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SURVIVAL RATE OF YOUNG PERR TREES IN DIFFERENT ROOTSTOCK AND
CULTIVAR COMBINATIONS UNDER FIELD CONDITIONS: PRELIMINARY
RESULTS

ABSTRACT:

This study was carried out to determine the effects of 7 different rootstocks
on rootstock diameter (mm), stem diameter (mm), and plant survival ratio (%)
of some pear cultivars between 2019-2021. Rootstocks, cultivars, research years,
and their interactions significantly affected all examined parameters in the study,
except for the interaction of year x rootstock x cultivar. The ‘Deveci’/BA29 and
‘Deveci’/OHxF333 had the largest rootstock and trunk diameters, while the
‘Williams'/MC had the smallest. The Fox11l and OHxF333 rootstocks had the
highest plant survival ratios, whereas the MC rootstocks had the lowest. In terms
of cultivar, the maximum plant survival ratio was found in the ‘Deveci’. At the end
of the first 3 years after planting, there was a decrease in the survival ratio of the
plants. ‘Williams’ had the lowest rootstock diameter, trunk diameter and survival
ratio. The highest trunk diameter was in the OHxF333, BA29, Fox11 and Farold40
rootstocks, and the cultivar was in the ‘Deveci. Plant survival ratios in quince
clonal rootstocks were slightly lower than in pear rootstocks. This is due to the graft
incompatibility between quince rootstocks and some pear cultivars. Compatible
inter-stock with rootstock and cultivar should be employed to overcome this
incompatibility problem caused by localized graft incompatibility. According to
the findings of this study on young plants, it is required to extend the research and
conduct additional observations in order to give more precise recommendations.

Keywords: Pear, Rootstock, Cultivar, Rootstock Diameter, Trunk Diameter,
Survival ratio.

e

GENC ARMUT AGACLARININ ARAZI KOSULLARINDAKI FARKLI ANAG VE CESIT
KOMBINASYONLARINDA YASAMA ORANI: iLK SONUCLAR

0z:

Bu aragtirma bazi armut ¢esitlerinin anag ¢ap1 (mm) ve govde ¢ap1 (mm) gelisi-
mi ile bitki yasama orani1 (%) tizerine 7 farkli anacin etkilerini belirlemek amaciyla
2019-2021 yillar1 arasinda yiritiilmiistiir. Arastirmada incelenen tiim parametre-
ler iizerinde yil x ana¢ x ¢esit interaksiyonu hari¢ anaglarin, gesitlerin, arastirma
yillarmin ve bunlarin interaksiyonlarinin 6nemli etkisi olmustur. En yiiksek anag
cap1 ve govde ¢ap1 ‘Deveci’/BA29 ve ‘Deveci’/OHxF333 kombinasyonunda belirle-
nirken en disiik ise ‘Williams’/MC kombinasyonunda belirlenmistir. Bitki yasama
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orani en yiiksek anaglarin Fox11 ve OHxF333, en diisitk MC anacinin oldugu be-
lirlenirken, yagsama orani en yiiksek ¢esidin ise Deveci oldugu belirlenmistir. Di-
kimden itibaren ilk 3. y1l sonunda fidan yasama oraninda azalma olmustur. Aras-
tirmada anag ¢ap1, govde ¢ap1 ve yagama orani en diisiik ¢esit Williams olmustur.
Govde ¢api en yiiksek olan anaglarin OHxF333, BA29, Fox11 ve Farold40, ¢esidin
ise Deveci oldugu belirlenmistir. Bitki yasama orani ayva klon anaglarinda armut
anaglarindan biraz daha diisitk olmustur. Bu durum ayva anaglari ile bazi armut
cesitleri arasinda goriilen ag1 uyusmazligindan kaynaklanmaktadir. Yerlesik ag1
uyusmazligindan kaynaklanan bu uyusmazIlik problemini ¢6zmek i¢in anag ve ce-
sit ile uyugur ara-anach fidanlar kullanilmalidir. Geng bitkiler tizerinde yiiriitiillen
bu ¢alisma sonuglarina gore daha dogru tavsiyelerde bulunulabilmesi i¢in arastir-
manin daha uzun siire devam ettirilmesi ve gozlemlerin yapilmasi gerekmektedir.

Anahtar Kelimeler: Armut, Anag, Cesit, Ana¢ Capi, Govde Capt, Yasama Orani.
1. INTRODUCTION

Pear fruit (Pyrus communis L.) is an important fruit species that can be grown
in all temperate regions in the world (Jackson, 2003; Hancock and Lobos, 2008; Da
Silva et al., 2018). Generally, pear trees are propagated via vegetative methods in
which various kinds of grafting and budding are the most appropriate methods of
propagation (Rahman et al., 2017). Rootstock use is an essential need in modern
fruit production and breeding due to their ability to pursue their normal life un-
der adverse biotic and abiotic factors (Hartmann et al., 2011; Dolkar et al., 2018).
Quince rootstocks such as Quince A, Quince C, BA29, Adams, Sydo, have been
used for quality fruit production of pear and facilitate cultural practices as they are
dwarfed compared to the pear seedlings or pear clonal rootstocks (Sharma et al.,
2009; Ozturk and Ozturk, 2014). Besides the quince rootstocks, Pyrus rootstocks
such as Pyrodwarf, BP, OHXE, Farold, and Fox series have been widely used due to
their many strong characteristics but produce larger trees than quince rootstocks
(Jackson, 2003; Stern and Doron, 2009; Francescatto et al., 2010).

When grafting on different genera in pear growing, graft incompatibility may
occur. The early or late occurrence of graft incompatibility after grafting causes
significant economic losses to growers and decreases the survival ratio of trees
in the short or long term (Ermel et al., 1999; Hartmann et al., 2011). The short or
long-term survival rate of grafted fruit trees is the main factor determining the va-
lidity of grafting (Reig et al., 2018). Apart from the compatibility or incompatibility
between rootstock and scion, the survival rate depends on the resistance to clima-
tic conditions of the rootstock (Lepsis et al., 2013), pest and disease (Hudina et al.,
2014; Shaltiel, 2018; Habibi et al., 2022), soil conditions and salinity (Okubo and
Sakuratani, 2000). Grafted fruit trees with good graft compatibility and the ability
to form a vascular system will survive for many years and continue their normal
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lives without any restrictions (Mauro et al., 2022). Quince rootstocks had a lower
survival ratio than pear rootstocks with lower graft incompatibility, and different
rootstock and cultivar combinations had significantly different survival ratios (Oz-
turk, 2021a). Symptoms of graft incompatibility in fruit trees include low survival
ratio, poor growth, early yellowing of leaves, cracking of bark tissues, and swelling
at the grafting union in the pear orchard (Jackson, 2003; Chen et al., 2016). An
important way to increase the survival ratio of pear trees is to use appropriate ro-
otstocks as well as to grow on pear-based rootstocks and their own roots (Baviera
et al,, 1988; Goldschmidt 2014). The survival rate of pear trees varies according to
rootstocks and cultivars, and the survival ratio decreases as the orchard age prog-
resses (Arzani, 2004; Hudina et al., 2014; Rahman et al., 2017; Ozturk, 2021a). It is
still debated that grafted pear trees, like most fruit trees, do not survive for many
years due to delayed graft incompatibility (Rasool et al., 2020).

Appropriate planting density and proper rootstock selection are essential stra-
tegies for optimum vegetative and generative development and fruit quality from
fruit trees (Pasa et al., 2015; Hepaksoy, 2019). It affects the cultivar grafted on the
rootstocks used in pear production at different levels. The resulting differences ma-
inly depend on the growth vigor of the tree, yield (Massai et al., 2008, Iglesias and
Batlle, 2011) and orchard management (Webster, 2002), differences in tree habitus,
and development under certain environmental conditions (Costes et al., 2006).
The performance of the rootstock used in production may vary. However, little is
known about the reasons why the performance of the rootstock to be used in pro-
duction changes over time (Meszaros et al., 2019). Appropriate rootstock selection
is significant in increasing the fruit yield and quality of the ‘Deveci, ‘Santa Maria,
‘Williams’ and ‘Abate Fetel, which have an important place in pear production in
Turkey, for both the producers to obtain maximum income and the consumers to
consume quality products. In addition, when appropriate cultivation techniques
and rootstock selection are not used for these cultivars, yield reductions, undesi-
rable lower quality fruits, low SSC content, insufficient coloring and weak flavor
may occur.

The aim of this study is to determine the effects of rootstocks on plant growth
and the survival ratio of some standard pear varieties grafted on different quince
and pear rootstocks during 2019-2021.

2. MATERIAL AND METHODS
2.1. Material
This study was carried out at the Bafra Agricultural Research Center of Ondo-

kuz Mayis University (41°33'50" N, 35°52'23" E and 20 m altitude) in 2019-2021.
Orchard was established with 1-year-old saplings at 1.5x3.5 m with dwarf rootsto-

https://doi.org/10.7161/0muanajas.1091137 d



Survival Rate of Young Pear Trees in Different Rootstock...

cks and 3.0x3.5 m distances with semi-dwarf and seedling rootstocks. In the study,
‘Deveci, ‘Williams), ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars grafted on BA29,
Quince A and Quince MC quince clone rootstock, and OHxF333, Fox11, Farold40,
and seedlings of pear rootstocks were used. The plants were irrigated with drip
irrigation between May 15th and September 15th. Fertilization was done with 15-
30-15+ME fertilizer at the beginning of summer and 20-20-20 NPK-containing
fertilizer in autumn with drip irrigation. Weed control was carried out by mulching
the black ground on the row and regularly breaking the weeds with a rotovator
between the rows. The properties of the experimental area soil were recorded as
2.73-10% clay (low), 13.21-20% silt (moderate), 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%
lime (CaCO3) (less), 0.03-0.06% N (less), 5-10 ppm P (medium) level and the soil
depth was more than 1 meter.

2.2. Methods

Rootstock diameter (mm) by measuring 10 cm below the grafting union and
trunk diameter by measuring the trunk from approximately 20 cm above the soil
level (mm) with a digital caliper (Mitutoyo CD-20CPX) sensitive to 0.01 mm was
determined at the end of the growing season of all trees in each replication in each
cultivar/rootstock combination (Ozturk and Ozturk, 2014). The number of dead
plants at the end of each year was divided by the number of plants planted in the
orchard establishment to determine the plant survival ratio (Ozturk et al., 2009;
Hudina et al., 2014)

2.3. Statistical analysis

The research was established in a randomized block design with 3 replications
and 10 plants with dwarf rootstocks, and 5 plants with semi-dwarf and vigorous
rootstocks in each replication. The obtained data were analyzed in the IBM SPSS
21.0 statistical package program, and the differences between the averages were
determined using the ‘Duncan Multiple Comparison Test” at p<0.05 level.

3. RESULTS AND DISCUSSION

Rootstocks, cultivars, and research years had a significant effect on rootsto-
ck diameters of ‘Deveci, ‘Williams, ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars
grafted on different pear and quince clone rootstocks and pear seedling rootstock.
In the study, except for the year x rootstock x cultivar interaction, all interactions
significantly affected rootstock diameter. It has been determined that the rootstock
diameter varies between 30.54 mm - 44.50 mm in terms of rootstock average, 32.71
mm - 42.88 mm in terms of cultivar average, and 30.71 mm - 47.33 mm in terms
of years average. The highest rootstock diameter was observed in the OHxF333
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(44.50 mm), the lowest was in the MC quince rootstock (30.54 mm) in terms of
rootstock average. In terms of cultivar average, the highest rootstock diameter was
determined in the ‘Deveci’ (42.88 mm), while the lowest was found in the “Wil-
liams’ (32.71 mm) pear cultivars. Depending on the growth and development of
the plants, the highest rootstock diameter was determined in the 2021 year (47.33
mm) in terms of years averages (Table 1).

Table 1. Effect of different rootstocks on rootstocks diameter (mm) of pear cul-
tivars

. Years
Rootstocks Cultivars 2010 2020 2021 Mean
Deveci 38.65 52.52 53.27 48.15a*
Quince BA29 Williams ) 31.77 34.71 36.60 34.36 cde
Santa Maria 3415 4116 4274 39.35 abed
Abate Fetel 33.21 4439 47.02 41.54 abe
Deveci 3353 4551 47.96 42.33 abc
. A Williams 2272 2728 27.54 25.85e
Quince Santa Maria 2897 4235 44.08 38.46 abed
Abate Fetel 32.56 42.60 45.05 40.07 abc
Deveci 38.16 41 46 4221 40.61 abc
Quince MC Williams ) 16.35 14.50 16.19 15.68f
Santa Maria 3226 3595 4417 37.46 abed
Abate Fetel 24.41 28.58 32.25 28.42 de
Deveci 3446 3582 54.75 41.68 abe
Foxli Williams 31.39 34.08 53.86 39.78 abc
Santa Maria 31.88 33.69 48.13 37.90 abcd
Abate Fetel 31.20 32.52 60.25 41.32 abe
Deveci 37.15 45 80 62.47 48.47 a
Williams 36.41 4329 47.17 42.20 abe
OHxF333 Santa Maria 3342 43 .60 4587 40.96 abc
Abate Fetel 3545 44.1% 59.14 46.26 ab
Deveci 31.95 4181 58.46 44.07 abe
Farold 40 Williams ) 3241 4135 53.44 42.40 abc
Santa Maria 3039 43 48 4628 40.05 abe
Abate Fetel 28.26 37.61 55.97 40.62 abc
Devect 26.88 2594 47.76 34.86 bede
Seedling Williams ) 19.96 24.05 41.93 28.65 de
Santa Marnia 28.03 2977 4983 35.88 bede
Abate Fetel 23 84 2874 61.00 37.86 abed
Main Effects of
BA29 3444 defg 4320¢ 44 90 be 40.85b
QA 29.44 fgh 39.44 cde 41.16cd 36.68 ¢
MC 27.80gh 30.12 fgh 33.70efg 30.54d
Rootstock Foxll 3223 fg 34.03 efg 54.25a 40.17b
OHxF333 3561 def 4422bc 53.66a 44.50 a
Farold40 30.75fgh  41.06cd 53.54a 41.78b
Seedling 2468h 28.13 gh 50.13 ab 34.31¢
Devect 34.40def 41.84bc 52.41a 42.88a
Cultivar Williams ) 2729g 3133 efg 39.53¢cd 32.71¢c
Santa Marnia 31.30efg 38.57cd 4587b 38.58Db
Abate Fetel 29.85fg 36.95 cde 51.53a 39.44b
Year 30.71 c** 37.17b 47333
Year 0.001 Yearx Cultivar 0,006
Rootstock 0.001 Rootstock x Cultivar 0,001
Cultivar 0,001 Year x Rootstock x Cultivar 0.887
Year x Rootstock 0,000

*: Differences between means with different letters in the same column are significant.
**: Differences between means with different letters in the same line are significant.
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In terms of cultivar average, the highest rootstock diameter was determined
in the ‘Deveci’ (42.88 mm), while the lowest was found in the ‘Williams™ (32.71
mm) pear cultivars. Depending on the growth and development of the plants, the
highest rootstock diameter was determined in the 2021 year (47.33 mm) in terms
of years averages (Table 1). Rootstock diameter ranged from 15.68 mm to 48.47
mm in terms of rootstock x cultivar. In terms of rootstock x cultivar interaction,
the highest rootstock diameter was in the ‘Deveci’/BA29 (48.15 mm) and ‘Deveci’/
OHxF333 (48.47 mm), while the lowest in the ‘Williams’/MC (15.68 mm) com-
bination. Rootstock diameter ranged from 24.68 mm to 54.25 mm in the year x
rootstock interaction. Rootstock diameter in 2021 was highest in the Fox11, the
OHxF333 and the Farold40 rootstocks (54.25 mm, 53.66 mm and 53.54 mm, res-
pectively), and lowest in the pear seedling rootstock (24.68 mm) in 2019. The roo-
tstock diameter ranged from 27.29 mm to 52.41 mm in year x cultivar interactions.
The highest rootstock diameter was detected in the ‘Deveci’ (52.41 mm) and ‘Abate
Fetel’ (51.53 mm) in the 2021 year, and the lowest was in the ‘Williams’ (27.29 mm)
in 2019 (Table 1).

In the research, it can be said that the difference between the years in terms of
rootstock diameter is due to the increase in the growth and development of the
plants from year to year. Gercekcioglu et al. (2014) reported that the difference in
tree growth was due to the age of the trees and the increase in growth and deve-
lopment. Tatari et al. (2020), who stated that rootstock diameter differs according
to research years, also reported that rootstock diameter increased in the following
research years. The difference in the diameter of rootstocks and cultivars can be
attributed to the variations in growth characteristics as well as the genetic diffe-
rences of rootstocks and cultivars. Differences in growth vigor of rootstocks also
show themselves in diameter development. While the diameter values of strongly
growing rootstocks were high, the diameter values of weakly growing rootstocks
were low (Jackson, 2003). Francescatto et al. (2010) noted that the effect of ro-
otstocks on trunk diameter of the ‘Carrick’ pear cultivar grafted on 14 different
rootstocks was significant. The researcher stated that the rootstock diameter of
the Packham's pear cultivar grafted on 7 different rootstocks was the lowest in the
EMC rootstock. In the ‘Williams’ pear cultivar grafted on 16 different rootstocks,
the lowest rootstock diameter was in the EMC and the highest was in the Melli-
forme rootstock (Francescatto et al. 2010). Giacobbo et al. (2010) reported that the
effect of rootstocks on trunk diameter was significant in ‘Carrick’ pear cultivars
grafted on 13 different quince and 1 pear rootstocks. Ozturk and Ozturk (2014)
stated that the effect of rootstocks on the trunk diameter of the ‘Deveci’ pear graf-
ted on different rootstocks is important, and also, the highest rootstock diameter
was in the BA29 and the lowest in the MC rootstocks. Machado et al. (2016) stated
that the rootstock diameter varies according to the varieties and that the rootstock
diameter was the lowest in the ‘Williams’ from 3 different pear cultivars grafted on
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the EMC quince clonal rootstock. The researcher reported that rootstocks” effect
on rootstock diameter is significant and the Quince C rootstock is the most dwarf
growing rootstock among the quince rootstocks. Askari-Khorosgani et al. (2019)
reported that rootstocks and research years had a significant effect on rootstock
diameter in the ‘Shahmively pear cultivar, and they stated that quince rootstocks
had a lower rootstock diameter than pear rootstocks. Ozturk (2021b) stated that
the rootstock and research years significantly affected the rootstock diameter of the
‘Deveci’ pear. He reported that the rootstock diameter was the lowest in the MC
rootstock. It can be stated that the rootstock diameter results obtained from this
study are compatible with the other studies that partially included the rootstocks
and cultivars used in this study.

The effects of rootstocks, cultivars, and research years were significant on the
trunk diameter of ‘Deveci, ‘Williams, ‘Santa Maria, and ‘Abate Fetel pear cultivars
grafted on different pear and quince clonal rootstocks and pear seedling rootsto-
cks. In the study, other interactions had a statistically significant effect on trunk
diameter except for year x rootstock x cultivar interaction. In terms of rootstock
average, the trunk diameter ranged from 27.59 mm to 37.72 mm, from 28.00 mm
to 37.28 mm in cultivar averages, and in terms of year’s average, it ranged from
25.07 mm to 43.52 mm. Among the examined rootstocks, the highest trunk dia-
meter was detected in the OHxF333, BA29, Fox11 and Farold40 rootstocks (37.72
mm, 36.36 mm, 36.12 mm and 35.36 mm, respectively), while the lowest was in
the MC quince clonal rootstock (27.98 mm) and the pear seedling rootstock (27.59
mm). While the trunk diameter was the highest (37.28 mm) in the ‘Deveci, the
lowest was in the ‘Williams’ cultivar (28.00 mm). The highest trunk diameter was
found in the 2021 year (43.52 mm) depending on the growth and development of
the plants between the research years (Table 2).

In terms of rootstock x cultivar interactions, the trunk diameter ranged from
14.12 mm to 43.34 mm. As regards to the rootstock x cultivar interactions, the
highest stem diameter was determined in the ‘Deveci’/OHxF333 (43.34 mm) and
‘Deveci’/BA29 (43.11 mm), and the lowest in the “‘Williams’/MC (14.12 mm). In
terms of year x rootstock interactions, trunk diameter varied between 19.41 mm
and 51.47 mm. The highest trunk diameter was determined on the Fox11 rootstock
(51.47 mm) in 2021 and the lowest in the seedling rootstock (19.41 mm) in the
2019 year. The trunk diameter ranged from 22.11 mm to 49.47 mm concerning the
year x cultivar interactions. The highest trunk diameter was detected in the ‘Deve-
ci’ (49.47 mm) cultivar in 2021 (Table 2).

In studies determining the performance of cultivars’ grafted on different roo-
tstock in pear, the effect of rootstocks, cultivars, and research years on trunk di-
ameter was found to be statistically significant. Furthermore, these studies noted
that the growth vigor of quince rootstocks is generally lower than that of pear roo-
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tstocks. Loreti et al. (2002) stated that the trunk diameter of the ‘Conference’ pear
cultivar grafted on BA29 was higher than that of Quince MA and MC rootstocks.
Stiropoulos (2006) stated that the trunk diameter of the 'Williams' pear cultivar
grafted on different rootstocks was higher in the pear rootstock than the quin-
ce rootstocks, and also he reported that BA29 was the weakest growing rootstock
among the quince rootstocks examined in terms of trunk diameter.

Table 2. Effect of different rootstocks on trunk diameter of pear cultivars

. Years
Raotstocks Culfivars ETE] 3020 2031 Mean
Deveci s 4710 5204 41dla*
. Wilkame 2518 31354 3332 30,218 bed
Smance HASS Sanra Maria 2272 3333 3030 A4.56ab
AbateFetal 2633 3015 4619 37.308ab
Devect 2318 3741 4932 3531l ab
uince 4 Wilkams 17.06 2430 26.02 22 A6 de
) Santa Mana 24.01 3520 4233 3185 abe
AbateFetel 2757 39.12 5 3T.14ab
Deveci 29.06 3433 4083 H4.74ab
Quinea MC Wilkame 1258 L4 0 1570 1412&
Sants Mara 2728 37462 4059 A53Pab
AbateFetal 2056 1082 325 27.68 bed
Deveci 3027 3027 5146 AT3dab
Foxil Wilkams 1649 1768 4869 3429 abe
Santa Mama 1838 30033 4533 3468ab
AbateFetel 26.43 2770 6038 38.17ab
Deveci 3154 37.81 06T 41.34a
. Wilkame 29091 3362 4564 MiAPab
i Sanrs Mara 2630 51 B2 4013 3308 abed
AbateFetal 2035 36,63 4219 33.06ab
Deveci 2774 3413 5226 33.04ab
Fanald 4 Wilkams 26.35 3158 4764 A519ab
Santa Mana 2807 3621 4344 1591 ab
AbateFetel 22.67 2634 4792 2,31 abed
Deveci 2048 1rar 32l 2755 hed
Saedline Wilkame 17.14 1900 3380 2314 cde
= Sants Mara 19.04 2085 4583 23.57 hed
AbateFetal 1330 20,80 44.00 27.93 hed
hlam Effects of
BAIQ 2773 def 3849.0d 42 86t 33da
A 1206ef 3401 de 4073 b 3256h
bC 1254 ef 2808 def 3243 de 27498 c
Rootstock Foxll 2790 def 2500 def il47a A6.02a
OH=F333 29 28 def 53322 de 4%h6ab 3.7la
Farold40 26.21 def 3106 de 47.82ab ELELE
Secding 19.41¢F 26.71 def 3664 ed 17.508¢
Devect 2750 de 34 Bhe 49.4Ta 3T.18a
Eabtimar Wilkams 2le 2607 35.80c 2500
Santa Mana 2606 3163 cod 43521 3171k
AbateFetel 2492e 34 0c 4398 ab MH51b
Year 2507 c** 31.24b 4352a
Year 00o1 Yearx Culkivar Qa1
Baootstock 0001 Footstock v Culdvar 0001
Culrear 0.001 Yearx Bootstock = Cultrear 0254
Yearx Hootstock n.ool

*: Differences between means with different letters in the same column are significant.
**: Differences between means with different letters in the same line are significant.
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Evaluating rootstocks for ‘Conference’ and ‘Doyenne du Comice’ pear cultivars
in high density planted pear orchards. Maas (2008) cited that the effect of roots-
tocks on the trunk diameter of cultivars was significant. Emphasizing that there
are significant differences in trunk diameters of different pear cultivars grafted on
Quince A. Ertiirk et al. (2009) determined that the cultivar with the highest trunk
diameter was ‘Coscia’ and the lowest was in the ‘Williams’ The trunk diameter of
the ‘Williams’ pear cultivar grafted on different rootstocks was the highest on the
seedling rootstock and the lowest on the Quince C (EMC) quince clonal rootstock
(Francescatto et al., 2010). The trunk diameter of the ‘Comice’ pear cultivar was
higher in the BA29 than that of the MC rootstock (Sugar and Basile, 2011). Ozturk
and Ozturk (2014) who stated that the effect of rootstocks on the trunk diameter
of the ‘Deveci’ pear grafted on different rootstocks was significant, reported that
the highest trunk diameter was in the BA29 and the lowest in the pear seedling
rootstocks. Machado et al. (2016) reported that the trunk diameter of 3 different
pear cultivars grafted on the EMC quince clonal rootstocks varied depending on
the cultivar and research years, and the ‘Williams/EMC had the lowest turnk di-
ameter. Askari-Khorosgani et al. (2019) reported that the trunk diameter of the
‘Shahmively’ pear cultivar grafted on different rootstocks was thicker on pear roots-
tocks than on quince rootstocks. Ozturk (2021b), who stated that the rootstock and
research years had a significant effect on the trunk diameter of the ‘Deveci’ pear,
reported that the trunk diameter was the highest in the BA29 rootstock. It has been
emphasized in similar studies that the effects of rootstocks on the trunk diame-
ters of the cultivars grafted on them were significant and that the trunk diameters
of the cultivars grafted on vigorous rootstocks were higher than those grafted on
weak rootstocks (Jackson, 2003; Urbina et al., 2003; Maas, 2008; Sugar and Basile,
2011; Askari-Khorosgani et al., 2019; Ozturk, 2021a, b).

Rootstocks, cultivars, and research years statistically affected the survival ratio
of ‘Devect, ‘Williams, ‘Santa Maria’ and ‘Abate Fetel’ pear cultivars were grafted on
different rootstocks. In the study, other interactions had a statistically significant
effect on plant survival ratio except for the year x rootstock x cultivar interaction.
The survival ratio varied between 87.96% - 99.54% in terms of rootstock average,
88.57% - 98.94% in terms of cultivar averages, and 91.17% - 97.60% in terms of
years average. Among the examined rootstocks, the highest survival rate was de-
tected 99.54% in the Fox11 and 99.07% in the OHxF333 rootstock, and the lowest
in the MC quince clone rootstock (87.96%). The highest survival ratio in terms of
cultivars was determined in the ‘Deveci’ (98.94%) and the lowest in the ‘Williams’
(88.57%). The highest survival ratio was determined in 2019 and 2020 (97.60% and
96.33%, respectively) and the lowest (91.17%) in the 2021 year, in terms of years
(Table 3).

In terms of rootstock x cultivar interactions, the survival ratio ranged from
66.67% to 100.00%. The lowest survival rate in terms of rootstock x cultivar in-
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teraction was found in the ‘Williams/MC (66.67%) followed by ‘Williams'/QA
(75.56%) scion/rootstock combinations (Figure 1, Table 3). In terms of year x ro-
otstock interactions, the plant survival ratio varied between 76.39% and 100.00%.
The highest plant survival ratio in 2019 was recorded in the Fox11, OHxF333, Fa-
rold40 and seedlings (100.00%, 100.00%, 100.00% and 97.92%, respectively), in
2020 it was observed in the Fox11, OHxF333 and Farold40 (100.00%, 100.00% and
97.22%) and in 2021 were in the Fox11 and OHxF333 (98.61% and 97.22%, respe-
ctively), lowest survival ratio was determined in the MC (76.39%) rootstock in the
2021 year. The plant survival ratio ranged between 80.94% and 100.00% in terms
of year x cultivar interactions. In terms of year x cultivar interactions, the highest
survival ratio was found in the ‘Deveci’ (100.00%) in 2019 and 2020, and the lowest
was in the ‘Williams’ (80.94%) in 2021 (Table 3).
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Figure 1. Pear trees survival ratio in various rootstocks x cultivars combinations

The plant survival ratio decreased as the research years progressed in this study.
In addition, it was determined that the plant survival ratio among rootstocks was
lower in quince rootstocks than in pear rootstocks. The cause for the decrease in
the combinations with low plant survival ratio, which was found to reduce the
growth and development of fruit trees from year to year, can be linked to the age
of the trees. However, according to Mauro et al. (2022), weak connection and for-
mation of vascular system after some years led to abnormal and restricted growth
of fruit trees, and graft incompatibility may be the reason for the decrease in plant
survival ratio when the pear is grafted on quince. When closely related species or
cultivars are grafted onto each other, the survival rate increases, while the survi-
val ratio in distant relatives decreases. Graft incompatibility is among the reasons
for the low graft success ratio and survival ratio. In addition, when the pear is
grafted on quince, the decrease in survival ratio does not occur immediately due
to graft incompatibility. The reason for the decrease in survival rate, especially in

ANAJAS, 2022, Cilt 37, Sayi 2, Sayfa 405-420



Tahsin KURT, Ahmet OZTURK, Zaki Ahmad FRIZi SVALS

the following years, is called delayed graft incompatibility. It is stated that the in-
compatibility occurring in the pear/quince graft combination is the localized graft
incompatibility.

Table 3. Effect of different rootstocks on plant survival ratio of pear cultivars

Rootstocks Culiivar: — e Mean
D L0000 10000 L0000 109,00 a®
. Wilkams 9000 90.00 00,00 000 e
Quince BAZS Suts Maiz U567 8778 8778 T4 abe
Abats Fatal 100.00 10000 10000 109,00 2
Deveci 100.00 0000 0000 10000 2
Willians 8300 7833 6333 755 4
Quence A Suts Maiz 0444 0144 0144 9444 ab
Abate Fetel 100.00 9567 9295 96.54 ab
Devect 10000 100.00 77,78 9159 ah
. Willians 75.00 75.00 50,00 66.67 ¢
Quince MC Sartz Mz 100.00 100,00 7778 2150 ab
Alsats Fatal 10000 10000 100.00 LHL00 2
Deveci 100.00 0000 0000 10000 2
il Willsarms 100.00 100.00 o 49 9515 ab
Santn Meria 100.00 100.00 10000 100.00 2
Alata Faral 100.00 100.00 100.00 100,00 1
Devecd 100.00 100.00 10000 100.00 2
e Williaens 10000 100.00 100.00 LMLO0 2
Sartta Mliria 100.00 100.00 100.00 109,00 2
Abate Fatel 100.00 10000 £2.499 9630 ab
Drveci 10000 10000 10000 160,00 a
Wilkams 10600 100-00 8567 9555 ab
Farcld 40 Sarta Mazia 100,00 10000 10000 10400 »
Abate Fatel 100.00 9LE7 oL67 2441 ab
Deveci 100.00 100.00 10000 100.00
_ Wilkams 10600 100-00 8214 W05 ab
simndtng Saritz Wiz 10000 100-00 100,00 1400 2
Abate Fetel 9167 §3.33 7509 5333 ¢
Main Effects of
BALF GEETa  Gaddbe | Mk [THE] ]
oA 196k 0236cd 8768 of fl6dc
MC 0375 0375 7630F 4796 d
Boclstock Faxll 100.00 2 10002 986la 99540
DHzF333 100002 10000e 9712 29078
Farold40 100000 & 8782 a 8458 be AT.50 ab
Ssedling 97023 0583 b 2020 de 2435 be
Dievect 10000 2 000 6834k Woia
Williams 9285k 9100 b g0 557e
. Saria Lmia 43.7% ab 4746 2b 4428 ah V6.8 ak
Alate Fatal 938lab  958Sab 9265k 95850 b
Tex TEla  953a [TNED)
Teur BTl Tear 5 Cultiver 0058
Bootstock 0001 Footztock x Cultivar 0.0
Cuctvar 0. Yaar x Bootstock 1 Cultive 0344
Year xBootstock 0002

*: Differences between means with different letters in the same column are significant.

**: Differences between means with different letters in the same line are significant.
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This incompatibility can be eliminated by using rootstock and used for in-
ter-stem compatibility with the scion (Jackson, 2003; Hartmann et al., 2011; Bo-
dens and Breyne, 2012). The lowest plant survival ratio was detected among the
cultivars in the ‘Williams’ and the highest in the ‘Deveci’ cultivar. The ‘Williams’
cultivar, which had a lower plant survival ratio, showed graft incompatibility with
some quince rootstocks (Dondini and Sansavini, 2012) and pear clone rootstocks
such as Fox11 (Hudina et al., 2014). Similar to our findings, a significant difference
of rootstocks and cultivars combinations on the survival ratio of pear saplings has
been reported by Ozturk (2021a) in pear and quince rootstocks. He cited that the
survival ratio was higher in the pear rootstock than the quince rootstock in the
nursery conditions and also reported that the survival ratio was lowest in BA29
quince rootstock, while the highest was in the Fox11 pear rootstock. The low sur-
vival ratio of some pear clone rootstocks like Farold40, which were grafted with
some pear varieties, was also related to how resistant the rootstock is to the adverse
conditions of area ether biotic or abiotic combination of both factors apart from
compatibility. They are more compatible with the quince clonal rootstocks (Moo-
re, 1984; Shaltiel, 2018). In addition, the low survival rate of MC in our research
may be related to the cold-hardy features of rootstock as Pyrus communis seedling
rootstocks showed a higher survival rate than quince rootstocks, especially MC in
the Baltic region (Lepsis et al., 2013), or it can be due to partial incompatibility of
‘Williams” with quince rootstocks according to Baviera et al. (1988) and Ciobotari
etal. (2010). In a research, it was observed that the secondary metabolites like cate-
chin, arbutin and prunasin on pear/quince combinations were increased after four
years of grafting. Variations in the expression of genes encoding enzymes, polarity,
the physical structure of the graft, ecological conditions, plant growth regulators,
virus and fungal infections are also the factors that suppress survival of grafted
pear trees especially in pear and quince combinations (Hudina et al., 2014; Habibi
et al,, 2022). In another study on the incompatibility of some pear and quince sci-
on/rootstock combinations, Mosse and Herrero (1951) noticed that even growth
and development of grafted trees are normal for a few years. However, due to the
weakness of the union's mechanical structure, the trees will not survive as normal
ones and their lives will be terminated after some years, the same idea mentioned
by Rasool et al. (2020). A study carried out in Pakistan reported that the survival
rate at the end of the growing season was 73.10 % in Williams and 44.55 % in Santa
Maria as they were grafted on quince and local pear rootstocks (Rahman et al.,
2017). The research was conducted to investigate the survival ratios of some Asian
pear cultivars on European pear seedlings and some genotypes, and all Asian pear
cultivars showed good performance and survival ratio on European pear seedling
rootstocks (Arzani, 2004). The results regarding the plant survival ratio reported in
this study are compatible with those obtained in other studies on similar subjects.
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4. CONCLUSION

Rootstocks, cultivars, and research years had a significant impact on the pa-
rameters examined in this study, in which the effects of some standard pear va-
rieties grafted on different rootstocks on rootstock diameter, stem diameter deve-
lopment, and plant survival rate were investigated. According to the examinations
made between 2019-2021 in the established orchard in 2018, the highest rootstock
diameter was observed from the OHxF333, and the cultivar was in the ‘Devect’
The highest stem diameter was in the OHxF333, BA29, Fox11, and Farold40, and
the cultivar was in the ‘Deveci. The lowest rootstock diameter was determined in
the QA and the pear seedling, and the lowest trunk diameter was in the MC and
the pear seedling. The highest plant survival ratio was observed in the Fox11 and
OHXxF333 rootstocks, and the lowest was in the QA rootstocks. The highest survi-
val ratio was determined in the ‘Deveci’ cultivar. The ‘Williams’ cultivar had the
study’s lowest rootstock diameter, stem diameter, and plant survival ratio. In ad-
dition, the plant survival ratio was slightly lower in quince clone rootstocks than
in pear rootstocks. This is due to the graft incompatibility between some quince
rootstocks and pear cultivars. In such cases, to solve graft incompatibility, a com-
patible inter-stock with both rootstock and cultivar should be used. As a result, it
is necessary to do extensive study and make detailed observations to make precise
decisions based on the results.
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