Journal of Horticultural Research 2016, vol. 24(2): 77-82
DOI: 10.1515/johr-2016-0023

]l DE GRUYTER
el COPEN

GROWTH AND CROPPING OF TWO PEAR CULTIVARS
AS AFFECTED BY THE TYPE OF NURSERY TREES

Ireneusz Stefan SOSNA*
Wroctaw University of Environmental and Life Sciences
Norwida 25, 50-375 Wroctaw, Poland

Received: June 2016; Accepted: October 2016

ABSTRACT

The study was conducted in 2001-2012 next to Wroctaw (south-western Poland). The purpose of this
research was to assess the influence of type of nursery trees of pear cvs ‘Carola’ and ‘Dicolor’ budded on
quince S; rootstock on growth and cropping, as well as fruit quality of two pear cultivars. The trees were
planted in the spring of 2001 in 4 replications with 5 trees per plot. Trees were planted in rows with spacing
1.2 x 3.5 m (2381 trees per hectare). Three types of nursery trees, all without feathers, were planted: two-
year-old (3 years in a nursery), one-year-old maidens (2 years in a nursery) and annual grafts (only 1 year
in a nursery). Tree canopies were formed as a spindle and were trained in the Giittingen-V system. Until
the twelfth year after planting, growth and yield were significantly affected by the type of nursery trees.
One-year-old maidens were characterized by the strongest vigor in orchard, while pears planted as two-
year-old trees grew rather weak (especially with ‘Dicolor’ cv.). Planting two-year-old trees didn’t have any
clear positive influence on tree cropping in the orchard. The final results of the study proved that trees
planted as annual grafts, irrespective of cultivar, yielded significantly worse. The type of nursery trees had

no clear influence on mean fruit weight.
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INTRODUCTION

The pear cultivation is less profitable than the
apple cultivation and much more risky in terms of
production. In comparison to apple trees, pear trees
start bearing fruits later and their yield is worse.
Pear trees have higher climate-soil requirements
and their fruits show worse storage ability. The
number of cultivars and rootstocks suitable for pear
orchards is limited too (Sosha 2007).

The early and high productivity of pear trees
first of all depends on cultivar and rootstock. Like-
wise, the quality of nursery trees is one of the most
important factors when establishing an orchard. The
profitability of any intensive pear orchard is related
to its ability to produce early yield of fruit. This is
highly dependent on planting high quality nursery
trees, which have strong growth and will develop an
adequate canopy structure in the early years after
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planting (Elkins et al. 2008). According to Deckers
& Schoofs (2001), for pear trees planted in high
density planting systems, the quality of the planting
material should be high, which can be provided by
the two-year-old trees with 6 to 8 lateral branches
obtained by repeated pruning of the one-year-old
maidens in a nursery. There is an important differ-
ence in productivity between a one-year-old non-
feathered maiden and a two-year-old feathered tree
during the first year after planting. When a one-
year-old whip is planted, the yield may be delayed
by two years, during which the frame of the tree has
to be developed. For intensive high density pear
plantings, only two-year-old trees are recommended.
Trees with lateral branches for intensive pear or-
chards provide high and early yield (Oosten 1978;
Czynczyk 1989; Green 1991; Robinson 2003; Sa-
dowski et al. 2007). As the benefits of highly feath-
ered trees were discovered, it became necessary to
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develop nursery management techniques to stimu-
late lateral branch development (Robinson et al.
2014). The use of plant growth regulators has been
seen as a good way of inducing lateral branching
and cheaper than manual “leaf pinching” (Elfving &
Visser 2005; Kaptan 2010; Sazo & Robinson 2011).
In the Jacyna (2004) study, branching was better on
dwarf Quince MA rootstock than on standard “Bart-
lett” seedling rootstock. Maiden pear trees have
a limited branching capacity in comparison with the
trees of other fruit species, such as apples or sour
cherries. The planting material is produced in the
nursery for 2 (one-year-old maidens) or for 3 years
(two-year-old trees). By winter grafting, a two- or
three-year cycle of production could be shortened to
one year. This method might be cheaper than the
traditional one and may reduce the stress connected
with older trees transplanting (Ferree 1976). To de-
crease the harmful influence of transplanting on tree
growth, more often (for example in Holland or Nor-
way), the maiden trees are produced in plastic con-
tainers. These trees, without their root system dam-
age, grow much better after planting in orchard
(Czynczyk 1989).

The aim of the presented study was to compare
the growth, yield and fruit quality of 2 pear cultivars
in an orchard depending on the type and quality of
planting material in the conditions of the Lower Si-
lesia. The published results are based on data ob-
tained during 12 years of research.

MATERIALS AND METHODS

The experiment was conducted at the Fruit Ex-
perimental Station in Samotwor near Wroctaw
(south-western part of Poland) in 2001-2012. The
orchard was located on a fawn soil consisting of
slightly sandy, light clay over medium clay and rep-
resenting the I11b class of the Polish economical soil
classification. The research was carried out on the
cvs ‘Carola’ and ‘Dicolor’ trees budded on the
quince S:root stock and planted in spring of 2001.
These cultivars on dwarf rootstock are characterized
by a rather strong growth, especially ‘Dicolor’, and
high productivity. The planting pattern followed the
randomized block design with four replications and
5 trees per plot. The in-row tree spacing was 1.2 m

whereas the distance between rows equaled 3.5 m
(2381 trees per hectare). The nursery trees varied in
age from two-year-old trees (3 years in a nursery),
one-year-old maidens (2 years in a nursery) and an-
nual grafts (only 1 year in a nursery). The youngest
trees were whips grafted during winter time, planted
in a spring and dug out from the nursery in autumn
of the same year. Irrespective of the planting mate-
rial age, all trees had no lateral branches. Pear tree
canopies were formed as a spindle with minimum
pruning after blooming time and shoots maximally
bending down by using concrete weights. The trees
were trained in the Giittingen-V system. No irriga-
tion was applied. The orchard floor management
system consisted of herbicide fallow in the tree rows
and sward in the alleyways — both introduced in the
year of the tree planting. The chemical protection
was carried out according to the up-to-date recom-
mendations of the Orchard Protection Program.

In the years 2001-2012, the tree growth,
bloom abundance, yield per tree and crop efficiency
coefficient, as well as mean fruit weight were as-
sessed. For the purpose of data collection, the har-
vest of each cultivar was done following a single-
picking schedule, and the pears from each tree were
collected into separate boxes. In order to determine
crop quality, a sample of 20 fruits per each tree was
taken. In 2006-2012, the blooming intensity were
registered for every experimental tree, using a 0-5
scale (0 — no flowers, 5 — very abundant bloom).
Each year in mid-October, the extent of vegetative
growth was assessed by measuring the trunk cir-
cumferences 20 cm above the bud union, and calcu-
lating the TCSA values, as well as their two-year
increments. In autumn 2012, the tree height and can-
opy width in two directions were recorded. The vol-
ume of canopy was calculated using a formula for
cone volume. The last set of TCSA together with the
2002-2012 yield sums were used for the calculation
of crop efficiency coefficients (CEC), which were
obtained at the end of the study.

The collected experimental data were sub-
jected to statistical analysis based on the analysis of
variance (ANOVA) approach involving a model ap-
propriate for the randomized block design. Signifi-
cant differences at p = 0.05 level were obtained us-
ing the Duncan’s multiple range test.
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RESULTS AND DISCUSSION

Until the twelfth year after the orchard plant-
ing, the vegetative growth of the investigated pear
trees was significantly affected by both the cultivar
and the type of nursery trees (Table 1). The ‘Di-
color’ pear trees were showing significantly
stronger growth than ‘Carola’ pear trees. A similar
relationship was noted by Paprstein et al. (2013) and
Sosna and Czaplicka-Pedzich (2013). In contrast, in
a study by Btaszczyk (2005), the trunks developed
by ‘Carola’ trees on the quince S; were thicker in
comparison to the trunks of ‘Dicolor’. The trees
planted as one-year-old maidens were characterized
by the strongest vigor, while the ones planted as
two-year-old trees showed weaker growth, which
was especially pronounced in ‘Dicolor’. In the
spring of 2001, the annual grafts were significantly
thinner, and after twelve years of experiment, they
had the same growth (expressed in TCSA and can-
opy volume) as originally two-year-old trees of
‘Carola’ or their growth was greater in ‘Dicolor’ and
equal to the best combination for both cultivars -
one-year-old maidens (Table 1). These observations

are not consistent with those reported by other au-
thors (Deckers & Schoofs 2001; Bielicki et al. 2004;
Lewko et al. 2006; Sadowski et al. 2007; Lipecki et
al. 2013). This discrepancy is probably due to the
poor quality of the two-year-old stock, which lacked
lateral branches and, in the case of ‘Dicolor’, it con-
sisted of rather thin specimens. In fact, none of the
planted trees had laterals, which is unsurprising,
given the limited branching capacity showed by cer-
tain pear cultivars (Jacyna 2004). Moreover, the
root systems of the older trees could be exposed to
greater damage, resulting in higher post-transplan-
tation stress. Poniedziatek et al. (1996), Robinson
(2003), Bielicki et al. (2004) and Song et al. (2013)
agreed that the growth intensity shown by trees
planted in an orchard is substantially higher in case
of branched trees than in the case of ones that lack
laterals, assuming that the both types of transplants
are of the same age. In the course of the twelve years
of presented research, trees planted as unfeathered
maidens grew stronger (TCSA for ‘Carola’, canopy
volume) in comparison to annual grafts. Similar data,
pertaining to trunk cross-sectional area, are given by
Gudarowska & Szewczuk (2003).

Table 1. Vegetative growth of two pear cultivars depending on type of nursery trees

Trunk cross-sectional area TCSA (cm?)

Canopy volume (m?®)

Type of nursery trees

Spring 2001 Autumn 2012  Increment 2010-2012 Autumn 2012
‘Carola’
two-year-old trees 1.8+0.2 60.32+ 4.8 12.82+0.9 248+ 0.3
one-year-old maidens 1.4+ 0.1 75.9°+ 6.8 16.9°+1.8 3.4°+02
annual grafts 0.62+0.1 56.52+ 3.8 15.3%+ 1.0 2.42+0.1
‘Dicolor’
two-year-old trees 1.3°+0.1 74.0°+ 6.4 16.62+1.7 2.78+0.2
one-year-old maidens 1.2°+0.1 98.8"+ 6.3 2210+ 1.7 42°£0.4
annual grafts 0.52+0.1 92.5°+49 19.7% 4+ 1.1 3.50+0.2
Mean for cultivar
‘Carola’ 1.3 64.28 15.02 2.7%
‘Dicolor’ 1.02 88.4b 19.5° 3.5
Mean for type of tree
two-year-old trees 1.6 67.2° 14.72 2.6%
one-year-old maidens 1.3° 87.4° 19.5° 3.8°
annual grafts 0.6 74.5° 17.5° 3.0°

* Means followed by the same letter do not differ at p = 0.05 according to the Duncan’s test; means = SD (n = 4)
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Table 2. Blooming intensity of two pear cultivars depending on type of nursery trees (in 0-5 scale)
Type of nursery trees 2006 2007 2008 2009 2010 2011 2012
‘Carola’
two-year-old trees 1.6¥+0.1 3.62+£04 202+£0.2 3.78+£0.1 218+£03 22°+05 2.6°+£0.2
one-year-old maidens 1.78+£03 34%+0.0 22°+0.1 38°+03 18+04 19+04 22°+04
annual grafts 1.82+03 3.22+03 23*+04 3.7°+0.1 23*+04 232+04 2.32+0.3
‘Dicolor’
two-year-old trees 312+0.2 3.32+0.1 2.8+0.1 28°+05 26°+02 1.0°+0.1 1.92+02
one-year-old maidens 342+01 29+03 3.9°+02 14%+05 35°+02 11°+03 1.3*+04
annual grafts 3.62+£0.1 27°+03 35%+0.1 1.7°+03 32%+02 07°+02 1.1*+04
Mean for cultivar
‘Carola’ 1.78 3.4° 2.28 3.7° 2.18 2.1° 2.4°
‘Dicolor’ 3.4 3.0 3.4 2.02 3.1° 0.9? 1.48
Mean for type of tree
two-year-old trees 2.42 3.48 2.42 3.3 2.42 1.62 2.3
one-year-old maidens 2.62 3.22 3.1b 2.6 2.7% 1.5 1.8%
annual grafts 2.7° 3.0 2.9% 2.7° 2.82 1.58 1.78

* For explanations see Table 1

Table 3. Yielding, crop efficiency coefficient and mean fruit weight of two pear cultivars depending on type of nursery

trees

Cumulative yield (kg tree™)

CEC (kg-cm?) Mean fruit weight (g)

Type of nursery trees

2003-2012 2001-2012 2003-2012
‘Carola’
two-year-old trees 103.5%" £ 4.3 1.722+£0.14 2252+ 11
one-year-old maidens 111.5°+9.9 1.472+£0.18 2162+ 9
annual grafts 83.42+9.3 1.48%+0.22 2322+ 10
‘Dicolor’
two-year-old trees 102.9% + 10.8 1.39°+0.19 1812+ 7
one-year-old maidens 112.3°+12.8 1.14%+0.10 1798+ 9
annual grafts 89.3°+ 8.4 0.972+0.12 1778+ 6
Mean for cultivar
‘Carola’ 99.5a 1.56b 224b
‘Dicolor’ 101.6a 1.17a 179a
Mean for type of tree
two-year-old trees 103.3b 1.56b 203a
one-year-old maidens 111.9b 1.31a 198a
annual grafts 86.4a 1.23a 204a

* For explanations see Table 1

The bloom abundance in the 2006-2012 pe-
riod was mostly influenced by the yield in the pre-
ceding year (Table 2). Of the two cultivars, ‘Carola’
was showing a less regular flowering pattern — the
years of abundant and weak bloom were alternating
with each other. The only exception was the year
2011. Strong frosts up to —24 °C, which occurred

during the winter of 2010/2011, caused poor flow-
ering and led to bud damage in both of the cultivars.
The flowering regularity of the trees in each year did
not differ substantially across the cultivars. Statisti-
cally significant differences among the bloom abun-
dances in relation to the type of the nursery trees
were noted only in 2008-2010 for ‘Dicolor’. In 2008
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and 2010, the bloom of the one-year-old maidens
was more intensive in comparison to the two-year-
old trees, whereas in 2009, the trees planted as two-
year-old nursery stock showed most abundant flow-
ering. According to Song et al. (2013), the number
of flowers developed by apple trees in the third year
after planting was significantly higher in case of
branched trees than unbranched ones. Similar data,
regarding the two-year-old ‘Fiesta’ apple stock,
were reported by Gudarowska and Szewczuk
(2006).

In the presented experiment, the pear trees, ir-
respective of the cultivar, started to bear fruit in the
third year after planting, and the obtained yields
were much higher than in the Btaszczyk (2005)
experiment (Table 3). The total 2003-2012 vyield
was not high because of the extensive frost dam-
ages, which occurred in the years 2007, 2010 and
2012, when temperatures plummeted to —3 to —4 °C
during the peak of tree flowering. The greatest
losses were noted in 2011, when a spring frost of
—5°C between May 3 and 6 (end of the bloom)
damaged the flowers and fruitlets, especially of ‘Di-
color’. Until the twelfth year after the orchard plant-
ing, the two-year-old pear trees without feathers did
not crop better than the one-year-old maidens. The
final results of the study proved that the yields were
similar across the two groups. Taking into consider-
ation the means for type of tree, the grafted trees
yielded much worse than the budded ones, and their
crop efficiency indices were the lowest (at the level
of the one-year-old maidens), as confirmed by Rob-
inson (2003) with apple trees. Different results were
obtained by Gudarowska & Szewczuk (2003). In
their experiment, the grafted apple stock gave
higher crops in comparison with budded maidens.
In the experiment by Bielicki et al. (2004), the crop-
ping levels of annual grafts and one-year-old apple
trees without branches did not differ to a substantial
degree. According to several authors, the branching
status of nursery stock is more important than its
age. The high productivity of trees with developed
lateral branches at the time of planting is mentioned
in numerous studies (Green 1991; Poniedziatek et
al. 1996; Gudarowska & Szewczuk 2006; Sadowski
etal. 2007; Robinson et al. 2014). According to Pie-
tranek & Jadczuk (2006), the planting of one-year-

old maiden apple trees with feathers may lead to
similar yields, as in the case of same trees left in
a nursery for one more year and just then planted.

The pear tree cultivars investigated in the ex-
periment differed significantly in mean fruit weight
(Table 3). The heavier fruits were obtained from the
‘Carola’ trees (224 g) versus 179 g for ‘Dicolor’.
Sosna & Czaplicka-Pedzich (2013) got similar results.
Contrary to this, in other experiments (Btaszczyk
2005; Paprstein 2008), ‘Dicolor’ fruits were much
smaller. The full red blush developed by the fruits of
‘Dicolor’ places it among the most attractive pear
cultivars. The type of nursery trees had no signifi-
cant influence on the mean fruit weight. Also, in the
experiment of Stowinski & Sadowski (2000), this
factor did not affect the mean apple weight obtained
in the third year after planting in the orchard. How-
ever, such an influence had been observed one year
before. The trees planted at the age of one year de-
veloped larger fruits than the trees grown from the
two-year-old stock, which might have been caused
due to the poorer yielding of the former.

CONCLUSIONS

1. Results of the twelve years of the study prove
that the investigated two pear cultivars are suita-
ble for commercial production. ‘Carola’ and ‘Di-
color’ budded on the quince S; rootstock gave
high and early yields of fruits with a good mean
weight. The productivity of these -cultivars
would have been higher if not for the damage
caused by the spring frosts.

2. The type of planting material had a significant
influence on tree growth and cropping in the or-
chard. The trees planted as one-year-old maidens
were characterized by stronger growth and gave
similar yields as those grown from two-year-old
non-feathered material. For this reason, estab-
lishment of orchards from older trees without lat-
eral branches cannot be recommended.

3. Taking into consideration the mean yields, ‘Car-
ola‘ and ‘Dicolor® pears planted as annual grafts
yielded the worst, thus planting of thick feathered
trees may be a more economically justified option.

4. The type of nursery trees had no influence on the
mean fruit weight, regardless of the cultivar.
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