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Keywords: Abstract. This study was carried out to determine the effects of different rootstocks on graft

Pear, rootstock, graft success,  success, sapling development and graft compatibility/incompatibility of ‘Deveci’ and 'Williams' pear

graft incompatibility, survival  cultivars in Samsun ecological conditions between 2014 and 2016 years. Graft incompatibility was

ratio attempted to be associated with morphological measurements in the graft union. Rootstock, cultivar
and rootstockxcultivar interaction had a significant effect on the all examined parameters. In the
study, graft take ratios were between 91.5-100.0%, graft sprout ratios were between 89.2-99.0% and
survival ratios were between 83.7-99.0%. The graft sprout ratio was the highest in the OHxF333 and
lowest was in the BA29 rootstock. The graft sprout and survival ratios were lower in quince rootstock
than in pear rootstocks. Rootstock diameters were higher in the OHxF333 and seedling rootstocks
than in the Fox11 and BA29 rootstocks. Graft union diameter and shoot diameter were lower in the
Fox11 than the other rootstocks. Shoot length was higher in the OHxF333 than the other rootstocks.
Especially considering the graft success and the diameter measurements made in the graft union, it
has been found that some scion/stock combinations may show graft incompatibility. The
‘Williams'/BA29 combination may be incompatible due to the lower survival ratio and diameter

*Corresponding author values in the graft union than other combinations. Although graft success is sufficient, it should be

ozturka@omu.edu.tr noted that the ‘Williams'/Fox11, whose rootstock diameter and graft union diameter are lower than
the others, may show graft incompatibility. ‘Deveci’ cultivar shows good compatibility with all
rootstocks due to the higher graft success and sapling performance.

Anac ve Cesidin Armutta Asi Basarisi, Fidan Gelisimi ve Asi Uyusmazhi§i Uzerine Etkisi

Anahtar kelimeler: Ozet. Bu calisma 'Deveci’ ve 'Williams' armut cesitlerinin asi basarsi, fidan gelisimi ve asi
Armut, anag, asi basarisi, asi uyusma/uyusmazhgr Uzerine farkli anacglarin etkilerini belilemek amaciyla 2015-2016 yillarinda
uyusmazhgi, yasama orani Samsun ekolojik kosularinda yiritulmastir. Asi uyusmazhgr asi bolgesinde yapilan morfolojik

Olgtimlerle iliskilendirilmeye calisilmistir. Arastirmada incelenen tim o6zellikler Gzerine anag, ¢esit ve
anacxgesit interaksiyonunun etkisi dnemli olmustur. Asi tutma orani %91.5-100.0, asi strme orani
%89.2-99.0, fidan yasama orani %83.7-99.0 arasinda degismistir. Asi tutma orani en ylksek OHxF333
en dislk ise BA29 anacinda olmustur. Asi stirme ve fidan yasama orani ayva anacinda armut
anacglarindan daha dusik olmustur. Ana¢ capi OHxF333 ve ¢ogur anaclarinda Fox11 ve BA29
anaclarindan daha yiiksek bulunmustur. Asi yeri ¢api ve siirgiin ¢apinin Fox11 anacinda diger
anaclardan daha dustuk oldugu belirlenmistir. Asi strgiin uzunlugu OHxF333 anacinda diger
anaglardan daha yiiksek bulunmustur. Ozellikle asi basarisi ve asi bélgesinde yapilan cap lgiimleri
de dikkate alindiginda bazi kombinasyonlarin asi uyusmazligi gosterebilecegi tespit edilmistir. Fidan
yasama orani ve asl bolgesindeki cap degerlerinin diger kombinasyonlardan daha distk oldugu
‘Williams'/BA29 kombinasyonun uyusmaz olabilecegi ortaya konulmustur. Asi basarisi yeterli
olmasina ragmen ana¢ ve asi strginid capi digerlerine gore duisiuk olan ‘Williams'/Fox11
kombinasyonunun asi uyusmazhgr gosterebilecegine dikkat edilmelidir. ‘Deveci’ ¢esidinin asi basarisi
ve fidan gelisim performansinin daha iyi olmasi dolayisiyla tim anaglarla iyi bir asi uyusmasi
gosterdigi belirlenmistir.

**This study was produced Nermin COBAN's PhD Thesis.
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INTRODUCTION

Today, fruit growing has an important potential in the development of the horticultural crops (Nimbolkar et
al, 2016). Pear, which is the most produced temperate fruit after apples, is a fruit species its
production increase day by day due to its good income and the benefits on human health (Jackson,
2003; Ozcagiran et al., 2005). Pear cultivars used in the establishment of commercial pear orchards are generally
grafted on seedling or clonal rootstocks (Jackson, 2003; Ozcagiran et al, 2005; Francescatto et al, 2010;
Machado et el., 2016; Hepaksoy, 2019; Tatari et al, 2020). Rootstocks have an important effect on fruit
production by affecting the crown structure, growth characteristics, nutrient uptake, flowering, yield and fruit
quality. In addition, rootstocks are resistant to biotic and abiotic stresses such as soil pathogens, thermal stress
and salinity (Rom and Carlson, 1987; Mezey and Lesko, 2014). In modern pear cultivation, quince and pear
clonal rootstocks are used instead of seedling rootstocks (Hancock and Lobos, 2008; Sharma et al, 2010;
Dondini and Sansavini, 2012). Pear clonal rootstocks show stronger development compared to quince
rootstocks and so they are planted wider distances (Ozcagiran et al, 2005; Sharma et al, 2010). Quince
rootstocks provide the control of the growth vigor (dwarfing) of the trees grafted to them, earliness in yield,
increase in fruit yield and quality, high density planting, increase in fruit size, easy management practices such
as pruning, spraying, weed control and harvesting. However, these rootstocks also have negative properties
such as sensitivity to winter cold, calcareous soil, chlorosis and fire blight and poor graft compatibility (Ermel et
al., 1999; Pina and Errea, 2009; Francescatto et al,, 2010; Machado et al.,, 2016; Dolkar et al, 2018). Pears show
graft incompatibility due to morphological, anatomical, physiological or biochemical reasons, especially when
they are grafted on quince of the different genera (Ozcagiran, 1982; Ermel et al, 1999; Jackson, 2003;
Francescatto et al, 2010; Hudina et al, 2014). In the pear, the graft incompatibility may occur with some
symptoms in early and late stage of growing period on the quince rootstocks (Errea, 1998; Ermel et al, 1999;
Pina and Errea, 2005; Davarynejad et al., 2008; Rahman et al,, 2017; Dolkar et al., 2018). The swelling on the graft
site, diameter differences between scion and stock, angle of shoot growth, leaflet becomes yellowish, low graft
success and survival ratio, reduction of vegetative growth and differences in growth rate between rootstock and
scion are some symptoms of the graft incompatibility (Pina and Errea, 2005; Davarynejad et al, 2008; Hartman
et al, 2011; Machado et al, 2016; Rahman et al., 2017). This phenomena might be due to the absence of
differentiation of callus tissues into new phloem tissues or necrosis of the cells in the site of scion (Pina and
Errea, 2009; Hartmann et al, 2011; Dolkar et al, 2018). This can cause a miss-joining between rootstock and
scion, leading to lack of lignification of cells in the graft union (Darikova et al,, 2011; Hartman et al,, 2011; Dogra
et al,, 2018; Dolkar et al,, 2018). Normally, the diameter of the grafted cultivar trunk is slightly larger than that of
the rootstock due to lignification in the graft union. When the graft diameter of the cultivar is slightly larger
than the rootstock diameter in the graft union, this may be an indicator of anatomical graft incompatibility. This
anatomical graft incompatibility may be due to the difference in the rate of cambium cell division of the
rootstock and cultivar that causes discontinuity in the xylem vessels. The formation of new cambium tissue
callus in the graft union region appears to be delayed in heterografts and/or interspecific grafts according to
homografts and/or intraspecific grafts (Webster, 1995; Darikova et al., 2011; Hartmann et al., 2011; Dogra et al,
2018).

In order to eliminate the negative effects of graft incompatibility in pear/quince grafting combinations,
dwarf and semi-dwarf quince and pear clonal rootstocks such as BA29, Adams, Sydo, Pyrodwarf, OHxF, Farold,
Fox, BP and CTS series in different rootstock breeding programs have been used in recent years (Jackson, 2003;
Hancock and Lobous, 2008; Dondini and Sansavini, 2012; da Silva et al., 2018). It is important for pear cultivation
to investigate the effects of these new pear rootstocks on the growth and development vigor of the cultivars
grafted on them, as well as their resistance to biotic and abiotic stress conditions. In addition to choosing a
good cultivar for successful cultivation, selection of proper rootstocks for growing conditions is also very
important (Hepaksoy, 2019). The effect of the cultivars grafted on rootstocks on growth characteristics
determines the growing ability of the cultivar. In this respect, to reveal the graft compatibility/incompatibility
with the cultivars grafted on rootstocks (Rahman et al.,, 2017; da Silva et al., 2018) is very important for the pear
producer who will established the orchard with these saplings.

This research was carried out to determine the graft compatibility/incompatibility of pear cultivars grafted
on quince and pear rootstocks in 2015 and 2016 years.
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MATERIAL AND METHOD

Experiment Location

This study was carried out at the Agriculture Research Station of Ondokuz Mayis University located in
Samsun (Turkey) Province, Atakum County (North: 41 °21', East: 36° 11', Altitude: 173 m) during 2014 and 2016
years. The study was conducted on nursery parcel located in the open field. Grafting was also performed in the
open field. The research area was flat and had a slope of about 1%. The nursery soil is clayed-loam, weakly
acidic, lime-free, and unsalted, and it has high phosphorus, potassium and organic matter content. The plants
were mulched against the weeds and drip irrigation was implemented.

The climate of Samsun proves its temperate climate character. For many years, the highest average
temperature was 27.0 °C, the lowest temperature was 3.9°C, the annual average temperature was 14.4 °C, and
the average annual rainfall was 733 mm. According to the obtained data, a large part of the precipitation falls in
autumn and winter (TSMS 2020). The climatic data of experimental area were measured with a mechanical data
logger (KIMO KH-100 Temp/RH data logger) and they presented Figure 1.
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Figure 1. Mean temperature (°C) and relative humidity (%) data of experimental area between 2014-2016 years.
Sekil 1. Deneme alaninada 2014-2016 yullart arasinda gbzlemlenen oratlama sicaklik (°C) ve oransal nem (%) degerleri.

Plant Materials

In the study, one year old clonal rootstocks of quince (Quince BA 29), pear (OHxF 333 and Fox 11) and pear
seedling were used. Rootstocks were planted at a distance of 120 cm and 30 ¢cm rows and rows in February
2014 and cultivated in open field. ‘Deveci’ and ‘Williams' pear cultivars were used as scions. ‘Deveci’ is known as
compatible cultivar with quince rootstock (Ozcagiran et al, 2005) and ‘Williams' is known as compatible or
moderate compatible cultivars with quince rootstocks (Gulen et al., 2002; Dondini and Sansavini, 2012; Hudina
et al, 2014).

Grafting and Observations

Similar sized (for thickness) rootstocks were selected for grafting. T-budding method, which has been using
the most suitable graft method in the fall period (Westwood 1995; Hartmann et al. 2011) was used in the month
of 1 September, 2014 and 2015. Grafting was performed 20 cm above the soil surface (Lewis and Alexander
2008; Hartmann et al. 2011). A total of 30 grafts was made in the study, 3 replicates in each rootstock and
cultivar combination, and 10 grafting in each replicate. White colored, soft and silicone grafting tape was used
to protect the graft area. Cultural applications such as irrigation, weed management and removal of suckers
below the graft union were preformed regularly. As a ground cover, which is black colored, UV-added and
polypropylene, was used between the rows for weed control. The rootstocks used in the study were irrigated
during summer by drip irrigation systems. Fertilization was done fertigation, and NPK (20.10.20+ME, 3-4 kg
decare-1) fertilizer was used, one month intervals. Chemical spraying was not performed in the orchard.

After 20 days of budding brown and black and shriveled buds were taken as dead, but green buds indicated
bud take (Hartmann et al, 2011). In the study, graft (bud) take ratio (%), graft (bud) sprout ratio (%), graft
survival ratio (%), rootstock diameter (mm), graft union diameter (mm), shoot diameter (mm) and shoot length
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(cm) were determined according to previous relevant studies (Ozturk et al., 2009; Ozturk et al., 2011; Hudina et
al., 2014; Ozturk and Ozturk, 2014; Rahmati et al., 2015; Rahman et al., 2017; Zenginbal et al., 2017; Zenginbal
and Bostan 2019; Serttas and Ozturk, 2020). Graft take ratio (%) was determined by dividing the number of
successful grafts with the total number of grafted plants. Graft sprout ratio (%) was determined by dividing the
number of sprouting grafts with the total number of grafted plants after bud burst. Graft survival ratio (%) was
determined by dividing the number of surviving grafts with the initially grafted total plants at the end of the
vegetation period (December 1st). Rootstock diameter (mm) was measured by 0.01mm sensitive digital caliper
at a point 5 cm below the graft union at the end of vegetation (December 1%%) for each application. Graft union
diameter (mm) was measured by 0.01mm sensitive digital caliper at graft union area at the end of vegetation
(December 1Y) for each application. Graft shoot diameter (mm) was measured by 0.01mm sensitive digital
caliper at a point 5 cm above the graft union at the end of vegetation (December 1st) for each application. Graft
shoot length (cm) was measured by meter from graft point to shoot tip at the end of vegetation (December 1)
for each application.

Data Analysis

This study was arranged with randomized complete block design with three replications, each replication
contained 10 plants, and totally each treatment had 30 plants. Data expressed as a percentage (bud take ratio,
sprouting ratio and survival ratio) was transformed using the arc-sinvx transformation. Non-transformed values
were given in the tables. Data analyses were performed using SPSS v 21.0 (IBM® SPSS® statistics) statistical
package program via the license of Ondokuz Mayis University. The differences between the averages of
rootstocks and cultivars and their interaction were determined by 'Duncan’s Multiple Range Tests’ at the 0.05%
level. The results are given as two-year average in the tables.

RESULTS AND DISCUSSION

Graft Take Ratio

There was statistically significant effect of the rootstocks, cultivars and rootstock x cultivar interaction on the
grafting take ratio. The highest graft take ratio was in the OHxF333 rootstock (98.5%); the lowest was in the
BA29 rootstock (95%). In terms of cultivar average, the highest graft take ratio was found in the ‘Deveci’ cultivar
(99.6%), it was the lowest in the ‘Williams' cultivar (93.8%). In terms of rootstock x cultivar interaction, the
highest graft take ratio (100%) was obtained by '‘Deveci’/Fox11 and '‘Deveci'/seedling and 'Deveci’/OHxF333, the
lowest was in the ‘Williams'/BA29 and 'Williams'/seedling rootstocks (91.5% and 91.7%). When the 'Deveci’ was
grafted on the BA29, the graft take ratio was lower than the other rootstocks. When the ‘Williams' cultivar was
grafted on the Fox11 and OHxF333, the graft take ratio was higher than the grafted on the BA29 and seedling
(Table 1).

In this study, the graft take ratio was found higher in pear rootstocks than quince rootstock. In the previous
relevant studies were stated that rootstocks and cultivars had a very important effect on the graft take ratio in
the pear (Akcay, 2007; Rahman et al, 2017; Serttas and Ozturk, 2019; Zenginbal and Bostan, 2019). The graft
take ratio in the pear; Elivar and Dumanoglu (1999) 74.5-96.1%; Kadan and Yarilgac (2005) 98-99%; Irrisarri et al.
(2016) 53.33-91.67%; Rahman et al. (2017) 65.27-88.94%; Zenginbal and Bostan (2019) 60%; Serttas and Ozturk
(2020) 86.7-100.0%. Irisarri et al. (2016) determined that the lowest graft take ratio when the ‘Williams' was
grafted on the BA29 (53.33%). In previous studies, it was found that the graft take ratio was higher for the pear
rootstocks than the quince rootstock. It can be said that the reason for this is related to botanical relationship
amongst the grafting in fruit species. As a matter of fact, it has been emphasized that the graft take ratio is
lower than the intraspecific and interspecific grafting of pear (Pyrus) and quince (Cydonia) of different genera
(Jackson, 2003; Hartmann et al, 2011). The ‘Williams' pear cultivar had lower graft take ratio in the quince
rootstock than the pear rootstocks compared the ‘Deveci’ cultivar in this study. While the results of the graft
take ratio obtained from this study were a bit similar to the study by Elivar and Dumanoglu (1999); it is very
similar to the study done by Kadan and Yarilgac (2005), Irisarri et al. (2016), Rahman et al. (2017), Zenginbal and
Bostan (2019) and Serttas and Ozturk (2020).

Graft Sprout Ratio

In this study, the graft sprout ratio was higher in the pear rootstocks than the quince rootstock. The graft
sprout ratio was higher in the '‘Deveci’ (97.8%) than the ‘Williams' (91.2%). In terms of rootstock x cultivar
interaction, the highest graft sprout ratio was found in the ‘Deveci’ grafted on the Fox11, OHxF333 and seedling
rootstocks (99.0%, 98.7% and 98.7%, respectively), and the lowest in the ‘Williams' cultivar grafted on the BA 29
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quince clone rootstock (89.2%). The highest graft sprout ratio was determined when the ‘Williams' grafted on
the OHxF333, while it was the lowest when grafted on the BA29 (Table 1).

Table 1. The effect of the rootstocks on graft success of pear cultivars.
Cizelge 1. Armut cesitlerinin ast basarist lizerine anaclarin etkisi.

Cultivars Rootstock Graft take ratio (%) Graft sprout ratio (%) Graft survival ratio (%)

Deveci BA29 98.5 b* b** 951b b 934 bc b
Fox11 100.0a a 99.0a a 990a a
OHxF 333 100.0a a 98.7a a 96.7b ab
Seedling 100.0a a 98.7a a 987a a

Williams BA29 915d b 89.2c b 837e b
Fox11 950 c a 914 ab ab 913cd a
OHxF 333 970 c a 93.0aba 91.7cd a
Seedling 917 d b 913 abab 873de b

Factors’ means

Rootstocks BA29 95.0c 921b 88.5b
Fox11 97.5ab 95.2a 95.2a
OHxF 333 98.5a 958 a 942 a
Seedling 95.8 b 95.0a 930a

Cultivars Deveci 99.6 a 97.8 a 96.9 a
Williams 93.8b 91.2b 88.5b

*: The difference between the means indicated by the same letter in the same column is not statistically significant in the p <0.05.
**: The difference between the means of the same cultivar indicated by the same letter in the same column is not statistically significant in
the p <0.05.

In the study, rootstock and cultivar and rootstock x cultivar interaction had a statistically significant effect on
the graft sprout ratio (Table 1). Temperatures immediately after grafting directly affect graft success. And also,
in order to form the callus tissue on the graft formation, the environmental conditions such as temperature and
humidity should be appropriate (Yilmaz 1994; Hartmann et al, 2011). The temperature between 12.8°C and
32°C during or after grafting speeds up callus formation and allows the growth to continue rapidly. After
grafting, callus formation and the cambium junction between the rootstock and scion occur after 7-14 days
(Hartmann et al., 2011) and therefore the first 15 days air temperatures after grafting directly affect the success
of the graft. Hence, the measured temperatures during the grafting period in the research area in the specified
temperature range (Figure 1), increased the graft take and sprout ratio. This study results about the graft sprout
ratio are consistent with the previous studies in the pear was in 56.67-100% (Elivar and Dumanoglu, 1999;
Kadan and Yarilgac, 2005; Zenginbal and Bostan, 2019 Serttas and Ozturk, 2020). As a result of this research, it
was determined that the ‘Deveci’ pear cultivar had better graft sprout ratios compared to the ‘Williams'. The
good compatibility of the ‘Williams' cultivar with the OHxF333 rootstock (Akcay, 2007) also affected the graft
sprout ratios positively. In combinations of grafted on quince rootstock, the graft sprout ratio was lower than
those grafted on pear rootstock. The difference between rootstocks and cultivars in the graft sprout ratio
obtained in the study is due to the genetic difference of rootstocks and cultivars. As a matter of fact, it is
reported that genetic differences affect graft success (Pektas et al., 2009; Hartmann et al,, 2011; Zenginbal et al,,
2017; Serttas and Ozturk, 2020).

Survival Ratio

In the study, the survival ratio of pear rootstocks (95.2%, 94.2% and 93.0%, respectively) was higher than the
quince rootstock (88.5%). In terms of cultivar average, the survival ratio was higher in the ‘Deveci’ (96.9%) than
the 'Williams' (88.5%). In the study, the highest survival ratio was determined in the '‘Deveci’/Fox11 (99.0%) and
the '‘Deveci'/seedling (98.7%) and the lowest in the ‘Williams'/BA29 (83.7%) in terms of rootstock x cultivar
interaction. The lowest survival ratio of ‘Deveci’ was grafted on the BA29, and in the ‘Williams' was the lowest
grafted on the BA29 (Table 1).

In the study, rootstock, cultivar and rootstock x cultivar interaction had a significant effect on the survival
ratio. In today's modern fruit growing, rootstocks have became widespread due to their some advantages such
as the tree shape and size, early fruiting, the quality of the fruits, adaptation to different ecological conditions,
and their resistance to diseases and pests (Sharma et al., 2010; da Silva et al., 2018; Hepaksoy, 2019). First of all,
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knowing the graft compatibility between stock and scion used in the grafting will prevent possible problems in
the future. Generally; the closer relatives of the plants to be grafted botanically, the higher the chances of
success of grafting (Hartmann et al., 2011; Dogra et al, 2018; Dolkar et al, 2018). There are many factors that
affect graft success, including ecological, physiological, morphological and genetic. Factors such as
temperature, humidity, the condition of the rootstock, the technique of grafting, the skill of the expertise and
relationship between the plants to be grafted directly affect the graft success (Hartmann et al., 2011). Failure of
the grafting appropriate for the technique and time or a low rate of graft take can be associated with graft
incompatibility. This can occur, especially when different species/genera are grafted on top of each other. Due
to the graft incompatibility in the pear/quince graft combination of different genera, the symptoms of
incompatibility do not appear immediately, but also appear as a delayed dispute after a few years (Ermel et al,,
1995; 1997; Francescatto et al., 2010; Darikova et al, 2011; Hartmann et al., 2011). Rahman et al. (2017) reported
that the survival ratio varies significantly between rootstocks and cultivars and that in terms of cultivars, the
highest survival ratio was in the ‘Williams’, the lowest was in the 'Santa Maria', and in terms of rootstocks, a local
variety of seedlings was in. In this study, differences in graft take and sprout ratios were found in the grafting
between different genera. The difference between the genera in the survival ratio was slightly higher observed.
This can result from pear/quince graft incompatibility. Especially in this study, 'Williams' cultivar, which has a
lower survival ratio, has been reported to show graft incompatibility with some quince rootstocks (Gulen et al,
2002; Dondini and Sansavini, 2012) and pear clonal rootstocks such as Fox11 (Hudina et al., 2014). Serttas and
Ozturk (2020) noted that the survival ratio was 93.3% (Williams) - 100.0 (Santa Maria) among the varieties and
93.3-98.9% among the rootstocks. In a similar study, Hudina et al (2014), examined the graft
compatibility/incompatibility of some standard pear cultivars grafted on different pear rootstocks, reported that
rootstocks and cultivars affected the survival ratio, and the survival ratio varied between 25% and 100%. They
reported that the lowest survival ratio was in "Williams’, ‘Conference’ and ‘Abate Fetel' cultivars and they
emphasized that this was due to biochemical reasons. It has been emphasized that graft incompatibility is a
complex event resulting from physiological, anatomical and biochemical reasons, and the survival ratio is lower
in combinations where graft incompatibility is high (Errea, 1998; Musacchi et al, 2002; Pina and Errea, 2009;
Ciobotari et al., 2010). Hudina et al. (2014) reported that the survival ratio was lower in cultivars grafted on the
BA29 and Fox11 compared to other rootstocks. The results obtained in the study are in accordance with the
previous studies.

Rootstock Diameter

In the research, pear cultivars examined had no effect on the rootstock diameter and rootstocks and
rootstock x cultivar interaction had a statistically significant effect on the rootstock diameter. The rootstock
diameter ranged between 22.52 mm and 32.25 mm in terms of rootstock averages, and 26.43 mm and 29.13
mm in terms of cultivar averages. The rootstock diameter was found to be the lowest in the Fox11 (22.25 mm)
and the BA29 (24.69 mm) rootstocks, and it was the highest in the OHxF333 (31.67 mm) and seedling rootstock
(32.25 mm). In terms of rootstock x cultivar interaction, the highest rootstock diameter was found in the
‘Deveci'/seedling (35.83 mm) and ‘Williams'/OHxF333 (33.46 mm) and the lowest was in the ‘Williams'/BA29
(20.21 mm) scion/stock combination. When the ‘Deveci’ was grafted on the seedling rootstock, the rootstock
diameter was the highest and it was the lowest when it was grafted on the Fox11. When the ‘Williams' was
grafted on the OHxF333, the rootstock diameter was the highest and the lowest was on the BA29 and Fox11
rootstocks (Table 2).

In the study, rootstocks and rootstock x cultivar interaction have a significant effect on the rootstock
diameter, but there is no effect on cultivars. Cetinbas et al. (2018) found that the rootstock diameter was higher
in the 'Deveci’ cultivar than the 'Santa Maria’ and amongst the rootstock, it was higher in the OHxF333, BA29,
OHxF69 and Quince C rootstocks than the other examined rootstocks, and lowest in the Fox9 rootstock.
Davarynejad and Davarynejad (2007) reported that the rootstock diameters differ statistically between cultivars,
and they stated that some pear cultivars grafted on Quince A rootstock were 23.6 mm-69.2 mm 5 years after
grafting. In a similar study, the different rootstocks affected the rootstock diameters under the nursery
conditions (Rahman et al, 2017). In the research, the results about the rootstock diameter are partially
consistent with other studies.

Graft Union Diameter

The graft union diameter ranged between 25.38 - 37.78 mm in terms of rootstock averages and 32.21-35.61
mm in terms of cultivar averages. In terms of rootstock averages, the graft union diameter was found to be
lower in the Fox11 (25.38 mm) than the other rootstocks. The graft union diameter of the '‘Deveci’ cultivar was
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higher than the ‘Williams'. In terms of rootstock x cultivar interaction, the highest graft union diameter was
detected in the '‘Deveci’/BA29 (45.18 mm) and the lowest was when both cultivars were grafted on the Fox11
rootstock (24.51 mm and 26.25 mm) (Table 2).

Table 2. The effect of the rootstocks on nursery plant growth performance of pear cultivars.
Cizelge 2. Armut cesitlerinin fidan geliisim performanst lizerine anaclarin etkisi

Cultivars Rootstock Rf)otstock G.raft union Shoot diameter  Shoot
diameter (mm) diameter (mm) (mm) length (cm)

Deveci BA29 29.16 ab* b** 4518 a a 3353a a 163.06 ab a
Fox11 2166 cd c 2451d d 19.35d ¢ 171.83a a
OHxF 333 29.87ab b 33.81 bc ¢ 2574 bcb 18240a a
Seedling 3583a a 38.95ab b 28.09b b 164.87 ab a

Williams BA29 2021d b 30.39cd ab 17.89d b 9811 ¢ b
Fox11 23.38 bcd b 26.25d b 22.02 cd ab 108.00c b
OHxF 333 3346a a 3823ab a 25.02 bca 186.07a a
Seedling 28.67 abc ab 3439 bc ab 21.52 cd ab 128.67 bc b

Factors’ means

Rootstocks BA29 2469 b 37.78 a 25.71 a* 130.58 b*
Fox11 22.52 b 2538 b 20.68 b 139.92 b
OHxF 333 3167 a 36.02 a 2538 a 18423 a
Seedling 3225a 36.67 a 24.81a 146.77 b

Cultivars Deveci 29.13 a 35.61a 26.68 a 170.54 a
Williams 2643 a 3231b 21.61b 130.21b

*: The difference between the means indicated by the same letter in the same column is not statistically significant in the p <0.05.
**: The difference between the means of the same cultivar indicated by the same letter in the same column is not statistically significant in
the p <0.05.

Rootstocks and cultivars and rootstock x cultivar interaction have statistically significant effects on the graft
union diameter of standard pear cultivars grafted on some quince and pear rootstocks. For a successful
grafting, the cambium tissues of the rootstock and scion must overlap, and the larger this overlap surface, the
higher the rate of graft formation (Yilmaz, 1994; Hartmann et al,, 2011). Ozcagiran (1982) determined that a
period of time should pass after grafting in order for the rootstock and scion to conjunction with each other
and during this period new callus cells were formed in the rootstock and scion and the graft combined.
Considering that the grafting process is a stress factor, there is a difference in diameter in the graft region due
to wound combining and wound healing. Preventing transportation from this wound area during the transport
of the assimilating materials between the scion/rootstock in the graft area may cause a difference in diameter
(Hartmann et al, 2011). Davarynejad and Davarynejad (2007) reported that the diameter of the graft union was
statistically different between cultivars and they stated that the graft union diameter of some pear cultivars
grafted on quince A rootstock were 28.4 mm-78.6 mm 5 years after grafting. These researchers found that the
diameter difference was higher in cultivars with incompatible with the Quince A. Serttas and Ozturk (2020)
emphasized that the effect of rootstocks and cultivars on the graft union diameter was significant. It has been
reported that the diameter difference between the rootstock and cultivar in the grafted plants may be related to
the graft incompatibility (Ozcagiran, 1982; Rodrigues et al, 2004; Darikova et al,, 2011; Machado et al., 2016).
Machado et al. (2016), who examined the graft incompatibility of EMC quince rootstock and some pear
cultivars, reported that there was a difference in diameter between rootstocks and cultivars in the graft union
region, and they found that the Williams/EMC combination was incompatible, the Rocha/EMC and Abate
Fetel/EMC combinations were partially incompatible. Rodrigues et al. (2004) and Pio et al. (2008) and
Francescatto et al. (2010) reported that large diameter differences between rootstocks and cultivars were
indicative of morphological graft incompatibility symptom. This morphological incompatibility symptom causes
the root system to weaken due to the decrease in the transport of nutrients from the graft region (Zarrouk et
al., 2010; Milosevic and Milosevic, 2011). This situation is related to the interruption in the xylem and phloem
veins that prevent the flow of carbohydrates produced in the crown part for the root part and increase the
accumulation of carbohydrates in the crown parts of the plant (Zarrouk et al, 2010). The limitations in the
transport of the assimilating substances from the graft site to the root area cause to poorly develop of sapling.
This weak development resulted in graft incompatibility in the following years and the saplings death (Machado
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et al, 2016). In this study, there was a diameter difference between the cultivars in the graft region because the
‘Deveci’ cultivar has a stronger development compared to the ‘Williams' cultivar and the graft compatibility is
better than the 'Williams’ cultivar. This difference in the graft union diameter may result in rootstock-scion
incompatibility, especially in the ‘Williams' cultivar in the following years after the grafting. Indeed, the ‘Williams'
cultivar developed very slowly on Quince A (Ozcagiran, 1982), Quince A (incompatible) and BA29 (moderately
compatible) (Gulen et al, 2002), BA29 (Irisarri et al. 2016) and graft union diameter of ‘Williams' is lower than
the other combinations and therefore it can be considered as incompatible with quince rootstocks. The results
of this study are consistent with the previous similar studies.

Shoot Diameter

The shoot diameter was determined between 20.68 and 25.71 mm in terms of rootstock averages and 21.61
and 26.68 mm in terms of cultivar averages. The shoot diameter was lower (20.68 mm) in the Fox11 rootstock
than other rootstocks. The shoot diameter of the ‘Deveci’ pear cultivar (26.68 mm) is higher than the ‘Williams'
(21.61 mm). In terms of rootstock x cultivar interaction, the highest shoot diameter was determined in the
‘Deveci'/BA29 (33.53 mm), the lowest was in the '‘Deveci’/Fox11 (19.35 mm) and ‘Williams'/BA29 (17.89 mm)
scion/stock combination in this study (Table 2).

In this study, rootstocks, cultivars and rootstock x variety interaction had significant effects on shoot
diameter. Zenginbal and Bostan (2019) noted that the shoot diameter was changed to rootstocks and cultivars
and growing condition. The shoot diameter in pear in previous studies, Soylu and Basyigit (1991) ‘Santa Maria’
14.23-15.03 mm; Elivar and Dumanoglu (1999) 24.6 mm; Kadan and Yarilgac (2005) 10.68-12.95 mm;
Davarynejad and Davarynejad (2007) 19.9-52.4 mm; Rahman et al. (2017) 9.83-14.81 mm; Zenginbal and Bostan
(2019) 5.48-6.37 mm; Serttas and Ozturk (2020) 17.95-19.74 mm. were determined. In this study, the shoot
diameter of the ‘Deveci’ cultivar was higher on the BA29 rootstock than other rootstocks. This is probably due
to the fact that the '‘Deveci’ cultivar shows good graft compatibility with the BA29 quince clone rootstock
(Demirel, 2017) and this rootstock grows better on the cultivar due to the strong development of pear rootstock
in the first years. As a matter of fact, Oztiirk and Oztiirk (2014) reported that the ‘Deveci’, which grafted on the
MC, BA29 and seedling rootstocks, had a higher shoot diameter on the BA29. Similarly, Cetinbas et al. (2018)
reported that the shoot diameter of ‘Deveci’ cultivar was higher than that of the ‘Santa Maria' cultivar.
Zenginbal et al. (2017) reported that the effect of rootstocks and cultivars on shoot diameter of 14 different
sweet cherry cultivars grafted on three different rootstocks was significant. In our study and other researches,
the differences between rootstock and cultivar in terms of the shoots diameter have been based on the genetic
differences of cultivars and rootstocks, and cultivation and maintenance practices (Hartmann et al, 2017;
Rahman et al,, 2017; Zenginbal et al., 2017; Zenginbal and Bostan, 2019; Serttas and Ozturk, 2020).

Shoot Length

There were statistically significant effect on the shoot length in terms of rootstock and cultivar and rootstock
x cultivar interaction in the study. The shoot length was found to be 130.58-184.53 c¢cm in terms of rootstock
averages and 130.21- 170.54 c¢cm in terms of cultivar averages. The shoot length was higher in the OHxF333
rootstock (184.23 cm) than other rootstocks. The shoot length of ‘Deveci’ cultivar (170.54 ¢cm) was higher than
the "Williams' (130.21 cm). In terms of rootstock x cultivar interaction, the highest shoot length was obtained in
the ‘Deveci’ cultivar grafted on the OHxF333 and Fox11 (182.40 cm and 171.83 cm, respectively) and ‘Williams'
cultivar grafted on the 'OHxF333’' (186.07 cm). The lowest shoot length was obtained by grafting ‘Williams' on
the Fox11 and BA29 rootstocks (108.00 cm and 98.11 cm, respectively) (Table 2).

In the study, it was determined that both rootstocks, varieties and rootstock x variety interaction had an
important effect on the shoot length Rootstocks affect the growth of cultivars grafted on them, as well as
cultivars affect the growth of rootstocks on which they are grafted (Rom and Carlson, 1987; Jackson 2003). The
results of this study were similar to the relevant previous study report that rootstocks and cultivars had an
important effect on shoot length in the pears. (Irisarri et al, 2016; Rahman et al, 2017; Cetinbas et al, 2018;
Zenginbal and Bostan, 2019; Serttas and Ozturk, 2020). The shoot length in the pear was 185.7-194.0 cm (Soylu
and Basyigit, 1991); 43.7 cm (Elivar and Dumanoglu, 1999); 109.31-129.45 cm (Kadan and Yarilgac, 2005); 31.82-
91.62 cm (Rahman et al, 2017); 19.89-20.51 cm (Cetinbas et al,, 2018); 34.6-39.6 cm (Zenginbal and Bostan,
2019). While the results of the shoot length in the study are compatible with some previous studies and differ
from some others. The differences were resulted from genetic (Hartman et al, 2011; Rahman et al, 2017),
grafting time and ecological condition (Kuden and Gulen, 1997; Elivar and Dumanoglu, 1999; Kadan and
Yarilgac 2005; Pektas et al., 2009) and cultivation conditions (Cetinbas et al., 2018; Zenginbal and Bostan, 2019).
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CONCLUSION

In the present study, it was tried to determine the relationship between graft success, sapling growth
performance, and the graft relationship between rootstocks and cultivars of '‘Deveci' and ‘Williams' grafted on
quince and pear rootstocks. Rootstocks and cultivars had significant effects on graft success and sapling
development of cultivars. Pear rootstocks had higher graft success than quince rootstocks. ‘Deveci’ cultivar had
higher graft success and sapling development performance than the ‘Williams'. In this study, quality pear
saplings were obtained in all cultivars/rootstocks combinations. It has been observed that all rootstocks and
cultivars have reached sufficiently shoot height and diameter values that the quality seedlings must have and
that sufficient sapling development performance is provided. Especially considering the graft success and the
diameter measurements made in the graft union, it has been determined that some combinations may show
graft incompatibility. It has been determined that the survival rate of the saplings is lower than the other
combinations in the 'Williams'/BA29 combination and this combination may be incompatible. It should be
noted that although the graft success is sufficient, the Fox11 rootstock, whose rootstock and graft shoot
diameter is lower than other rootstocks, may also show graft incompatibility. 'Deveci' cultivar showed good
graft compatibility with all rootstocks due to both graft success and sapling growth performance. When
selecting suitable rootstocks and cultivars to be used in the pear orchard establishment, it will be important to
consider these compatibility and/or incompatibility situations in advance for preventing future problems.
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