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ABSTRACT

This study was carried out to determine the effects of different pear and quince rootstocks
on some branch and leaf properties of ‘Deveci' and 'Williams' pear cultivars at Samsun
ecological conditions in 2015-2016 years. The number of lateral branches (number plant-
1), lateral branch length (cm) and diameter (mm) and branch angle (°) and petiole length
(cm) and thickness (mm), leaf width and length (cm) and leaf area (cm? leaf' ) were
examined in the study. Rootstock and cultivar and rootstock x cultivar interaction had
significant effects on all examined branch and leaf traits. The 'Deveci' cultivar had generally
got better lateral branch characteristics and higher leaf size than the 'Williams'. The highest
lateral branch number was observed in the OHxF333 rootstock, while the highest lateral
branch diameter was found in the seedlings rootstock. The BA29 rootstock had wider
angled branches than the other rootstocks. Leaf area was the highest in OHxF333 rootstock
and the lowest in BA29 rootstock. The highest number of lateral branch was determined in
the 'Deveci'/Fox11 and the lowest was in the 'Williams'/Fox11 scion/rootstock
combinations. The longest lateral branches were detected in the 'Deveci'/BA29 and the
'Deveci'/seedling. The highest leaf area was found in the 'Deveci'/BA29 and
'Williams'/seedling and the lowest was in the 'Williams'/BA29 scion/rootstock
combination. As a result, in this study was determined that the cultivars grafted on different
rootstocks affect their growth and development by affecting their vegetative growth and
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morphological traits.

1. Introduction

In pear cultivation, saplings that are grafted on seedling or
clonal rootstocks are generally used (Ozcagiran et al., 2005;
Hepaksoy, 2019). In order to make fruit growing profitable
and economical and to be further developed, quality saplings
should be used in the orchard establishment. These saplings
should be produced with a new and high market value
cultivars that are accurate, quality, healthy, free from
diseases and pests and they should be delivered to the
growers in a sufficient number and in a short time (Jackson,
2003; Hancock and Lobous, 2008; Dondini and Sansavini,
2012). Instead of rootstocks with vigor growth and
development in today's modern pear cultivation, dwarf or
semi-dwarf quince and pear clone rootstocks are used
(Hancock and Lobos, 2008; Dondini and Sansavini, 2012;
Hepaksoy, 2019). Pear clonal rootstocks show stronger
development compared to quince clone rootstocks, so
planting distances are wider (Ozcagiran et al., 2005; Sharma
et al., 2009; da Silva et al., 2018). Although pears are grown
on quince rootstocks with control the growth forces of trees
(dwarfing), yield precocity, increase in fruit yield and
quality, due to their negative aspects such as sensitivity to
winter cold, chlorosis and fire blight in calcareous soils,

weak anchorage to soil and poor graft compatibility (Pina
and Errea, 2009) instead of Pyrodwarf, OHxF, Farold, Fox,
BP and CTS series developed in different rootstock breeding
programs and pear clone rootstocks from some different pear
species have been used in recent years (Jackson, 2003;
Hancock and Lobous, 2008; Dondini and Sansavini, 2012;
da Silva et al., 2018). Rootstocks affects the growth and
development of cultivars grafted on, cultivars affect vice
versa rootstocks (Webster, 1995; Jackson, 2003). Rootstock
affects grafted on the cultivar characteristics such as
flowering, earliness, productivity, fruit size, biochemical
properties of fruits, fruit quality, shoot growth and
development, leaf size and branching (Warner, 1991;
Webster, 1995; Jackson, 2003; Ozturk and Ozturk, 2014;
Karlidag et al., 2016; Gundogdu, 2019; Serttas and Ozturk,
2019). In pear cultivation, wide-angled saplings with high
quality, well-developed lateral branches are preferred. For
this purpose, branched saplings with wide-angled lateral
branches, which begin early yield instead of whips saplings,
are preferred by the producers. Rootstocks affect the sapling
quality by affecting on the number and development of
lateral branch (Warner, 1991; Sahin, 2014; Karlidag et al.,
2016).
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New pear rootstocks were improved many years later in
different breeding programs (da Silva et al., 2018; Hepaksoy,
2019). It is important for pear cultivation to investigate the
effects of these new pear rootstocks on the growth and
development forces of the cultivars grafted on rootstocks, as
well as their resistance to biotic and abiotic stress conditions.
It is desired that rootstocks have a good root system, which
affects the longevity of plants and high quality fruit. In
addition to choosing a good cultivar for successful
cultivation, selection of suitable rootstocks for growing
conditions is also very important (Hepaksoy, 2019). The
effect of cultivars grafted on rootstocks on growth
characteristics determines the growing ability of the
cultivars. In this respect, to reveal how the rootstocks affect
the morphological characteristics of the cultivars grafted on
the rootstocks (Rahman et al., 2017; da Silva et al., 2018) is
very important for the pear producer that will grow with
these saplings.

The aim of the study was aimed to determine the effect
of different rootstocks and cultivars on some branch and leaf
characteristics of grafted pear saplings.

2. Materials and methods

2.1. Experiment location

The study was carried out at Agriculture Research Station of
Ondokuz Mayis University, Atakum (North: 41°21', East:
36°11', Altitude: 173 m) during 2015 and 2016 years,
Samsun (Turkey). The study was conducted in nursery parcel
located in the open field. Grafting was also performed in
open field. The research area was flat and had a slope of
about 1%. The nursery soil structure was clayed-loam and
weakly acidic and it was lime-free, unsalted, rich in terms of
phosphorus and potassium and organic matter. The plants
were mulched against the weeds and drip irrigation was
implemented them.

The climate of Samsun proves its temperate climate
character. According to long term climatically data of
Samsun, 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).

2.2. 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 a distance of
120 cm and 30 cm in February 2014 and cultivated in open
field. ‘Deveci’ and ‘Williams’ pear cultivars were used as
scions. ‘Deveci’ cultivar is compatible with quince and pear
rootstocks (Ozcagiran et al., 2005) and ‘Williams’ is
incompatible or moderate compatible with quince rootstock
(Gulen et al., 2002; Hudina et al., 2014)

2.3. Grafting and observations

Similar sized (for thickness) rootstocks were selected for
grafting. T-budding method, which is the most suitable graft
method in the fall period (Westwood 1995; Hartmann et al.
2011) was used in the month of 1st 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 included 10
grafting in each rootstock and cultivar combination. White
colored, soft and silicone grafting tape was used to protect
the graft area. Cultivation factors such as irrigation, weed
management and removal of suckers below the graft union
were preformed regularly. As a cover mulch, black colored
and UV-added, polypropylene produced, 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™) 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, some vegetative growth
characteristics, such as lateral branch number (number plant-
1 and lateral branch diameter (mm) and lateral branch length
(cm) and branch angle (°) and leaf dimensional traits, were
determined according to previous relevant studies (Ozturk
and Ozturk., 2014; Sahin, 2014; Rahmati et al., 2015;
Karlidag et al., 2016; Rahman et al., 2017). Lateral branch
number (number plant™) was determined by counting lateral
branches from the graft shoot at the end of vegetation
(December 1%) in all sapling for each cultivar/rootstock
combination. Lateral branch length (cm) was measured by
meter from trunk to shoot tip at the end of vegetation
(December 1%) in all sapling for each cultivar/rootstock
combination. Lateral branch diameter (mm) was measured
by 0.01 mm sensitive digital caliper at 5 cm distance from
the main stem in the lateral branch at the end of vegetation
(December 1%) in all sapling for each cultivar/rootstock
combination. Branch angle (0) was measured with a
goniometer at each lateral branch on the main stem at the end
of the vegetation period (December 1%) in all sapling for each
cultivar/rootstock combination. Leaf lamina width (cm) and
length (cm) and leaf petiole length (cm) and thickness (mm)
were determined according to Ozturk and Ozturk (2014).
Leaf area was determined according to the equation
suggested by Ozturk et al. (2017).

2.4. 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
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% levels. The results are given as two-year average in
the tables.

3. Results

3.1. Branch characteristics

In this study, the number of lateral branches, lateral branch
length, lateral branch diameter, lateral branch angle, leaf
width, leaf length, average leaf area, petiole length and
diameter were investigated among some pear varieties
grafted on different rootstocks and they presented in Table 1
and Table 2.
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3.1.1. Lateral branch number

The lateral branch number was found to be higher in the
OHxF333 (19.7 number plant™) than the other rootstocks in
terms of average of rootstocks in the stud. The ‘Deveci’
cultivar had a higher lateral branch number than the
‘Williams’ cultivar. It was observed that the highest number
of lateral branches in the main shoot was in ‘Deveci’/Fox11

(23.67 19.7 number plant') and the lowest was in the
‘Williams’/Fox11 (7.33 19.7 number plant™). Rootstocks
had no effect on the number of lateral branches in the
‘Deveci’ cultivar. The 'Williams' cultivar had the highest
number of lateral branches on the OHxF333 and the lowest
on the Fox11 rootstock (Table 1).

Table 1. The effect of different rootstocks on branch characteristics of pear saplings

Lateral branch

Lateral branch

Lateral branch

Cultivars Rootstock ?#l:rsr?g;r lant) length (cm) diameter (mm) Branch angle (°)

Deveci BA29 19.61 b* A** 32.7a A 6.26a A 29.0cd B
Fox11 23.67a A 28.3ab A 5.29de D 29.6cd B
OHXxF 333 18.73b A 30.0ab A 558c C 37.4ab A
Seedling 19.73b A 30.7a A 5.88b B 39.3a A

Williams BA29 13.11c B 21.3d B 5.16e C 226d D
Fox11 733 d C 30.0ab A 5.38d B 383a A
OHXxF 333 20.67ab A 25.0 bc AB 5.34d B 25.4cd C
Seedling 11.33¢c B 21.0d B 581b A 3l.1bc B

Factors’ means

Rootstocks BA29 16.36 b 27.0a 5.71b 25.8b
Fox11 1550 b 29.2a 5.34d 34.0a
OHXxF 333 19.70 a 275a 5.46 3l.4a
Seedling 15.53b 25.8a 5.85a 35.2a

Cultivars Deveci 20.44 a 30.4a 5.75a 33.8a
Williams 13.11b 28.0b 5.48hb 32.1b

*: 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 capital letter in the same column is not statistically significant in the p <0.05.

3.1.2. Lateral branch length

There were significant effects of cultivars and rootstock x
cultivar interaction on the lateral branch length and the effect
of rootstocks was insignificant in the study. The averages of
the lateral branch length of the rootstock and cultivar were
25.8-29.2 cm and 28.0-30.4 respectively. The ‘Deveci’
cultivar had longer side branches than the ‘Williams’. The
longest lateral branches were found to be in the
'‘Deveci'/BA29 (32.7 cm) and 'Deveci'/seedling (30.7 cm),
the shortest was in the 'Williams/BA29 (21.3 cm) and
'‘Williams'/seedling (21.0 cm). The rootstocks did not have
any effect on the lateral branch length in the ‘Deveci’
cultivar. Lateral branch length was the highest (30.0 cm)
saplings grafted on the 'Williams'/Fox11, and the lowest
lateral branch length was on saplings grafted on the BA29
and the seedling rootstocks (21.3 c¢cm and 21.0 cm
respectively) (Table 1).

3.1.3. Lateral branch diameter

In the study, rootstocks, cultivars and rootstock x cultivar
interaction had statistically important effect on the lateral
branch diameter. The lateral branch diameters of rootstock
and cultivar were between 5.34-5.85 and 5.48-5.75
respectively. The thickest lateral branches were found on the
seedling rootstock (5.85 mm) and the thinnest was found on
the Fox11 (5.34 mm) rootstock. The 'Deveci' cultivar had
thicker lateral branches than the 'Williams'. The thickest

lateral branches were found to be in the 'Deveci'/BA29 (6.26
mm) and the thinnest was in the 'Williams'/BA29 (5.16 mm).
In the 'Deveci' cultivar, the thickest side branches were found
in the BA29 (6.26 mm) and the thinnest in the Fox11 (5.29
mm) rootstock. The lateral branch diameter of the 'Williams'
cultivar was the highest on the seedling rootstock (5.81 mm)
and the lowest (5.16 mm) on the BA29 (Table 1).

3.1.4. Lateral branch angle

In this study, rootstocks and cultivars and rootstock X
cultivar interaction have a significant effect on the angle of
the lateral branches with the main stem in the saplings. The
lateral branch angles of the rootstock and cultivar were
between 25.8 and 35.2°, 32.1 and 33.8° respectively. The
lateral branch angles of pear rootstock were higher than the
quince clone rootstock. The saplings of the ‘Deveci’ cultivar
had a higher lateral branch angle than the 'Williams' cultivar.
The highest lateral branch angle was found to be in the
‘Deveci'/seedling (39.3°) and 'Williams'/Fox11 (38.3°), while
the lowest was in the 'Williams/BA29 (22.6°). In the
‘Deveci’ cultivar, the highest lateral branch angle was found
in the seedling (39.3°) and the OHxF333 (37.4°) rootstocks
and the lowest was in the Fox11 (29.60) and the BA29
(29.0°) rootstocks. The highest lateral branch angles of
‘Williams’ cultivar was observed in the Fox11 (38.3°) and
the lowest was in the BA29 (22.6°) rootstock (Table 1).
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3.2. Leaf Characteristics

3.2.1. Leaf width

The leaf width was 3.5-3.8 cm in the rootstock and it was
3.6-3.7 cm in the cultivar. The leaf width was lower in the
BA29 quince rootstock than the other rootstocks.

The leaf width of the "Williams" cultivar (3.7 cm) was higher
than the ‘Deveci’ (3.6 cm). In the ‘Williams’ cultivar, in
terms of rootstock x cultivar interaction, the highest leaf
width was on saplings grafted on the seedling and the
OHXxF333 (4.0 cm and 3.9 ¢cm), and the lowest was on the
BA29 (3.3 cm) (Table 2).

Table 2. The effect of different rootstocks on leaf characteristics of pear saplings

Cultivars Rootstock  Leaf width (cm)  Leaf length (cm)  Petiole diameter (mm)  Petiole length (cm)  Leaf area (cm?)

Deveci BA29 3.6 bc*A** 76a A 1.12bc A 415a A 18.56a A
Fox11 3.6 bc A 6.9bc C 1.21b A 2.29e C 17.08 abc AB
OHxF 333 3.6bcA 74a B 0.99de B 4.15a A 17.92ab AB
Seedling 35cd A 70b C 09le B 3.70b B 16.02c B

Williams BA29 33dC 6.1f B 1.20b B 2.55d B 14.07d C
Fox11 3.7b B 6.5 de AB 133a A 221e C 16.51bc B
OHxF 333 39a A 6.4 ef AB 1.08cd C 337¢ A 17.69 abc AB
Seedling 4.0a A 6.7cd A 1.03cd C 3.59bc A 18.73a A

Factors’ means

Rootstocks BA29 3.5b 6.88a 1.16 b 3.35b 16.31b
Fox11 3.7a 6.67 b 127a 2.25¢ 16.79 ab
OHxF 333 3.8a 6.88a 1.04c 3.76a 17.81a
Seedling 3.7a 6.84 ab 0.97¢ 3.65a 17.38 ab

Cultivars Deveci 3.6b 7.23a 1.06b 357a 1740 a
Williams  3.7a 6.42b 1.16a 2.93b 16.75a

*: 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 capital letter in the same column is not statistically significant in the p <0.05.

3.2.2. Leaf length

In the study, the highest leaf length was in the BA29 (6.88
cm) rootstock and the OHxF333 (6.88 cm) rootstock and the
lowest in the Fox11 (6.67 cm) rootstock. The leaf length of
‘Deveci’ cultivar (7.23 cm) was higher than 'Williams' (6.42
cm) cultivar. In terms of rootstock x cultivar interaction, the
highest leaf length was in the 'Deveci'/BA29 (7.6 cm) and
'Deveci'/OHxF333 (7.4 cm) and the lowest was in the
'Williams'/BA29 (6.1 cm) rootstock (Table 2).

3.2.3. Petiole diameter

Petiole diameter varied between 0.97 mm and 1.27 mm in
the rootstock and between 1.06 mm and 1.16 mm in the
cultivar. The petiole thickness was found to be the highest in
the Fox11 (1.27 mm) and the lowest in the seedling rootstock
(0.97 mm) and the OHxF333 (1.04 mm) rootstocks. The
petiole diameter of 'Williams' cultivar was higher than the
‘Deveci’. In the study, the highest leaf petiole thickness was
found in the ‘Williams’/Fox11 (1.33 mm), and the lowest
was in the ‘Deveci’/seedling (0.91 mm) in terms of rootstock
X cultivar interaction (Table 2).

3.2.4. Petiole length

The highest petiole length was found on the OHxF333 (3.76
cm) and the seedling (3.65 c¢cm) rootstocks and it was the
lowest on the Fox11 (2.25 cm) rootstock. The petiole length
was higher in the ‘Deveci’ cultivar (3.57 cm) than the
‘Williams® cultivar (2.93 cm). In terms of rootstock x
cultivar interaction, petiole length was the highest on the

'Deveci'/BA29 (4.15 cm) and ‘Deveci’/OHxF333 (4.15 ¢cm)
and the lowest was on the 'Williams/Fox11l (2.21 cm)
rootstock/scion combinations (Table 2).

3.2.5. Leaf area

In the study, rootstocks and rootstock x cultivar interaction
had a statistically significant effect on the average of the leaf
area, while the cultivars had an insignificant effect. In terms
of rootstock averages, the highest leaf area was in the
OHXF333 (17.81 cm? leaf!) and the lowest was in the BA29
(16.31 cm? leaf!) rootstock. In terms of rootstock x cultivar
interaction, the highest leaf area was determined in the
'Deveci'/BA29 (18.56 cm? leaf?) and 'Williams'/seedling
(18.73 cm? leaf?) and the lowest was in the 'Williams'/BA29
(14.07 cm? leaf?!). The highest leaf area of the ‘Deveci’
cultivar was on the BA29, and the lowest was on the seedling
rootstock. The highest leaf area of the ‘Williams’ cultivar
was on the seedling and the lowest was on the BA29
rootstock (Table 2).

4. Discussion

In this study, rootstocks and cultivars and rootstocks x
cultivars interaction have a significant effect on the lateral
branch numbers in the shoot (Table 1). To obtain yields from
fruit trees at an early age, well-branched and wide-angle
saplings are required (Buban 2000; Magyar et al., 2008). The
trees in the orchards set up with this kind of saplings form
more flower buds in the first years and yield higher quality
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fruit (Rom and Carlson, 1987). Cetinbas et al. (2018)
reported that the number of lateral branches in the shoot was
higher in the ‘Deveci’ than the ‘Santa Maria’, and the highest
lateral branch number was obtained from ‘Deveci’/ OHXF97
and ‘Santa Maria’/OHxF333. Rahman et al. (2017) cited that
rootstocks and cultivars had significant effects on the
number of lateral branch per sapling in nursery conditions.
Irisarri et al (2016) determined the lowest number of lateral
branches in the 'Williams/BA29 scion/rootstock
combination. Rahmati et al. (2015) reported that the number
of lateral branches of pear cultivars grafted on different
rootstocks varied between 1.0-10.7 number plant-1. Karlidag
et al. (2016) found that the number of lateral branches in the
pear ranged between 3.69-9.21 number plant-1. In this study,
the significant effects of rootstocks and cultivars with
genetic differences on each other's growth and development
caused the number of lateral branch in the main shoot to be
different. In fact, it was emphasized that rootstock and
cultivars with different growth and development
characteristics may have different number of shoots (Irisarri
et al., 2016; Rahman et al., 2017; Cetinbas et al., 2018). In
addition, rootstocks and cultivars that dwarfed develop in
terms of growth vigor may have higher number of lateral
branch. It has been emphasized that different cultivars and
rootstocks can affect the growth of shoots and show different
growth characteristics (Rom and Carlson, 1987; Rahman et
al., 2017).

In the grafted plants, it is stated that especially the
balance between auxin and cytokine can be effective on the
lateral branch number (Hratko and Magyar, 2004). Auxin
increases main shoot development and it reduces lateral
shoot development (Taiz and Zieger, 2008). However, a
cessation that may occur in the growth or enter the dormancy
of the bud at the top of the main shoot causes the side buds
to continue. This reduction in the dominance of auxin causes
with increasing of cytokine and this effect is increases to the
emergence of lateral buds and lateral branch number
(Shimizu-Sato et al., 2009). However, since the auxins
produced at the top of the shoots cannot be carried to the
lateral buds, auxins have no direct effect on the growth of the
lateral buds (Leyser, 2003; Ongaro and Leyser, 2008). On
the other hand, cytokine has direct effects on lateral bud
growth, as cytokine produced in the nodes on the main shoot
are transported directly to the lateral buds and growing
lateral buds increase significantly (Ongaro and Leyser, 2008;
Taiz and Zieger, 2008; Shimizu-Sato et al., 2009). Graft
components may reduce the transport of certain substances,
such as hormones (eg, auxins), from scion to down rootstock
or, vice versa, from rootstock to scion (Dun et al., 2006). As
a result, the amount of cytokine transported from the roots of
the sapling to the shoot may be higher, and the number and
growth of the lateral shoots may increase as the lateral shoots
suck more cytokine.

It has been reported that the length of the lateral branches
decreases in the saplings with high number of lateral
branches and this decreasing occurs due to the competition
of the high number of lateral branches (Rossi et al., 2004).
Sahin (2014) reported that the length of the lateral branch
varied of sweet cherry cultivars and the branch length was
between 19.3 cm and 29.6 cm among the cherry cultivars.
The results of this study are in accordance with the results of

Rahmati et al. (2015) and Karlidag et al. (2016) who noted
lateral branch length varied between 25.5 cm and 52.1 cm in
the pear. Tatari et al., (2020) cited that the highest lateral
shoot length in the quince was in the BA29 and Quince
seedling, the lowest was in the QC and the hawthorn
rootstocks. The dwarfed rootstocks shorten the length of
trees by decreasing annual shoot length compared to vigor
rootstocks (Jackson, 2003). Ozturk and Ozturk (2014)
reported that the tree height was higher in the BA29
rootstock than the MC and pear seedling rootstocks. They
stated that this was due to the fact that the dwarfed rootstocks
grow faster than the rootstocks due to the better root structure
of the trees until they start to yield. Rootstocks affect the
transport of carbohydrates and nutrients between roots and
branches. In addition, rootstocks, growth regulators,
carbohydrates and nutrients affect the distribution and
vegetative development of the plant (Rufato et al., 2014).
Rahmati et al. (2015) cited that apple and pear rootstocks
have been to be effective in controlling tree size, dwarf
rootstocks reduce tree canopy size, and low root volume of
dwarf rootstocks leads to reduced shoot growth. The
rootstock can affect to the transfer of nutrients and
carbohydrates between the roots and branches. Also, the
rootstock influences the distribution of carbohydrates,
elements, and growth regulators and affects the vegetative
growth of the plant (Rufato et al., 2014). Jackson (2003)
reported that apple and pear rootstocks were effective in
controlling tree size and dwarfing rootstocks reduced tree
size and the low root volume of dwarfing rootstocks results
in reduced shoot growth.

The diameters of the lateral branches and the crotch
angles between main shoots and them are significant criteria
that determine the quality of the produced sapling and the
age of fruiting (Rom and Carlson, 1987). The number of
lateral branches with scion/stock combinations is low, it was
observed that the lateral branch length and lateral branch
thickness were slightly higher. Karlidag et al. (2016) found
that lateral branch diameter varied between 4.8-6.3 mm in
pear saplings. Sahin (2014) reported that cultivars have an
effect on the lateral branch diameter and it ranged between
4.49 mm and 5.04 mm among the sweet cherry cultivars. In
this study, the highest lateral branch diameter was in the
seedling rootstock and it was the lowest in the Fox1l
rootstock. It can be said that the lateral branch diameter is
higher in the vigorous rootstocks than dwarf rootstocks. The
results obtained from this study are compatible with the
previous studies.

Pear trees have many different shoot growth shapes such
as upright, semi-upright, broad, drooping. Pear saplings can
be distributed immediately after planting the main branches
on the trunk to form a well-canopy structure (Ozcagiran et
al., 2005). The angle between these main branches and the
trunk determines the shape of the canopy. Wide-angle
branches with strong bonding between the trunk and the
lateral branches of the tree can carry the excessive fruit load
without breaking. However, branches with narrow angles
between the trunk and the lateral branches have weak joints
and cannot carry the excessive fruit load without breaking
(Jackson, 2003). Rootstocks influence on branch angle and
the dwarf rootstocks have a larger branch angle than the
semi-dwarf rootstocks (Warner, 1991). In addition, dwarf
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rootstocks both make wider angled branches and form a
smaller canopy than vigor rootstocks (Rom and Carlson,
1987). The branch angle affects not only the vegetative
development of the tree, but also its precocity. Saplings with
wide-angled lateral branches provide better distribution of
light in the canopy and are precocity than seedlings with
narrow-angled branch structure (Jackson, 2003; Srivastava
et al., 2013). It was determined that the crotch angle between
the trunk and the lateral branches varied between 30.7-52.20
in pear (Karlidag et al., 2016). Sahin (2014) stated that there
was a difference in terms of lateral branch angle among
sweet cherry cultivars and the angle of lateral branch varied
between 42.97-44.37. He reported that the amount of
increased cytokine may have increased the angle between the
lateral shoots and the trunk. The cytokine carried up from the
root can increase the lateral branch angle as well as increase
the lateral branch development (Hratko and Magyar, 2004;
Taiz and Zieger, 2008). In this study, it was determined that
quince rootstocks make a more wide-angle branch than pear
rootstocks. This situation may have resulted from different
development characteristics of rootstocks. Pear rootstocks,
which form narrower angles and strong shoots compared to
quince rootstocks, develop stronger by causing more upright
shoot growth. In addition, pear clonal rootstocks develop
slightly stronger than quince clone rootstocks (Jackson,
2003; Hancock and Lobos, 2008; Dondini and Sansavini,
2012).

The rootstocks and cultivars and rootstock x cultivar
interaction had significant effect on the leaf width in this
study (Table 2). Serttas (2019) cited that pear cultivars had
significant effect on the leaf width and rootstocks had not
significant effect on the leaf width of the pear cultivars
grafted on different pear rootstocks and the leaf width varied
between 3.34 and 3.75 cm. Ozturk and Ozturk (2014)
reported that the rootstocks had a significant effect on the
leaf size of the "Deveci" pear, and the leaf width was the
highest in saplings grafted on the BA29 rootstock.
Vegetative growth and development increase as the optimum
ecological conditions of the region where the plants are
grown positively affect the photosynthesis level (Uzun,
1997). The leaf width results of this study were found to be
consistent with previous studies.

In the present study, there were significant effects of
rootstock, cultivar and rootstock x variety interaction on the
leaf length. Serttas (2019) reported that pear rootstocks had
a statistically significant effect on leaf length and found that
leaf length in rootstock varied between 5.90 and 6.52 cm.
Ozturk and Ozturk (2014) noted that the ‘Deveci’ pear
cultivar had a significant effect on the leaf length and the
highest leaf length was in the saplings grafted on BAZ29.
Uzun (1997) reported that the ecological conditions, which
are optimum level for cultivation, positively affect the
photosynthesis in the plant and increase vegetative growth
and development. In addition, Zenginbal et al. (2017)
reported that the different genetic structures of rootstocks
and cultivars caused differences in growth characteristics
and thus changed to the leaf size.

There was significant effect of both rootstocks and
cultivars and rootstock x variety interaction on petiole length
in the study. Ozturk and Ozturk (2014) emphasized that
rootstocks had a significant effect on petiole length in the

"Deveci" pear, and that the leaf petiole length varied between
3.35cm and 4.43 cm. They reported that the highest average
petiole length was in the BA29 quince rootstock (4.43 cm)
and the lowest was in the seedling rootstock (3.35 cm). The
results obtained from this study slightly differ from the
results obtained from previous researchers. It can be said that
the observed difference was due to the cultivation and
management conditions and rootstock used.

In the study, rootstocks and cultivars and rootstock x
variety interaction had statistically significant effect on the
leaf petiole diameter. Ozturk and Ozturk (2014) found that
rootstocks had a significant effect on the leaf petiole
thickness and they cited that leaf stalk thickness varied
between 0.58 and 0.76 mm. They reported that the highest
petiole thickness was in the BA29 (0.76 mm) and seedling
(0.70 mm) rootstocks and the lowest was in the EMC quince
rootstock (0.58 mm). The results obtained in this study a bit
differ from the results obtained from previous researchers.
We can say that the observed difference is due to the
cultivation conditions and rootstock used.

Pear rootstocks have an insignificant effect on the
average leaf area and pear cultivars have a significant effect
and the average leaf area was 14.38-16.61 cm? leaf® for
rootstocks and 14.58-17.92 cm? leaf for cultivars (Serttas,
2019). Ozturk and Ozturk cited that the rootstocks have a
significant effect on the leaf area in the "Deveci" pear and
the highest average leaf area was on the BA29 quince
rootstock (16.31 cm? leaf?'). The differences observed in
vegetative development in fruit species and cultivars may
result from differences in genetic, ecological conditions and
cultivation technique (Rom and Carlson, 1987; Jackson,
2003). It can be said that the difference in the average leaf
area of pear cultivars grown on the rootstocks with different
growth vigor in the same growing conditions is caused by the
genetic structure. In fact, Erturk and Guleryuz (2008) and
Zenginbal et al. (2017) stated that the differences occurred in
vegetative development in the same ecological conditions
depend on the different genetic structure of the plants. And
also, it can be said that the differences in the leaf size and
growth vigor of the cultivars caused this situation. In the
research, the differences in leaf area between pear cultivars
may be due to the very similar leaf shape of the cultivars.

4. Conclusion

In this study, the effects of rootstocks and cultivars on some
vegetative properties of ‘Deveci’ and ‘Williams® pear
cultivars grafted on quince and pear rootstocks were
determined rootstocks and cultivars had significant effects
on lateral branch and leaf characteristics of pear cultivars
grafted on different rootstocks. It was determined that the
number of lateral branches was higher in OHxF333, lateral
branch diameter and was higher in the seedling rootstocks
and the branch angle was lower in the BA29 rootstock.
Generally, the leaf and lateral branch characteristics were
higher in the 'Deveci' cultivar than the 'Williams'. This study
demonstrated that the cultivars grafted on different
rootstocks affect their growth and development by affecting
their vegetative development. For this reason, knowing the
vegetative ~ development  characteristics  of  the
rootstock/cultivar combination to be selected while selecting
rootstocks and varieties to be used in the pear orchard facility
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will make it easier to manage the cultural applications to be
applied in the orchard.
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