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Abstract. This study aims to assess the developmental characteristics of Crataegus maximowczii
C.K. Schneid on its introduction to the Kola Peninsula. Introduction of new plants aims to offer a
range of highly ornamental trees and shrubs for municipal landscaping. Extending lists of highly
viable and decorative plants that are suitable for landscaping has always been important. The paper
describes the timing of phenological phases, morphometric parameters of inflorescences and fruits, as
well as seed propagation under polar conditions. Phenological observations of plants were performed
2-3 times a week during the growing season. Morphometric characteristics of inflorescences were
examined during the period of mass flowering of each specimen. The inflorescence density was
determined as the ratio of the number of flowers in an inflorescence to its width, the fruit-to-flower
ratio was determined as the percentage of full fruit number to the number of buds. A hundred seeds
of each specimen were collected, and individual weight of each seed was determined using the
analytical balance. Pre-sowing treatment included cold stratification or scarification followed by
two-stage stratification. Crataegus maximowiczii has a short shoot growth period, short pre-floral
period, annual flowering and fruiting. Flowering phases were first observed at the age of 8 years.
Flowering and fruiting phases occurred annually; the abundance of flowering and fruiting was given
4-5 points on the five-point V. G. Kapper scale. The pre-floral period was of medium duration and
lasted on average for 37 days. Fruit ripening occurred in September. The most stable parameter of
the examined specimens was the number of flowers per inflorescence, while the number of fruits and,
consequently, the fruit-to-flower ratio were more dependent on external conditions. Morphometric
characteristics of inflorescences were species-specific. Average weight samples subjected to combined

pre-sowing treatment had the highest germination rate.
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Ocob0enHOCTH Pa3BUTHA
Crataegus maximowiczii C. K. Schneid.
npu uHTpoaAyKuMu 3a [lonsspHbIM Kpyrom
O.E. 3otoBa, O. A. I'oHuapoBa
THonapuo-anvnutickuii 6omanuyeckutl cad-uHCmumym

um. H. A. Aspopuna
Poccuiickasa ®edepayus, Anamumol

AunHoTanus. JlanHoe Hccieg0BaHue MOCBSIEHO OLUeHKe pa3BuTus Crataegus maximowczii Ipu
unTponykuuu Ha Konbckuit CeBep. OqHOI U3 11e1ei HHTPOAYKIIUY SBIISETCS pa3padoTka acCOPTUMEHTA
BBICOKOJICKOPATHUBHEIX JIEPEBHEB U KYCTAPHUKOB IS 03€JICHEHSI HACCIIEHHBIX ITyHKTOB. [lomomHeHme
CIIMCKOB paCTEHHﬁ, OTIINYArOLINXCA BBICOKOH JKH3HECIIOCOOHOCTRIO U JCKOPAaTUBHOCTBIO U TOAXOAAIIUX
JUTSI ICTIOJTE30BAHUS B 03€JICHCHUH, OCTAeTCs aKTyaJlbHBIM B HacTosIIee BpeMs. B paboTte npencraBieHb!
CPOKH HACTYIUICHUS PEHOJOTHYCCKUX (a3, MOpPOMETPUUCCKHUE MTOKA3ATEIIH COBETHH, IIJIOI0B,
O0COOCHHOCTH CEMEHHOTO PA3MHOKECHUSI ITPU HHTPOAYKIIUU B YCIOBUS 3amoisipbst. OCHOIOTHUSCKUE
HaOIIOCHUS 32 PAaCTCHUAMH MTPOBOAMIHN 2—3 pa3a B HEAENIO B TEUEHHUE BETETAllHOHHOTO CE30Ha.
HUccnenoBarns MOppoMETPHUECKAX XapaKTEPUCTHK COLBETHI MTPOBEACHBI B IIEPHOI] MACCOBOTO IIBETCHUS
KaJ10ro oopasia. [110THOCTh COLBETHIT OIpeeNsii Kak OTHOIICHUE YUCIa IIBETKOB B COLIBETHH K €TI0
[IMPUHE, TTPOLEHT IIJI00NBETEHHUS OMPECIISLTN KaK OTHOIIICHHUE YHCIIA TIOJIHOIECHHBIX [II0/I0B K YHACITY
OyToHOB. C Ka)I0T0 IK3eMILIsIpa IIPOU3BEIEH OTOOP CEMSIH U OIpe/eIeHa HHANBHyalbHAs Macca
Kaxjoro cemeHu. [IpeamnoceBHast MOATrOTOBKA TPOBOAUIACH METOIAMH XOJIOHOH CTPaTHU(PUKAIIUN
U ckapuduKkanuu ¢ mocieayoIieil 1By X3TanHoil crpatudukanueii. Y Crataegus maximowiczii
KOPOTKHUU IMEPHUOJT pOocTa MOOET0B, HEIPOIOIKUTEIBHBIH MpedIopaIbHBIN TEPHO], SKETOTHOE
IIBETCHUC U ITJIOJOHOILICHUEC. da3zpl IBETCHHA BIICPBBIC OTMCYCHELI B 8-metHeM BO3pacrTe. da3zpl IIBETCHU A
U IIJIOIOHONICH S HAOFONAI0TCSI ©KETOIHO, OOMIIHE [IBETCHHUS U TIOAOHOIICHUS OLICHIBACTCS IO [ITKaJIe
Kanepa B 4—5 6aos. [IpedaopanbHblii IEpHOa CPEAHEH MPOAOIKUTEIBHOCTH IJIUTCS B CPEIHEM

37 cytok. Co3peBaHMe IIJI0I0B OTMEUAeTCs B CeHTsA0pe. DakTop BUIOBOH CIEM(PUIHOCTH BIHSIET
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Ha MOP(HOMETPHUYECKUE XapaKTEPUCTUKU COLBETHH. Y HCCIIEAYeMBIX SK3eMIUIIPOB Hauboee cTabuiIeH
[I0Ka3aTeab KOJIMYECTBA IIBETKOB B COLBETHH, B TO BpEMsI KaK KOJIMYECTBO ILIOJIOB U, CIEJOBATENBHO,
MOKa3aTeb IJIOAOLBETEHHUS B OONBIIEH CTEIEHN 3aBHCEIN OT BHEIIHUX ycioBuil. Hanbonpimei
BCXOKECTBIO 0071a/1a10T 00pa3Ibl CO CPETHUMH 3HAUCHUSIMH MACCHI, TPOILIE/IINE KOMOMHIPOBAHHY IO

IPEATOCEBHYO ITIOATOTOBKY.

Karwuessble ciioBa: (beHOJ'[OFI/I‘IeCKI/Ie (1)3351, IBETCHHUC / IJIOAOUBETCHUEC, MacCa CEMAH, ITPEATIOCEBHAA

noarotoBka, CyOapKTHKa.

Buaaronapuoctu. VcenenoBanust BEITOTHEHB! Ha 0a3e YHUKAJIbHOW HaydHOH ycTaHOBKN «Kosueknu
KUBBIX pacTeHuil [TossipHO-anbnuicKOro 60TAHUYECKOro cajia U HHCTUTYTay, 0011 Ne 499394, B pamkax
TeMbl « KOMIUIEeKCHBIH aHaIM3 METOJUK OIIEHKH JAEKOPATUBHOCTU M X IPUMEHEHHUS K IPEBECHBIM
pactenusim Kpaiinero CeBepa (Ha IpuMepe KOJUICKIIUH HHTPOY IUPOBAHHBIX APEBECHBIX PACTEHUI
IMTABCH KHIJ PAH)», Ne roc. perucrpannn 1021071612833—7-1.6.11.

Hurtuposanue: 3otosa, O.E. Ocobennoctu passurus Crataegus maximowiczii C.K. Schneid. npu uatponykuunu 3a [lonsgpabim

kpyrom / O.E. 3otoBa, O. A. ['onuaposa // XKypn. Cub. ¢penep. yn-ta. buonorus, 2023. 16(1). C. 41-53. EDN: LDJJAK.

Introduction

Plant introduction is one of the major
activities of botanical gardens. Introduction of new
plants aims to offer a range of highly ornamental
trees and shrubs for municipal landscaping. Since
the diversity of the native dendroflora of the Kola
Peninsula is limited and the flowering period of
woody plants is short, extending lists of highly
viable and decorative plants that are suitable for
landscaping remains topical. The paper is based
on the research conducted at the Polar-Alpine
Botanical Garden and Institute on Crataegus
maximowiczii C.K. Schneid plants introduced to
the Kola Peninsula.

Plants of Crataegus L. genus are distributed
over a large territory in the northern hemisphere.
They grow in the temperate and less often in
the subtropical zone. Species of Crataegus
genus are highly decorative during flowering
and fruiting periods. For this reason they are
widely used in landscaping. Flowering occurs
at the age of 1015 years. The flowering period
follows leaf expansion in late May — early June.

Complex cymose or umbellate inflorescences

appear on short offshoots of the current year.
The hawthorn (Crataegus) genus representatives
are valuable as medicinal, fruit, and ornamental
plants (Poletiko, 1954). On the Kola Peninsula,
hawthorns are not found in natural plant
communities; they occur as cultivated plants but
do not require special care.

The results of introduction of the Rosaceae
Juss. family plants in Russia are widely covered
in scientific publications. O.V. Skrotskaya and
S. A. Miftakhova (2011) presented the results of
the Rosaceae family introduction in the Northeast
of the European part of Russia. Introduction
of the Rosaceae family in Yakutia is described
in the papers by N.S. Danilova et al. (2006,
2011). N. A. Kolyada (2009, 2010) addressed the
results of introduction of the Rosaceae family
North American plants in the Russian Far East.
Decorative qualities of the Crataegus genus
plants were evaluated by S.V. Mukhametova et
al. (2013). Some aspects of the Crataegus genus
plants development and growth on the Kola
Peninsula were addressed in the papers published

by the staff members of the Polar Alpine Botanical
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Garden and Institute (Goncharova et al., 2017,
Zotova, Goncharova, 2019).

Recently, particular attention has been
given to studying seed propagation of the
Crataegus genus plants. Researchers have
noted that hawthorn seeds remain dormant
until favourable conditions occur; their thick
endocarps prevent their germination (Vanstone
et al., 1982; Nikolaeva, 1979; Vainagii, 1974).
According to Nikolaeva et al. (1985), the
dormancy of hawthorn seeds is combined:
they have deep exogenous and intermediate
physiological dormancy. In most cases,
scarification or stratification is recommended
for disturbing seed dormancy; combination
of these methods is also possible (Morgenson,
2000; Bujarska-Borkowska, 2002, 2008).

The research aims to determine the timing
of phenological phases, describe morphometric
parameters of flowers and fruits and study
seed propagation of C. maximowiczii on the

introduction to polar regions.

Materials and methods

The study was conducted in 2015-2018
based on the collection of introduced tree species
in the experimental site of the N. A. Avrorin Polar
Alpine Botanical Garden and Institute of the
Kola Scientific Center of the Russian Academy
of Sciences (PABGI) in Apatity, Murmansk
Oblast, Russian Federation. PABGI is one of the
few botanical gardens within the Arctic Circle
worldwide and the northernmost one in Russia
(67°38’ N, 33°37" E).

PABGI was founded in 1931 in the framework
of the project launched by Professor N. A. Avrorin.
The collection of PABGI woody plants is located
at its main sites in Kirovsk and Apatity. The
woody plants collection in Kirovsk was started
with the foundation of PABGI and has been
growing ever since. The tree nursery in Apatity
was started in 1958. Both sites are located 120

km to the North of the Arctic Circle. The climate
of the Murmansk Oblast is Arctic-temperate.
The climate of the territory varies considerably.
Although it may be severe due to its circumpolar
situation, the close proximity to the warm Gulf
Stream makes it more favourable. The territory
of the PABGI experimental site is located on a
piedmont plain, 3 km to the west of Apatity.
The average monthly temperature in January-
February does not drop below —13 °C; in July
it varies from +10 to +14 °C. The first air frosts
may be expected in August, the last frosts have
been observed in late May and June. Thus, the
duration of the frost-free season is about 5070
days. The maximum precipitation occurs during
the summer and autumn months, and minimum
precipitation occurs in spring. The mean annual
rainfall is 500—600 mm/year. A stable snow cover
lasts from 180 to 200 days, the snow cover height
being 60—80 cm. The transition of average daily
air temperatures through the threshold of +5 °C
is observed on 31 May. The growing season is
90-120 days (Semko, 1982).

The object of research, C. maximowiczii,
is a prickly deciduous shrub or tree up to 7 m
high. It is native to Eastern Siberia, Mongolia,
northern China, northern Japan, and Korea. It
appears at coastal forest strips, forest edges and
dry mountain slopes, along roadsides and river
banks. C. maximowiczii is a very cold-resistant
plant, capable of withstanding temperatures up
to—25 °C (Huxley et al., 1992). The inflorescences
of C. maximowiczii are multi-flowered, up to 6 cm
in diameter, with densely pubescent pedicels. The
flowers are 1.5 cm in diameter, white, turn pink
at the edge when they bloom, with an unpleasant
smell. The sepals are narrow, triangular, whole-
edged, pubescent, bent downwards in mature
fruits. The flower has 20 stamina with dark
pink anthers and 3—4 pistils. The fruits are red,
pubescent, then glabrous, translucent. The flesh

of the fruit is orange, powdery, edible, with
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3—4 convex bones, smooth on the dorsal side,
furrowed and wrinkled on the sides. The plant
blooms at the end of May, fruits ripen in early
August and remain on the trees until late autumn
(Solovyova, Kotelova, 1986).

For the research, 3 specimens of hawthorn
C. maximowiczii plants were selected. The age
of the plants at the time of study was 17-20
years. The plants have grown from seeds of
cultural origin obtained from the arboretum of
the Institute of Forest and Forest Chemistry in
Arkhangelsk, Russian Federation. In the study
site, the introduced hawthorn plants are exhibited
as a group under similar soil and ground
conditions and exposed to specific climate of the
Kola subarctic region.

Phenological observations of plants were
performed 2-3 times a week during the growing
season (Bulygin, 1976; Aleksandrova et al., 1975)
in 2015-2018. We recorded the phenophase dates
of vegetative buds burst, beginning and end of
linear shoot growth, full lignification of annual
shoots, leaf budding, completion of leaf growth
and ripening, appearance of autumn leaf color,
leaf fall, beginning and end of flowering, ripening
of fruits. Duration of shoot growth, vegetation,
pre-floral period and flowering was estimated
1978). Abundance
of flowering and fruiting was evaluated by the
V.G. Kapper scale (1930).

Morphometric

(Aleksandrova, Golovkin,

characteristics of
inflorescences were examined in 2018 during mass
flowering of each specimen. Ten inflorescences
per plant were randomly selected from the middle
part of the crown. The inflorescence and flower
sizes were determined by the largest diameter
using a ruler with a measurement accuracy of 0.1
cm. The inflorescence density was determined
as the ratio of the number of flowers in an
inflorescence to its width (Mukhametova et al.,
2013). The fruit-to-flower ratio was determined

as the percentage of full fruit number to the

number of buds (Vainagii, 1974). Fruits (100—
150 pcs) were harvested in different parts of the
crown during their full ripening in September
2017. The fruit size was measured using a caliper
to the nearest 0.1 mm.

Seeds were harvested in August-September
for three years (2015-2017). A hundred seeds were
collected from each specimen, and the individual
weight of each seed was determined using the
analytical balance VLR-200 to the nearest 0.0001
g. Seeds were grouped into classes according to
their weight using the variation statistics methods
(Dospekhov, 1985).

Pre-sowing treatment included (I) cold
stratification or (II) scarification followed by
two-stage stratification.

The 2015 harvest seeds were subjected to cold
stratification, which stimulates seed germination
from the state of the deepest dormancy (Nikolaeva,
1979). Seeds were preliminarily washed in running
water for three days, then kept in plastic containers
in a refrigerator at a temperature of 4—-6 °C from
It March to 12" May, 2016. The stratification
medium included fibric high-moor peat with
addition of sapric peat, pH 5.59-6.50, nitrogen
(NH, + NO;) — no less than 200 mg/1, phosphorus
(P,05) — no less than 200 mg/1, potassium (K,O) —
no less than 250 mg/1. Control samples of seeds in
the same substrate were kept in a dark room at a
temperature of 22-25 °C, for the same period from
st March to 12" May, 2016.

The 2016 harvest seeds underwent combined
pre-sowing treatment (scarification followed
by two-stage stratification). This technique
stimulates seed germination from the state of
combined dormancy (Crocker, 1948). Seeds were
soaked in a concentrated solution of sulfuric
acid (H,SO,) for 60 minutes and washed under
running water for three minutes, then subjected to
two-stage stratification. High-moor peat was also
used as a stratification medium. At the first stage,

seeds were kept in a dark room at 22-25 °C from
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31 January to 1t March, 2017. At the second stage
of stratification, seeds were kept in a refrigerator
at 4—6 °C from 1** March to 18" June, 2017.
Stratified seeds of the 2015 harvest were
sowed on 12" May, 2016. Scarified and stratified
seeds of the 2016 harvest were sowed on 18"
June, 2017. Stratified,

seeds were germinated in soil in sowing boxes

scarified and control

in an open greenhouse. Soil composition for
germination included peat, sand, limestone flour,
expanded clay drainage, pH — 5.9-6.5, nitrogen
(NH,; + NO;) — 325 mg/kg, phosphorus (P,0s) —
370 mg/kg, potassium (K,0) — 500 mg/kg.
Statistical
using the Microsoft Excel application following
Korosov, 2003;

parameters were calculated

standard methods (Ivanter,
Korosov, Gorbach, 2010).

Results and discussion

In the subarctic climate of the Kola Peninsula,
the examined C. maximowiczii plants retained their
habitus, had a well-formed trunk and branches,
and showed yearly lignification of annual shoots,
average shoot-forming ability and annual growth in
height; also, self-seeding was observed.

Table 1 shows phenological observations of
the plant vegetative organs in 2015-2018. They
are compared with long-term average annual data
(2001-2015) published earlier (Goncharova et al.,
2017).

During 2015-2018, the vegetation onset
of C. maximowiczii was observed during late
April to late May. Appearance of autumn leaf
color was observed from the end of August to
the middle of September (according to the long-
term observations, the average annual date is 3rd
September). In 2016, the growing secason was
longer due to the earlier start. In general, our
observations allow to classify C. maximowiczii
as a plant with an early onset and short growing
season according to Aleksandrova-Golovkin
scale (1978).

Plants enter the phase of linear shoot growth
from the middle of May to the middle of June.
Before the end of the growing season, shoot linear
growth and lignification of the observed specimen
normally come to an end. By linear shoot growth
duration, C. maximowiczii can be classified as a
plant with a short period of shoot growth.

The timing of flowering and fruiting
phenophases is shown in Table 2. The flowering
phase was first observed at the age of 8 years. The
phases of flowering and fruiting were observed
every year; the abundance of flowering and
fruiting was given 4-5 points on the five-point
V.G. Kapper scale. Pre-floral period was of
medium duration and lasted on average for 37
days. Fruit ripening was observed in September.

The timing of the phenological phases

varies from year to year, which is explained by

Table 1. The timing of the onset of vegetative phenological phases in C. maximowiczii in 2015-2018

Phenological phases
Years - Dg, day | VP, day
Vb2 | Gsl | Gs2 [ Liga | L1 | L3 | L4 [ LS

2015 3V 29V 6VII  31VII 25V 22VI LIX 281X 38 116

2016 30.1V 18V 20.VI 1L.VIII 5V 17VI 6.1X 25.1X 33 129

2017 25V 14Vl 2VvIIl 21vll  8VI 10VII  15IX  20VII 49 113

2018 10V 21V SVII  18VII 19V 22VI 28VII 271X 45 110
2001-2015* 18V 30V 20vVID eVvVIII 25V 23VI 31X 1.X 51 108

Vb 2 - vegetative buds burst, Gs 1 / Gs 2 — beginning and end of linear shoot growth, Lig 2 — full lignification of annual shoots,
L 1 - leaf budding, L 3 — completion of leaf growth and ripening, L 4 — appearance of autumn leaf color, L 5 — leaf fall; Dg —
duration of shoot growth, VP — growing season. * Data from (Goncharova et al., 2017).
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Table 2. The timing of the onset of the phenological phases of flowering and fruiting in C. maximowiczii in

2015-2018
Phenological phases
Years PFP, day / DF, day
Fl4 FI5 Fr3
2015 26.VI 10VII 171X 49/14
2016 14 VI 24 V1 23 VIII 45/10
2017 15vII 20.VII 221X 51/5
2018 20.VI 30.VI 8.IX 41/10
2001-2015%* 24 VI LVII LIX 377

Fl14 / F15 — beginning and end of flowering, Fr 3 —ripening of fruits, PFP — pre-floral period, DF — duration of flowering. * Data

from (Goncharova et al., 2017).

the weather conditions of the growing season.
The closest to the average long-term data are the
phenophases of 2018 (Table 2).

Seed weight distribution was obtained
using the methods of variation statistics.
Individual seed weight distribution curves
of the 2015-2017 harvest are shown in Fig. 1.
Approximation of variants to the symmetric
normal distribution curve was noted in 2015.
In other years, asymmetric distribution of
individual seed weight was common. A shift
towards the smallest weights was observed,
which could be due to the least favourable

factors of the growing season.

The individual seed weight distribution
curves of individual specimens in 2017 are
shown in Fig. 2. C. maximowiczii plants under
examination differed in seed weight values. The
smallest values of seed weight were noted for
specimen 1, the highest ones for specimens 2 and
3. Hence, distribution of variants of specimen
1 shifted from the average toward the smallest
value. Since all specimens were subjected to an
identical set of environmental factors, the effect
of endogenous factors on the studied parameter
seems unclear.

According to the observations, no seeds

germinated during the first year, which corresponds
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Fig. 1. Distribution of seed weight of C. maximowiczii in 2015, 2016, and 2017, total of 100 seeds collected from

each of the three examined specimens
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Fig. 2. Distribution of seed weight of individual C. maximowiczii plants in 2017

to the referenced data that seedlings appear on
the second or the third year (Nikolaeva, 1979;
Tyszkiewicz, 1949). The absence of germination
under favourable conditions can be accounted for
by organic dormancy of the seeds themselves.

The observations continued during the
growing seasons of 2017-2018. Seedlings from
all samples subjected to a variety of pre-sowing
treatments were obtained within the period from
June 14 to 30, 2017-2018. Field germination of
the studied species was estimated as a percentage
of the number of seedlings out of the number of
seeds sown. Field germination was estimated for
each weight class.

The highest germination of C. maximowiczii
seeds amounted to 35 % and was observed
for seeds with an average weight of 0.0303 g
subjected to a combined pre-sowing treatment.
For stratified samples with an average weight
of 0.0336 g, the germination equaled 31 %.
Samples with the highest seed weights (0.0427

g) did not germinate; the germination rate of

low-weight seeds (0.0178 and 0.0241 g) was
negligible, regardless of pre-sowing treatment.
Germination of samples that did not undergo pre-
sowing treatment was observed only in seeds of
the fourth class (0.0336 g) and amounted to 20 %
(Fig. 3).

An analysis of field germination dependence
on individual seed weight of the C. maximowiczii
representatives revealed that the germination
rate depended on pre-sowing treatment and seed
weight. Samples with average weight values that
underwent combined pre-sowing treatment had
the highest germination ability.

A similar positive effect of the two-
stage pre-sowing treatment (a combination of
acid scarification and cold stratification) on
germination of some Crataegus species was noted
by Morgenson G. (2000), Bujarska-Borkowska B.
(2002, 2008). A positive effect of warm and cold
stratification was also noted (Nyholm, 1975).

At the next stage, the degree of flowering and

fruiting of C. maximowiczii plants was evaluated
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Fig. 3. Germination of C. maximowiczii seeds of different weight

Table 3. Morphometric parameters of C. maximowiczii flowers and inflorescences on the introduction in 2018

Inflorescence diameter, . Number of flowers Inflorescence density,
Instance Flower diameter, cm | . .
cm in the inflorescence, pcs. pcs./cm
1 6.63+0.30 1.62+0.05 28.00+1.43 4.23+0.21
2 4.96+0.27 1.37+0.05 21.45+1.34 4.50+0.42
3 6.37+0.30 0.52+0.05 33.40+2.23 5.37+0.47
Mean 5.95+0.21 1.50+0.03 27.42+1.29 4.69+0.23

(Table 3). These important indicators determine
seed propagation under new conditions.

The examined C. maximowiczii specimens
differed in morphometric parameters of flowers
and inflorescences. The smallest inflorescence
width was observed in specimen 2, the maximum
width in specimen 1. The average inflorescence
width of the studied plants was 5.95 + 0.21 cm.
The minimum diameter of flowers was observed
in specimen 3 (0.52 cm), the maximum width in
specimen 1 (1.62 cm). The average flower width
was 1.5 £0.03 cm.

Specimens 3 and 1 had the largest number
of flowers. The density of inflorescences was the
highest (5.37 pcs/cm) in specimen 3, specimen
1 had lower density inflorescences (4.23 pcs/
cm). Specimen 2 had the smallest number of

flowers in an inflorescence and the smallest

diameter of inflorescences. The average density
of inflorescences was 4.69 + 0.23 pcs/cm.

A correlation analysis showed a positive
relationship between the average number of
0.65 at
a = 0.001) and between the sizes of inflorescences
0.001). It means

that, specimens with denser inflorescences are

flowers and inflorescence density (r =

and flowers (r = 0.64 at a =

characterized by larger numbers of flowers in
the inflorescence. Samples with small flower
size form small inflorescences and vice versa.
No reliable correlation between the inflorescence
density and flower size, between the width of
inflorescences and their density and between the
size of flowers and their number was revealed.
We have previously studied morphometric
that the

qualities of flowers and inflorescences, i.e. the

parameters determine decorative
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number of flowers in the inflorescence, the
diameter of flowers, the diameter and density of
inflorescences, in C. maximoviczii, C. dahurica,
C. sanguinea, C. laevigata, C. flabellate (Zotova,
Goncharova, 2019). It was shown that Crataegus
species are most decorative during flowering. C.
maximowiczii and C. dahurica have the largest
flowers and inflorescences. The dependence of
morphometric characteristics of inflorescences
on species affiliation was studied using the
single-factor analysis of variance. The factor
of species affiliation affects the morphometric
characteristics of inflorescences. A single-factor
analysis of variance showed that the species
affiliation contributed 63 %, 47 %, 31 % and
23 % to the variance of the number of flowers
in inflorescence, inflorescence width, flower
diameter and inflorescence density, respectively.
Under the subarctic conditions of the Kola
Peninsula, the number of flowers in inflorescences
largely depends on species affiliation, whereas
other studied parameters are less affected by it.
Based on these observations, C. maximowiczii is
recommended for use in landscaping of northern

cities as a species with highly decorative large

In the environment of the Kola Peninsula,
C. maximowiczii plants bear fruits of regular
shape without significant damage. The fruit-
to-flower ratio in C. maximowiczii plants on
introduction over a three-year period (2016—2018)
showed stability, the deviation from the average
value in different years was +6.7 % (Fig. 4). The
most stable parameter of the studied specimens
was the number of flowers in an inflorescence,
while the number of fruits and, consequently,
the fruit-to-flower ratio were more dependent on
external conditions. Morphometric parameters of
the C. maximowiczii fruits on the introduction are
shown in Table 4.

Notwithstanding homogeneous soil and

climate conditions, the specimens showed
varying fruit-to-flower ratios and fruit diameters
(Table
specimens 2 and 3 (9.7 £ 0.2 and 9.9 £ 0.2 mm,
respectively) was close to the average values
of 10.0 mm (Solovyova, Kotelova, 1986). The

variation factor for the fruit size was 14.71 %,

4). The average fruit diameter of

which corresponds with low variability level of
this parameter by the S. A. Mamaev scale (1972).
Hence, under the conditions of introduction to the

inflorescences. Kola subarctic region, C. maximowiczii plants
35 80
30 ,I, .\ -+ 70
{ | -+ 60
25 j‘ -
\‘ =—=1the number of flowers in
-+ 50 the inflorescence, pcs.
20 = the number of fruits in
+ 40 inructenscence, pcs.
15 a=g==fruit-to-flower ratio, %
-+ 30
10
-+ 20
5 110
0 -0

2016 2017

2018

Fig. 4. Fruit-to-flower ratio of C. maximowiczii plants in 2016-2018
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Table 4. Morphometric parameters of C. maximowiczii fruits and the fruit-to-flower ratio on the introduction in

2018
Instance ig?sf?zzl):crezigl;zss. Diameter of fruits, mm Fruit-to-flower ratio, %
1 19.80+1.41 12.5+0.2 70.7
2 12.45+1.37 9.7+0.2 58.1
3 11.60+0.83 9.9+0.2 347
Mean 14.55+0.95 10.7+0.2 53.1

can be classified as small-fruited; the size of
fruits is determined not only by species affiliation

but varies phenotypically within the species.

Conclusion

Phenological development of C. maximowi-
czii is determined by environmental conditions
of the Kola Peninsula, these plants complete a
full development cycle, are winter-resistant and

viable. C. maximowiczii has a short growing
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