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Abstract. The goal of the research is to identify the most productive and environmentally sustainable
varieties of pear in the conditions of the Central Black Earth region of Russia. The research was carried out
from 2015 to 2017 in the Oryol Oblast on leached black earth. The average humus content in the arable
layer was 6.0-6.5%, phosphorus — 21-27 mg/100g, potassium — 12—-15 mg/100 g. Soil acidity was 5.7-6.1.
The thickness of the humus horizon was 40-75 cm. The degree of saturation of the bases was within 91%.
Climate in the region is moderate-continental, heat is sufficient for the normal growth and development of
fruit plants. The trees were planted in 2004; the scheme of planting was 6x4 m. The stock was seedlings of
common pear. Accounting was conducted using the "Program and method of studying fruit, berry and nut
crop varieties" (Oryol, 1999). The varieties Pamiati Yakovleva and Annushka are characterized by a
restrained growth force — 3.5-3.8 m. In the natural climatic conditions of the Oryol Oblast, the Annushka
and Velesa varieties are considered hardy, the Rossoshanskaya krupnaya and Svetlyanka — medium-hardy.
Varieties Annushka and Velesa are quite resistant to the pathogens of scab, brown and white spotting — the
average score for damage to fruits and leaves did not exceed 1.5. On average, for 3 years the yield of the
Rossoshanskaya krupnaya pear variety was at the level of the zoned control variety Pamiati Yakovieva.
Yields were 112.2 and 108.3 centners per hectare, respectively. The yield of the Annushka variety was 7.5
centners per hectare, or 6.7% higher than that of the control variety.

1 Introduction

Gardening is the most important branch of the agro-
industrial complex of the Russian Federation and many
other countries. Its main purpose is producing and
supplying population with fruits and berries, which are
sources of vitamins, mineral and organic substances that
play the most important physiological role in the
metabolism of the human body [1-7]. Which is why it is
no accident that a large and constant attention is paid to
the further development of the industry [8-13]. In
particular, the program "Revival of Horticulture of
Russia" developed by the Ministry of Agriculture of the
Russian Federation and the Russian Academy of
Agriculture, aims to expand the area under perennial
plantings to 1.5 million hectares in the coming years, and
to bring the production of fruits and berries to 10.6
million tons. At the same time, the yield of seed crops
should be at least 120 centners per hectare.

Pear, as a fruit breed, is known since prehistoric
times and now grows in a variety of areas of the world.
The spread of pear trees is second only to apple trees
[14, 15]. This is due to the shortcomings of the existing
varieties — significant susceptibility to scab, tall trees and
late entry into the fruiting stage. However, pears
regularly yield significant harvests. Organoleptic
qualities of its dessert varieties are much better than
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those of best varieties of apples [16-20]. Late (winter)
varieties have fruits that tolerate transportation well and
can be stored for a long time.

Since the pear is less hardy and more heat-loving
than an apple tree, its share in the structure of the
gardens of the middle garden area of Russia is much
lower [21-23].

The goal of the research is to identify the most
productive and environmentally sustainable varieties of
pear in the conditions of the Central Black Earth region
of Russia.

2 Materials and methods

The research was conducted during 2015-2017 in the
Oryol Oblast on the leached black earth. The average
humus content in the arable layer was 6.0—6.5%,
phosphorus — 21-27 mg/100g, potassium — 12-15
mg/100 g. Soil acidity was 5.7-6.1. The thickness of the
humus horizon was 40-75 cm. The degree of saturation
of the bases was within 91%.

The climate in that region is moderate-continental
and is characterized by wuneven distribution of
precipitation, temperature and humidity during the
seasons. The growing season lasts for 175-185 days,
precipitation is distributed unevenly, and often, during
the most crucial growing season (second half of April
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and May) there are droughts, accompanied by south-
easterly winds; the average annual air temperature is
4.5 °C, so there is enough heat for the normal growth
and development of fruit plants.

The absolute minimum temperature of the air in
severe winters reaches -40 °C, and on the surface of
snow it can reach -42—44 °C. Maximum temperature is
fixed at 36-38 °C. The amount of effective temperatures
above 5 °C is 1750 °C. The amount of precipitation on
average for the year is 571 mm. The average duration of
the frost-free period is 146 days. The average height of
the snow cover is 22-24 cm. Snow cover holds for no
more than 3.5 months.

The objects of research were varieties of pear of
domestic breeding in the fruiting stage. The trees were
planted in 2004, the scheme of planting was 6x4 m. The
stock was seedlings of common pear.

2.1 Short descriptions of the varieties

2.1.1 Annushka

This autumn variety with fruits of dessert quality has
been bred by the Institute of Fruit Crop Breeding. The
variety is designed by E.N. Sedov, A.G. Kuznetsova,
N.G. Krasova, and N.M. Glazova. The variety is under
State testing since 2002.

Advantages: early maturity, high yield, dessert taste
of fruits.

2.1.2 Pamiati Yakovleva (control)

This early autumn variety was obtained in the Institute of
Genetics and Breeding of Fruit Plants named after 1.V.
Michurin and in Michurin Agrouniversity by P.N.
Yakovlev, S.P. Yakovlev, Y.S. Nesterov, and R.M.
Korshikova.

Advantages: small trees, early maturity, high
hardiness, self-fertility, resistance to scabs.

Disadvantages: with age and with abundant fruiting
there may appear some unevenness of fruits, the
presence of sclerenchyma cells.

2.1.3 Svetlyanka

Svetlyanka is an early autumn variety. It originates from
the NSU Institute of Genetics and Breeding of Fruit
Plants by 1.V. Michurin. Authors of the variety are P.N.
Yakovlev, S.P. Yakovlev, and A.P. Gribanovsky.

Advantages: good taste of fruits, complex resistance
to diseases, when processed, the resulting products are of
high quality.

Disadvantages: during the thickening of the crown,
the fruits get smaller, with long-term storage surface
rotting may appear on some of the fruit.

2.1.4 Selyanka (Rossoshanskaya krupnaya)

This late-autumn variety is made by Rossoshan Zonal
Experimental Station of Horticulture by A.M.

Ulyanischeva and O.V. Ryazantseva. It has been zoned
in the Central Black Earth region.

Advantages: relatively high for the south of the CBE
region hardiness.

Disadvantages: susceptibility of leaves to septoriosis,
severe damage by insects of the Psyllidae family.

2.1.5 Velesa (Doch Otlichnoi)

Velesa is an autumn variety designed in the FSBSI All-
Russian ~ Horticultural  Institute  for  Breeding,
Agrotechnology and Nursery by Y.A. Petrov and N.V.
Efimova. Included in the State Registry (zoned) in 2001.

Advantages: significant ecological stability, high
regular yields, prominent commercial and consumer
qualities of fruits.

Disadvantages: with an abundant harvest the fruit can
get smaller.

Accounting was conducted according to the
"Program and method of studying fruit, berry and nut
crop varieties" [24].

Statistical processing of the results of the studies
presented in tables 1, 3 and 4 was done using the method
of dispersion analysis [25].

3 Results

3.1 Evaluation of pear varieties by their
biometric indicators

Determination of tree feeding area, as well as the
conditions for agro-technical care and fruit gathering, are
largely related to the size and shape of the crown. The
size of the trees, the strength of growth and the nature of
branching depends mainly on the stock, the grafted
variety and the conditions of growth. P.G. Shitt wrote:
"The strength and rhythm of growth processes in fruit
trees is constantly influenced by the conditions of the
external environment. The nature of the impact of these
conditions on the plant at certain periods can be judged
by the development of vegetative and generative growths
of their structure and placement in the crowns of trees.
The long-term impact of some permanent factor leaves
an imprint on the habitus of tree growth and fruiting."
Thus, trees are, as it were, objective "recorders" of the
influence of external conditions on growth and
development.

The resulting experimental material indicates that the
studied varieties of pears vary in height, which is within
3.5-49 m. The trees of Svetlyanka, Rossoshanskaya
krupnaya and Velesa varieties were the tallest, ranging
within 4.6-4.9 m, the lowest height was noted for the
varieties Pamiati Yakovleva and Annushka — 3.5-3.8 m.
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Table 1. Biometric indicators of pear trees grafted on the
seedlings of common pear.

Height of| .. The Crown size, m
Variety the tree diameter of A
> | the stamp, long | Across
m cm the row | the row
Svetlyanka 4.9 16.3 3.6 3.5
Rossoshanskaya| 4.7 15.2 3.9 3.7
krupnaya
Velesa 4.6 14.6 4.1 4.0
Annushka 3.8 11.5 3.8 3.6
Pamiati 3.5 12.8 3.5 3.3
Yakovleva
(control)
Least 0.80 1.52 0.46 -
Significant
Differenceos

The stamp of the tree is important for the growth and
development of the above-ground part of the plant, as it
moves nutrients and water from the soil to the above-
ground organs, as well as products of photosynthesis to
the roots. The state of the stamp largely determines the
development of the tree crown, and its growth depends
on both the placement scheme and the biological features
of the variety. The stamp is an indicator of the condition
and potential development of the growth processes of
fruit plants. The diameter of the stamp in the trees of the
studied varieties was 11.5-16.3 cm. The Pamiati
Yakovileva and Annushka varieties are distinguished by
restrained growth power, the remaining varieties are
medium-growing. As for the size of the crown, as can be
seen from the results obtained, the trees of the studied
varieties almost completely mastered the area allocated
to them — 4 m in a row. Velesa and Rossoshanskaya
krupnaya varieties had the most spreading crown, while
it was more compressed in trees of varieties Annushka,
Svetlyanka and Pamiati Yakovleva.

3.2 Evaluation of pear varieties by their
hardiness

During the years of research, winters were warm. The
amount of negative air temperature was 427.8-543.1 °C.
The lowest air temperature of -27.2 °C was recorded in
January 2015; during the winters of 2015/16 and
2016/2017 the air temperatures were dropping to -
22.6 °C and -21.2 °C respectively, and on the surface of
snow — to -25.4 °C and -22.5 °C. Such frosts are not
critical for pears. However, if during the second half of
winter, when the trees are in forced rest, the frosts are
preceded with thaws, some damage occurs. So, in the
studied pear varieties we have noted freezing of the bark,
wood, and branches of up to 1.2—1.4 points (table 2). The
control variety Pamiati Yakovleva established high
resistance to the sum of stress factors in the winter
period. Over the years of research, no frost damage was
noted for this variety.

Table 2. Frost damage to pear trees in the field.

Variety Maximum damage score
Bark | Wood | Branches | Shared

Pamiati Yakovleva | 0.0 0.0 0.0 0.0
(control)

Velesa 0.8 0.8 0.8 0.8

Annushka 1.2 0.6 1.0 1.0

Rossoshanskaya 1.4 1.2 1.2 1.2
krupnaya

Svetlyanka 1.4 1.2 1.2 1.2

In general, in the Oryol Oblast, the varieties of
Annushka and  Velesa are considered hardy,

Rossoshanskaya krupnaya and Svetlyanka — medium-
hardy.

3.3 Evaluation of pear varieties on resistance to
fungal diseases

Resistance to diseases is a varietal feature subject to the
influence of environmental conditions and the racial
composition of pathogens. The main diseases of the pear
include scab, brown leaf spot or phyllostic and white leaf
spot or septoria (Program and method of studying fruit,
berry and nut crop varieties, 1999).

Scab is the most common disease of seed crops. The
pathogens are the teleomorph Venturia inaequalis and
Venturia pirina fungi that affect leaves, flowers, fruits,
and sometimes shoots. On leaves and fruits, roundish or
blurry, sometimes diffuse, spots appear with a greenish-
olive velvety bloom of sporulation of the fungus.
Subsequently, with severe damage, the spots turn brown,
necrotic. Small puffs form on the shoots of the pear, then
the bark cracks and peels off, sores appear, and soon the
shoot dies.

The brown spotting of pear leaves is caused by
Phyllosticta pirina fungi. Spots appear on the leaves,
usually brown, round or irregular in shape, often
merging. The disease emerges at the beginning or middle
of summer, on sufficiently developed leaves and then
progresses until the fall. This disease leads to a
significant weakening of the assimilation apparatus, and
with strong development — to premature leaf fall. The
disease develops mainly as a secondary phenomenon on
the background of burns from the use of fungicides or
insecticides, damage by insects, hail, etc.

The causative agent of the white spotting of pear
leaves (septoriosis) is the pycnidia-producing fungus
Septoria piricola (its teleomorph is Mycosphaerella
sentina). Appearing in June-July, by August, the disease
reaches mass development and often leads to premature
fall of leaves, especially on old trees. At first, small,
rounded, white spots with a dark brown border appear, 1
to 5 mm in diameter. In the central part, fungal pycnidia
form over time in the form of clearly visible black dots.

In the middle gardening area, the most dangerous and
harmful pear disease is scab. Fruits and leaves of the
control variety Pamiati Yakovleva were damaged only
slightly, scoring 0. 5-0.7 points (table 3). Fruits of the
Velesa variety remained completely healthy, while its
leaves were damaged, scoring 1.
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Table 3. Resistance of pear varieties to fungal diseases
(average for 3 years).

Average damage score
: Brown White
Variety Scab A spotting
spotting (septorosis)
Fruits | Leaves | Leaves Leaves
Pamiati Yakovleva| 0.5 0.7 1.1 1.1
(control)
Velesa 0.0 1.0 1.3 1.3
Rossoshanskaya 1.0 1.5 1.9 1.7
krupnaya
Annushka 0.8 1.0 1.5 1.4
Svetlyanka 1.3 1.5 1.5 1.9
Least Significant | 0.47 0.49 0.50 0.42
Differenceos

The damage done to the Annushka variety was on the
level of the one done to the control — 0.8 to its fruit and
1.0 to its leaves. For all the studied varieties the damage
done to their leaves by scab was 0.5-1.0 points higher
than to their fruit.

The leaves of the control variety were affected by
brown spotting and septoriosis (white spotting), scoring
1.1 points. To a moderate degree (1.9 points), the leaves
of the Rossoshanskaya krupnaya pear variety were
affected by brown spotting. In the varieties Velesa,
Annushka and Svetlyanka, the development of this
disease was found to be 1.3 to 1.5 points, approximately
at the control grade level. By resistance to white
spotting, Velesa and Annushka are not inferior to the
Pamiati Yakovleva. The maximum damage score was
revealed for the Rossoshanskaya krupnaya and
Svetlyanka varieties — 1.7-1.9. Consequently, the new
varieties of the pear Velesa and Annushka are quite
resistant to the pathogens of the main diseases caused by
microscopic fungi. Varieties Rossoshanskaya krupnaya
and Svetlyanka are slightly inferior to the Pamiati
Yakovleva by the studied characteristics.

3.4 Evaluation of pear varieties by yield

The harvest records made it possible to establish that on
average for 3 years the Rossoshanskaya krupnaya pear
variety is at the level of control one (table 4).

Table 4. Yields of new varieties of pears (average for three

years.
Variety Yields, | Relative to | Relative to
c/ha control, c/ha | control, %
Pamiati Yakovileva 112.2 - -
(control)
Velesa 101.8 -10.4 9.3
Svetlyanka 95.9 -16.3 -14.6
Rossoshanskaya 108.3 -3.9 -3.5
krupnaya
Annushka 119.7 7.5 6.7
Least Significant 5.82 - -
Difference os

The yield was 112.2 and 108.3 centners per hectare,
respectively. The increase for Annushka variety was

7.5 c/ha or 6.7%. Pear varieties Velesa and Svetlyanka
are inferior in yields by 9.3 and 14.6% respectively to
the zoned Pamiati Yakovieva variety.

4 Conclusion

1. The trees of Velesa and Rossoshanskaya krupnaya
varieties have the most sprawling crowns, Annushka,
Svetlyanka and Pamiati Yakovleva — more compressed
crowns.

2. In the Orlovsk region, the Anushka and Velesa
pear varieties are considered hardy, Rossoshanskaya
krupnaya and Svetlyanka — medium-hardy.

3. New varieties of pear Velesa and Annushka are
quite resistant to the pathogens of the main fungal
diseases — scab, brown and white spotting.

4. The Annushka pear variety in the natural climatic
conditions of the Orlov region during the years of
research produced stable yields at the level and above
the control zoned variety Pamiati Yakovleva, with the
yields of Rossoshanskaya krupnaya being at the level of
the control variety.
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