Bionoria. Papmauin

UDC 634.662+58:069.029

Volodymyr KRASOVSKYI

Candidate of Biological Sciences, Senior Researcher, Head of the Sektor for Acclimatization of Fruit, Berry, and
Medicinal Crops, Khorolskyi Botanical Garden, Kremenchutska str., 1/79, Khorol, Poltava region, Ukraine, 37800
(horolbotsad@gmail.com)

ORCID: 0000-0002-8302-6593

SCOPUS: 58966431400

Volodymyr MEZHENSKYJ

Doctor of Agricultural Sciences, Senior Researcher, Professor V. L. Symyrenko Department of Horticulture,
National University of Life and Environmental Sciences of Ukraine, Heroiv Oborony str., 15, Kyiv, Ukraine, 03041
(mezh1956 @ukr.net)

ORCID: 0000-0002-3154-1120

Liudmyla MEZHENSKA

Candidate of Biological Sciences, Associate Professor, Associate Professor at the Department of Botany, Dendrology
and Forest Tree Breeding, Education and Research Institute of Forestry and Landscape-Park Management of the
National University of Life and Environmental Sciences of Ukraine, Horikhuvatskyi Shlyakh str., 19, Kyiv, Ukraine,
03041 (mela57@ukr.net)

ORCID: 0000-0002-6520-1853

Taisiia CHERNIAK

Head of the Sector of Dendrology, Plant Propagation and Ecological and Educational Activities, Khorolskyi Botanic
Garden, Kremenchutska str., 1/79, Khorol, Poltava region, Ukraine, 37800 (horolbotsad@gmail.com)

ORCID: 0000-0001-5463-2642

SCOPUS: 58966431500

Svitlana HAPON

Doctor of Biological Sciences, Professor, Professor at the Department of Geomatics, Land Managementand Territorial
Planning, Poltava State Agrarian University, Skovorody str., 1/3, Poltava, Ukraine, 36003 (gaponsv58@gmail.com)
ORCID: 0000-0002-4902-6055

Svitlana POTOTSKA

Candidate of Biological Sciences, Associate Professor at the Department of Biology, T.H. Shevchenko National
University “Chernihiv Colehium”, Hetmana Polubotka str., 53, Chernihiv, Ukraine, 14000 (s_pototska@ukr.net)
ORCID: 0000-0002-3595-503X

SCOPUS: 58965295800

Tetyana SHKURA

Candidate of Biological Sciences, Associate Professor, Associate Professor at the Department of Botany, Ecology
and Methods of Biology Teaching, Poltava V.G. Korolenko National Pedagogical University, Ostrohradskyi str., 2,
Poltava, Ukraine, 36000 (shctanya@ukr.net)

ORCID: 0000-0002 -5087-369X

To cite this article: Krasovskyi V., Mezhenskyj V., Mezhenska L., Cherniak T., Hapon S., Pototska S.,
Shkura T. (2025). Morfometrychnyi analiz plodiv Ziziphus jujuba Mill. kolektsii Khorolskoho botanichnoho sadu
[Morphometric analysis of Ziziphus jujuba Mill. fruits from the Khorol botanical garden collection]. Fitoterapiia.
Chasopys — Phytotherapy. Journal, 4, 133—144, doi: https://doi.org/10.32782/2522-9680-2025-4-133

MORPHOMETRIC ANALYSIS OF ZIZIPHUS JUJUBA MILL.
FRUITS FROM THE KHOROL BOTANICAL GARDEN COLLECTION

Actuality. Ziziphus jujuba Mill. is a subtropical deciduous plant whose fruits contain biologically active compounds with a wide
range of pharmacological effects. Due to the ease of cultivation, its production is observed in 48 countries, reflecting its significant
nutritional and economic value. The fresh fruits of Z. jujuba have a short shelf life; therefore, research is increasingly focused on their
processing into functional products with extended storage potential. Moreover, the characterization of fruit morphological traits serves
as a fundamental basis for numerous research programs, including breeding initiatives.
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Purpose of the study. To determine the size and weight of fruits, stones, and seeds of Z. jujuba forms from the Khorol Botanical
Garden collection.

Materials and methods. The study was conducted throughout 2024. The research material consisted of fruits collected from 48
Z. jujuba plants (25 fruits per plant) at the ripening stage. Measurements and morphometric analyses of the studied traits were carried
out under laboratory conditions at the Khorol Botanical Garden on the day of fruit harvesting.

Research results. Five of the genotypes studied produce large fruits. These are forms 5-3-11, 6-3-18, 5-3-17, 6-3-25 and 6-3-17.
Form 5-3-11 has the largest fruits, weighing an average of 19.3 g, followed by form 6-3-18 with an average fruit weight of 12.4 g.
Forms 5-3-17, 6-3-25 and 6-3-17 have fruits weighing more than 10 g and significantly outperform all other forms with smaller fruits.
The fruits of form 5-3-11, the largest-fruited form, significantly outperform all other forms in terms of linear dimensions, with an
average length of 42.4 mm and an average diameter of 27.1 mm. While fruit weight, length and diameter are strongly correlated, not
all large-fruited forms have outstanding linear dimensions. The forms 6-3-25 and 5-3-11, which bear large fruit, also have the longest
pits at 28.5 mm and 24.1 mm respectively. These forms differ significantly in this respect and surpass all others. The shortest pits
(11.3 mm) are found in form 6-3-14, which also has the smallest fruits. The spherical fruits of form 6-3-14 contain an almost spherical
pit, whereas the pits of other Z. jujuba forms are elongated. Form 6-3-25 has the longest seeds and the highest form index (the ratio of
seed length to width), at 3.3. Close behind are forms 6-3-20, 5-3-5 and 6-3-16, which have a shape index of 3.0-3.1. Forms 5-3-11 and
6-3-23 have the largest pit diameter (9.9-9.7 mm). These forms also have the heaviest stones at 0.68-0.62 g. The thickness of the fruit
pulp ranges from 3.0 to 9.5 mm, with the largest thickness found in large-fruited forms. In form 6-3-8, the stone accounts for almost
a third of the fruit's weight, at 30.6%. In large-fruited forms, the stone is small, giving them a high edible pulp content: Forms 5-3-11
(96.3%), 6-3-18 (96.1%,), 5-3-17 (94.9%), 6-3-17 (94.8%) and 6-3-25 (94.1%) have the highest pulp content. However, the medium-
sized form 6-3-19 has the highest pulp content (96.7%) and is therefore the leader. Another medium-sized variety, 6-3-20, has a pulp
content that exceeds that of most large-fruited varieties (96.1%). The forms with the largest fruit weight also have the most seeds. Form
3-5-11 therefore has the highest seed weight (0.056 g), followed by forms 6-3-18 (0.051 g), 6-3-23 (0.047 g) and 6-3-9 (0.043 g), which
differ significantly from each other.

Conclusions. Morphometric studies of 48 fruiting individuals of Z. jujuba were conducted for the first time in the forest-steppe zone
of Ukraine. In terms of fruit weight, the individuals belonged to the following categories: large-fruited (five forms, weighing over 10 g);
medium-fruited (15 forms, weighing 5-10 g); small-fruited (21 forms, weighing 3-5 g); and very small-fruited (seven forms, weighing
less than 3 g). Form 5-3-11 was found to be the most promising in the collection due to its high average fruit weight (19.3 g) and pulp
content (96.3%). The variability of all linear parameters of fruits, stones and seeds, including stone weight, is within the normal range
(coefficient of variation (CV) up to 44%), while fruit and seed weight are characterised by a high CV (57.5% and 50.0%, respectively),
indicating significant potential for breeding. For fresh and canned consumption, large-fruited forms with a fruit weight of over 10 g are
recommended, as well as the medium-fruited Form 6-3-19, which despite its average size has the highest pulp content (96.7%). Large-
fruited forms are particularly valuable for further breeding work as sources of large fruit size and high pulp content, while small- and
medium-fruited forms are valuable as sources of rootstocks and high winter hardiness.

The research was carried out within the framework of the program for the registration of local accessions at the National Centre
for Plant Genetic Resources of Ukraine.

Key words: Ziziphus jujuba Mill., introduction, breeding, Forest-steppe zone, Ukraine.
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MOP®OMETPUYHUIA AHAJII3 IVIOJIB ZIZIPHUS JUJUBA MILL. KOJAEKIIIi
XOPOJBCBKOI'O BOTAHIYHOI'O CAQY

Axmyanvuicme. Ziziphus jujuba Mill. — cybmponiuna rucmonaona pocauna, nioou sKoi Maroms 0ion02iuHO AKMUEHI peuosuHU i3
WUPOKUM CNEKMPOM (hapmMaronociunoi Oii. 3ae0aKu 1e2kocmi Upowy8anHs Ky1omypu upoonuymeo cnocmepicacmoca y 48 kpaiunax,
WO No8’A3aHO 3 BAICTUBOI XAPUOBOK) MA eKOHOMIUHOW YyinHicmio. Ceidci nioou Z. jujuba mawoms Kopomxuil mepmin 30epieanHs,
TMOMY NOTUOTIOIOMbCA OOCTIONHCEHHS U000 IX NepepodKU HA QYHKYIOHATLHI NPOOYKMU MPUBATI020 30ePieaHHA, A BAHCIUBICTNG ONUCTE
Mopghonociunux 03nHax niodie € 0CHOB0I0 O 6a2amvoxX OOCTIOHUYLKUX NPOSPAM, BKIIOUHO I3 CelleKYilHUMU.

Mema 00cnidxiceHHA — 6CMAHOBNIEHHS PO3MIPY U Macu na00i8, KICmo4ok i Hacinun ¢hopm Z. jujuba cenexyii Xoponvcvkoeo 6oma-
HIYHO20 caO).

Mamepianu ma memoou. /locnioxcysanu cmueni nioou epodicaio 2024 p. no 25 wm. xooxcnoi 3 48 ocobun Z. jujuba, wo cmanos-
ssme cenexyitinutl oo Xopoawvcokoeo 6omaniunozo cady ([lonmascvra obu., JIybencoruil p-n, m. Xopon). Mopgomempuunuii ananiz
NOKA3HUKIE NPOBOOUBCSL 8 OeHb 3a20Mmi6Ni nI0JI8.

Pesynomamu oocniosncennn. I1’smov docnioxcenux 2eHOmMUNI6 MaloMo 6eIUKI naoou. Ile 5-3-11, 6-3-18, 5-3-17, 6-3-25 i 6-3-17.
@opma 5-3-11 mae 0ocmogipro Haibinbwi nioou macoro 19,3 o. lit nocmynacmocs ¢hopma 6-3-18 (cepedns maca nnodie — 12,4 2), sxa
docmosipHo nepeseputye inwi ghopmu. Dopmu 5-3-17, 6-3-25 i 6-3-17, axi maroms naoou 6invwii 3a 10 2, 00cmogipHo nepesepuiyoms
yei inwi gpopmu 3 menwumu nrodamu. Ilnoou naiieenuxonaioniwoi popmu 5-3-11 docmogipno nepesepuwyioms 6ci inwi ghopmu 3a
JUHIUHUMU po3mipamu, marodu 008xcury 42,4 mm i diamemp 27,1 mm. Xoua oznaku macu, 008acunu il dlamempa niooie CuibHO Kope-
JIOI0Mb MidC c00010, npome He 8Ci eNUKONTIOHT (hopMU Marome GUOAMHIT TIHILIHI NOKA3HUKIL.

Dopmu 6-3-25 i 5-3-11 3 eenukumu nrodamu maoms i Hatdoswi kicmouku — 28,5 i 24,1 mm 6ionosiono. Bonu docmogipro pis-
HAMbCA 30 YUM NOKAZHUKOM Midc coboto i nepegepuyioms 6ci iHwi popmu. JJocmosipro Haiikopomuii kicmouku y ¢opmu 6-3-14
(11,3 mm), sika mac i 0ocmosipro naiikopomui nioou. Kynscmi nnoou gpopmu 6-3-14 micmame i matioce Kyisacmy Kicmouxy, mooi sk
y tHwux gopm Z. jujuba xicmouku euooediceni. @opma 6-3-25 3 Hal0OBWUMU KICTOUKAMU MAE | HAUOLTbuull iHOeKke ghopmu (8i0HO-
wienHs 008ACUHU 00 wupuHu kicmouxu) — 3,3. Habnuocenumu 00 nei € popmu 6-3-20, 5-3-5, 6-3-16 3 inoexcom ¢popmu 3,0-3,1. @opmu
5-3-11 i 6-3-23 maromsv docmosipro Haubinbwuil diamemp Kicmoyok — 9,9-9,7 mm. Bornu maromo 11 navieaxcui kicmouxu — 0,68—0,62 2.

Toswuna m’axywa niodie konueaemocs 6io 3,0 0o 9,5 mm, 6y0yuu Haibinbuiow y eenukoniionux gopm. ¥ gopmu 6-3-8 uacmra
KICMOYKU Cmanosums matiice mpemuny macu niooa — 30,6%. YV eenuxonuionux ¢opm wacmka KiCmoukKu He8eluKda, omawce, 60HU
Maromb gucokuil ymicm icmignozo m’axywa: 5-3-11 (96,3%), 6-3-18 (96,1%), 5-3-17 (94,9%), 6-3-17 (94,8%), 6-3-25 (94,1%,). [Ipome
nioepom € cepednvonniona gpopma 6-3-19 3 navsuwgum emicmom m’axywa (96,7%). Inwa cepeonvonniona popma 6-3-20 makodxc nepe-
suwgye OLbUIcCmb 6eIUKONTIOHUX (hopm 3a emicmom m ‘akyuwa (96,1%).

Haubinvwi 3a 6acoro n1odie ¢hopmu marome i Haiidinewe nacinu. Tak, popma 3-5-11 mae docmosipro Hatlbinbuly 6acy HACTHUHU
(0,056 2), 3a nero crioyioms gpopma 6-3-18 (0,051 2), 6-3-23 (0,047 2) i 6-3-9 (0,043 2), sixi docmogipHo pizHAmMbCs Midic c0H0i0.

Bucnosku. B ymosax Jlicocmeny Ykpainu enepuie nposederno mopgomempuuni 0ocnioxcents 48 niodoHocuux ocooun Z. jujuba.
3a macoro nrnodie eonu Hanexcamv 00 eerukonionux (5 gpopm, maca nonao 10 2), cepeonvonnionux (15 gpopm, maca 5—10 2), opi6no-
nnionux (21 ghopma, maca 3-5 2) i Oyarce Opiononaionux (7 ghopm, maca menwa 3a 3 2). Buseneno, wo gpopma 5-3-11 € natinepcnexmug-
Hiulo10 ceped Konekyii, OCKinbKU Mae 00cmosipHo Hanbinvuty cepeonio macy niooa (19,3 2) ma natibinewy wacmxy m axywa (96,3%).
Minausicme ycix niniHUX napamempie nioois, KICMo4oK ma HACIHUH, KIIOYHO 3 MACOI0 KICIMOYOK, GKIAOAEMbCS 6 MeNCI HOpMU
(CV = 11,2-28,2%), mo0i ax maca nioodie i Maca HACIHUH XAPAKMePU3yEMvCs GUCOKUM Koepiyicumom eapitosanns (57,5 i 50,0% 6io-
NOBIOHO), WO BKA3YE HA 3HAUHUT NOMeHYian 0N ceneKyii. [l 6ACUBANHA Y CEIHCOMY Md KOHCEPBOBAHOMY BUTAOI PEKOMEHO0BAHT 6eil-
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KONNIOHI ghopmu 3 Macoro nioodie nonao 10 e, a maxodc cepednvonniona gopma 6-3-19, sxa, nonpu cepeori posmipu, Mae HauUWULl

emicm m’axywa (96,7%). Ocobnueo yinnumu 0151 ROOANLUIOT cenekyitinoi pobomu € 8enuKonIioHi popmu (K 0xcepend 8enuKonIioHo-

Cmi ma 6UCOKO20 6MICIY M SIKYWA), A MAKONC OPIGHO— ma cepeOHbONIIOHT (hopmu (K ddcepena nioujen i BUCOKOL 3UMOCMIIKOC).
Jocrioswcerns nposedeno 6 pamkax npogpamu peecmpayii micyesux 3paskie y Hayionaneromy yenmpi eenemuyHux pecypcie pociun YKpainu.
Kniouogi cnosa: Ziziphus jujuba Mill., nnoou, mopgomempuuni nokaznuxu, inmpooyxyis, cenexyis, Jlicocmenosa 3ona, Yxpaina.

Introduction. Actuality. Ziziphus jujuba Mill. (family
Rhamnaceae Juss.) is a subtropical, deciduous, tree-like
plant whose fruits are characterized by high nutritional
value and contain biologically active compounds with a
wide range of pharmacological effects. The species grows
as a small tree or a spreading shrub. The fruit is a succulent
pyrene of the most diverse shapes: ranging from spherical,
oblong, elongated, ovoid, to pear-shaped forms, measuring
up to 3—4 cm in length and up to 2.5 cm in diameter, with
a thin, glossy skin. The pulp, depending on the cultivar or
form, varies in texture — sometimes dry, mealy, and loose,
while in other cases juicy and dense. The stone (endocarp)
also varies in shape, from rounded to elongated.

The fruits of Z. jujuba differ from those of other
fruit crops by their high concentration of dry matter and
exceptional nutritional value. They are consumed fresh
or preserved through drying and other culinary process-
ing methods.

Modern literature sources indicate that China is one
of the largest producers of Z. jujuba fruits in the world,
with more than 40% of the global harvest cultivated in
this country. According to Yang et al. (2021), its planta-
tions cover an area of approximately 2 million hectares,
serving as a primary source of income for about 20 mil-
lion farmers, while more than 1 billion people across
Asia use Z. jujuba in traditional medicine.

A growing interest in Ziziphus jujuba cultivation has
been observed in Egypt, Iran, Saudi Arabia, Algeria, and
Iraq, primarily due to the fruit’s health-promoting prop-
erties and the ease of cultivation. In the United States,
Z. jujuba is grown mainly in the southwestern, southern,
and southeastern states. It is also cultivated in parts of
Europe, particularly in Italy and the Balkans, according
to Shahrajabian et al. (2020). As reported by Wu et al.
(2025) and Ruan et al. (2024), Z. jujuba is now grown
in more than 48 countries worldwide, a trend driven by
its high nutritional, economic, and ecological value. The
fruits of Z. jujuba have been used for thousands of years
as a food source, dietary supplement, and natural flavor-
ing due to their rich nutritional composition and beneficial
bioactive compounds. An increasing body of evidence
confirms the therapeutic benefits of Z. jujuba, including
anticancer, anti-inflammatory, antioxidant, immunostim-
ulatory, neuroprotective, hepatoprotective, and gastropro-
tective effects. These properties are primarily attributed
to its key biologically active constituents (Lu et al., 2021;
Movahed et al., 2024; Zhu et al., 2024).
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Since fresh Z. jujuba fruits have a short shelf life,
recent research has increasingly focused on developing
functional processed products with extended storage
stability, high consumer acceptability, and proven health
benefits (Rashwan et al., 2020; Stan et al., 2021; Jia et
al., 2025). Equally important are studies on the morpho-
logical structure of Z. jujuba fruits. In particular, Fuka-
lova et al. (2023) reported significant variation in fruit
size and shape, mainly attributed to cultivar differences.
They also noted that these variations do not affect the
degree of fruit sphericity, which is an important criterion
for Z. jujuba fruit characterization. According to Khad-
ivi et al. (2021, 2022), special attention is given to the
description of morphological traits, including the dimen-
sions of both fruit and seed, which serve as the foun-
dation for numerous research initiatives, particularly in
breeding programs.

In Ukraine, within the forest-steppe zone, the distri-
bution of Z. jujuba is limited by climatic conditions and
the insufficient availability of planting material. There-
fore, one of the primary objectives for breeders is the
development of large-fruited forms adapted to chang-
ing environmental conditions, that combine beneficial
properties with the commercial qualities required by the
modern market.

On the collection plots of the Khorol Botanical Gar-
den, the introduced Z. jujuba plants and their breeding
forms (small- and medium-fruited) endured tempera-
ture drops down to —28 to —30 °C during the period of
deep winter dormancy without visible damage. In con-
trast, large-fruited breeding forms, when grown in open
areas exposed to strong winds and without protective
agronomic measures, showed partial dieback or signif-
icant injury. At the same time, protective agronomic
practices for large-fruited Z. jujuba forms introduced
through vegetative material transfer proved effective
only for individuals of relatively small size. Therefore,
the main objective of subsequent research was to obtain
hybrid seeds of Z. jujuba under introduction conditions
that could transmit genes controlling both winter hardi-
ness and large fruit size to the progeny. In the course of
the study, hybrid seeds were obtained to breed locally
adapted large-fruited, winter-hardy forms through open
pollination among parental components of the species.
Crosses were performed between well-adapted, win-
ter-hardy, medium-fruited local forms selected after
several reproductive cycles and large-fruited cultivars

Ne 4, 2025
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that, under the conditions of Ukraine’s Forest-Steppe
region, required mandatory protection from low tem-
peratures in winter. According to Krasovsky (2020),
genotypes such as the cultivars ‘Tayangzao’ and
‘Vakhshskij’” were used as sources of large-fruited traits
in hybridization. In 2011, the hybrid seeds were sown
in a nursery, and by 2014, the seedlings were trans-
planted to the collection plot “Garden of Subtropical
Fruit Crops” at the Khorol Botanical Garden. At pres-
ent, the collection comprises 50 Z. jujuba individuals,
of which 48 are fruit-bearing.

Morphometric studies of the fruits of Z. jujuba
breeding forms from the Khorol Botanical Garden col-
lection are of particular relevance, as they constitute
part of a comprehensive research effort aimed at regis-
tering local accessions in the National Center for Plant
Genetic Resources of Ukraine, affiliated with the Insti-
tute of Plant Production named after V. Ya. Yuriev of the
National Academy of Sciences of Ukraine.

Purpose of the study was to determine the size and
weight of the fruits, stones, and seeds of Z. jujuba Mill.
breeding forms developed at the Khorol Botanical Garden.

Materials and methods. Plant material. The exper-
imental material consisted of fresh fruits from 48 col-
lection forms of Z. jujuba bred at the Khorol Botani-
cal Garden. The research was conducted in 2024. Fruit
sampling (25 fruits per breeding form) was carried out
during the period of weight ripening (from the second
decade of September to the first decade of November),
when the fruits reached the color, taste, and pulp consist-
ency characteristic of each breeding form.

Morphological measurements and weighing. Meas-
urements were performed under laboratory conditions at
the Khorol Botanical Garden on the same day the fruits
were harvested. Morphological studies included the
following: length and diameter of fruit and stone; seed
length, width, and thickness. These parameters were
determined using an electronic digital caliper (model
300-1-0.01, LILIL] Shahe, China, 2021) in millimeters.
The weight of fruits, stones, and seeds was measured
using electronic scales (model FEH-300, 0.01 g preci-
sion, Ukraine, 2022; error +£0.01 g). Fruit grouping and
classification were performed according to the recom-
mendations of Pasenkov et al. (1975).

Statistical data processing. Descriptive statistics were
applied for data analysis, including the calculation of mean
values (M), standard deviation (SD), and coefficient of
variation (CV%). Statistical analyses were conducted in
Microsoft Excel Office 2019 using analysis of variance
(ANOVA). The significance of differences between means
at a 95% confidence level (p < 0.05) was determined using
Fisher’s Least Significant Difference (LSD) test.

Results and Discussion. The fruit of Z. jujuba is a
single-stone drupe that usually contains one seed; how-
ever, in small-fruited breeding forms, two seeds were
occasionally observed within a single stone. The shape
of the fruit varies from round to ellipsoidal. The color of
the skin of ripe fruits, depending on the breeding form,
ranges from brownish-yellow to dark brown (Fig. 1).

Table 1 presents the morphometric and statistical
parameters of fruits from the studied breeding forms of
Z. jujuba.

2 3 4 5 6 7 8 ° 10
E. 0006006
33 34 35 36 . 38 39 40 a1 7
43 14 45 46 a7 48 49 o

Fig. 1. Fruits of the Z. jujuba breeding forms
from the Khorol Botanical Garden collection

Note: The breeding forms are presented with continuous numbering.
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Table 1
Morphometric parameters of Z. jujuba fruits
Continuous | Breeding Length, mm Diameter, mm Thickness, mm Weight, g
Numbering Form lim M=+SD lim M=+SD lim M=+SD lim M=+SD
1. 5-3-1 5-6 5.2+0.4 4-5 4.0+0.2 1-2 1.1+0.3 0.01-0.02 0.01+£0.002
2. 5-3-2 79 7.4+0.8 5-6 5.1£0.3 2-3 2.2+0.4 0.02-0.03 0.02+0.004
3. 5-3-3 8-10 8.9+0.4 4-6 4.9+0.4 2-3 2.6£0.5 0.02-0.03 0.03+0.005
4. 5-3-4 69 7.0+0.8 4-5 4.2+0.4 1-2 1.2+0.4 0.02-0.03 0.02+0.004
5. 5-3-5 7-9 8.0+0.8 4-6 5.2+0.6 1-2 1.4+0.5 0.02-0.03 0.02+0.004
6. 5-3-6 7-9 7.8+0.9 5-6 5.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
7. 5-3-7 6-8 6.4+0.8 4-5 4.2+0.4 1-2 1.4+0.4 0.01-0.02 0.01+0.005
8. 5-3-8 6-8 6.9+0.8 5-7 5.6+0.9 1-2 1.3+0.5 0.02-0.03 0.02+0.005
9. 5-3-9 5-6 5.4+0.5 34 3.4+0.5 1-2 1.4+0.5 0.01-0.02 0.01+0.005
10. 5-3-10 5-7 6.0+0.6 34 3.3+0.5 1-2 1.3+£0.5 0.01-0.02 0.01+0.005
11. 5-3-11 15-18 | 5.6+0.8 5-6 5.3+0.5 1-2 1.4+0.5 0.05-0.07 0.06+0.008
12. 5-3-12 5-7 5.7+0.8 4-6 5.3+0.6 1-2 1.4+0.5 0.01-0.02 0.01+0.005
13. 5-3-13 69 7.7+1.2 4-5 4.5+0.5 12 1.4+0.5 0.01-0.02 0.01+0.005
14. 5-3-14 5-7 6.3+0.8 4-5 4.6+0.5 1-2 1.6+0.5 0.01-0.02 0.02+0.005
15. 5-3-15 5-7 5.6+0.7 5-6 5.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
17. 5-3-17 7-8 7.2+0.4 4-6 5.1+0.5 1-2 1.2+0.4 0.02-0.03 0.02+0.004
18. 5-3-18 6-8 6.6+0.9 5-6 4.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
19. 5-3-19 5-6 5.5+0.5 4-5 4.5+0.5 1-2 1.5+0.5 0.01-0.02 0.01+0.005
20. 5-3-20 7-9 8.2+0.8 4-5 4.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.004
21. 5-3-21 6-9 7.8+0.9 5-6 5.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.004
22. 5-3-22 7-8 7.2+0.4 4-5 4.2+0.4 -2 1.2+0.4 0.01-0.02 0.01+0.004
23. 5-3-23 8-10 8.2+0.5 4-5 4.9+0.3 1-2 1.6+0.6 0.01-0.02 0.02+0.005
24. 5-3-24 5-7 5.3+0.7 4-5 4.2+0.2 1-2 1.2+0.4 0.03-0.04 0.03+0.004
25. 5-3-25 7-10 8.3+1.0 4-6 5.24+0.5 1-2 1.240.4 0.02-0.03 0.02+0.004
27. 6-3-2 8-10 8.4+0.7 5-6 5.1+0.3 2-3 2.1+0.3 0.01-0.02 0.01+0.003
28. 6-3-3 67 6.3+£0.5 5-6 5.7+0.5 1-2 1.6+£0.5 0.01-0.02 0.02+0.005
29. 6-3-4 11-12 | 11.2+0.4 5-7 5.4+0.8 1-2 1.2+0.4 0.01-0.02 0.01+0.004
30. 6-3-5 67 6.2+0.4 5-5 5.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
31. 6-3-6 7-10 8.3+1.2 5-6 5.4+0.5 1-2 1.4+0.5 0.03-0.04 0.03+0.004
32. 6-3-7 5-6 5.2+0.4 4-5 4.2+0.4 1-2 1.2+0.4 0.02—0.03 0.02+0.004
33. 6-3-8 5-7 6.1£0.6 4-5 4.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.003
34. 6-3-9 6-8 7.2+0.6 4-6 5.2+0.6 12 1.3+0.5 0.04-0.05 0.04+0.005
35. 6-3-10 6-8 7.1+0.7 5-6 5.2+0.4 1-2 1.2+0.4 0.02-0.03 0.02+0.004
36. 6-3-11 5-7 6.2+0.8 4-5 4.5+0.5 1-2 1.5+0.5 0.02-0.03 0.02+0.005
37. 6-3-12 9-11 9.2+0.5 5-6 5.3+0.5 1-2 1.3+0.5 0.02—0.03 0.02+0.005
38. 6-3-13 7-8 7.2+0.4 5-7 5.9+0.7 1-2 1.2+0.4 0.03-0.04 0.03+0.004
39. 6-3-14 5-6 5.54+0.5 5-6 5.4+0.5 1-2 1.4+0.5 0.01-0.02 0.01+0.005
40. 6-3-15 5-7 6.4+0.7 4-5 4.5+0.5 1-2 1.5+0.5 0.01-0.02 0.01£0.005
41. 6-3-16 8-10 9.6+0.7 5-6 5.6+0.5 1-2 1.6+0.5 0.03-0.04 0.04+0.005
42. 6-3-17 7-10 7.9+1.2 4-5 4.3+0.5 12 1.3+0.5 0.03-0.04 0.03+0.005
43. 6-3-18 7-9 7.3+0.7 5-7 5.8+0.6 2-3 1.1+0.3 0.05-0.06 0.05+0.003
44. 6-3-19 7-10 8.9+0.7 4-5 4.1+£0.3 1-2 1.1+0.3 0.02-0.03 0.02+0.003
45. 6-3-20 811 9.5+1.1 5-6 5.3+0.5 1-2 1.2+0.4 0.03-0.04 0.03+0.003
46. 6-3-21 5-7 6.3+0.5 5-6 5.6+0.5 1-2 1.6+0.5 0.02-0.03 0.04+0.005
47. 6-3-22 6-9 7.3+1.2 4-6 4.9+0.8 2-3 2.2+0.4 0.02-0.03 0.02+0.004
48. 6-3-23 5-7 5.7+0.5 4-5 4.7+0.5 —2 1.7+0.5 0.04-0.05 0.05+0.005
49. 6-3-24 8-10 8.6+0.8 4-6 5.54£0.6 1-2 1.5+0.5 0.02-0.03 0.03+0.005
50. 6-3-25 9-12 10.5+1.0 5-7 6.6+0.6 1-2 1.7+0.5 0.03-0.04 0.04+0.005
LSD,,. 041 0.28 0.25 0.003

Note: lim — range; M+SD — mean + standard deviation; LSD — Least Significant Difference.
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According to Sinko (1975), the fruits of Z. jujuba
are classified as large — with a weight exceeding 10 g,
medium — 5-10 g, small — 3-5 g, and very small — less
than 3 g.

Five of the studied genotypes have large fruits. They
are5-3-11,6-3-18,5-3-17,6-3-25,and 6-3-17. The breed-
ing form 5-3-11 has the statistically largest fruits, with the
weight of 19.3 g. It was followed by form 6-3-18 (aver-
age fruit weight 12.4 g), which significantly exceeds the
other forms. The forms 5-3-17, 6-3-25, and 6-3-17, whose
fruits weighed more than 10 g, also significantly surpass
all other forms with smaller fruits. Fifteen breeding
forms are identified as medium-fruited: 6-3-20, 6-3-12,
6-3-16,6-3-4,5-3-15,6-3-6,5-3-2,6-3-22,5-3-25,6-3-23,
5-3-13, 6-3-19, 5-3-24, 5-3-14, and 5-3-3. Twenty-one
forms are classified as small-fruited: 5-3-9, 5-3-23,
5-3-22, 6-3-24, 5-3-5, 6-3-5, 6-3-21, 6-3-10, 5-3-18,
6-3-11,6-3-2,6-3-15,5-3-21,5-3-8,6-3-13,6-3-3,5-3-19,
5-3-4, 5-3-10, 5-3-6, and 5-3-1. Seven breeding forms
are categorized as very small-fruited: 5-3-12, 6-3-9,
6-3-7, 5-3-7, 5-3-20, 6-3-14, 6-3-8. There is no clear
boundary between the last three groups. For example,
the medium-fruited form 5-3-3 (5.1 g) does not differ
significantly in fruit weight from the small-fruited form
5-3-9 (4.8 g). Similarly, the small-fruited form 5-3-1
(3.0 g) shows no significant difference compared to the
very small-fruited forms 5-3-12 and 6-3-9, with average
fruit weight of 2.9 g and 2.7 g, respectively.

The fruits of the largest-fruited form, 5-3-11, signifi-
cantly exceed all other forms in their linear dimensions,
measuring 42.4 mm in length and 27.1 mm in diame-
ter. The fruits of form 6-3-25 rank second in length

(37.7 mm), significantly surpassing the other forms in
this parameter. However, by fruit diameter, they belong
to the same group as forms 6-3-6, 6-3-20, and 5-3-23,
while being slightly inferior to forms 6-3-18 (26.0 mm)
and 5-3-17 (24.8 mm), which hold the second and third
positions, respectively.

In terms of fruit length, following forms 5-3-11 and
6-3-25isagroup consistingofforms 6-3-6,6-3-12,6-3-18,
and 6-3-20, which do not differ significantly from each
other but are all superior to the remaining forms.

Although fruit weight, length, and diameter are
strongly correlated traits, not all large-fruited forms dis-
play outstanding linear dimensions. For example, form
5-3-17 ranked only tenth in fruit length, while form 6-3-17
ranked ninth in fruit diameter.

The range of variation in fruit traits is as follows:
total and mean fruit length — 11-48 mm (13—42 mm);
total and mean diameter — 10-31 mm (11-27 mm); total
and mean fruit weight — 0.7-23.4 g (0.8-18.3 g). Varia-
tion within 5-44% is considered normal for plants, while
45-63% indicates high variability (Mezhenskyj, 2017).
In the studied Z. jujuba forms, fruit length and diame-
ter vary within the normal range — 21.4% and 17.4%,
respectively. The coefficient of variation for fruit weight
(57.5%) indicates substantial variability.

The stones of the examined plants are round in
cross-section, with terminal tapering of varying sharp-
ness and a distinctly sculptured surface (Fig. 2).

Table 2 presents the morphometric parameters of the
fruit stones.

Forms 6-3-25 and 5-3-11, which produce large fruits,
also have the longest stones — 28.5 mm and 24.1 mm,

Fig. 2. Stones of fruits from the Z. jujuba breeding forms
of the Khorol Botanical Garden collection

Note: continuous numbering of the studied forms is provided.
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Table 2
Morphometric parameters of fruit stones of Z. jujuba breeding forms from the Khorol Botanical Garden
Continu9us Breeding Form Length, mm Diameter, mm Weight, g
Numbering lim M4+SD lim M=+SD lim M+SD
1 5-3-1 12-14 12.1+0.4 7-8 7.0+£0.2 0.2-0.3 0.26+0.03
2 5-3-2 17-19 17.2+0.5 8-9 8.2+0.4 0.4-0.5 0.45+0.04
3 5-3-3 20-23 21.1+0.5 7-9 7.9+0.4 0.4-0.5 0.46+0.03
4 5-3-4 15-18 16.0+0.8 7-8 7.2+0.4 0.3-0.4 0.36+0.03
5 5-3-5 21-24 22.2+1.2 7-8 7.4+0.5 0.3-04 0.36+0.05
6 5-3-6 16—-19 17.3x1.4 7-8 7.3£0.5 0.2-0.3 0.27+0.03
7 5-3-7 14-17 14.4+0.9 67 7.2+0.4 0.3-04 0.35+0.03
8 5-3-8 15-17 15.9+0.8 8-9 8.2+0.4 0.3-0.4 0.36+0.04
9 5-3-9 16—-18 16.6+0.8 7-8 7.4+0.5 0.3-0.4 0.36+0.02
10 5-3-10 19-22 20.2+0.9 7-8 7.3+0.5 0.3-04 0.35+0.03
11 5-3-11 23-28 24.1+£1.6 9-12 9.9+1.2 0.6-0.9 0.68+0.08
12 5-3-12 14-16 14.7+0.8 7-8 7.4+0.5 0.2-0.3 0.26+0.04
13 5-3-13 18-21 19.7+£1.2 7-8 7.5+0.5 0.3-04 0.36+0.04
14 5-3-14 12-14 13.3+0.8 8-9 8.6+0.5 0.3-0.4 0.36+0.03
15 5-3-15 15-18 15.8+1.1 8-9 8.3+0.5 0.4-0.5 0.44+0.02
17 5-3-17 17-20 17.8+1.1 9-10 9.2+0.4 0.5-0.6 0.54+0.03
18 5-3-18 14-17 15.0+1.4 7-8 7.3£0.5 0.2-0.3 0.27+0.04
19 5-3-19 12-14 13.0+1.0 7-8 7.5+£0.5 0.2-0.3 0.25+0.02
20 5-3-20 14-16 15.1+0.8 67 6.2+0.4 0.1-0.2 0.17+0.03
21 5-3-21 18-20 19.0+0.7 9-10 9.2+0.4 0.5-0.6 0.58+0.03
22 5-3-22 14-17 15.0+0.9 67 6.2+0.4 0.3-04 0.35+0.02
23 5-3-23 17-20 18.1+0.7 7-8 7.9+0.3 0.3-0.4 0.36+0.03
24 5-3-24 20-23 20.8£1.0 8-10 8.3+£0.7 0.5-0.7 0.56+0.07
25 5-3-25 15-18 16.3£1.0 8-9 8.2+0.4 0.4-0.5 0.48+0.02
27 6-3-2 13-16 13.8+1.1 7-9 8.1+0.4 0.3-0.4 0.36+0.03
28 6-3-3 14-17 15.3+1.1 7-8 7.7+0.5 0.3-04 0.37+0.03
29 6-3-4 18-21 19.1+1.0 7-9 7.4+0.8 0.3-0.5 0.42+0.07
30 6-3-5 18-20 18.8+0.7 8-9 8.3£0.5 0.4-0.6 0.50+0.04
31 6-3-6 18-21 19.3+1.2 7-8 7.4+0.5 0.4-0.5 0.44+0.04
32 6-3-7 13-15 13.6+0.9 8-9 8.2+0.4 0.3-0.4 0.35+0.03
33 6-3-8 14-15 14.2+0.4 67 6.2+0.4 0.2-0.3 0.25+0.02
34 6-3-9 18-20 19.2+0.6 8-10 9.2+0.6 0.5-0.6 0.56+0.03
35 6-3-10 15-16 15.3+0.5 7-8 7.2+0.4 0.2-0.3 0.26+0.04
36 6-3-11 14-16 15.2+0.8 8-10 9.3+0.8 0.3-04 0.37+£0.02
37 6-3-12 22-25 22.9+1.0 8-9 8.3+0.5 0.4-0.6 0.49+0.04
38 6-3-13 14-16 14.9+0.7 7-9 7.9+0.7 0.4-0.5 0.46+0.03
39 6-3-14 10-12 11.3+0.8 7-8 7.4+0.5 0.2-0.3 0.26+0.02
40 6-3-15 14-15 14.5+0.5 8-9 8.5+0.5 0.3-0.4 0.37+0.02
41 6-3-16 19-20 19.6+0.5 67 6.6£0.5 0.2-0.3 0.26+0.02
42 6-3-17 20-23 20.9+1.2 8-9 8.3+0.5 0.5-0.6 0.54+0.04
43 6-3-18 18-21 19.0£1.0 8-10 8.8+0.6 0.4-0.6 0.48+0.05
44 6-3-19 15-18 17.0+06 7-8 7.1+£0.3 0.4-0.5 0.47+0.01
45 6-3-20 17-21 19.4+1.3 67 6.3+0.5 0.3-0.4 0.35+0.02
46 6-3-21 13-15 14.3+0.5 7-8 7.6+0.5 0.3-0.4 0.33+0.03
a7 6-3-22 17-20 18.3+1.2 7-9 7.8+0.8 0.4-0.5 0.46+0.03
48 6-3-23 18-20 18.8+0.5 9-10 9.7+£0.5 0.5-0.6 0.56+0.02
49 6-3-24 17-20 18.3+1.1 8-9 8.5+0.5 0.4-0.6 0.50+0.50
50 6-3-25 27-30 28.5+1.0 8-9 8.7+0.5 0.5-0.7 0.62+0.62
LSD,,. 0.52 0.29 0.02

Note: lim — range; M+SD — mean + standard deviation; LSD — Least Significant Difference.

. 140

®dirtotepanis. Yaconuc

Ne 4, 2025




Bionoria. Papmauin

respectively. These two forms differ significantly from
each other in this parameter and exceed all others. The
third position by stone length (22.9 mm) belongs to form
6-3-12, which bears medium-sized fruits. It is followed
by form 5-3-5 with a stone length of 21.1 mm, which is
significantly shorter than that of form 6-3-12 but longer
than in the subsequent forms. Interestingly, 5-3-5 is not
among the leading forms in either fruit length or fruit
weight. The shortest stones were recorded in form 6-3-14
(11.3 mm), which also has the smallest fruits. The spher-
ical fruits of 6-3-14 contain nearly round stones, while
stones of other Z. jujuba forms are elongated.

Form 6-3-25, with the longest stones, also has the
highest shape index (length-to-width ratio) — 3.3. Close
values were observed in forms 6-3-20, 5-3-5, and 6-3-16,
with indices ranging from 3.0 to 3.1.

Forms 5-3-11 and 6-3-23 have significantly larger
stone diameters — 9.9 mm and 9.7 mm, respectively —
followed by a group of forms (6-3-11, 5-3-21, 5-3-17,
6-3-9) with diameters of 9.3-9.2 mm. These two forms,
5-3-11 and 6-3-23, with the largest linear dimensions
of stones, also have the heaviest stones, weighing
0.68-0.62 g, which significantly exceeds the next group
(0.56-0.48 g) that includes forms 5-3-21, 5-3-24, 6-3-23,
6-3-9, 5-3-17, 6-3-17, 6-3-24, 6-3-5, 6-3-12, and 6-3-18.
The group of forms: 5-3-6, 6-3-16, 5-3-1, 6-3-10,
5-3-12, 6-3-14, 5-3-19, 6-3-8, and 5-3-20 has the lightest
stones, weighing only 0.27-0.17 g.

The pulp thickness of the fruits ranges from 3.0 to
9.5 mm, being greatest in large-fruited forms. An impor-
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tant quality indicator is the seed-to-pulp ratio as a per-
centage of total fruit weight. The poorest value was
observed in form 6-3-8, where the stone accounts for
almost one-third of the fruit’s weight (30.6%). In large-
fruited forms, the stone proportion is small, resulting in
a high content of edible pulp: 5-3-11 (96.3%), 6-3-18
(96.1%), 5-3-17 (94.9%), 6-3-17 (94.8%), and 6-3-25
(94.1%). However, the highest pulp content was recorded
in the medium-fruited form 6-3-19 (96.7%). Another
medium-fruited form, 6-3-20, also exceeds most large-
fruited forms in pulp percentage (96.1%).

All stone parameters show coefficients of variation
within normal limits: length — 19.2%, diameter — 11.2%,
and weight — 28.2%.

The seeds of the studied breeding forms are ellipsoid,
often laterally compressed, with some having a pointed
apex (Fig. 3).

The characteristics of the seeds are presented in
Table 3.

Seed variability falls within the normal range: the
coefficient of variation for length is 19.9%, for width —
13.5%, and for thickness — 21.8%. However, seed weight
shows high variability — 50.0%

Larger seeds generally have better germination
potential, as they contain a greater reserve of nutri-
ents. The form 6-3-4 has significantly the longest seeds
(11.2 mm), followed by form 6-3-25, whose seeds
(10.5 mm) are significantly longer than those of the
next forms. Form 6-3-25 has significantly the widest
seeds (6.6 mm). The greatest thickness was recorded in
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Fig. 3. Seeds of fruits from the Z. jujuba breeding forms
of the Khorol Botanical Garden collection. October 9, 2024

Note: continuous numbering of the studied forms is provided.
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Table 3
Morphometric parameters of Z. jujuba seeds from the breeding forms of the Khorol Botanical Garden
Continuous | Breeding Length, mm Diameter, mm Thickness, mm Weight, g
Numbering | Form lim M=SD lim M=£SD lim M=£SD lim M=£SD
1 5-3-1 5-6 5.2+0.4 4-5 4.0+0.2 1-2 1.1+0.3 0.01-0.02 0.01+0.002
2 5-3-2 7-9 7.4+0.8 5-6 5.1£0.3 2-3 2.2+0.4 0.02—-0.03 0.02+0.004
3 5-3-3 8-10 8.9+0.4 4-6 4.9+0.4 2-3 2.6+0.5 0.02—0.03 0.03+0.005
4 5-3-4 6-9 7.0+0.8 4-5 4.2+0.4 1-2 1.2+0.4 0.02-0.03 0.02+0.004
5 5-3-5 7-9 8.0+0.8 4-6 5.2+0.6 1-2 1.4+0.5 0.02—0.03 0.02+0.004
6 5-3-6 7-9 7.8+0.9 5-6 5.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
7 5-3-7 68 6.4+0.8 4-5 4.2+0.4 1-2 1.4+0.4 0.01-0.02 0.01+0.005
8 5-3-8 6-8 6.9+0.8 5-7 5.6+0.9 1-2 1.3+£0.5 0.02—0.03 0.02+0.005
9 5-3-9 5-6 5.4+0.5 34 3.4+0.5 1-2 1.4+0.5 0.01-0.02 0.01+0.005
10 5-3-10 5-7 6.0+0.6 3-4 3.3+0.5 1-2 1.3+£0.5 0.01-0.02 0.01+0.005
11 5-3-11 15-18 5.6+0.8 5-6 5.3+0.5 1-2 1.4+0.5 0.05-0.07 0.06£0.008
12 5-3-12 5-7 5.7+0.8 4-6 5.3+0.6 1-2 1.4+0.5 0.01-0.02 0.01+0.005
13 5-3-13 6-9 7.7+1.2 4-5 4.5+0.5 1-2 1.4+0.5 0.01-0.02 0.01+0.005
14 5-3-14 5-7 6.3+0.8 4-5 4.6+0.5 1-2 1.6+0.5 0.01-0.02 0.02+0.005
15 5-3-15 5-7 5.6+0.7 5-6 5.3£0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
17 5-3-17 7-8 7.2+0.4 4-6 5.1+0.5 1-2 1.2+0.4 0.02—0.03 0.02+0.004
18 5-3-18 6-8 6.6+0.9 5-6 4.3+0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
19 5-3-19 5-6 5.5+0.5 4-5 4.5+0.5 1-2 1.5+0.5 0.01-0.02 0.01+0.005
20 5-3-20 7-9 8.2+0.8 4-5 4.2+0.4 1-2 1.240.4 0.01-0.02 0.01+0.004
21 5-3-21 6-9 7.8+0.9 5-6 5.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.004
22 5-3-22 7-8 7.2+0.4 4-5 4.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.004
23 5-3-23 8-10 8.2+0.5 4-5 4.9+0.3 1-2 1.6+0.6 0.01-0.02 0.02+0.005
24 5-3-24 5-7 5.3+0.7 4-5 4.24+0.2 1-2 1.2+0.4 0.03-0.04 0.03+0.004
25 5-3-25 7-10 8.3%+1.0 4-6 5.24+0.5 1-2 1.2+£0.4 0.02-0.03 0.02+0.004
27 6-3-2 8-10 8.4+0.7 5-6 5.1+0.3 2-3 2.1+0.3 0.01-0.02 0.01+0.003
28 6-3-3 67 6.3+£0.5 5-6 5.7£0.5 1-2 1.6+0.5 0.01-0.02 0.02+0.005
29 6-3-4 11-12 11.2+£0.4 5-7 5.4+0.8 1-2 1.2+£0.4 0.01-0.02 0.01+0.004
30 6-3-5 67 6.2+0.4 5-5 5.3£0.5 1-2 1.3+0.5 0.01-0.02 0.01+0.005
31 6-3-6 7-10 8.3+1.2 5-6 5.4+0.5 1-2 1.4+0.5 0.03-0.04 0.03+0.004
32 6-3-7 5-6 5.2+0.4 4-5 4.2+0.4 1-2 1.2+0.4 0.02-0.03 0.02+0.004
33 6-3-8 5-7 6.1+£0.6 4-5 4.2+0.4 1-2 1.2+0.4 0.01-0.02 0.01+0.003
34 6-3-9 6-8 7.2+0.6 4-6 5.2+0.6 1-2 1.3+£0.5 0.04-0.05 0.04+0.005
35 6-3-10 6-8 7.1+£0.7 5-6 5.2+0.4 1-2 1.2+0.4 0.02-0.03 0.02+0.004
36 6-3-11 5-7 6.2+0.8 4-5 4.5+0.5 1-2 1.5+0.5 0.02—0.03 0.02+0.005
37 6-3-12 9-11 9.2+0.5 5-6 5.3+0.5 1-2 1.3+0.5 0.02—0.03 0.02+0.005
38 6-3-13 7-8 7.2+0.4 5-7 5.9+0.7 1-2 1.2+0.4 0.03-0.04 0.03+0.004
39 6-3-14 5-6 5.5+0.5 5-6 5.4+0.5 1-2 1.4+0.5 0.01-0.02 0.01+0.005
40 6-3-15 5-7 6.4+0.7 4-5 4.5+0.5 1-2 1.5+0.5 0.01-0.02 0.01+0.005
41 6-3-16 8-10 9.6+0.7 5-6 5.6+0.5 1-2 1.6+0.5 0.03-0.04 0.04+0.005
42 6-3-17 7-10 7.9+1.2 4-5 4.3+£0.5 1-2 1.3+£0.5 0.03-0.04 0.03+0.005
43 6-3-18 7-9 7.3+0.7 5-7 5.8+0.6 2-3 1.1+0.3 0.05-0.06 0.05+0.003
44 6-3-19 7-10 8.9+0.7 4-5 4.1+£0.3 1-2 1.1+£0.3 0.02—0.03 0.02+0.003
45 6-3-20 8-11 9.5+1.1 5-6 5.3+0.5 1-2 1.240.4 0.03-0.04 0.03+0.003
46 6-3-21 5-7 6.3+0.5 5-6 5.6+0.5 1-2 1.6+0.5 0.02-0.03 0.04+0.005
47 6-3-22 6-9 7.3+1.2 4-6 4.9+0.8 2-3 2.2+0.4 0.02—0.03 0.02+0.004
48 6-3-23 5-7 5.7+0.5 4-5 4.7+0.5 1-2 1.7+0.5 0.04-0.05 0.05+0.005
49 6-3-24 8-10 8.6+0.8 4-6 5.54£0.6 1-2 1.5+0.5 0.02-0.03 0.03+0.005
50 6-3-25 9-12 10.5£1.0 5-7 6.6+0.6 1-2 1.7£0.5 0.03-0.04 0.04+0.005
LSD,,. 041 0.28 0.25 0.003

Note: lim — range; M + SD — mean =+ standard deviation; LSD — Least Significant Difference.
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seeds of form 5-3-3 (2.6 mm), followed by the group
of forms 6-3-22, 5-3-2, and 6-3-2, with seed thickness
ranging from 2.2 to 2.1 mm. The largest in fruit weight
forms also have the largest seeds. Thus, form 5-3-11 has
a significantly higher seed weight (0.056 g), followed
by forms 6-3-18 (0.051 g), 6-3-23 (0.047 g), and 6-3-9
(0.043 g), which differ significantly from each other.

Conclusions. Under the conditions of the For-
est-Steppe zone of Ukraine, morphometric studies of
48 fruit-bearing specimens of Z. jujuba were conducted
for the first time.

Based on fruit weight, the studied forms were classi-
fied as large-fruited (5 forms, fruit weight over 10 g), medi-
um-fruited (15 forms, 5-10 g), small-fruited (21 forms,
3-5 g), and very small-fruited (7 forms, less than 3 g). It
was found that form 5-3-11 is the most promising among
the collection, as it has the highest average fruit weight
(19.3 g) and the greatest pulp proportion (96.3%).

The variability of all linear parameters of fruits,
stones, and seeds — including stone weight — falls
within the normal range (CV = 11.2-28.2%), while
fruit weight and seed weight show high coefficients of
variation (57.5% and 50.0%, respectively), indicat-
ing substantial potential for further breeding.

Large-fruited forms with fruit weight above 10 g,
as well as the medium-fruited form 6-3-19 — which,
despite its moderate size, has the highest pulp content
(96.7%) — are recommended for fresh consumption
and processing.

Particularly valuable for future breeding work are
the large-fruited forms (as sources of fruit size and high
pulp content) and the small- and medium-fruited forms
(as sources of rootstocks and high winter hardiness).

The study was carried out within the framework
of the program for registering local accessions at the
National Center for Plant Genetic Resources of Ukraine.
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