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Abstract: Elaeagnus multiflora Thunb., also known as “cherry silverberry”, “cherry elaeagnus”, and
“goumi” has been used for a long time in traditional Chinese medicine as a phytosterol-rich plant.
Today, the fruits of this species are also becoming more popular as a “superfood” in Europe, but
the cultivation of these plants is not yet carried out on a large commercial scale. The aim of this
study was to evaluate the yield and morphological quality of the fruit of nine E. multiflora biotypes
and two cultivars, ‘Jahidka” and ‘Sweet Scarlet’, to determine their suitability for cultivation in the
climatic conditions of Poland. The lowest yields (an average of 0.49 kg per bush) were recorded in
2021. In this year, the fruits of the biotypes and cultivars were distinguished by the highest mean
fruit weight, fruit-to-seed weight ratio, and total soluble solids content. Our research shows that
due to the greatest weight of fruits, cultivar ‘Jahidka” and the biotype B11 can be recommended for
cultivation in north-eastern Poland. Biotype B11 was distinguished by the highest yield (an average
of 4.02 kg per bush). The smallest share of stone in relation to the weight of the fruit was shown for
the cultivars ‘Jahidka’, and biotype B4.
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1. Introduction

Today climate changes are of a global nature and affect plant production in various
parts of the world [1,2]. The range of species that grow naturally in warmer climate
zones is changing, and in the near future, these species may replace the current traditional
cultivated plants in horticulture. Understanding phenotypic variation is an indispensable
first step for developing breeding strategies [3]. Consideration of the effect of climate
conditions on yielding and quality of fruit is particularly important as it will permit
proper regionalization of the cultivation and choice of cultivars adapted to the diversified
environmental conditions of production area [4]. In the countries of north-eastern Europe,
the range of species that can be introduced to commercial cultivation is limited. The area of
north-eastern Poland is regarded as the least favourable in terms of agroclimatic conditions,
with lower air temperatures, higher rainfall and a shorter growing season than in other
parts of Poland [4]. The successful cultivation of introduced plant species, in the northern
Polish region would represent a significant expansion to the range of their cultivation. Fruit
tree planting is an important part of agricultural production [5]. The phenotypic variation
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in fruit morphology has been used to determine the pattern of fruit geographic distribution
and its response to climate change [7,8]. In some cases, studies on the phenotypes of
fruit trees have shown a great reference value for accurate irrigation [5,9,10], disease
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Producers in these regions are interested in growing plants that are resistant to frost and
spring ground frosts. Consumers prefer tasty, natural food produced in an unpolluted
environment. The species with fruits containing many bioactive substances are particularly
highly valued [25]. Elaeagnus multiflora Thunb., also known as cherry silverberry, cherry
elaeagnus, and “goumi”, perfectly matches the current trends in horticulture to promote the
cultivation of plants which can be sold in special markets for health-oriented consumers.

Elaeagnus multiflora belongs to the genus Elaeagnus L. and the family Elaeagnaceae
Juss. The genus Elaeagnus includes approximately 70-80 plant species, of which only sea
buckthorn is native to Poland, while the others have been introduced into cultivation in
Polish climatic conditions [26-29].

Trees of the genus Elaeagnus can enrich the soil with nutrients as a result of symbiosis
with bacteria of the genus Actinomycetes that produce root nodules and fix atmospheric
nitrogen [16,30-35]. A symbiosis with nitrogen-fixing actinomycetes makes Elaeagnus
multiflora a pioneer soil fertilising species [16,36]. The study of biodiversity in the context
of food security and health promotion through diet indicates that E. multiflora is a species
that meets these requirements [26].

Elaeagnus multiflora has long been grown in China, Korea, and Japan and has been cul-
tured for centuries as a decorative plant, as well as a food and medicinal plant [16,36-39]. To-
day, cherry silverberry is grown in the eastern part of the United States and Europe, not only
as an ornamental plant but also as a plant that can be used for home processing [26,36,39]. To
date, there is no information in the international literature on the commercial cultiva-
tion and economic value of E. multiflora. However, its health value is known, as shown
by Bieniek etal. [16]. Various parts of E. multiflora, such as the fruits, leaves, and
young branches, can be used as phenolic antioxidant additives and dietary
supplements [26,27,36,40-49], as well as natural remedies for diarrhea, cough, gastroin-
testinal disorders, itch, bone diseases, and cancer [26,27,49]. According to the available
literature [19,25,36], Elaeagnus multiflora fruit contain pectin, carbohydrates, and acids. In
addition, there are lipids in the fruit along with dissolved sterols, vitamins, and mineral
compounds [27-29].

Elaeagnus multiflora produce ellipsoidal, drupe-like fruit, up to 1 cm long, and set
on stems (Figure 1). They are red in colour, juicy, and sour [16,18]. An additional ad-
vantage of E. multiflora berries is that they can be eaten straight from the bush because
in taste and colour they resemble red currant [16,18]. Colour is considered an important
parameter of fruit quality [50-56], but the most important feature is the fruit’s chemical
composition [18]. The Elaeagnus multiflora fruit was found to contain several carotenoids,
which are versatile dietary compounds with additional roles as natural pigments and as
precursors of vitamin retinoids [29,56,57]. One of the main dietary carotenoids for humans
is lycopene [16,29,38,58]. As shown in the literature [16,29,48,57-60], fruits of E. multiflora
contain significant amounts of this carotenoid, which is responsible for their red colour and
is known for its anticarcinogenic effects.

The research of Lachowicz et al. [18], which was carried out on several cultivars and
new biotypes of Elaeagnus multiflora selected at the University of Warmia and Mazury
in Olsztyn, showed a large diversity in terms of chemical composition and antioxidant
activity. The fruit of Elaeagnus multiflora is also characterized by high antidiabetic activity.
The average inhibition of x-amylase and x-glucosidase is about 20% more effective than
red currant, two times more than apples and five times more than cherries. For the first
time, 63 new compounds (in fruits, leaves and seeds) have been identified that can be
used to create functional foods and/or nutritional supplements [16]. Despite the unique
composition and the well-studied properties of E. multiflora, the morphological variability
of E. multiflora fruits remains to be studied [16,61]. Since the 1990s, the Department of
Horticulture (currently Agroecosystems and Horticulture) of the UWM in Olsztyn has
conducted the detailed research necessary to select the best forms of Elaeagnus multiflora for
orchard cultivation [16,26,39]. Currently, experiments are being carried out with several
dozen seedlings to select optimal biotypes that could be grown in Poland and other coun-
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tries. Elaeagnus multiflora can be grown on a small scale and cultivated commercially with
the use of combine harvesters [16,18]. However, more planting material is needed. Polish
nurseries sell cultivars such as ‘Sweet Scarlet” and ‘SSP’, a seedling found in Austria. The
first ripening cultivar is ‘Sweet Scarlet’. This cultivar has darker and sweeter berries than
other cultivars (Figure 1). Noteworthy is also cv. ‘Jahidka’, a shrub whose branches are
lower than those of the above-mentioned cultivars, grows up to 1.5 m, and which produces
red oval fruits weighing 1-1.5 g [16].

Biotype B 8 Biotype B11

*Jahidka® ‘Sweet Scarlet’

Figure 1. Fruits and seeds of the biotypes and cultivars of Elaeagnus multiflora studied.

The aim of this research was to assess the yield and morphological parameters of the
fruit of two cultivars, ‘Jahidka’ and ‘Sweet Scarlet’, and nine biotypes of Elaeagnus multiflora,
and to determine their suitability for cultivation in the climatic conditions of Poland. The
most valuable biotypes will be recommended for cultivation and used as parental forms
and donors of valuable traits in the breeding programme carried out at the Department
of Agroecosystems and Horticulture of the University of Warmia and Mazury in Olsztyn
(Poland). An additional task was to investigate whether the morphological characteristics
of fruits of the tested biotypes and E. multiflora cultivars vary from season to season due to
climatic conditions.
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2. Materials and Methods
2.1. Plant Material

The experiments were carried out in 2019-2022 in the experimental garden and labora-
tory of the University of Warmia and Mazury in Olsztyn (north-eastern Poland, latitude:
53°50" N, 20°31" E). The climate of Olsztyn is typical for Lakeland areas and is influenced
by local elements of the environment, i.e., the land form and numerous lakes and forests.

The research involved nine biotypes (referred to as B0, B1, B2, B3, B4, B5, B7, B8, and
B11) and two cultivars (‘Jahidka” and ‘Sweet Scalret’) of Elaeagnus multiflora (Figure 1). The
study used three biotypes (B1, B2 and B3) obtained from the Institute of Fruit Growing
in Samokhvalovitchy in Belarus from the E-2 breeding form and six biotypes (B0, B4, B5,
B7, B8, and B11) obtained from the seeds of the biotype growing in gardens in Olsztyn
(latitude: 53°50 N, 20°31 E). The tested biotypes were selected from a population of over
1000 seedlings. The biotypes assessed were plants that have been obtained through 12 years
of selection from a population of 40 plants for desirable features for potential cultivation
(fruit size, shape and taste, ripening date and number of fruits per bush). From these plants,
shoots for rooting were selected. The biotypes were compared with the already established
and patented cultivars ‘Jahidka’ and ‘Sweet Scarlet’, which were bought from a nursey in
central Poland. Three-year-old plants of the biotypes and cultivars were planted in 2007
in Albic Luvisolix (Arenic), flat deep soil, produced from clays of pH in KClI 6.8 [62], at
a spacing of 4 x 2 m. The pomological characteristics were assessed with 4 replications
consisting of 100 fruits per biotype/cultivar. No additional irrigation or protection against
pests or diseases was applied.

2.2. Quantity and Quality of Yield

The yield was collected when fruits achieved the harvest maturity stage, separately
for each plant. The yield was weighed to withing an accuracy of 0.1 kg. After collecting
all the data, the yield was converted to kg per bush. The harvest dates were 2-7 July 2019,
7-10 July 2020, 5-15 July 2021 and 12-13 July 2022.

The quality of fruit was assessed based on a representative sample of 100 fruits in
4 replications of each biotype and cultivar. The research was conducted on fruits collected
in the consumption ripeness stage when the fruits were fully red.

The fruit was weighed by means of an electronic scale (with an accuracy of 0.01 g),
determining the mass of a single fruit (g). The seeds of the fruit were hand-mined from
fresh fruit that had been previously weighed and measured. The fresh seeds were then
weighed on the same scale as the fruits. The biometric features of the fruits and seeds were
measured with calipers. The aforementioned parameters provided the basis for calculation
of the mass of seed in the total mass of fruit. The shape parameters of the fruits and seeds
were also calculated (length/diameter).

Laboratory analyses were performed in 20192022 to determine the content of extract
(total soluble solids—TSS) by refractometry. The TSS, expressed as Brix scale (%), was
quantified with the aid of a digital refractometer (Digital Abbe Refractometer DR-A1,
ATAGO, Tokyo, Japan). The Brix scale (%) is a standard sugar content scale recommended
by ICUMSA, and its measurement value (percentage) is expressed as “% mass (sucrose)” in
international units (SI units). The results are presented as an average of ten repetitions per
biotype or cultivar and expressed as percentage values.

2.3. Climatic Conditions

The weather conditions (mean daily temperatures and total precipitation) that pre-
vailed in 2018-2022 (Table 1) and the spring ground frost in Olsztyn in 2019-2022 (Table 2)
were based on daily meteorological data obtained and processed from the station of the
Institute of Meteorology and Water Management (IMGW-PIB), Poland. The climatic condi-
tions of the area of north-eastern Poland were described by meteorological data from the
thirty-year research period for the years 1981-2010 from the IMGW—PIB stations located
in the study area.
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Table 1. The mean monthly values of weather parameters in Olsztyn (north-eastern Poland) in
2018-2022 and the multiannual mean (data obtained and processed from the IMGW-PIB station of
the Institute of Meteorology and Water Management).

Mean Daily Temperatures (°C) Multiannual Total Precipitation (mm) Total
Month Experimental Years Mean of Experimental Years Precipitation of
2018 2019 2020 2021 2022 1981-2010 2018 2019 2020 2021 2022 1981-2010
January —-0.3 —24 2.6 —2.1 0.8 —23 40.6 52.7 449 414 64.2 42.7
February —44 2.2 32 -32 24 —-14 6.6 355 64.7 19.3 62.7 30.0
March -08 48 38 24 2.6 1.8 183 514 397 356 0.0 39.6
April 11.6 9.3 7.5 5.9 6.5 7.3 34.8 0.0 4.5 40.6 222 35.2
May 16.6 11.9 10.2 11.8 12.1 12.8 30.4 134.8 104.8 80.9 35.5 57.9
June 17.8 20.9 17.9 194 17.9 15.5 42.0 93.0 101.8 30.3 92.5 76.9
July 19.9 17.3 17.7 21.2 18.0 17.9 129.1 47.1 79.8 151.3 55.9 74.9
August 194 18.7 18.9 16.6 20.9 17.3 61.8 70.0 62.5 182.9 40.5 65.1
September 15.1 13.8 15.1 13.0 11.5 12.7 38.2 87.2 252 19.3 52.7 56.1
October 9.3 10.0 10.2 8.9 10.8 8.0 95.0 35.6 89.0 221 16.2 48.9
November 39 54 5.7 4.8 4.0 2.7 19.4 29.3 19.1 39.2 6.3 51.2
December 1.0 2.9 14 —-1.6 —-0.5 -1.0 63.5 35.6 31.4 14.4 38.2 47.2
Mean/Total
of season 14.2 14.8 13.3 14.6 13.6 13.4 236.3 274.9 290.9 303.1 206.1 244.9
(April-July)
Mean/Total g 95 95 g1 89 76 6722 6722 6773 4869 625.7
of the year
Explanations: Green color indicates the growing season.
Table 2. Spring ground frosts in Olsztyn (north-eastern Poland) in 2019-2022 (data obtained and
processed from the station of the Institute of Meteorology and Water Management IMGW-PIB).
Year (2019) Year (2020) Year (2021) Year (2022)
Day °C Day °C Day °C Day °C
April
01 -7.5 01 -3.1 01 -2.0 01 -1.8
02 —7.8 04 —14 02 —0.5 02 —2.2
07 —-3.8 05 -7.5 04 —24 03 -5.6
08 -3.0 06 -5.9 06 -2.0 04 -7.5
10 —7.8 07 —-23 07 —4.7 06 —-2.1
11 -5.1 08 —4.2 08 -1.9 09 -11
12 -39 10 —5.4 09 -1.0 11 -2.3
13 —5.7 11 —8.1 14 —-0.5 12 —6.2
14 —2.3 12 -0.9 19 —-0.1 13 -55
15 -7.5 14 —5.6 21 —0.8 16 —-0.4
16 —-5.7 15 —-5.5 24 —4.7 17 -0.1
17 -5 17 -25 25 —7.6 18 -5.7
18 —4.3 18 —8.2 26 -1.8 27 -3.0
19 —-3.2 19 —5.8 27 -3.6 29 —4.6
20 -3 20 -59 28 -59
22 —2.8 21 —6.3 29 -0.9
23 -29 22 —-33
30 -11 23 —44
24 -1.7
27 —54
May
06 —5.1 04 -1.3 01 —2.8 03 -0.5
07 —2.8 08 —-1.6 04 -0.1 04 -1.3
08 —-34 14 —22 07 —-04 05 —0.6
30 -1.0 15 —4.5 09 -3.9 10 —25
22 —-0.7 16 —0.6
23 —0.4 18 -0.7

19 -1.1
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2.4. Statistical Analysis of the Data

All data included in this study related to the yield measurements, TSS contend,
morphological characteristics of fruits and seeds of the biotypes and cultivars are presented
as the mean value + standard deviation. Statistical analyses using one-way ANOVA were
conducted using STATISTICA software version 13.3 (TIBO Stat Soft Inc. 1984-2017, Krakow,
Poland). Significant differences (p < 0.05) between mean values were evaluated by one-way
ANOVA and Tukey’s multiple range test. Pearson’s correlations were determined using
Microsoft Excel 2019.

3. Results and Discussion
3.1. Climatic Conditions

A selection of the climatic conditions (average temperatures and precipitation) at the
experimental location in the study years and in the multi-year period of 1981-2010 are
presented in Table 1 and Figure 2 In Table 2, we present data for spring ground frosts in
2019-2022.
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Figure 2. Precipitation and monthly average temperatures in Olsztyn (north-eastern Poland) from
January to August in 2019-2022 and the multiannual period 1981-2010 (data obtained and processed
from the station of the Institute of Meteorology and Water Management IMGW-PIB).

In Poland, Elaeagnus multiflora blooms from April to the end of May and ripens at the
end of June or at the beginning of July [16]; therefore, the distribution of meteorological
conditions in this period is significant.

The analyses of the climatic conditions in the particular years the research was con-
ducted on the yields and morphological characteristics of selected biotypes and cultivars
found that the highest mean temperature of the vegetative season from flowering (April)
to fruit harvest (July) (Table 1) occurred in 2019 and reached 14.8 °C. The lowest mean
temperature during the vegetative season (13.3 °C) was recorded in 2020. In the year 2021,
especially low temperatures were reported in winter months: —3.2 °C in February and
—1.6 °C in December. In turn, the temperatures of the summer months June and July were
the highest in 2021, and the summer temperature during the research period (20.3 °C, mean
of two months) was 3.6 °C higher compared with the multiannual period.

During the four-year experiment, the mean temperatures recorded in April ranged
from 5.9 °C in 2021 to 9.3 °C in 2019. The closest value to the multiannual mean, which
was 7.3 °C, was recorded in 2020 (7.5 °C). In all experimental years, the mean temperatures
recorded in May were lower than the multiannual mean of 1981-2010, which was 12.8 °C.
The highest mean temperature in May (12.1 °C) was recorded in 2022, and the lowest in
2020 (10.2 °C). In June, on the other hand, in all the analysed monthly temperatures were
higher than the multiannual mean (15.5 °C) and ranged from 17.9 °C in 2020 and 2022 to
20.9 °C in 2019.
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The Table 2 shows spring ground frost occurring in April and May. The beginning
of Elaeagnus multiflora flowering was noted in late April or early May and lasts from 15
to 20 days. In each of these months in 2019, there were 18 (April) and 4 (May) days with
a temperature below 0 °C. Similarly, in subsequent years, i.e., 2020, 2021 and 2022, the
number of days with ground frosts in April and May were 20 and 6, 16 and 4, and 14 and
7, respectively.

Minimum temperatures below zero on three consecutive days in May were recorded
in 2019 as follows: —5.1, —2.8 and —3.4 °C. According to Faust [63], when occurring during
the bloom or post-bloom stages, temperatures from —2 to —5 °C injure the flowers or
young fruits. In 2019, the latest frost also occurred, which was on 30th of May (—1 °C). The
ground frosts (—2.2 °C and —4.5 °C) on 14th and 15th of May in 2020 threatened to freeze
flowers. In 2021, the fewest days with frost were recorded. In 2022, slight frosts (from —0.5
to —1.3 °C) were recorded from 3 May to 5 May, and on 10 May, a frost of —2.5 °C posed a
high risk. In this year, the frosts occurred in the second half of May, and on 19th of May, the
minimum temperature at the ground was recorded at —1.1 °C.

Large differences in precipitation during the vegetative season (from April to July)
were observed in different years (Table 1). In April 2019, no precipitation was recorded,
whereas in May of the same year, the monthly precipitation was the highest and amounted
to 134.8 mm. Low precipitation (4.5 mm) was also recorded in April 2020, whereas in
May, the total precipitation level significantly exceeded the multiannual mean and reached
104.8 mm. In 2019 and 2020, the precipitation, both during the growing season from April
to July and throughout the year, was higher than the mean precipitation for these periods
between 1981 and 2010.

In March 2022, no precipitation was recorded, and the total precipitation in the season
from April to July was the lowest in the experimental years and was also lower than data
for the period 1981-2010 (Table 1, Figure 2).

The course of the climatic conditions from April to July had a strong influence on
the yield and some morphological features of the biotypes and cultivars of the Elaeagnus
multiflora fruits tested (Tables 3 and 4).

Table 3. Correlation coefficients between yield, morphological characteristic of fruits, and tempera-
tures in the months of vegetation from April to July in 2019-2022.

Mean Temperature (°C)

Traits .
April May June July Mean for Season
Yield —0.18 0.18 —056**  —039* —0.56 *+
Length of fruit —0.17 032 * 0.28 0.43 ** 0.42 *
Width of fruit —0.11 0.09 0.28 0.42 ** 037 *
Fruit length to ~0.14 036 * 0.11 0.18 021

width ratio

Explanations: significance levels at *** p < 0.001, ** p < 0.01, * p < 0.05.

Table 4. Correlation coefficients between yield and morphological characteristics of fruits and seeds,
and total precipitation in the months of vegetation from April to July in 2019-2022.

Total Precipitation (mm)

Traits

April May June July Mean for Season
Yield —0.05 —0.65 *** 0.46 ** —0.49 ** —0.84 ***
Fruit weight 0.22 0.04 —0.30 % 0.30 0.22
Length of fruit 0.37* 0.00 —0.48 * 0.36 * 0.18
Width of fruit 0.28 0.15 —0.45 ** 0.42 ** 0.38 *
Width of seed —-0.17 0.31* 0.03 0.06 0.32%
Seed length to 0.32% ~022 ~027 0.19 ~0.08

width ratio

Explanations: Significance levels at *** p < 0.001, ** p < 0.01, * p < 0.05.
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Precipitation in June had a negative influence (p < 0.01) on the weight, length, and
width of fruits for the tested biotypes and cultivars of Elaeagnus multiflora (Table 4). On the
other hand, temperatures in May had a significant (p < 0.05) positive effect on the length of
the fruit and the length-to-width ratio of the fruit. In the discussed vegetative season, both
temperature and precipitation had a significant positive influence on the width of fruit
(Table 3). The strongest positive impact of these weather factors on the width of fruit was
demonstrated for July, that is, just before fruit harvest. A statistically significant (p < 0.01)
positive influence of precipitation during June and July on the width of the seeds was
found (Tables 3 and 4). Precipitation in April had a significant positive influence on the
ratio of seed length to width (Table 4). The dependencies testify to the relatively high water
needs of the studied species, and high rainfall affects the quality parameters of the fruit.

Tables 3 and 4 demonstrate significant negative correlations between temperatures
and precipitation of this season and yield. There was a highly significant negative influence
on yield from temperatures in June (p < 0.001) and July (p < 0.01) (Table 3) and precipitation
in May (p < 0.001), and in June and July (p < 0.01) (Table 4). Environmental conditions
influence flower bud development. The summer temperature may also determine the rate
of flower bud initiation. In apples in shaded areas where less than 30% of the sunlight
penetrates, practically no flower bud development occurs [63]. Heide et al. [64] showed
that at 12 °C, flowering in apple seems to be limited by low temperature depression of
growth and leaf production, whereas at 27 °C, flowering is blocked by inhibition of the
floral initiation itself. Intermediate temperatures of 18-21 °C, on the other hand, seem to
satisfy the requirements for both processes. For good yield and development, Elaeagnus
multiflora requires large amounts of sunlight [16,36].

Elaeagnus multiflora has a long vegetative season, and leaf loss begins immediately
after the first autumn frosts. Table 5 shows the effects of temperatures and precipitation
in the months after fruit harvest from August to March on the yield in the following year.
The correlation analysis shows that the temperatures from August to October had a sig-
nificant negative impact on yield in the next year. However, temperatures in November
and March, did not have a significant effect on yield. The correlation analysis also shows
that the temperatures in the winter months from December to February had a significantly
negative impact on the yielding of the tested biotypes and cultivars of E. multiflora grown
in the conditions of north-eastern Poland. Analysis of the interaction of precipitation
with E. multiflora yields in the following year shows that precipitation in November had a
particularly significant positive impact, whereas precipitation in October had a significantly
negative impact on yield (Table 5). Analysing the interaction of temperature and precipita-
tion throughout the year (January to December) prior to fruiting on yield, a significantly
negative effect of temperature and statistically significant (p < 0.05) effect of precipitation
(r = 0.36) were found (Table 5).

Table 5. Correlation coefficients between temperatures (°C) and precipitation (mm) in months after
fruit harvest in 2018-2022 and the production of tested biotypes and cultivars of Elaeagnus multiflora
in the following years.

Weather Months

Factors VIII IX X XI XII I II III I-XII
Temperature —0.84 * —0.82*% —0.68 * ns —0.68 * —0.62* —0.42* I'ns —0.78 %
Precipitation 0.85* —0.19* —0.75* 0.85* —0.58 * —0.19* —0.40* ns 0.36 *

Explanations: * significantly different at p = 0.05, I not significantly different at p = 0.05.

A study conducted in Ukraine [65] showed that in November, the fall of leaves can be
caused by a significant night frost. All leaves shed infrequently. Usually, one or more leaves
can remain on the tops of annual shoots for a very long time. The late fall can cause shoots
to freeze during severe winters. E. multiflora is a plant with low resistance to frost and
high regenerative properties [36]. According to Grygorieva et al. [65], shrub shoots, even
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completely frozen, regenerate well and grow from the root neck in significant amounts.
After cold winters, there are many young shoots with vegetative buds on the bush, which
thicken the bushes, thereby protecting the buds that form on older shoots from the external
environment. In E. multiflora, flower buds occasionally develop one or two at a time on the
axils of the lower leaves of replacement shoots (Figure 3).

Figure 3. Elaeagnus multiflora shoot during the flowering period.

On one shoot of E. multiflora, flower buds are formed gradually, synchronously with
its growth and development. On the same shoot, as well as on the same tree, the fruits
ripen at different times, which corresponds to the gradual development of generative buds.

According to the data presented in Tables 3-5, the climatic conditions of Poland during
the growing season from April to July, as well as in the year before the fruiting from
August to October, had a significant impact on the yield of the biotypes and cultivars of
Elaeagnus multiflora. Environmental factors affect flower development. The period of flower
bud formation in E. multiflora. begins after fruit harvest in Poland’s climatic conditions,
usually in July and during flowering in April and May, and any severe heat or moisture
stress hinders normal flower growth. Inadequate winter chilling limits cell division and
spring development, or in severe cases, the flower buds simply drop from the tree [66].
Rodrigo and Herro [67] showed that flower drop can vary not only between cultivars, but
also for the same cultivar, depending on the year or site. After dormancy and during the
pre-blossom period, flower buds are exposed to variable climatic conditions from the end
of winter to the beginning of spring. In this period, frost temperatures can easily occur in
most temperate zones, and the stage of development is the most important factor in the
resistance to frost injury [68]. Therefore, most of the work conducted on frost damage in
the reproductive organs of fruit trees concentrates on either the endodormancy [69] or post
flowering periods [70].

The data in Table 1 show that in the period preceding fruiting in 2019 and 2021,
that is, from August to September 2018 and 2020, the average monthly temperatures
were higher than the multiannual mean of 1981-2010. In 2019 and 2021, the yields were
lower than in 2020 and 2022, which may indicate that the differentiation of flower buds
E. multiflora requires lower temperatures and more precipitation (Tables 1 and 5). According
to Westwood [66], biennial bearing of most tree fruits results from poor flower initiation
during a heavy crop year, which can also be seen in our research (Figure 4). Research
conducted by scientists in Ukraine [65] shows that E. multiflora has abundant and regular
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fruiting. In our experiment we observed relatively low yields of Elaeagnus multiflora
cultivars and biotypes (Table 6, Figure 4). The lowest yields were obtained in 2021 and
the highest (6.5 kg per shrub) in 2022. The mean yields of biotypes and cultivars from the
period 2019-2022 ranged from 1.13 kg for the cultivar ‘Sweet Scarlet’ to 4.02 kg for biotype
B11. Biotype B11 was significantly different in terms of yield from the other biotypes and
cultivars tested (Table 6). Statistical analysis of the yield results showed that six biotypes
(BO, B3, B4, B8, B7, B8) and two cultivars (‘Jahidka’ and ‘Sweet Scarlet’) form the largest
homogeneous group, with the lowest mean values of 1.13 to 3.26 kg (Table 6). Slightly more
than 3 kg of fruit were harvested from the shrubs of the B1, B2 and B0 biotypes, but the
least-yielding biotype was B5 with 1.99 kg per the shrub, and the ‘Jahidka’ cultivar yielded
2.59 kg per the shrub (Figure 4). E. multiflora begins to bear fruit in the fourth to fifth year.
The most productive fruiting occurs at the age of 8 and lasts at least 12-15 years [61]. In
our investigation, the biotypes and cultivars were at production age. The shrubs started to
fructify in the third year after planting, so it was their ninth year of fructification in 2019. In
this experiment we obtained relatively low yields.

20.0

15.0

Total yield kg/plant
)
)

b
o

0.0

E2019 m2020 m2021 02022

BO

B1 B2 B3 B4 B5 B7 B8 B 11 J SS

Biotype/cultivar

Figure 4. Cumulative yields (kg-plant~!) of Elaeagnus multiflora biotypes and cultivars in 2019-2022.

Table 6. Yield (kg-plant™') of Elaeagnus multiflora biotypes and cultivars.

Year
B/C1! 2019 2020 2021 2022 Mean
BO 2.25* +1.64a** 2.80 +0.98 de 0.60 +1.07b 7.40 +1.88¢g 3.26 +1.30 a
B1 1.70 +0.44 a 2.70 +0.96 d 0.27 +0.95 a 9.00 +0.95h 3.42 +1.46 ab
B2 1.40 +0.90 a 2.60 +1.32 cd 0.40 +1.01 ab 8.80 +1.43h 3.30 +1.31 ab
B3 1.10 +0.71 a 2.20 +0.58 ab 0.25 +1.25a 7.40 +098¢g 2.74 +1.56 a
B4 1.30 +1.66 a 2.50 +1.63 b-d 0.40 +1.58 ab 6.80 +3.04 e 2.75 +2.50 a
B5 1.10 +2.62a 2.20 +1.12d 0.15 +0.85a 4.50 +0.67 ¢ 2.00 +2.20a
B7 1.30 +0.42a 2.30 +0.61 a—c 0.20 +1.62a 6.20 +0.44 d 2.50 +1.22a
B8 1.05 +1.53a 2.10 +1.04 a 0.24 +2.89 a 7.10 +0.86 f 2.62 +1.74 a
B11 2.30 +0.39 a 3.10 4+0.52 ef 1.20 +1.67 ¢ 9.50 +0.871 4.02 +1.28b
IE 2.03 +291a 3.15 +0.81 f 1.30 +1.04c 3.90 +0.80 b 2.59 +2.36a
S5 3 0.61 +0.40 a 2.00 +0.59 a 0.40 +2.65 ab 1.50 +0.26 a 1.13 +2.84 a
Mean 1.47 +2.36 b 2.51 +1.46 ¢ 0.49 +2.30a 6.55 +2.16d - -

Explanations: ! Biotype/Cultivar, 2 ‘Jahidka’, > ‘Sweet Scarlet’, * Means of duplicate analyses, + standard
deviation, ** Value in the same columns followed by different letters are significantly different at p < 0.05 according
to Tukey’s test.
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As shown in Figures 5 and 6, the influence of temperatures and precipitation in
the experimental years were negatively correlated with yield. The graphs of the linear
relationship show a stronger negative impact of precipitation than temperatures in the
years of the research, indicating that higher rainfall reduces the yield of Elaeagnus multiflora.
According to Chawla et al. [71], rain during flowering washes out the pollen from the
stigmas of flowers, resulting in poor or no fruit setting. Heavy rainfall in areas of poor
drainage reduces oxygen availability in the soil, leading to reduced growth of beneficial
microorganisms. Additionally, due to water-logged conditions, many insect-pests and
diseases occur which affect crop yield.

7

y = 35.0982 - 2.2978x;
r=-06355

Yield

0
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Temperature
Figure 5. Scatter plot with correlation coefficient for yield and temperature in 2019-2022.

The harvest yields of fruit plants are dependent on both genetic characteristics and
the climatic conditions in a given vegetative season [4,22,36,72-77]. The climate of north-
eastern Poland, which is determined mainly by air masses flowing in from the eastern
border of the country, has been observed to change in recent years. One of the reasons for
this change is global warming, which has led to an increase in the mean annual temperature
and, consequently, to decreases in the total annual precipitation and soil humidity [57].
According to the available literature [78,79], climate change and the potential for more
extreme temperature events will affect the phenology and productivity of plants. Con-
sideration of the effects of climate conditions on yielding and quality of fruit of Elaeagnus
multiflora are particularly important to enable proper regionalization of cultivation, and
choice of cultivars adapted to the diversified environmental conditions of the north-eastern
European production area.
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Figure 6. Scatter plot with correlation coefficient for yield and precipitation in 2019-2022.

3.2. Fruit Quality
3.2.1. Fruit Weight

The mean fruit weight for biotypes and cultivars in 2019-2022 (Table 7) in our study
ranged from 0.84 g (B5) to 1.57 g (‘Jahidka’). The biotype B11 had the highest weight (1.16 g)
among the biotypes. In 2021 (when the lowest yields were obtained), the average fruit
weight (1.21 g) of the analysed biotypes and cultivars was significantly higher than in the
other years of the study. In turn, in 2022, the lowest average fruit weight (1.03 g) was
recorded. An earlier investigation by Bieniek et al. [36] measured a range of fruit weights
for biotypes from 1.03 to 1.29 g. Bieniek et al. [36] found that cultivation conditions, as well
as climatic factors during the plant vegetation period, regardless of genetic factors, had
a significant effect on yield and qualitative characteristics of fruits. Many authors [74,75]
have shown that the average weight of the fruit depends on the age of the orchard.

Table 7. Mean fruit weight (g) of Elaeagnus multiflora biotypes and cultivars.

Year
B/C1 2019 2020 2021 2022 Mean
BO 1.12 % 40.10 ¢ 0.93 +0.07 b 1.07 +0.06 ab 1.00 +0.09 be 1.05 +0.09 a—c
B1 1.07 +0.04 be 1.06 +0.04b 1.17 +0.04 ab 1.20 +0.10 cd 1.13 +0.08 cd
B2 1.08 +0.08 be 1.02 +0.04b 1.13 +0.10 ab 0.98 +0.09 be 1.05 +0.09 be
B3 0.93 +0.05 a—c 0.95 +0.06 ab 1.18 +0.09 ab 0.94 +0.14 be 1.00 +0.13 be
B4 0.77 +0.09 ab 1.05 +0.03b 1.14 +0.06 ab 0.81 +0.13 ab 0.94 +0.18 ab
B5 0.60 +0.01 a 0.81 +0.05 a 0.92 +0.10 a 1.03 +0.11 be 0.84 +0.18 a
B7 1.05 +0.13 be 1.06 +0.08b 1.17 +0.16 ab 1.12 +0.08 ¢ 1.10 +0.11 cd
B8 1.22 +0.06 cd 1.04 +0.03b 1.08 +0.12 ab 1.01 +0.04 be 1.09 +0.10 cd
B11 1.22 +0.06 cd 1.11 +0.02b 1.24 +0.23 ab 1.09 +0.08 ¢ 1.16 +0.12d
IE 1.53 +0.31d 1.49 +0.11¢ 1.82 +0.05 ¢ 1.45 +0.05d 1.57 +021e
S5 3 1.21 +0.04 cd 1.10 +0.01b 1.36 +0.18 b 0.67 +0.05 a 1.08 +0.28 cd
Mean 1.07 +0.26 a 1.06 +0.17 a 1.21 +0.25b 1.03 +021a - -

* For explanation see Table 6.
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3.2.2. Shape Parameters

The shape of an object can be characterized by certain shape parameters, i.e., the length
to width ratio. Table 8 presents data for the shape of fruits and seeds. The fruit length to
width ratio was found to be in the range of 1.23 (B 5) to 1.50 (B 11) (Table 8).

Table 8. Fruit length to width ratio of Elaeagnus multiflora biotypes and cultivars.

Year
B/C1 2019 2020 2021 2022 Mean
BO 1.33 * +0.01a 1.28 +0.05a—c 1.40 +0.04 a—c 1.40 £0.09 ab 1.35 +0.07 be
B1 1.32 +0.09 a 1.28 +0.03 a— 1.34 £0.09 a— 1.33 +0.11a 1.32 +0.08 a—
B2 1.31 +0.03 a 1.23 £0.04 ab 1.35 +0.04 a—c 1.25 +0.02a 1.28 +0.06 ab
B3 1.29 +0.01la 1.18 £0.05 ab 1.38 +0.02 a— 1.31 +0.09 a 1.29 £0.09 ab
B4 1.20 +0.14 a 1.20 £0.06 ab 1.27 +0.03 ab 1.27 +0.10 a 1.25 +0.09 a
B5 1.28 +0.03 a 1.21 £0.15 ab 1.22 +0.01a 1.22 +0.03 a 1.23 +0.07 a
B7 1.42 +0.09a 1.13 +0.07 a 1.25 +0.05 ab 1.25 +0.04a 1.26 +0.12 ab
B8 1.27 +0.02 a 1.31 +0.08 a— 1.33 +0.03 ab 1.34 +0.02 a 1.31 +0.05 a—
B11 1.37 +0.02a 1.46 +0.02 ¢ 1.54 +0.12 ¢ 1.63 +0.08 b 1.50 +0.12d
K 1.46 +0.24 a 1.34 +0.08 be 1.44 +0.09 be 1.39 +0.13 ab 141 +0.14 cd
ss3 1.27 +0.04a 1.20 £0.03 ab 1.29 +0.13 ab 1.40 £0.09 ab 1.29 +0.10 ab
Mean 1.32 +0.11b 1.26 +0.11a 1.35 +0.11b 1.34 +0.13b - -
* For explanation see Table 6.
The highest variation in fruit length to width ratio was observed for the ‘Jahidka’
cultivar in 2019 and biotype B5 in 2020. In our experiment, it was shown that the most
elongated fruits were characteristic of the cultivar ‘Jahidka” and biotype B11 (Table 8).
The biotypes analysed in our research demonstrate significant variability in shape of the
fruit and seed (Tables 8 and 9). These parameters can be used for the identification of
the biotypes.
Table 9. Seed length to width ratio of Elaeagnus multiflora biotypes and cultivars.
Year
B/C1 2019 2020 2021 2022 Mean
BO 294 * +0.12 bc 2.65 £0.10 ab 3.26 +0.18 cd 2.86 £0.19 ab 2.93 +0.26d
B1 2.87 +0.03b 2.63 +0.04 ab 2.95 +0.11 ab 2.96 +0.24 ab 2.85 +0.18 cd
B2 291 +0.18 be 2.70 +0.10 ab 2.98 +0.09 a— 2.80 +0.17 ab 2.85 +0.16 cd
B3 2.75 +0.10 ab 2.64 +0.12 ab 2.87 +0.06 ab 2.65 +0.07 a 2.73 +0.13 a—c
B4 2.65 +0.15ab 2.37 +0.06 a 2.73 £0.09 a 2.80 +0.18 ab 2.64 +0.20 ab
B5 2.82 +0.10b 2.68 £0.06 ab 2.69 +0.11a 3.00 £0.13 ab 2.80 +0.16 b-d
B7 241 +0.08 a 2.62 £0.06 ab 2.78 +0.04 ab 2.62 +0.17 a 2.61 +0.16 a
B8 2.70 +0.29 ab 2.71 +0.17b 2.82 +0.11 ab 2.67 +0.20 a 2.72 +0.18 a—
B11 3.29 +0.18 ¢ 3.10 +0.09 c 3.55 +0.12d 4.20 +0.12 ¢ 3.54 +0.45 £
J? 2.85 +0.02b 3.19 +0.16 c 3.56 +0.09d 3.18 +0.08 b 3.14 +02le
Ss3 2.79 +0.05 ab 2.48 £0.17 ab 3.03 +0.04 be 2.61 +0.19 a 2.73 +0.24 a—c
Mean 2.82 +0.24b 2.71 +025a 3.00 +0.28 ¢ 2.94 +0.46 c - -

* For explanation see Table 6.

The size of the fruit is a genetic trait but also depends on the yield of trees. To date, no
research on thinning has been conducted, but probably, as in the case of other stone trees,
the response would be similar [22,76].

The seed length-width ratio ranged from 2.61 (B 7) to 3.54 (B 11), so the biotypes demon-
strated significant variability in the seed shape, as seen in Table 9. These parameters can be
used for the identification of biotypes. The shape index of the fruit in Grygorieva et al. [37]
ranged from 1.25 to 1.56, and the shape index of the seed ranged from 2.90 to 4.04.
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3.2.3. Fruit-to-Seed Weight Ratio

What is of high importance in the evaluation of fruit quality, particularly in the context
of their usability for processing, is the relation of the fruit weight to the seed weight,
according to Bieniek et al. [36]. In our study, the highest ratio of fruit weight to seed weight
was found in cv. ‘Jahidka’, with the average ratio from 4 years for this cultivar being
13.37 (Table 10, Figure 7). Among the biotypes analysed in our study, biotype B4 was
distinguished by the highest proportion of pulp relative to seed, with a fruit-to-seed weight
ratio of 11.89 (Table 10, Figure 7). Cultivar ‘Sweet Scarlet’ and biotype B1 had a similar ratios,
which were 10.54 and 10.30, respectively. The experiment by Bieniek et al. [36] did not show
any significant differences between four biotypes with respect to this parameter, which
ranged from 9.69 to 11.79. Szot and Lysiak [22] reported that the cultivars of Cornus mas
with large stones are used to produce oil which is rich in unsaturated fatty acids.

Table 10. Fruit-to-seed weight ratios of biotypes and cultivars.

Year
B/C1 2019 2020 2021 2022 Mean
BO 9.15 * +1.64a 9.34 +0.98 a— 9.81 +1.07 a— 10.12 +1.88 a—d 9.61 +1.30a
B1 10.70 +0.44 a 8.68 +0.96 ab 9.83 +0.95 a— 12.00 +0.95b-d 10.30 +1.46 ab
B2 9.91 +0.90 a 9.97 +1.32a—c 10.95 +1.01 a— 8.70 +1.43 ab 9.88 +131a
B3 8.06 +0.71a 8.67 +0.58 ab 11.42 +1.25a—c 10.01 +0.98 a—d 9.54 +1.56 a
B4 9.32 +1.66 a 11.46 +1.63 bc 13.71 +1.58 bc 13.08 +3.04d 11.89 +2.50 be
B5 9.54 +2.62a 8.46 +1.12a 9.19 +0.85 ab 12.87 +0.67 cd 10.01 +220a
B7 11.70 +0.42 ab 9.66 +0.61 a— 11.67 +1.62 a— 10.23 +0.44 a—d 10.81 +1.22 ab
B8 11.21 +1.53a 9.55 +1.04 a—c 10.12 +2.89 a—c 8.99 +0.86 a— 9.97 +1.74a
B11 10.19 +0.39 a 8.31 +0.52 a 8.46 +1.67 a 10.27 +0.87 a—d 9.31 +1.28a
IE 15.78 +291b 12.14 +0.81 ¢ 14.40 +1.04c 11.16 40.80 b—d 13.37 +2.36 ¢
ss3 12.07 4+0.40 ab 10.67 +0.59 a— 12.94 +2.65a—c 6.50 +0.26 a 10.54 +2.84 ab
Mean 10.69 +236b 9.72 +1.46a 11.14 +2.30b 10.36 +2.16 ab - -
* For explanation see Table 6.
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Figure 7. The mean weights of fruits and seeds and the fruit-to-seed weight ratios of 9 biotypes and
cultivars of E. multiflora in 2019-2022.



Agriculture 2023, 13, 495

15 0f 19

3.2.4. Total Soluble Solids

The extract of total soluble solids includes the organic compounds dissolved in the
cell sap.

As shown in Table 11, the content of TSS in E. multiflora fruit was also influenced by
the climatic conditions in a given research season. In 2021, the average TSS content in the
Elaeagnus multiflora fruit was 16.38 Brix%, which was 1.54 Brix% higher than in 2022.

Table 11. TSS extracts (%) in fruits of tested biotypes and cultivars of Elaeagnus multiflora.

Year
B/C! 2019 2020 2021 2022 Mean
BO 17.73 * +0.40d 17.27 +0.55 ¢ 15.97 +0.79 a-d 18.57 +156¢g 17.27 +1.81 de
B1 16.77 +0.21 cd 17.43 +1.12c¢ 18.13 +0.49 d 16.73 +2.05h 17.43 +154e
B2 15.10 +0.10 a—c 15.70 +0.70 a-c 17.92 +1.35d 13.45 +0.17 h 15.68 +2.59 a—c
B3 14.13 +1.00 ab 14.77 +0.49 ab 16.75 +0.98 b—-d 12.83 +044 g 14.79 +2.25 ab
B4 14.17 +0.75 ab 14.83 +0.60 a—c 17.37 +1.01d 12.29 +0.93 e 14.83 +2.91 ab
B5 13.67 +0.86 ab 14.33 +0.74 a 13.60 +0.10 a 15.03 +1.52¢ 14.31 +1.24a
B7 15.57 +0.31 b—c 15.90 +0.40 a— 17.30 +0.48 cd 14.52 +1.12d 15.91 +1.70 b-d
B8 15.47 +0.75 b—c 16.83 +1.03 be 17.42 +1.48d 16.30 +2.37f 16.86 +1.87 c-e
B11 14.33 +0.74 ab 14.23 +0.55a 14.32 +0.79 a—c 14.18 +0.411i 14.25 +0.57 a
] 2 13.30 +0.78 a 14.47 +0.86 a 13.97 +1.00 ab 14.97 +1.11b 14.47 +1.09 a
§53 14.87 +1.12 a—c 15.97 +1.05 a— 17.51 +1.75d 13.43 +0.96 a 15.92 +2.15 a—
Mean 15.01 +0.81a 15.61 + 0.74 ab 16.38 +1.87b 14.84 +2.07 a - -

* For explanation see Table 6.

The content of the TSS in the fruit could have been influenced by weather conditions
during fruit ripening, mainly in June. As shown in the data presented in Table 1, in 2021,
the temperatures in June were higher than the multiannual average by 3.9 degrees Celsius,
and the precipitation was lower than the multiannual mean 1981-2010 by 46.6 mm. This
indicates that there were high temperature and drought conditions, which could have
resulted in an increase in the TSS content in the fruits of Elaeagnus multiflora. The results
show that the average TSS content in the fruit of the Elaeagnus multiflora cultivars and
biotypes ranged from 14.25 Brix% for biotype B11 to 17.43 Brix% for biotype B1. According
to the statistical analysis, B11 together with the biotype B5 and the cv. ‘Jahidka’ formed a
homogeneous group with the lowest values of TSS. The fruits of the “Sweet Scarlet’ cultivar
contained 15.92% TSS, which is similar to the TSS content in the fruits of biotype B2 (15.68%)
(Table 11).

The TSS values in fruits of the tested biotypes and cultivars of Elaegnus multiflora were
close to the mean value (16.23 £ 0.15° Brix) obtained for Elaeagnus umbellate berries [80].
From the available data in the literature [81-84] on the content of TSS in the fruit of
E. multiflora, it appears that the differences in TSS content are also caused by the different
locations of the crops. A study of six Elaeagnus umbellate grown in Cookeville (TN, USA)
recorded TSS values ranging from 10.6 to 18.4° Brix [83]. According to Walkowiak-Tomczak
et al. [84], changes in TSS also depend on the duration and conditions of transport, storage
and on the genetic properties of the cultivar. The content of the total soluble solids (TSS) is
the basic characteristic used to estimate the quality of fruit intended for direct consumption
and processing [22]. Therefore, the TSS results, in addition to the morphological character-
istics of the fruit, such as weight and the ratio of the fruit weight to the seed weight, help
to assess whether a given biotype is suitable for processing or for direct consumption as
a dessert.

4. Conclusions

The morphological features of fruits of biotypes and cultivars of Elaeagnus multiflora
grown in north—eastern Polish climatic conditions are significantly affected by weather
conditions in the year preceding fruiting and in the growing season from April to July.
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The yields of the Elaeagnus multiflora cultivars and biotypes varied significantly, both
between different years and between different biotypes. The lowest yields were recorded
in 2021. In this year, the fruits of the studied biotypes and cultivars were shown to be
distinguished by the highest mean fruit weight, fruit weight to seed weight ratio and TSS
content. The fruits were larger because there were fewer of them. In June before the harvest,
there were high temperatures and low rainfall, which may have increased TSS in the fruit.
The temperatures and precipitation in the vegetative season were significantly negatively
correlated with the yields of biotypes an cultivars of E. multiflora. A highly significant
negative influence of precipitation in June on the yield was observed. Precipitation in June
caused the decrease of weight, length and width of fruits in the biotypes and cultivars of
Elaeagnus multiflora. Temperatures in May significantly increased the length of the fruit
and the length-to-width ratio of the fruit. Both temperature and precipitation significantly
increase influenced the width of fruit. For cultivation in Poland, we recommend biotype
B11 due to the highest crop yields, and the cultivar ‘Jahidka” and the biotype B11 due the
highest fruit weight. The smallest share of stone in relation to the weight of the fruit was
observed for the cultivars ‘Jahidka’” and biotype B4. The group of dessert fruits with the
highest TSS content included biotypes B1 and BO.

The successful cultivation of Elaeagnus multiflora in north—eastern Poland suggests
it may be suitable for introduction to broader cultivation in other countries of the Baltic
Sea region with a similar climate, and also perhaps, for wider range of cultivation in other
regions of the world.
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