 years.

2.1.1. Experiment Area Properties

The soil of the orchard in which the study was performed included 2.73-10%
clay (low), 13.21-20% silt (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,
(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 presented in Table 1.
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Table 1. Temperature, relative humidity, and monthly total precipitation of the
study area in 2021 and 2022.

Temperature ("C) Relative Humidity (%)

Months Max. Min. Avg. Max. Min. Avg, Precipitation (mm)
2021
Jan. 131 65 92 908 35.0 637 660
Feh. 17 46 78 91.0 386 645 232
Mar. 114 40 71 855 482 733 908
Apr. 165 80 1.5 874 546 77 592
May 212 12.3 16.4 835 545 696 700
Jun 249 169 207 887 503 743 804
Jul. 289 213 25.0 8310 56.0 714 60
Aug. 7.7 204 238 832 657 723 864
Sep. 220 152 18.1 830 513 700 17.8
Ot 190 122 15.0 85.0 55.0 76.1 110.4
Nov. 165 93 12.2 876 573 728 13
Dec. 138 &1 10.6 887 453 654 526
Mean 18.9 1L6 14.8 86.5 520 70.9 69.5
2022
Jan. 8.1 30 54 939 &2l &0 164.2
Feb. 121 54 82 95,1 633 022 610
Mar. 8.6 L6 15 97.0 452 721 115.4
Apr. 212 7.5 13.3 924 167 713 398
May 255 93 16.8 9538 140 70.9 M3
Jun 324 162 28 959 .1 740 734
Jul. 338 167 243 939 409 694 46
Aug 355 19.7 26.4 96.2 155 751 52
Sep. 32 150 219 956 408 718 294
Ot 249 1z 16.5 97.1 526 804 696
Nov. 222 83 13.9 955 9.1 784 712
Dec. 158 83 13.8 932 628 B0 518
Mean 226 10.2 157 95.1 498 756 60.9
2.2. Methods

The experiment was done in the pear orchard at the Bafra agricultural research
field of Ondokuz Mayis University, situated in the Bafra district of the province of
Samsun. The orchard was established in 2018 with 1-year-old saplings at a spacing
of 1.5 x 3.5 m for quince rootstocks and 3.0 x 3.5 m for pear rootstocks. The plants
were irrigated using drip irrigation from May 15 to September 15. Using 15-30-15
+ ME fertilizer at the start of the summer and 20-20-20 NPK fertilizer in the fall,
drip irrigation was used for fertilization. A rotavator was frequently used to elimi-
nate weeds from between the rows while the earth was mulched on the row.

2.1.1. Morphological Observations

Morphological attributes including rootstock diameter (mm), cultivar diame-
ter (mm), tree height (cm), canopy width (cm), canopy length (cm), canopy height
(cm), canopy volume (m?), trunk cross-sectional area (cm?), leaf width (cm), leaf
length (cm), leaf stalk length (cm), leaf stalk thickness (mm), leaf area (cm?) and
annual shoot length (cm) were evaluated according to previous researches (Ozturk
and Ozturk, 2014; Kurt et al., 2022a).

ANAJAS, 2024, Cilt 39, Sayi 1, Sayfa 11-28



Zaki Ahmad FAIZI, Ahmet OZTURK

2.1.2. Statistical Analysis

Factorial randomized complete block design (FRCBD) was used as the design
of our study. Three factors of data, including cultivars (3 cultivars), rootstocks (8
rootstocks), and years (2 years), were combined and used for analysis. Three rep-
lications 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. Means
differences were determined according to Duncan Multiple Comparison Test with
95% of confidence and 5% (a = 0.05) probability error due to unknown situations.

3. RESULTS AND DISCUSSION

3.1. Leaf Characteristics

The combined effect of the research years, rootstocks, and cultivars 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. Leaf characteristics were all obtained as statistically significant
(p<0.05). The LSL was recorded between 1.75-4.54 cm. The highest (4.54 cm) LSL
in the ‘Deveci’/FAROLD40 combination in 2022 and the lowest (1.75 cm) LSL in
the ‘Williams’/seedling combination in 2021. The LST varied from 1.49 mm (‘Santa
Mari’/FAROLDA40 in 2021) to 0.65 mm (‘Santa Mari’/FAROLDA40 in 2022). The LA
was obtained between 7.60-25.91 cm? The highest LL was determined in the ‘Santa
Maria’/FOX9 (7.62 cm) in 2022 and the lowest in the ‘Williams’/Seedling (3.88 cm)
in 2021. The highest LW was observed from ‘Santa Maria’/OHxF333 (7.42 cm) in
2022 and the lowest in the ‘Deveci’/Seedling (2.31 cm) in 2021. The highest LA in
the ‘Santa Maria’/OHxF333 combination in 2022 (25.91 cm?) and the lowest LA in
the ‘Williams'/Seedling combination in 2021 (7.60 cm?) (Table 2).

The leaf stalk length of 'Deveci' pear was significantly affected by rootstocks
(Ozturk and Ozturk, 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 Ozturk (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 specific growing conditions, rootstocks, and cultivars.

Leaf stalk thickness was significantly affected by rootstock, cultivar, and their
interactions, as reported by Ozturk and Ozturk (2014), the LST of ‘Deveci’ pear
was reported from 0.58-0.76 mm, the highest (0.76 mm) was in BA29 rootsto-
ck, 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
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reported by Coban and Ozturk (2020). Also Coban and Ozturk (2020) found LST
between 0.97-1.27 mm in rootstocks and 1.06-1.16 mm in the cultivars; they 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.

Table 2. Combined effects of different rootstocks, cultivars, and research years

on the leaf characteristics of European pear

Years Rootstocks Cultivars LSL (cm) + LST {mm) LL (cm) LW (cm) LA {(em?)
2021 BA29 Santa Maria JAdel 1.05 a-h 6.36 ) 444 bed 2054 d-h*
Williams 2.65 qrs 1.05a-h 5.42 pqr 36000 1398 n-s
Deveci 394b-e 0.88 d-h 607 h-n 307 gr 1345p-u
Quince A Santa Maria 327h-n 1.02 a-h 6.10g-n 392 c-i 1739 h-m
Williams 2.50 rst 1.02 a-h 5.37 pqr 335kq 13.05 p-u
Deveci 323ip 146 ab 5.42 pqr 24551 965 vwx
FOX9 Santa Maria LELYS 071 e-h 587 j-p 347 jq 14.72 m-q
Williams 2.30 st 110 a-h 194 s 34djq 1228 q-v
Deveci 3.00 1-r 0.684 d-h 5.58 n-q 2.58 st 10.36 u-x
FOX11 Santa Maria 388 b 111 a-h 629k 405d-h 18.42 hij
Williams 176 n-s 0.76 ¢-h 5.33 pqr 363i-n 14.13 n-r
Deveci 359 d-k 0.70 gh 6020 2.53 st 10.93 s-w
OHxlF333 Santa Maria 342el 104 a-h 563 m-q a7zgl 1527 k-q
Williams 3T0c L.13a-h 650 d-i 390 c-i 18.52 hij
Deveci 3T6ci 091 c-h 6.33 Fk 3.08 qr 138401
OHxls7 Santa Maria 257 gt 1.32a-d 62 gk 375gk 18.05h-1
Williams 212t 1.00 a-h 4565 3l4pgq 10.49 u-x
Deveci 259 gt 092 b-h 5.46 0-r 2.68 st 1087 s-w
FAROLD40 Santa Maria 338 F1 149a 5.68 1-q 2.62 st 10.75 t-w
Williams 319h-m 101 a-h 5.5 n-q 35700 1442 m-r
Deveci 343el 0.87 d-h 576 k- 176 143 r-v
Seedling Santa Maria 407 a-d 1.02 a-h 6.62d-h 3B5g] 1834 h-k
Williams L75u 0.92b-h 3EEL 2.66 51 7.60 x
Deveci 2385t 0.80 d-h 4180 s 231t B2l wx
2022 BAz9 Santa Maria 3EB b 128 a-e 7.00 b-e 429 b-e 2167 c-g
Williams 2.54 rat 1.02 a-h 563 m-q 355ip 14.37 m-r
Deveci 422 abc 112 a-h 6.52 e-i 321 o0pq 15.081-q
Quince A Santa Maria 4.05 bed 1.08 a-h 7.37 ab 4.49 abc 24.11 abc
Williams 271 p-s 110 a-h 5.38 pqr 326m-q 1270 p-v
Deveci 437 ab 093 b-h 660 e-i 323inq 1523 k-q
FOX9 Santa Maria 378 c-h 116 a-h 762a 4.65 ab 25.52 ab
Williams 176 n-s 1.04 a-h 5221 qr 332lq 12.54 q-v
Deveci 352¢l 128 a-e 7.40 ab 369 h-l 19.92 e-i
FOX11 Santa Maria 340 e 099 a-h 716 a-d 456 ab 2348a-d
Williams 2.08 tu 1.25a-g 6.35 Fj 371gl 16.96 i-0
Deveci 362 d-j L.10a-h 6.99 b-¢ 365h-m 18.44 hij
OHxF333 Santa Maria 33igl 1.45 abc 742 ab 4868 1581a
Williams 28l m-s Ll14ah 6.17 g-m 353i-p 1579 j-p
Deveci 379 c-h 1.05 a-h 723 abc 380 g 19.79 [-i
OHxlFa7 Santa Maria 30jp L1la-h 6.35 Fj 41l cg 18.86 g-j
Williams 23050 1.16 a-h 648 0-i 367 h-m 17.14 j-n
Deveci 28l m-s 120 a-h 646 e-i 3ldpq 14.76 m-q
FAROLD40 Santa Maria 33500 0.65 h 717 a-d 427 b 2232b-c
Williams 27408 1.35 a-d 6.60 c-f 390 e-i 18.79 g-j
Deveci 4540 1.13a-h 7.35ab 358 -0 18.94 g-j
Seedling Santa Maria 307 k-q 127 a-e 7.22 abc 4.36 bed 2281 b-e
Williams 2.67 qrs 1.26 a-g 6.48 e-i 373gl 1740 h-m
Deveci 3B3c-p 1.16 a-h 689 b1 35800 1792 h-1
Significance (P< 0.05) 0.001 0.006 0.001 0.001 0.001
Mean standard errors 0.158 0.155 0.174 0123 0.947

*: Means with different letters in the same column are significant.

+: Leaf stalk length (LSL), Leaf stalk thickness (LST), Leaf length (LL), Leaf width (LW), Leaf area (LA).
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The leaf length of the pear varied significantly in terms of rootstock and culti-
vars, as stated by Serttas (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. Ozturk and Ozturk (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. Kilic (2015) found LL between 32.00-60.18 mm
in consideration of different genotypes of pear. Coban and Ozturk (2020) stated
that rootstocks and cultivars significantly affected the LL in ‘Deveci’ and ‘Willi-
ams’ 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.

Ozturk and Ozturk (2014) determined the significant impact of the rootstocks
on the leaf sizes of the ‘Deveci’ cultivar; they reported that LW was the highest in
trees grafted on BA29 rootstock. Kilic (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 (2019) and Coban and Ozturk (2020) between 36-37 mm in cultivars and
35-38 mm in the rootstocks. Serttas and Ozturk (2020) reported the highest LW in
‘Deveci’ and ‘Santa Maria (3.75 cm and 3.44 cm) and the lowest (3.40 cm and 3.34
cm) in Abate Fetel’ and ‘Williams’ cultivars. The variations in the results were due
to genetic and environmental factors.

Leaf area is an important morphological characteristic in the determination of
the 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, 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 roots-
tocks, according to earlier studies that claimed that the rootstocks had a substan-
tial impact on the LA (Ozturk and Ozturk, 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 characteristics of pear trees were acquired as the following while con-
sidering 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
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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 cm? QA, 6.24 ‘Williams’ to 10.80 cm? ‘Santa
Maria’ (Kurt et al., 2022a).

3.2. Rootstock and Scion Diameter, Tree Length, and Trunk Cross-Sectional Area

The combined effects of three factors (research years, rootstocks, cultivars)
on rootstock diameter (RD), scion diameter (SD), tree length (TL), and trunk
cross-sectional area (TCSA) of pear trees are illustrated in Table 3. All the attribu-
tes mentioned above were found to be statistically insignificant. The RD obtained
between 22.89-78.62 mm, SD varied from 19.0-76.16 mm, TL observed between
123.22-302.0 cm, and TCSA ranged from 2.88-45.70 cm? (Table 3).

In our study, we observed the lower rootstock diameter than the scion diameter
in the case of all quince rootstocks and pear cultivars combinations (Figure 1, Fi-
gure 2 and Figure 3), while the cultivars grafted on the seedling rootstocks, higher
rootstock diameter, was obviously observed than the scion diameter. Francescatto
etal. (2010) reported the lowest rootstock diameter in EMC rootstock in the ‘Pack-
hams’/EMC combination, while the cultivar was grafted on 7 different rootstocks.
Similarly, Ozturk and Ozturk (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 repor-
ted the lowest values in the MC than other rootstocks (Ozturk, 2021).

Scion diameter values that we obtained are compatible with the studies pre-
viously performed (Ozturk and Ozturk, 2014; Machado et al.,, 2016; Mete, 2019;
Ozturk, 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 was obser-
ved higher than on the dwarfing rootstocks (Sugar and Basile, 2011; Dondini and
Sansavini, 2012; Askari-Khorosgani et al., 2019).
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Table 3. Combined effects of different rootstocks, cultivars, and research years
on the rootstock diameter, scion diameter, tree length, and trunk cross-sectional
area of European pear

Years Rootstocks Cultivars RI} (mm) t SD (mm) TL (cm)} TCSA (cm?)
2021 BA29 Santa Maria 42.73a 39.89a 24030 12.50a"
Williams 3M7la 3234a 202860 44l a
Deveci 5327 a 52.04a 236940 21.56a
Quince A Santa Maria 42.35a 42.33a 24767 a 1426a
Williams 27.54a 26.02a 154.3%a 53 a
Deveci 47962 1982 a 24692 a 19.57 a
FOXe Santa Maria M.13a 21.24a 13837 a 3is5a
Williams 12894 19008 123220 188a
Deveci TR 1517 a 150.78 & 498 a
FOX11 Santa Maria 48.13 a 45332 266.87 a 16.19a
Williams 53864 1869 27231a 18663
Deveci 54752 51464 262460 21904
OHxlF333 Santa Maria 4587 a 40.13a 21897 a 1271a
Williams 4872 a 46.97 a ITT4Ta 1892a
Deveci 6247 a G067 a 280.14a 29668
Olxla7 Santa Maria 3122a 2702a 18362 a 573a
Williams 34T74a 37.23a 17019 a 5.85a
Deveci 2891 a 22244 146.51 a 3R%a
FAROLD40 Santa Maria 46.28 a 4344a 227450 1482 a
Williams 5344a 47.65a 286400 17.82a
Deveci 58.46 a 5226a 293040 21.82a
Seedling Santa Maria 47.83a 3783a 277540 1127a
Williams 40.11 a 31.50a 203.04a 793a
Deveci 4776 a 3921a 217.72a 1236a
2022 BA29 Santa Maria 48.10 a 4490 a 23605 1587a
Williams 35.03a 3575a 204.00 1037 a
Deveci 56.63 a 56.16a 242850 2489a
Quince A Santa Maria 52.37a 50.51 a 284720 20.36a
Williams 8.89a 2797 a 15826 a 6.16a
Deveci 6033 a 5934a 261.50 0 27.73a
FOXa Santa Maria 361 a 31.27a 186.17 a 778a
Williams 3204 19884 182130 70la
Deveci 3940 a 3M24a 18111 a 9.37a
FOX11 Santa Maria 5202a 1937 a 240.52a 1926
Williams 6191 a 55.89a 28206 8 24.53a
Deveci 77044 7459 296.54 a 43794
OHxF333 Santa Maria 55.04 2 52.17a 23064 0 211394
Williams 66.68 a 67252 302008 3550
Deveci 7779a 76164 29927 a 4570 a
Olxka7 Santa Maria 703a 3283a 18576 B58a
Williams 42.36a 37.13a 202490 10.94a
Deveci 3808 a 3349a 164.28 a BB6a
FAROLD40 Santa Maria 5399a 51.19a 264.00 2 20.57 a
Williams 6387 a S84Ra I7338a 1687 a
Deveci 7862a 7237a 298994 41.32a
Scedling Santa Maria 59.46 a 4822 a 24338 a 1829
Williams 48.67 a 4437 a 21208 a 1574a
Deveci 58.23a 52.94a 209.50 a 2.66a
Significance (P 0.05) 0.644 0.638 0.772 0.289
Mean standard errors 3.412 3.368 16.565 2.685

*: Means with similar letters in the same column are insignificantly different.
+: Rootstock diameter (RD), Scion diameter (SD), Tree length (TL), Trunk cross-sectional area (TCSA).
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OHxF333 OHXFET FAXCLD® Seeding

Figure 1. Diameter illustration of the ‘Santa Maria’ pear cultivar
on eight different rootstocks in 2022

BAX Cuince A FOXS FoxXn

OHxFI33 CEFET FARCLDA0 Seadling

Figure 2. Diameter illustration of ‘Williams’ pear cultivar
on eight different rootstocks in 2022.

OExF333 QHFET FARCLD4) Serdmg

Figure 3. Diameter illustration of ‘Deveci’ pear cultivar
on eight different rootstocks in 2022.
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Tree length was reported by the rootstocks and cultivars (Giacobbo et al., 2010;
Lepsis and Duredze, 2011; Dondini and Sansavini, 2012). The highest TL of ‘Abate
Fetel’ and ‘Conference’ cultivars were observed on pear seedlings than on the BA29
and MA rootstocks (Castro and Rodriguez, 2002). In our study, we observed the
highest TL 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 TL was acquired 159 cm in ‘Williams’ pear cultivar and 225 cm in ‘Deveci’ cul-
tivar while grafted on QA rootstock (Akcay 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' TL by 60% compared to pear seedling rootstock (Pyrus calleryana). The
highest TL of the ‘Deveci’ cultivar was recorded on the BA29 rootstock and the
lowest on the MC rootstock (Ozturk, 2021). There were significant differences in
TL considering different research years. It can be said that differences were due to
the age of the trees (Gercekcioglu et al., 2014). Our research revealed that the trunk
cross-sectional area differs regarding research years, cultivars, and rootstocks. Si-
milar findings were reported by (Iglesias and Asin, 2011; Sugar and Basile, 2011;
Leipsis and Drudze, 2011; Ozturk and Ozturk, 2014; Mete, 2019; Ozturk, 2021;
Kiiciiker 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 the 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 m? ‘Santa Maria’ by Kurt et al. (2022a).

3.3. Canopy Characteristics

Canopy characteristics of European pear, considering the combined effects of
three different factors are given in Table 4. The canopy width (CW) and canopy
volume (CV) were observed as significant, while canopy length (CL) and canopy
height (CH) were acquired as statistically insignificant. The CW was in the 35.22-
199.0 cm range, the highest (199.0 cm) CW observed in the ‘Williams’/OHxF333
interaction in the research year of 2022, and the lowest (35.22 cm) in the ‘Williams’/
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FOX9 combination in the research year of 2021 (Table 4). The CV varied between
0.05-4.19 m?, the highest (4.19 m*) CV observed in the ‘Williams’/OHxF333 com-
bination in the research year of 2022, and the lowest (0.05 m?) in the ‘Williams’/
FOX9 combination in the research year of 2021 (Table 4).

Table 4. Combined effects of different rootstocks, cultivars, and research years

on the canopy attributes of European pear

Years Rootstocks Cultivars CW (cm) 1 CL (cm) CH {cm) CV (m%)
2021 BA29 Santa Maria 136.35 d-j 12272 a 20178 a 147 d-I*
Williams 113.00 g-n 96.97 a 149,88 a 093 ir
Deveci 14046 d-j 123.57 a 20029 a 1.56 d-k
Quince A Santa Maria 13824 d-j 12782 a 20143 a 164 d-j
Williams B8.30 m-q 7134a 12343 a 041 lr
Deveci 11585g-n 103.14a 21038 a L1l h-r
FOXe2 Santa Maria 40.77 st 3329a 114.19a 0.08 gr
Williams 35221 3545a 97.11a 0051
Deveci 4294 st 57.44a 11833 a 0.10 pqr
FOX11 Santa Maria 12540 d-m 126.13a 24867 a 1.57 d-k
Williams 12223 ¢-m 114.50a I3l43a 1.37d-m
Deveci 10944 i-n 108.63 a 22531 a 1289 g-n
OHxlF333 Santa Maria 10971 h-n 111.96a 17772 a 086 j-r
Williams 99.53 j-p 11732 a 241.17 a 112 h-r
Deveci 138.06 d-j 13083 a 2516l a 195 d-i
OHxFa7 Santa Maria 57.12g-t 5430a 14897 a 0.19 0-r
Williams 6858 p-t 676 a 15237 a 029 m-r
Deveci 48.24 rsl 49.61 a 12472 a 0.11 pgr
FAROLD40 Santa Maria 124.61 ¢-m 109.39a 184,89 a Ll15gq
Williams 11347 g-n 12099 a 25694 4 134 d-m
Deveci 11234 g-n 119.66a 25849 a 130 gn
Seedling Santa Maria 13096 d-k 10233 a 22017 a 152 d-k
Williams 77.96 -5 89.35a 174.54a 044 1r
Deveci 92.31 k-q 97.2la 170.55a 0.64 j-r
2022 BA29 Santa Maria 146.33 c-i 130.86 a 19498 a 1.68 d-j
Williams 11238 g-n 10606 a 157.56 4 D85 j-r
Deveci 157.12 h-¢ 14277 a 20562a 206 d-h
Quince A Santa Maria 150.70 b-h 142.01 a 2357 a 222c-p
Williams B6.35m-q 6677 a 12822 a 038 m-r
Deveci 165.54 a-d 13904 a 22100 a 2.41 cde
FOX9 Santa Maria 6947 o-t 66.23a 16340 a 035 m-r
Williams 5475 q-t 51.38a 155254 0.18 o-r
Deveci £9.221q 7956 141.00 a 0.50 1-r
FOX11 Santa Maria 13097 d-k 12355a 20262a 154d-k
Williams 156.39 h-I I57.08 a 24261a 238 c-f
Deveci 15336 b-g 15717 a 25933 a 243cd
OHxF333 Santa Maria 124.34 ¢-m 12323 a 194.03 2 L& gp
Williams 199,00 a 206.00 a 268.50 a 4.19a
Deveci 179.63 abc 17663 a 251.71a 317 be
OHxlFa7 Santa Maria 77.68 n-s 67.21a 15698 a 0.40 I-r
Williams 107 80 i-o 10449 a 173.16a 082 jr
Deveci A16% p-t 6005 a 13858 a 021 n-r
FAROLD40 Santa Maria 11433 g-n 10433 a 22389a 117 gq
Williams 18566 ab 162.52a 4493 a 34l ab
Deveci 15584 b-T 164.62 a 15088 a 247 cd
Seedling Santa Maria 13113 d-k 117.63a 18088 a 13go
Williams 108,08 i-0 94.67 a 18208 a DE8 i-r
Deveci 129.33 d-1 11236a 175.79a 126 g-n
Significance (P< 0.05) 0.035 0.075 0.412 0.013
Mean standard errors 11.814 10.905 16.526 0312

*: Means with different letters in the same column are significant.
+: Canopy width (CW), Canopy length (CL), Canopy height (CH), Canopy volume (CV).
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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) sta-
ted that the rootstocks significantly affect the CV of cultivars. The CV of ‘Deveci’
grafted on QA was 0.20-0.76 m?, 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
‘B. P. 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 Ozturk and Ozturk (2014),
the ‘Deveci’ pear cultivar's CV was larger on the BA29 rootstock than it was on the
MC rootstock. According to Ozturk (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*) CV. The CV of ‘Santa Maria grafted on QA roo-
tstock ranged between 0.71 and 2.0 m?, and the ‘Deveci’ between 0.67 and 1.86 m’
in the Tokat ecological conditions (Kiiciiker and Aglar, 2021).

3.4. Shoot Characteristics

The combined effects of three research factors on the annual shoot length
(ASL), node numbers in the annual shoots (NNAS), and internode length in the
annual shoots (ILAS) are given in Table 5. The ASL was statistically significant, but
the NNAS and ILAS were insignificant. The ASL was in the 11.94-51.04 cm range. The
longest (51.04 cm) ASL was determined in the ‘Deveci’/FOX11 combination in 2022,
and the shortest (11.94 cm) in the ‘Williams’/seedling combination in 2021 (Table 5).

The ASL of pear cvs. ‘Ankara, ‘Ak¢a, ‘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 ad-
dition, 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 case of different rootstocks x cultivars combinations, the ASL recorded
between 26.0-44.56 cm in ‘Deveci’/QA, 35.56-49.0 cm in ‘Santa Maria’/QA, 22.89-
46.44 cm in ‘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 seed-
ling and QC rootstocks (Akbari et al., 2014). A study evaluated the effect of Cham-
pion, 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 ro-
otstocks. In a study that evaluated the effect of different rootstocks and cultivars on
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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).

Table 5. Combined effects of different rootstocks, cultivars, and research years
on the rootstock diameter, scion diameter, tree length, and trunk cross-sectional
area of European pear.

Years Rootstocks Cultivars ASL (em) + NNAS (pes.) ILAS {cm)
2021 BA29 Santa Maria 40.85 a-d* 1196a 343a
Williams iz dl 1167 a 272a
Deveci 40.25 b-¢ 1321a inda
Quince A Santa Maria 34.36 c-i 11.37a 303a
Williams 2972 d-o 1161a I63a
Deveci 30.89 d-n 11.89a 261 a
FOX9 Santa Maria 18.93 0-u 1067 a 179a
Williams 19.65 n-u 10.19a 193a
Deveci 2356 0L 1064 a 221a
FOX11 Santa Maria 3821 el 133la 289 a
Williams T13cg 1709a Z19a
Deveci 35.07 c-h 1477 a 239a
OHxF333 Santa Maria 24.45 h-t 11.24a 2.19a
Williams 2115 -u 10.35a 205
Deveci 3173 d-1 1451 a 218a
OHxls7 Santa Maria 2844 [p 1709 a 1.69a
Williams 36.91 c-g 1880 a Z0da
Deveci 24.72 h-t 1292 a 192a
FAROLD40 Santa Maria 20.07 m-u 1281a 160 &
Williams 3143 d-m 1539a 2058
Deveci 3268 d-k 1472 a 223a
Seedling Santa Maria 26.59 g-s 990a 2698
Williams 11.94u 1045a 1.15a
Deveci 16.36 r-u 1084 a 149a
0322 BA29 Santa Maria 26.81 g-s 10.65a 252a
Williams 15.94 stu 9322a 1.73a
Deveci 25.15h-t I.68a 218a
Quince A Santa Maria 30.75 d-n 11.32a 274a
Williams 16.65 q-u 1083 a 1.55a
Deveci 22.85 ju 10.60 a 2lda
FOX9 Santa Maria 2140 k-u 1192a 1.84a
Williams 17.40 p-u 937a 1668
Deveci 29.00 ¢-o 1064 a 2768
FOX11 Santa Maria 3361 ¢ 12.75a 265a
Williams 2748 f-r 14.69a 1.66a
Deveci 51.04a 18964 2698
OHxlF333 Santa Maria 30.65d-n 1348a 219a
Williams 21.53 k-u 12.09a 1.78a
Deveci 40.83 a-d 134la i0la
OHxls7 Santa Maria 22.89 ju 10454 217a
Williams 14.64 tn 924a 1.59a
Deveci 18.99 o-u 10.52a 1.79a
FAROLD40 Santa Maria 44.28 abc 1701a Z6Z2a
Williams 30.00 d-o 1491 a I03a
Deveci 48.97 ab 1777 a 274a
Seedling Santa Maria 27.86 [q 10.67 a 261 a
Williams 20.28 m-u 1356a 14Z2a
Deveci 3057 d-n 1297a 2A0a
Significance (P< 0.05) 0.031 0.285 0127
Mean standard errors 3.272 1.321 0.192

*: Means with different letters in the same column are significant.
t: Annual shoot length (ASL), Node numbers in the annual shoots (NNAS), Internode length in the annual shoots (ILAS).
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4. CONCLUSION

It was determined that the canopy characteristics of ‘Williams’ pear cultivar in
combination with the FAROLD40 and OHxF333 in 2022 were higher than other
combinations, while the same combination was obtained with lower values in the
case of other morphological characteristics. Generally, all the morphological cha-
racteristics were obtained higher in the rootstocks and cultivars combination in
2022. In conclusion, the genetic capacity of rootstocks, cultivars, and variations of
the climate situations in two consequent research years resulted in variations in the
morphological attributes of pear trees.
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