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BIOLOGICAL FEATURES OF ZIZIPHUS JUJUBA MILL. HYBRIDS

Actuality. The jujube (Ziziphus jujuba Mill.) is an ancient and valuable fruit and medicinal crop, now cultivated in at least 48
countries. Its popularity is driven by its high nutritional content and wide range of medicinal applications. In Ukraine, the crop requires
specific breeding efforts for successful expansion beyond its traditional southern area. The main goals are to increase winter hardiness,
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select varieties requiring less heat for ripening (before the end of the growing season in the Forest-Steppe region), and develop forms
with large, tasty fruits that are also spineless.

Purpose of the study is to investigate the biological characteristics of jujube that is crucial for its successful cultivation in the
Left-Bank Forest-Steppe region of Ukraine.

Materials and methods. The study was conducted on a hybrid seedling population of Z. jujuba in the Khorol Botanical Garden,
located in the Lefi-Bank Forest-Steppe region of Ukraine. The initial material comprised 48 ten-year-old trees derived from free cross-
pollination of the winter-hardy mother plant ‘Kyshynivska’ with pollen from large-fruited, non-hardy Chinese and Tajik cultivars.
Morphometric analysis focused on fruit characteristics (weight, linear dimensions) and spininess. The length of both erect and recurved
spines was measured, and the spinescence index (number of spines per 10 cm of stem length) was calculated. Data were analysed using
descriptive statistics, ANOVA, and Pearson correlation coefficients (p < 0.05).

Research results. The hybrid population showed high winter hardiness, confirming the success of the breeding process. A large
potential for breeding was found, with a high coefficient of variation for fruit weight (57.5%). Analysis revealed a strong positive
correlation between fruit weight and both fruit length (r = 0.87) and diameter (r = 0.86). Two exceptionally valuable hybrid genotypes
were selected: ‘Khorolska Krupnoploda’ (5—3—11) and ‘Osoblyva’ (5-3—17). The study established that fruit weight has no significant
linear relationship with the length of erect spines (r = -0.01) or the spinescence index (v = -0.22). This confirms that combining large
Sfruit size with spinelessness is fully achievable. Furthermore, 77% of the fruits reached commercial ripeness (fully browned skin) by
mid-October, confirming their suitability for cultivation in the northern part of the species’ current range.

Conclusions. The hybrid Z. jujuba population demonstrates high adaptation and vitality in the Ukrainian Forest-Steppe. The
identified high variability of traits is ideal for further breeding. The selection of the thornless, large-fruited Osoblyva’ (5-3—17) proves
that combining highly desirable traits like spinelessness and large fruit size is possible, significantly advancing the prospects for the
commercial cultivation and further breeding of jujube in non-traditional areas.

Key words: jujube, biological features, genotype, shoot, spine, fruit.
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BIOJIOI'TYHI OCOBJIMBOCTI I'l6PUIB ZIZIPHUS JUJUBA MILL.

Axmyansuicme. 3usugha (Ziziphus jujuba Mill.) — ye 0asns yinna niodosa ma aikapcoka KyIvmypa, Ky 3apas upowyioms WoHati-
Menwie y 48 kpainax. Ii nonynapricmo 3yM0671€Ha 6UCOKOI0 XAPUOEOIO YIHHICIO MA WUPOKUM CHEKIMPOM MEOUUHO20 3ACIOCY6AHHSL.
B Vkpaini ys xynomypa nompebye yinecnpamoganoi cenexyii 0 yCniuno2o nowupents 3a mexci mpaouyitinux nig0eHnux paionie.
OcHo6HI 3a680aHHA NOA2AIOMb Y NIOGUWEHHT 3UMOCMITIKOCII, 0000pi COpMI8, WO BUMA2AIOMb MeHue Mmenia 08 00CMUeanHs (00
Kinys eecemayilinozo nepiody & ymosax Jlicocmeny), a maxkoxc cmeopenHs 6eNUKONIiOHUX Oe3KONIOUKOBUX YOPM I3 UCOKUMU CMAKO=
BUMU AKOCHIAMU.

Mema 0ocniorcenna — susuenHs 0I0N02IYHUX 0COOTUBOCTNEU 3U3UDU, AKI MAIOMb BUPILUATbHE 3HAYEHHS 04 1T YCHIUHO20 BUPOUY)-
eanns 6 Jlisobepescromy Jlicocmeny Yrpainu.

Mamepian i memoou. /[ocniodcenns nposoounu na 2iopuonii nonynayii cisnyie Z. jujuba y Xoponvcokomy bomaniunomy caody, posma-
wosanomy 6 Jlisobepesxcrnomy Jlicocmeny Yxpainu. Buxionuti mamepian xnrouas 48 oecamupiynux 0epes, OmpuMaHux YHACIiOOK GilbHO20
3anuIeHHsL 3UMOCmitKoi mamepurcokol pociunu ‘Kyshynivska’ nuikom 6emukonnioHux, ane He3UMOCMIUKUX KUMAUCLKUX § MAONCUYLKUX
copmis. Mopgomempuuruil ananiz 30cepeodcys8ases Ha Xapakmepucmukax niooig (maca, HiHiHI po3mipu) ma Konowocmi. Bumiproganu
O00BAHCUHY K NPAMUX, MAK | 3ICHYMUX KOIIOUOK, 4 MAKOHC 0OYUCTIOBAU THOEKC KOMOYOCmi (KibKicmb Komoyok Ha 10 cm 0osdcunu nazomy).
Jani ananizyeanu 3a 00nomo2010 OnUCo80l cmamucmuku, OUCHepCitiHo2o ananizy ma koepiyicumis kopensyii Ilipcona (p < 0.05).

Pezynomamu 0ocnioncennn. [ibpuona nonynayis npooemMoHCmMpy8ana 6UCOKy 3UMOCMINUKICIb, W0 NiOMEepoOAICYe YCRIUHICIb
npoyecy 6iobopy. Busasneno sHaunuil cenekyitinuil nomeHyian iz 6UCoOKuM Koeghiyienmom eapiayii ona macu niooa (57.5%). Ananis
BUABUE CUNBHY NO3UMUGHY KOPETAYIio MIdC MACo0 nioda, to2o doexcunoto (r = 0.87) ma diamempom (r = 0.86). Budineno dsa
BUHAMKOBO YinHi 2ibpuoni cenomunu. ‘Khorolska Krupnoploda’ (5-3—-11) i ‘Osoblyva’ (5-3—17). Jocrioscenna ecmanosuno, ujo maca
Nn100a He MAe Cymmego20 AiHIlIHO20 38 A3KY 3 008HCUHOIO NPAMUX Komouok (1 = -0.01) abo indexcom xomouocmi (r = -0.22). Omoxce,
NOEOHAHHSL BETUKO20 POIMIPY NA00Y 3 6I0CYMHICIMIO KOTIOUOK € YLIKoM docsisicHum. Okpim moeo, 77% nioodieé docsenu mosapHoi cmue-
nocmi (nosHicmio nobypina WKipKka) 00 cepeOuHu HCo8MH, o NIOMEEPONHCYE iX NPUOAMHICTIb OJis BUPOWYBAHHSA Y NIGHIUHIT YaCUHT
NnomouH020 apeany Kynbmypu.

Bucrnosok. I'iopuona nonynayis Z. jujuba oemoncmpye 6ucoky adanmayito ma d#eumme30amuicmos 6 ymosax Yxkpaincvrozco Jlico-
cmeny. Busignena eucoka eapiabenvhicmv 03HaK € i0eanbHolo 015 nodanvuioi cenexyii. Biobip nexonrouozo eenomuny ‘Osoblyva’
(5-3-17) 3 senuxumu niodamu 00800UMb MONCIUBICMb NOCOHAHHSA MAKUX BUCOKOYIHHUX O3HAK, SIK OE3KONIOUKOBICMb Mda GeAUKULl
PO3MIP HA004, WO 3HAYHO NOKPAWYE NEPCNEKMUBU KOMEPYILHO20 8UPOWY8AHHA MA NOOANLULOT ceneKyil 3usugu 6 Hempaouyitinux ons
Hei pecioHax.

Knrwuoei cnosa: suzuga, 6ionoziuni ocoorusocmi, 2eHomun, nazin, Kooyxa, niio.

Introduction. Relevance. The jujube (Ziziphus
jujuba Mill., family Rhamnaceae originated in south-
west Asia. Today, it is cultivated in gardens and for
agricultural production of fruit in climates ranging from
tropical to temperate. Different varieties of jujube are
now cultivated in at least 48 countries on all continents
except Antarctica (Wu et al., 2025). This unusual plant
has been used medicinally and as a fruit since ancient
times. Over one billion people in Asia use jujube in tra-
ditional medicine, and 20 million farmers cultivate it for
its fruit (Yang et al., 2021).

All parts of the jujube tree, including the leaves, fruit,
seeds, bark and roots, are used in the development of
drugs. There is an increasing commercial demand for
Z. jujuba due to its wide range of applications in the field
of human health. The fruit has many applications for
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human health, including antioxidant, anti-cancer, refrig-
erant, pectoral, styptic, sedative, stomachache, tonic,
appetite stimulant, and treatment of chronic fatigue,
diarrhoea, anaemia, hysteria, irritability, pulmonary ail-
ments, fevers, and ulcers (Sharmaetal., 2014; Asad et al.,
2023). According to Azami Movahed et al. (2025) the
jujube fruit is used as a food source thanks to its high
nutritional content, including carbohydrate, fibers, and
complex of vitamins. Jujube fruit can be consumed as
fresh pulp or used in processing. Dried pulp can also be
used as an ingredient in tea, snacks, bread, cakes, etc
(Rashwan et al., 2020).

The jujube plants were first introduced to the Nikitsky
Botanical Garden in 1914. Its spread was facilitated by the
import of large-fruited Chinese varieties in 1953. The first
foreign jujube cultivars, ‘Kytaiskyi 60’ and “Yuzhanin’,
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were registered in Ukraine in 1994. Between 2008 and
2012, the cultivars ‘Plodivskyi’, ‘Sinit’, ‘Tsukerkovyi’,
and ‘Koktebel” developed in Ukraine were entered into
Ukraine’s State Register of Plant Varieties (Krasovskyi,
2003; Mezhenskyj et al., 2012).

To further spread this promising fruit crop, it is neces-
sary to select new varieties adapted to regional conditions
that bear fruit regularly and have large fruits of different
ripening times suitable for table and universal use. To
extend the cultivation area northwards, it is necessary to
increase the winter hardiness of the plants and select vari-
eties that require less heat and ripen before the end of the
growing season. It is also important that the plants have
few or no thorns. The fruits should be tasty and rich in
sugars and vitamins. Ideally, self-fertile, parthenocarpic
varieties should be created (Mezhenskyj et al., 2012).

The purpose of the study is to investigate the bio-
logical characteristics of jujube that are crucial for its
successful cultivation in the Left-Bank Forest-Steppe
region of Ukraine.

Materials and methods of the study. Z. jujuba
‘Kyshynivska’ seedlings were planted in the orchard of
the Khorol Botanical Garden, which is located in the
Forest-Steppe region of Ukraine. The area has a humid
continental climate with warm summers (Dfb). The soil
is ordinary chernozem. The coordinates for the site are
approximately 49.7772° N, 33.2596° E, and the investi-
gation focused on 48 ten-year-old trees that were planted
at a distance of 4 x 2 m. Standard cultural practices were
applied, except for irrigation.

The length of ten erect and ten recurved spines were
measured for each genotype with an accuracy of 1 mm.
The length of the erect spines was measured using a
ruler. A flexible wire template was used to match the
shape of the recurved thorns. The end of each spine
was fixed to the wire with a clip, after which the wire
was straightened and the length measured with a ruler.
The spinescence index was calculated by averaging the
number of spines per 10 cm of stem length across three
shoots. The length and diameter of the fruit and stone,
as well as the length, width and thickness of the seed,
were measured in millimetres using an electronic digital
calliper (300-1-0.01, Shahe; China, 2021). The weight of
the fruit, stones and seeds was measured in grams using
electronic scales (FEH-300, Ukraine, 2022). Fruitful-
ness was assessed visually using the appropriate scales
(Tkachyk, 2016). The ripeness of the fruit was checked
every ten days by looking at the percentage of fruits
whose surface had turned completely brown.

Descriptive statistics were used to analyse the data
obtained and calculate the average values (Mean), stand-
ard deviation (SD), and coefficient of variation (CV%).

®dirtotepanis. Yaconuc

Statistical analysis of the study data was performed
using Microsoft Excel Office 2019 with an analysis of
variance (ANOVA) and Pearson correlation coefficients.
Fisher’s least significant difference (LSD) test was used
to determine significant differences between means at a
95% confidence level (p < 0.05).

Research results and their discussion.

Creation of a hybrid fund. In 2000, jujube seeds were
introduced from the Moldovan Scientific Research Institute
of Fruit Growing (the Scientific and Production Associa-
tion «Codruy»), comprising a mixture of different varieties
and forms. From this population of seedlings, one variety
was selected and named ‘Kyshynivska’ (see fig. 1).

1cm
| I—

Fig. 1. Shoot and fruit of Z. jujuba ‘Kyshynivska’

Its fruits are ellipsoidal in shape, measuring 28 mm in
length and 22 mm in diameter. They weigh 5.9 g and, unlike
other varieties, they do not crack during heavy autumn rain-
fall. ‘Kyshynivska’ is distinguished by its abundant fruit-
ing, good seed germination, and high winter hardiness.

Worldwide, jujube varieties were selected as a southern
crop without taking winter hardiness into account. How-
ever, for its successful introduction as a fruit plant, this
trait is one of the most important because winter hardiness
determines whether it can be grown outdoors in Ukraine’s
forest-steppe conditions. The neighbouring seedlings were
grafted with varieties developed in China and Tajikistan:
Tajikistan: ‘Tayangzao® and ‘Vakhshskij 30/60°. These
varieties produce large, seedless fruit. During the harsh
winter of 2011/12, when the air temperature dropped to
-28.6 °C, these varieties were lost from our collection.
However, the hybrid seedlings showed high winter har-
diness throughout the years of research.

Following free cross-pollination in 2011 involv-
ing «Kyshynivska» and pollen from «Tayangzao» and
«Vakhshskij 30/60», fruits with developed seeds were
produced. These seeds were removed from the drupes in
spring and germinated in Petri dishes. The germinated
seeds were then sown in open ground. Three-year-old
seedlings were then planted in an experimental plot in
the breeding site of the Khorol Botanical Garden. Cur-
rently, these trees have an average height of 3 metres.
The shape, size and weight of the fruits of hybrids varies
(see fig. 2).
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Fig. 2. Fruits of Z. jujuba hybrids
Note: a) large fruits, weighing above 10 g; b) medium fruits, 5-10 g; c¢) small, 3-5 g;
d) very small, less than 3 g. In each row, the fruits are arranged by decreasing weight from left to right

Krasovskyi et al. (2025) conducted a detailed study
of the linear parameters of fruits, pits, and seeds, as well
as the weight of trees, within a hybrid jujube population
at the Khorol Botanical Garden. The variability of all the
linear parameters of the fruits, stones and seeds, includ-
ing stone weight, falls within the normal range, with a
coefficient of variation of 11.2-28.2%. However, fruit
and seed weight are characterised by a high coefficient
of variation, at 57.5% and 50.0% respectively. A study
of a genetic collection of 150 jujube accessions, con-
ducted by Bai et al. (2025), showed less variability. The
variation in fruit weight was 12.9%, and the variation in
linear fruit dimensions was 5.1-5.3%.

The linear relationships between the measured mor-
phological parameters of the fruit are shown in table 1.

Strong positive correlations are observed between
fruit weight and length (r = 0.87), as well as between
fruit weight and diameter (r = 0.86).

Therefore, there is a direct relationship: the greater
the length and diameter of the foetus, the greater its
weight. Additionally, the length of the stone is a key fac-
tor in determining the total length of the fruit (r = 0.81).
A significant number of indicators show a moderate but
significant direct relationship, suggesting a shared influ-
ence on growth processes. The weight of the stone mod-
erately correlates with its diameter (r = 0.76) and length
(r = 0.67). This emphasises that the weight of the stone
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is determined by both its length and its thickness. Fruit
indicators also moderately correlate with seed weight;
for example, fruit weight correlates with seed weight
(r = 0.65) and fruit length correlates with seed weight
(r = 0.61). Fruit weight also moderately correlates with
seed weight (r = 0.64). Stone length also moderately
correlates with seed length (r = 0.52) and seed weight
(r=0.53). The weakest correlations were found between
seed indicators and fruit/stone indicators, especially for
seed thickness, where r ranged from 0.05 to 0.17. This
suggests that seed thickness development is relatively
independent of the overall size of the fruit.

All large-fruited hybrid genotypes with a fruit weight
exceeding 10 g are recommended for fresh and canned
consumption (Krasovskyi et al., 2025). Hybrid 5-3-11
has the largest fruit in terms of its linear dimensions and
weight (length 42 mm, diameter 27 mm, weight 18 g).
It is named ‘Khorolska Krupnoploda’, meaning «large-
fruited of Khorol» (fig. 3a). Hybrid 5-3-17 has fruit
with the following parameters: length 29 mm, diameter
25 mm and weight 11 g. It is named «Osoblyvay, which
means «unique, peculiar». It tastes excellent, better than
other large-fruited hybrid genotypes, and has no thorns
on its branches (fig. 3b).

According to Chen & Schirarend (2007), morpholog-
ically Z. jujuba has branchlets (new branches) with two
stipular spines, either present or absent. The long spines
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Table 1
Pearson correlation coefficients between indicators (r)
== = E == o= o E’ v = R = s = § = =
Indicator E E" E E ,.E. -%” § E" § E E -%” S E‘) 23S g2 S -%D
=2 .= =z ZI I @z n 3 @z n 2 @z
] ) =
Fruit length 1.00
Fruit diameter 0.75 1.00
Fruit weight 0.87 0.86 1.00
Stone length 0.81 0.44 0.65 1.00
Stone diameter 0.31 0.47 0.45 0.33 1.00
Stone weight 0.61 0.55 0.65 0.67 0.76 1.00
Seed length 0.49 0.29 0.29 0.52 -0.15 0.18 1.00
Seed width 0.32 0.40 0.35 0.32 0.29 0.30 0.43 1.00
Seed thickness 0.13 0.12 0.05 0.14 0.17 0.11 0.15 0.16 1.00
Seed weight 0.57 0.55 0.64 0.53 0.48 0.59 0.11 0.40 0.07 1.00

Note: Significant coefficients (p < 0.05) are shown in bold (n =48).

1cm

]

Fig. 3. Shoots of Z. jujuba hybrids
Note: a) ‘Khorolska Krupnoploda’ (5-3-11);
b) ‘Osoblyva’ (5-3-17)

are erect, reaching up to 3 c¢m in length and are stout,
while the short spines are recurved and develop from old
branches (fig. 4).

Fig. 4. Two types of stipular spines on Z. jujuba

Plants with spiny branches belong to var. jujuba and
those without belong to var. inermis. The hypothesis that
spinescence has evolved primarily as a defense against
herbivores is supported by research (Hu et al., 2020). As
with many agricultural crops, the absence of spines or a
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reduction in their number is a sign of a cultivated plant.
Huang et al. (2016) note that jujube was domesticated
through artificial selection based on important agro-
nomic characteristics. This led to a transition from spiny
bushes to thornless trees with larger fruits.

Bai et al. (2025) analysed 150 jujube germplasm
resources and determined that the mean length of erect
spines was 10.6 mm, ranging from 3.0 to 28.0 mm, and
the mean length of recurved spines was 3.3 mm, rang-
ing from 1.7 to 7.0 mm. By contrast, the length of erect
spines on plants in the Khorol Botanical Garden ranged
from 1.0 to 25.0 mm (mean length: 12.9 mm), while the
length of recurved spines ranged from 1.0 to 11.0 mm
(mean length: 2.4 mm). The spine characteristics of indi-
vidual genotypes are presented in table 2.

Only two genotypes, 5-3—8 and 5-3—17 (‘Osoblyva’),
are characterised by a complete absence of spines. The
combination of fairly large, high-quality fruits and the
absence of spines makes the latter genotype particu-
larly valuable for both cultivation and further breeding
work. Genotype 6—3—10 has very short straight spines,
which reliably distinguishes it from all other genotypes
in terms of the length of its erect spines. In certain gen-
otypes, recurved spines may be absent at some nodes if
erect spines are present at every node.

The spinescence index correlates with the length of
erect spines (r = 0.66) and recurved spines (r = 0.69).
There is also a high direct correlation between the
lengths of erect and recurved spines on the trees of the
genotypes under study (r = 0.72). A significant linear
relationship exists between these pairs of data.

A striking example of the wild type is genotype
6-3—14, which has the longest, erect spines, a high spi-
nescence index thorns and the smallest fruits. The gen-
otypes with the largest fruits in the studied population
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Table 2
Morphometric indicators of the spines of Z. jujuba genotypes
Length of erect spines, mm Length of recurved spines, mm Sp escence
Genotype index
Min-Max Mean + SD (6)% Min-Max Mean = SD Cv Mean = SD
5-3-8 0 0 0 0 0 0 0
5-3-17 0 0 0 0 0 0 0
6-3-10 1-8 3.9+2.23 57.3 1-2 1.7+0.58 34.6 1.0+£0.4
5-3-18 3-6 4.6+ 1.26 27.5 1-3 1.9+0.74 38.8 1.7+0.9
6-3-9 2-10 5.8+3.77 64.9 1-2 1.5+0.58 38.5 1.9+0.8
6-3-6 2-10 6.2+2.94 47.4 2 2.0+ 0.00 0 0.9+0.2
5-3-12 4-9 6.9 + 1.66 24.1 1-3 2.1+0.70 33.5 1.2+04
6-3-15 5-11 7.6 £2.59 34.1 1-3 1.8+0.87 48.1 3.7+£0.5
6-3-18 5-10 7.9+2.33 29.5 1-2 1.3+0.49 38.0 02+03
6-3-7 5-10 8.0+ 1.83 22.8 1-2 1.5+0.52 359 3.5+03
6-3-22 3-13 8.3 +3.33 40.2 1-2 1.7+0.49 28.5 1.7+£0.6
5-3-14 5-15 9.0+3.77 41.9 2-2 2.0+0.00 0 1.4+0.9
5-3-25 6-15 9.2+2.74 29.8 1-3 1.9 +0.60 31.8 2.5+0.5
6-3-25 3-15 9.2+4.64 50.4 2 2.0+ 0.00 0 21+1.1
5-3-5 8-11 9.9+ 1.20 12.1 1-3 2.0+0.63 31.6 22+0.3
6-3-16 4-15 10.2 +£3.52 34.5 1-3 23+0.71 31.4 2.9+0.7
5-3-23 6-18 10.6 = 3.95 37.3 1-3 1.6 +0.79 50.1 22+0.4
6-3-2 7-15 10.8 £2.53 23.4 1-2 1.4 +0.50 37.0 2.8+0.6
5-3-20 9-15 11.4+1.58 13.8 1-3 2.3+0.65 28.5 49+0.8
5-3-9 9-16 11.5£2.72 23.6 2-3 2.4 +0.50 21.3 2.1+0.3
6-3-21 7-20 11.8 +£4.05 34.3 1-3 1.8+0.71 40.4 3.0+1.1
5-3-10 8-20 12.1+5.99 49.5 24 2.8+0.87 31.0 1.9+0.7
6-3-12 9-25 12.5+2.27 18.2 2-3 2.2+0.44 19.8 1.5+0.6
5-3-21 7-16 12.5+3.24 25.9 14 2.2+0.87 40.1 47+0.6
6-3-24 7-18 12.7+4.16 32.8 2-5 3.9+0.94 24.1 33+2.1
6-3-19 5-20 13.0+4.59 35.3 14 22+1.14 51.6 26+03
5-3-22 8-22 13.2+5.75 43.6 2-5 2.8+1.25 44.4 2.9+0.7
6-3-23 1-22 13.4+7.07 52.8 1-3 23+0.76 33.1 2.8+0.6
5-3-15 11-20 13.5+3.17 23.5 2-3 2.4+0.50 21.3 2.6+0.2
6-3-20 6-22 13.8 +4.64 33.6 1-4 2.24+0.92 41.8 2.7+0.1
5-3-7 12-15 14.1+0.99 7.1 24 2.8+0.75 26.6 2.1+0.3
6-3-13 12-20 14.1+£2.96 21.0 1-3 1.8+0.98 54.0 1.7+0.5
6-3-5 8-20 14.1 +3.28 23.3 1-2 1.4+0.53 37.4 2.0+0.6
6-3-3 5-21 14.1+6.35 45.0 1-3 2.0+0.76 37.8 2.1+0.4
5-3-24 12-20 14.5 +£2.64 18.2 1-2 1.7+0.49 28.5 2.6+0.4
6-3-4 13-19 14.8 +£2.57 17.4 1-3 1.9 +0.88 46.1 34+14
5-3-4 13-17 15.2+1.32 8.7 2-4 2.7+0.79 28.8 2.9+0.3
6-3-8 4-25 17.9+7.43 41.5 2-7 49+ 1.64 33.4 51+£04
5-3-11 12-25 18.2+5.25 28.8 2-11 4.8+2.79 57.8 3.6+£0.5
5-3-19 12-25 18.3+3.53 19.3 2-5 3.0+ 1.00 333 3.6+0.4
5-3-2 15-22 18.8£2.15 11.4 2-5 3.5+0.93 27.0 4.1+03
6-3-11 15-25 19.5 +3.50 18.0 1-4 2.2+0.98 45.0 45+1.0
6-3-17 7-23 19.6 £5.02 25.6 1-6 2.8+ 1.60 56.8 2.6+0.3
5-3-6 15-25 19.9 +£3.96 19.9 1-3 2.4+0.81 34.2 1.8+0.1
5-3-1 16-23 20.0 +2.54 12.7 2-9 4.8+1.83 38.1 52+1.3
5-3-3 16-25 20.6 +3.03 14.7 3-6 35+1.13 31.8 5.0+0.6
5-3-13 16-25 20.7 +3.06 14.8 1-3 2.1+0.99 46.6 1.8+0.1
6-3-14 15-25 20.8 +3.77 18.1 2-6 424147 35.2 45+0.2
LSD,. 3.27 0,923

Note: SD — standard deviation; CV — coefficient of variation, %; LSD — Least Significant Difference (P < 0.05)
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Fig. 5. Dynamics of ripening of Z. jujuba fruits

of seedlings are characterised by long straight thorns
(e.g. 6-3—17 and 5-3-11 — ‘Khorolska Krupnoploda’),
or short straight thorns (e.g. 6-3-25 and 6-3-18),
or no thorns at all (e.g. 5-3—-17 — ‘Osoblyva’). Fruit
weight does not correlate with the length of erect spines
(r = -0.01). A weak negative correlation (r = -0.22)
between the spinescence index and fruit weight indi-
cates that an increase in spines is accompanied by a
slight decrease in fruit weight; however, the strength of
this relationship is weak and not statistically significant.
There is no real linear relationship between fruit weight
and the spinescence index, and the obtained relationship
may be the result of random fluctuations. Therefore,
large-fruited genotypes without spines can be selected
through breeding, which is the breeding goal.

The Khorol Botanical Garden’s hybrid seedling pop-
ulation is located in the northern part of the Z. jujuba
cultural area in Ukraine, which has limited thermal
resources. As Krasovskyi & Cherniak (2021) point out,
jujube fruits ripen during the last ten days of October
and the first ten days of November. The fruits ranged in
colour from light to dark brown or dark red, depending
on the genotype. In 2025, 40% of trees had more than
half of their fruits with completely browned skin at the
beginning of October. By the middle of October, this fig-
ure had risen to 77% (fig. 5).

The average daily air temperatures above 5 °C and
10 °C in the study area are 23.185 °C and 14.68 °C,
respectively (Krasovskyi et al., 2024). These tempera-
tures are sufficient for the normal development of jujube
plants and the ripening of their fruit.

Jujube is characterised by annual fruiting. In 2025,
the vast majority of hybrid forms bore fruit at a level
of 8-9 points. However, a quarter of the hybrids had an
average fruiting score and some trees had a low fruiting
capacity.

October 2025 saw heavy rainfall, leading to fruit
cracking. For instance, 8% of the fruit in hybrid form
5-3-3 cracked. Cracking was observed in 1-5% of
the fruit in many hybrid forms, but in 37.5% of hybrid
forms, no cracking was observed.

Conclusions

The hybrid Z. jujuba population demonstrates
high adaptation and vitality in the Ukrainian For-
est-Steppe. The identified high variability of traits
is ideal for further breeding. The selection of the
thornless, large-fruited ‘Osoblyva’ (5-3—-17) proves
that combining highly desirable traits like spine-
lessness and large fruit size is possible, significantly
advancing the prospects for the commercial culti-
vation and further breeding of jujube in non-tradi-
tional areas.
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