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Morphological variability of Quercus robur L. plus trees
and clones in Podillia

S. Los', L. Smashnuk?

The results of the study of English oak (Quercus robur L.) plus trees based on the morphological features of their
leaves, acorns, and peduncles are presented. Samples were collected from both plus trees in forest stands and clones in
clonal archive of English oak in Vinnytsia Region. In total, 41 trees were analyzed by 7 features of their leaves and 30
of those trees — by 9 morphological features of their acorns and peduncles. A point assessment was used for nonmetric
indicators.

To compare plus trees by morphological features, the graphical method of morphotypes image representation with
the usage of radar charts is suggested. Given that absolute indicators may depend on the year s weather conditions, only
relative indicators assessed in points were used to plot charts.

The average indices for the trees as well as the variability level between them are determined. The most variable
features were identified and offered to use for clone identification.

1t has been suggested that 8 plus trees whose leaves’ base is rounded are the hybrids of English and sessile oaks.

1t is confirmed that all the studied plus trees of Vinnytsia origin differed in one or several morphological features of
their leaves, acorns, or peduncles. However, two plus trees of Odesa origin were similar in their leaves’ characteristics
and two clones of Vinnytsia origin were similar in their acorns and peduncles’ features.

1t is noted that the use of morphological indicators of leaves and reproductive organs, taken as a whole, allows
obtaining a rather complete description of a plus tree or its clone, and the usage of the graphical method allows
determining the difference and similarity of individuals and their groups. Graphic images of morphotypes given as radar
charts can be used to compare individuals, their groups, populations, variants in both progeny test and provenance trial,
so to identify clones in clonal seed orchards.

Key words: leaf; lamina; acorn, cap, peduncle; point assessment; morphotype.

Introduction. Morphological studies have always
been a basis for a systematic approach in determining
plant species and cultivars. Nowadays, despite a
significant role of molecular methods, morphological
methods are still of great importance (Ponton et al.,
2004; Pochynok, 2012). We assume they will still
be important in the future as well, due to a man’s

visual perception of the outworld. Besides, data on
plant species morphology is important enough for
paleobotany (Denk, 2019). In plant breeding, clones
and cultivars must be clearly different from any other
cultivar by its morphological features (Lone, 2011;
Singh, 2012; Chitwood et al., 2014). To simplify and
unify making descriptions of cultivars, the International
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Union for the Protection of New Varieties of Plants
(UPOV) has developed special protocol (UPOV,
2018) and descriptors for a lot of species (Descriptor,
2008). There has not been such a descriptor for
English oak (Quercus robur L.) yet. Scientists from
INRA developed Assessments of oak leaf morphology
(Kremer et al., 2002), but they are meant to identify
interspecies differences only.

The morphological variability of English oak
has been studying in Ukraine for a long time. Thus,
as early as in the last century, the variability of oak
morphological features was studied by P.S. Pogrebniak
(1926), A.S. Machinskyi (1927), V.N. Andreyev
(1927-1928), S.S. Piatnitsky (1961), A.N. Kryvosheya
(1969), N.I. Davydova & A. 1. Kozhokina (1974).

Modern researchers more and more often use
possibilities of computer programs for analyzing
morphological features of species (Kremer et al., 2002;
Viscosi et al., 2009; Bakis & Babag, 2014; Fortini,
Di Marzio, & Di Pietro, 2016; Di Pietro et al., 2016;
Stephana et al., 2018) or populations (Ballian et al.,
2015; Batos et al., 2017), while individual variability
still stays out of sight.

Meanwhile, the individual features of plus trees
have a key role in both the clone identification in clonal
seed orchards (CSO) and clarification of the schemes
of their location.

Our previous research in Kharkiv Region identified
characteristic morphological features of clones
growing in CSO. We also described certain patterns of

Plus trees and sam

individual variability by the leaf laminas’ shapes, by
the form of clones’ acorns (Los & Borisova, 2002), as
well as by the morphological features of the peduncles,
inflorescences, and flowers (Los, 2009). Despite the
notable experience in oak selection in Podillia, the
morphological features of the plus trees in this region
have not been thoroughly studied.

Objects and methods. The object of the research
is English oak variability. The subject of the research
is the English oak plus trees variability. The aim of
the research was to analyze the English oak plus trees
variability the Podillya by the morphological features
of the vegetative and reproductive organs.

The samples of leaves, acorns, and peduncles were
collected from English oak plus trees in the forest
stands at Zabolotniansky and Rudnytsky forestries
in SE ‘Kryzhopilsky Forest Enterprise’, Zhmerynsky
forestry in SE ‘Zhmerynsky Forest Enterprise’ and
from the plus trees clones in the clonal archive (CA)
at Voronovystky forestry in SE ‘Vinnytsia Forest
Enterprise’ in Vinnytsia Region (Tab. 1). We analyzed
leaves of 41 plus trees, 32 of which were of Vinnytsia
origin, 3 — of Ternopil origin, 2 — of Khmelnytskyi,
and 4 — of Odesa origin. Peduncles and acorns were
collected from 30 individuals.

The methodology of studying the variability of the
oak tree included analysis of the morphological features
of leaves, acorns, caps, and peduncles according to our
previously suggested methods (Los & Borisova, 2002),
with some specification.

Table 1
ple collection location

Plus trees location

Plus tree index

Sample collection

Forest Enterprise Forestry by State register Clone code location

Vinnytsia Region

Vinnytsky Prybuzke 17 V-17 CA!

Vinnytsky Yakushynetske (Yak) 19, 20, 22, 23, 25, 26 V-19, 20, 22, 23, 25, 26 CA

Kryzhopilsky Zabolotnianske (Zb) 40, 42, 43 V-40, 42, 43 CA

Kryzhopilsky Zabolotnianske a4 ’45 i ’4&’417 (’)g’gi 388 > 80, Vgg}’g 15 ” gi’ ?g ;)418 (’)788’ PT?

Kryzhopilsky Rudnytske (Rud) 50, 51, 52, 53, 54, 101 V-50, 51, 52, 53, 54, 101 CA

Vinnytsky Kalynivske (K1) 74 V-74 CA

Zhmerynsky Zhmerynske (Zhm) 134, 135, 136, 137 V-134, 135, 136, 137 PT
Ternopil Region

Ternopilsky Mykulynetske 13,19, 20 T-13, 19, 20 CA

Khmelnytskyi Region
Kamianets-Podilsky Dunayevske 10, 60 Kh-10, 60 CA
Odesa Region
Baltsky Lisnychivske 12,13, 14,17 0-12,13, 14,17 CA

! Clonal archive
2 Plus tree in the forest stands
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The leaves were analyzed by 7 indicators, namely
the petiole length, the leaf lamina length, the leaf lamina
width, the ratio of leaf lamina width to its length, the
leaf lobes depth, additional leaf lobes availability and
the leaf base form. The petiole length, the length, and
width of the leaf lamina were measured with a ruler.

The ratio of the leaf lamina width to its length was
calculated and further assessed in points. For nonmetric
indicators we applied a point assessment. Thus, the leaf
lobes depth, the additional leaf lobes availability, and
the leaf base were assessed in points by the scale given
in Tab. 2.

Table 2
Point assessment of morphological features of English oak leaves
Points
Feature
1 2 3 4 5
Width to length of
Jeaf ratio (WLLR) <0.5 0.6 0.7 0.8 >0.9
Petiole length (PtL) <04 cm 0.5-0.6 cm 0.7-0.8 cm 0.9-1.0 cm >1.1cm
Leaf lobe depth (LLD) <1/3 appr. 1/3 appr. 1/2 appr. 2/3 >2/3
Additional leaf
lobes availability
(ALLA)

not available

faintly marked
on 1-2 lobes

marked on most
of the lobes

marked on 1-2
lobes

faintly marked on
most of the lobes

Leaf base form
(LB)

cuneate acute

cordate auriculate

rounded

The reproductive organs were analyzed by 9
indicators. They are the peduncle length, the peduncle
straightness, the acorns number on the peduncle, the
underdeveloped ovaries number on the peduncle, the
cap diameter, the cap depth, the acorn diameter, the
acorn length, and the acorn form. The peduncle length
was measured with a ruler and further assessed in
points. The sizes of the caps and acorns were defined
by means of a caliper. The peduncle straightness and
acorn form were assessed in points (Tab. 3).

Furthermore, we analyzed the average indices for
each feature and variation coefficients. The variability
level of morphological features was estimated
by means of the S.O. Mamayev scale: very low
(CV < 7%); low (CV = 8-12%); medium (CV = 13-
20 %); increased (CV =21-30%); high (CV =31-40%);
very high (CV > 40%)).

To compare plus trees by their morphological
features, we suggest applying the graphical method
when describing morphotypes, using at that the radar

charts in MS EXCEL. Given that the metric indicators
partly depend on the current year weather conditions,
to make the charts we only used the relative indicators
assessed in points.

Results and discussion. The plus trees had mostly
medium or high variability level of their leaf size
indices. The average indices of leaf length ranged from
7.5 to 12.5 cm, and those of leaf width — from 4.2 to
10.7 cm (Tab. 4).

At that, the variability of the leaf lamina width of
individuals within the population was higher in most
cases. The ratio of lamina width to its length which
accounts for the leaf lamina form ranged from 0.5
(oblong) to 0.9 (wide-elliptic). This feature variability
is low and medium.

A high variability level was found in indices of the
leaf lamina length, the leaf lobe depth, and additional
leaf lobes availability. Certain trees’ indices ranged
from 0.3 (very short) to 1.2 cm (very long). The indices
of leaf lobe depth ranged from 2 (slight depth) to 5
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(extensive depth) points. Additional lobes available
to a different extent were found in 14 of the 32 trees
of Vinnytsia origin. The study showed the presence of
the plus trees with a rounded, cordate, and auricle leaf

bases. Given that the characteristic feature of English
oak leaf is a presence of auricles, it can be assumed that
the 8 plus trees whose leaves have a rounded base are
the hybrids of Quercus robur L. and Quercus petraea L.

Table 3
Point assessment of morphological features of the reproductive organs of English oak
Points
Feature
1 2 3 4 5
Peduncle length \.‘ ‘
(PdL) '
<2.0cm 2.1-5.0 cm 5.1-8.0 cm 8.1-11.0 cm >11.1 cm
Peduncle . . .
straightness (PS) straight slightly cranked ~ medium cranked cranked very cranked
Acorns number on 1.0-14 1.5-2.0 2.1-2.5 2.6-3.0 >3
peduncle (AN) o T T -
Underdeveloped
ovaries number on <1 1.1-2.0 2.1-3.0 3.14.0 >4
peduncle (UON)
Acorn form
(AF)

ovoid

fusiform

wide-elliptic

elliptic obovate

It is worth noting that the findings confirm the
conclusions we had obtained before in Kharkiv Region
(Los & Borisova, 2002) which showed a very high
variability level between the clones by the leaf lobe
depth and additional leaf lobes availability. It also
points at the fact that plus trees mostly differ by these
two features and thus, the leaf lobe depth and additional
leaf lobes availability should be used to identify clones.
Trees with identic leaves were not found in the study.

We detected 5 of the 7 leaf morphological features
which had a higher variability level. Furthermore, we

assessed those 5 features in points and used the data to
create graphic images of the tree leaves morphotypes
by means of the radar charts. As an example, Fig. 1
contains such images for leaves of clones V-23 and
V-25, which differ in four features and are identic by
one feature. The more apparent a certain feature is,
the farther from the diagram center will be the angle
corresponding to it (V-23). Smaller dimensions of a
pentagon indicate a less marked feature (V-25). The
coincidence of angles indicates the identity of the
features (LS).

Table 4
Morphological features of the leaves of English oak plus trees of Vinnytsia origin
Metric indicators Point
Plus tree code
LL, WL, cm WLR PTL, WLLR PtL LLD ALLA LB
cm cm
1 2 3 4 5 6 7 8 9 10
V-17 12.5 8.1 0.6 0.7 2 3 4 0 4
V-19 10.2 7.3 0.7 0.7 3 3 2 2 3
V-20 9.0 5.8 0.6 0.9 2 4 2 0 4
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Continuation of table 4

1 2 3 4 5 6 7 8 9 10
V22 8.2 42 0.5 0.5 1 2 2 I 3
V-23 9.8 6.6 0.7 0.5 3 2 5 3 4
V-25 9.4 57 0.6 0.7 2 3 2 0 4
V226 s 8.8 0.8 11 3 5 4 | 4

CV, % (Yak) 47 236 46 274 33.1 340 327 1224 157
V-40 9.3 6.1 0.7 0.9 3 4 3 0 4
V-42 10.6 7.0 0.7 0.6 3 2 3 0 3
V43 9.2 57 0.6 0.5 2 2 2 0 4
Vod4 103 7.0 0.7 1.0 3 4 2 i 5
V-45 10.8 6.8 0.6 0.7 2 3 | 0 5
V-46 9.3 6.5 0.7 0.5 3 2 3 | 3
V-43 123 8.5 0.7 1.0 3 4 2 0 5
V-78 1.6 7.6 0.7 0.7 3 3 3 i 5
V-80 10.8 78 0.7 0.9 3 4 3 2 4
V-8l 12.0 10.7 0.9 0.5 4 2 5 4 4
V-84 9.5 73 0.8 0.7 3 3 2 2 4
V-105 78 6.4 0.8 0.6 3 2 2 2 4

V-108 9.5 6.5 0.7 0.8 3 3 2 0 5

CV, % (2b) 12.7 17.8 11.2 246 169 295 373 190 177
V-74 9.0 58 0.6 0.7 2 3 3 2 4
V=50 1.0 7.7 0.7 11 3 5 3 0 4
V-52 10.6 74 0.7 11 3 5 4 3 3
V.53 9.1 6.5 0.7 0.9 3 4 4 0 3
V-54 10.6 6.8 0.6 12 2 5 3 0 3

V-101 10.1 7.0 0.7 0.7 3 3 2 0 4
CV, % (Rd) 7.1 6.6 44 224 160 203 263 2052 149
V-134 10.2 6.3 0.6 0.7 2 3 3 | 3
V-135 113 75 0.7 0.3 3 i 4 0 5
V-136 123 8.0 0.6 11 2 5 3 2 5
Vo137 12.4 9.0 0.7 0.9 3 4 | 0 5
CV, % (Zm) 8.9 14.6 7.0 466 231 525 439 1277 222
CV, % (iotal)  12.3 17.5 109 204 27 340 338 1206 187
CV, % (between s s 6.2 41 15.9 1.0 19.3 115 256 1.7

populations)

The comparison the individual plus trees of two
micropopulations (Fig. 2A and 2B) shows the absence
of identical trees by their leaf morphotypes. Trees from
A and B micropopulations are similar in the width to
length leaf ratio and in the petiole length. However,
they differ, as micropopulations A trees have deeper leaf
lobes and additional leaf lobes marked more apparently.
To compare trees of different origins, the morphological
features of leaves of the plus trees clones from Ternopil,

Khmelnytskyi, and Odesa Regions, which are growing
in the clonal archive in Voronovytsky forestry, are given
in Tab. 5. The variability of these plus trees groups is
slightly lower. However, a higher variability between
the clones with additional leaf lobes was observed
among the plus trees clones of Kharkiv and Vinnytsia
origin (Los & Borisova, 2002). Due to a limited number
of studied trees, we in no way claim to have found any
geographical patterns in this research.

S. Los, L. Smashnuk. Morphological variability of Quercus robur L. plus trees and clones in Podillia
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Fig. 1. The leaf morphotypes of English oak plus trees V-23 and V-25 (WLLR — width to length ratio; PtL — leaf petiole
length; LLD — leaf lobes depth; ALLA — additional leaf lobes availability; LS — leaf base form)

V-19

V-20

V-23

V-25

V-22
V-26

V-50 V-52 V-53

—\/-54 V-101

Fig. 2. The leaf morphotypes of English oak plus trees in Yakushinetsky (A) and Zhmerynsky forestries (B)

Table 5
Morphological features of the leaves of English oak plus trees of Ternopil, Khmelnytskyi and Odesa origin
Metric indicators Points

Plus tree code I;II;; \Z]III;’ WLR P(:fnl;, WLLR PtL LLD ALLA LB
1 2 3 4 5 6 7 8 9 10
T-13 11.0 6.9 0.6 1.0 2 4 4 1 3
T-19 10.8 7.0 0.6 0.9 2 4 3 1 4
T-20 9.9 59 0.6 0.8 2 3 2 1 3
Kh-10 10.0 6.8 0.7 1.0 3 4 4 1 3
Kh-60 9.5 7.3 0.8 0.6 3 2 3 2 3

CV, % (Tr, Kh) 6.1 7.5 10.7 21.0 22.8 26.3 23.1 44.2 9.2
0-12 9.8 6.3 0.7 0.5 3 2 2 1 3
0-13 8.9 6.1 0.7 0.6 3 2 2 0 3
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Continuation of table 5

1 2 3 4 5 6 8 9 10
O-14 11.0 7.2 0.7 0.6 3 2 1 3
0-17 10.75 6.875 0.64153 0.85 2 2.75 1.5 3.25

CV, % (Od) 9.6 7.7 2.8 24.6 18.2 40.0 13.9 71.9 7.8

A comparison of the morphotypes of individual
plus trees and their groups from these regions shows
that the groups of trees are identic by the indices of
the leaf petiole length only (Fig. 3). The Ternopil and
Khmelnytskyi clones are also similar in the leaf lobe
depth. The Khmelnytskyi clones’ leaves are narrower,
they have less marked additional lobes, but more
apparent auricles. The Odesa clones are identical to the

Khmelnytskyi ones by 4 features, but the Odesa clones
have less marked leaf lobes.

It should be noted that the leaves of clones O-12 and
0O-14, although being somewhat different in size, are
identical by their point assessment and, respectively,
by their morphotypes (Fig. 3). Obviously, the data on
morphological features of leaves only are insufficient
to assess objectively a large number of trees or clones.

LL WL
WLLR R LR
5 5
LB PtL
LB PL LB PtL
ALLA LLD A L
AL L LA D
LA D
e 0-12 — (-13
T-13 T-19 T-20 e KN-10 e Kh-60 e 0-14 — ()-17

Fig. 3. The leaf morphotypes of English oak plus trees of Ternopil (A), Khmelnytskyi (B) and Odesa (C) regions

To analyze morphological features of the
reproductive organs, we divided them into two
groups, namely the metric indicators and point ones.
Analysis of the metric indicators of the plus trees
from Vinnytsia Region showed mainly medium and
high variability levels. The average peduncle length
ranged from 2.2 to 9.3 cm, and the average number of
acorns on the peduncle was from 1 to 2.5 pcs (Tab. 6).
At that, only 6 of the 30 plus trees did not have any
underdeveloped ovaries. The largest number of the
latter (3 on average) was observed in tree V-19. The

lowest variability was observed in the size of the cap
and acorn. Thus, the cap diameter varied from 1.1 to
1.9 cm, the cap’s depth — from 0.5 to 1.1 cm. The acorn
diameter varied from 1.1 to 1.8 cm and its length —
from 1.0 up to 3.0 cm.

Atthat, the trees were found with the caps and acorns
of the same size. Therefore, these features cannot be
used for identification purposes. Nevertheless, the trees
differ more by the peduncle length and the number of
acorns and ovaries on the peduncle. Thus, these features
can be used when identifying individuals.

Table 6
Metric morphological features of acorns and peduncles of English oak plus trees of Vinnytsia origin
Plus tree code Indicators
PdL, cm AN UON CD, cm CD, cm AD, cm AL, cm
1 2 3 4 5 6 7 8
V-17 4.5 1.0 0.5 1.9 0.9 1.9 2.8
V-19 4.5 1.0 3.0 1.5 1.0 dna* dna
V-20 3.4 1.0 0.7 1.5 0.8 1.8 1.8
V-22 5.1 1.2 0.0 1.8 1.1 1.5 2.3
S. Los, L. Smashnuk. Morphological variability of Quercus robur L. plus trees and clones in Podillia 113
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Continuation of table 6

i 2 3 4 5 6 7 8
V23 55 1.0 1.0 1.8 0.8 1.7 26
CV, % (Yak) 19.7 15 10.7 10.5 317 8.9 18.1
V-40 54 1.7 0.3 13 0.7 12 1.6
V43 6.5 1.0 1.0 1.5 0.9 1.5 2.9
V-44 45 1.5 0.0 1.6 1.0 1.4 3.0
V-45 25 1.0 0.0 13 0.8 13 1.8
V-46 8.5 2.0 2.0 1.5 0.8 13 1.8
V-43 5.0 1.0 1.0 13 1.0 13 2.8
V-78 6.3 1.5 2.0 11 0.5 12 3.0
V-80 6.2 1.7 13 13 0.8 dna dna
V-8l 27 13 1.0 13 0.7 12 2.0
V-84 22 13 0.0 1.5 0.7 1.6 2.0
V-108 5.5 2.0 0.0 1.5 0.7 13 35
CV, % (2b) 388 253 9.7 10.9 215 10.1 27.7
V-50 45 13 0.2 1.7 0.7 18 2.6
V-52 5.3 1.0 0.3 1.6 0.6 1.6 23
V-53 5.3 1.0 0.7 13 0.9 1.4 1.8
V-54 75 1.0 1.0 1.5 0.7 1.8 2.7
CV, % (Rd) 231 15.4 68.1 13.0 15.1 114 16.9
Vo134 5.0 1.0 1.0 1.4 0.6 1.4 25
V-135 9.3 1.5 2.0 dna dna dna dna
V-136 5.5 23 0.3 1.9 0.9 1.4 1.9
Vo137 38 25 0.0 11 0.5 13 2.0
CV, % (Zm) 40.8 380 110.6 24.8 253 5.0 15.1
CV, % (total) 40.6 328 100.3 15.1 272 14.9 223
C}’;’OZ’JL’;;%)W 95 26.4 31.0 7.9 213 1.2 5.7

*dna — data not available

The plus trees clones from other regions have mainly
shorter peduncles and generally lower variability levels
as compared to those of Vinnytsia origin (Tab. 7).

To make the morphotypes diagrams, we used the
morphological features of the plus trees’ reproductive
organs assessed in points (Tab. 8).

Table 7

Metric morphological features of acorns and peduncles of English oak plus trees of Ternopil,
Khmelnytskyi, and Odesa origin

Indicators
Plus tree code
PdL, cm AN UON CD, cm CD, cm AD, cm AL, cm
T-19 3.7 1 0.3 1.6 0.8 1.7 2.9
T-20 7 2 0 1.5 0.7 1.7 2.7
Kh-10 2.8 1 0.5 1.6 0.6 2.5 1.7
0-12 2.3 1.25 0.3 1.4 1.0
0-13 4 1.25 0.25 1.5 0.7 1.5 2.1
O-17 5.5 1.5 0.5 1.5 0.6 1.5 2.0
CV, % (total) 42.0 28.2 61.4 4.7 18.2 23.3 22.3
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Fig. 4 shows an example of a graphical comparison
of the morphotypes of plus trees’ reproductive organs
(V-43, V-46, and Kh-1).

The more apparent the feature is, the farther from
the diagram center will be the angle corresponding to

it, e. g. the acorn form of tree Kh-10. Smaller sizes of
a pentagon point at the fact that the features are less
apparent (V-43), the same angles indicate the identity
of the features, e. g. the number of acorns and ovaries
in trees V-43 and V-46.

e \/-43

—V-46

e K-10

R

Fig. 4. The reproductive organs morphotypes of English oak plus trees V-43, V-46, and Kh-10
(PdL — peduncle length; PS — peduncle straightness; AN — acorns number on peduncle; UON — underdeveloped
ovaries number on peduncle; AF — acorn form)

Table 8

Metric morphological features of acorns and peduncles of English oak plus trees of Vinnitsya, Ternopil,
Khmelnytskyi and Odesa origin (points)

Plus tree code Indicators
PdL PS AN UON AF
1 2 3 4 5 6

V-17 2.0 1.0 1.0 1.0 5.0
V-19 2.0 2.0 1.0 3.0
V-20 2.0 1.3 1.0 1.0 3.0
V-22 3.0 1.7 1.0 1.0 5.0
V-23 3.0 1.0 1.0 1.0 4.0
V-40 3.0 2.4 2.0 1.0 4.0
V-43 3.0 1.0 1.0 1.0 1.0
V-44 2.0 1.0 2.0 1.0 4.0
V-45 2.0 1.0 1.0 1.0 5.0
V-46 4.0 2.0 2.0 2.0 2.0
V-48 3.0 1.0 1.0 1.0 3.0
V-78 3.0 1.0 2.0 2.0 3.0
V-80 3.0 1.0 2.0 2.0 dna
V-81 2.0 1.0 1.0 1.0 2.0
V-84 2.0 1.0 1.0 1.0 5.0
V-108 3.0 2.0 2.0 1.0 3.0
V-50 2.0 1.0 1.0 1.0 5.0
V-52 2.0 3.0 1.0 1.0 3.0
V-53 2.0 2.8 1.0 1.0 2.0
V-54 3.0 2.0 1.0 1.0 2.0
V-134 3.0 4.0 1.0 1.0 3,0
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Continuation of table 8

1 2 3 4 5 6
V-135 4.0 5.0 2.0 2.0 dna
V-136 2.0 1.0 3.0 1.0 3.0
V-137 2.0 1.0 3.0 1.0 3.0
T-19 2.0 2.0 1.0 1.0 2.0
T-20 3.0 1.0 2.0 1.0 2.0
Kh-10 2.0 1.5 1.0 1.0 5
0-12 2.0 1.0 1.0 1.0 dna
O-13 2.0 2.0 1.0 1.0 2.0
0-17 3.0 1.0 2.0 1.0 5.0

Comparison of the plus trees morphotypes of two
micropopulations (forest stands of Rudnytsky and
Zhmerynsky forestries in Vinnytsia Region) is given
in Fig. 5.

The trees from forest stands of two forestries are
similar in the acorn form and differ in the rest of
the features. On the whole, the group of trees from
Rudnytsky forestry has more apparent features (a longer

peduncle, more acorns, and ovaries on a peduncle). In
contrast, the group of trees from Zhmerynsky forestry
has more cranked peduncles. As we can see, most of
the plus trees differ in at least one feature, but trees
V-45 and V-84 are similar in all reproductive organs
features (Fig. 5, 6 A). At that, on comparing these trees
by the leaf morphotypes, we found that they differ in
four of five features (Fig. 6 B).

PdL

—V-40 ——V-A43 ——V-44  ——V-45
——V-46 V48 V78 V80

V-81  em\/-84 V-108

PdL

e \/-50  wmm—)\/-52 cso)/-53  emm—)/-54

Fig. 5. The reproductive organs morphotypes of English oak plus trees of Rudnytsky (A) and Zhmerynsky forestries (B)

- e \/-45 eeeee\ -84

WL

- e»\/_.45 eeeeel\/-84

Fig. 6. Comparison of plus trees V-45 and V-84: morphotypes of reproductive organs (A) and leaves (B)
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Usage of morphological features of leaves and
reproductive organs, taken as a whole, allows obtaining
a rather complete description necessary to identify a
plus tree or a clone. Furthermore, the graphical method
helps to determine the difference and similarity of
individuals and their groups.

Conclusions. Analysis of the leaves morphological
features of the plus trees of Vinnytsia origin revealed
such variability levels: low and medium — for indicators
of the leaf base and the width to length leaf ratio;
medium and increased — for the indicators of the leaf
lamina size; high — for the lamina length, the leaf lobes
depth and additional leaf lobes availability.

Among 7 morphological features of leaves, the most
informative for clone identification are the leaf base,
the width to length ratio, the leaf lamina length, the leaf
lobes depth, and additional leaf lobes availability.

It has been suggested that 8 of the 32 plus trees
whose leaves have a rounded base are the introgressive
hybrids of Quercus robur L. and Quercus petraea L.

All studied plus trees of Vinnytsia origin differed in
one or more leaves morphological features. At that, two
of the four clones of Odesa origin, namely O-12 and
0-14, had similar leaves.

The variability levels of metric indicators for the
reproductive organs of the plus trees were mostly
medium and increased. The sizes of the cap and acorn
had the lowest variability level. At that, the variability
levels of both the peduncle length and the number of
acorns and ovaries on it were higher. The latter features
can be used to plus trees clone identification.

Most of the studied plus trees differ in one or
several morphological features of their reproductive
organs. However, trees V-45 and V-84 are similar in all
the features.

Usage of leaves and reproductive organs
morphological features, taken as a whole, allows
obtaining a rather complete description of a plus tree
or its clone. Graphic images of morphotypes given as
radar charts can be used to compare certain individuals,
their groups and populations, variants in progeny test,
and provenance trial to identify clones on CSO.
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Mopd¢onoriyuHa MiHANBICTb NAOCOBUX
Aepes i KNoHiB Quercus robur L. Ha Moginni

C.A.Nocb’, J1.B. CmaLuHoK?

[IpencrapiieHi pe3yapTaTi BUBYCHHS TUTFOCOBUX JIe-
peB Quercus robur L. 32 MOp(OIOTTYHUMH MTOKA3HUKA-
MU JICTKIB, )KOIY/iB Ta TUIOIOHOCIB. 3pa3KH 3aroTOB-
JIeH1 3 TUTIOCOBUX JIEPeB y HACAKEHHSX Ta 3 KIOHIB
Ha apXiBHO-MaTOYHIN TUIaHTaIli ay0a 3BHYAHOTO Y
Binautekiii odmacti. [IpoanamizoBani 41 nepeBo 3a ci-
MOMa MOKa3HUKaMH JUCTKIB 1 30 3 HUX — 3a 1eB’ATbMa
MOP(}OJIOTIYHUMH TTOKa3HUKAMH KOJIYIIB 1 IJIOTOHO-
ciB. HemeTpu4Hi TOKa3HUKH OIiHIOBAIH OalaMu.

3anpornoHoBaHO TpadiuHUi MeTox 300pakeHHS
MOP(OTHITIB 13 BUKOPUCTAHHSIM KPYTOBHX MEIOCT-
KOBHIX JliarpaM Jijisl TIOPiBHSIHHS TUTFOCOBUX JIEpeB 3a
MOpQOIOTiYHUMHU O03HaKaMH. BpaxoByroun Te, 1m0 aod-
COJIIOTHI TTOKAa3HUKA MOXKYTh 3aJI€XKATH BiJ IMMOTOTHHUX
YMOB POKY, JJIs1 TOOYJIOBH JiarpaM BUKOPUCTAHO JIUIIIE
BiJTHOCHI ITOKa3HUKH, BUPAKEHI y Oanax.

Busnaveno cepenHi HOKa3HUKH EPEB Ta PIBEHB 1X-
HBOI MIHIUBOCTI. Tak, MIHJHMBICTh PO3MIpIiB JHCTKIB
€ TIEPEeBAKHO CEPEAHbOI0 Ta TiJIBHUILEHOIO, a (HopMH
JIUCTKAa — HU3BKOIO Ta CepeHbO0. PiBEHb MIHIMBOCTI
3a MUPHUHOIO JINCTKA Y TIePEeBaXKHI OiIBIIOCTI BUTIAI-
KiB OyB BUIIMM. 32 TIOKa3HMKAMH JIOBKUHH YepellnKa
JINCTKA Ta HAABHOCTI JOJATKOBHUX JIOMMATEH BiAMIYEHO
BHCOKHI piBEHb MIHIHBOCTI. Pi3HY KiJIBKICTh JOAATKO-
BUX Jonareil HapaxoBaHo y 14 kioHiB i3 32. Bussneni
IUTIOCOBI JIepeBa i3 3a0KPYTIICHOIO0, CePIEIIONIOHO0I0 Ta
BYIITKOTIOJIIOHOI0 OCHOBOIO JHCTKIB. Bu3HaueHo Haii-
OLIbII MIHJIMBI O3HAKH, SIKi 3alIPONIOHOBAHO BHUKOPHC-
TOBYBATHU Jis1 iIeHTU(IKALIT KJIOHIB.

BucnoBneHo mpumyIieHHS, MO0 BICIM ILTIOCOBHX
JepeB, JIUCTKU SIKUX MAaloTh 3a0KPYIJEHY OCHOBY, €
ribpunamMu MiX ay0aMu 3BUYATHUM Ta CKEITbHUM.

Cepen penpoOAyKTHBHHX O3HAK HAWMEHIIIOI MiH-
JMBICTIO BHUPI3HSBCS IMOKAa3HUK DPO3MIpIB IJIMCKH Ta
xomyzs. Haitbinpiry MiHIMBICTE Maji TOBKMHA TIJIO-
JIOHOCA Ta KUTBKICTH 3aB’si3eH 1 JKOJMYJIB HA HHOMY, i
came 1i O3HAKH 3apONOHOBAHO BUKOPUCTOBYBATH IS
inenTudikamii kIoHiB. CepenHs KITbKICTh )KOIYIIB Ha
TUTOIOHOCI CTaHOBWIIA BijT 1 10 2,5 TIT., MpUYOMY JIHIIIE
y LIECTHU TUTIOCOBUX JIepeB Ha MIOAOHOCAX HE BinMive-
HO HEJOPO3BUHEHUX 3aB’SI3€H.

Jloce Csimnana Anamoniigna — 4neH-kopecrnonaeHt JliciBHuuoi
akajeMii Hayk YKpaiHu, KaHInAaT CiIbChbKOTOCHOAAPChKUX HayK, 3a-
BiyBau j1abopatopii cesnekii. YKkpaiHChbKHIl HayKOBO-0CIITHUH 1H-
CTHUTYT JIICOBOTO TOCIIOAapCTBa Ta arpoiicomeniopanii im. I M. Bu-
conpkoro, Byi. [lymikinceka, 86, m. Xapkis, 61024, Vkpaina. Ten.:
057-707-80-77, +38-097-138-97-92. E-mail: svitlana los@ukr.net
ORCID: https://orcid.org/0000-0002-6341-2745

Cmawniok Jlroomuna Bonooumupiena — HayKOBHiA CIiBPOOITHHK
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OO6cTexeHi TUTIOCOBI JiepeBa BIHHUIIBKOTO ITOXO-
JOKESHHS BIZIPI3HSUTUCS 32 OJTHI€I0 200 eKUTbKOMa MOp-
(OJIOTTYHUMHU O3HAKAMH JIUCTKIB, JKOIYIIB a0 IJI0-
JIoHOCIB. BogHOYAaC BWSIBICHO N1Ba TUTFOCOBHX JEpeBa
OJIECHKOTO TTOXO/KEHHS, MOMIOHUX 3a (POPMOIO JIHCT-
KiB, 1 IBa KJIOHW BIHHHMILKOTO ITOXOMKEHHS, MOA10HUX
3a 03HAKaMHU JKOJIY/IiB Ta TUIOIOHOCIB.

Buxopucrtansast MOpQOJIOTIYHAX TOKAa3HUKIB JIHCT-
KiB 1 peNpOAYKTUBHHUX OpPraHiB y KOMILJICKCI Ja€ 3MO-
Iy CKJIACTH JIOBOJII MTOBHY XapaKTEPUCTHKY ILIFOCOBO-
TO JiepeBa abo Horo KIIOHY, a 3aCTOCYBaHHSA rpadigHOro
METOJIy — OI[IHUTU BiIMIHHOCTI W TOAIOHOCTI 1HIUBI-
IiB Ta ixHiX rpyn. I'padiuni 300paskeHHss MOPGHOTHUTIIB
Yy BUIJIA TIEMFOCTKOBHX JliarpaM MOXYTh OyTH BHKO-
pHCTaHi AK JUIsl TOPiBHSHHS 1HAMBIIB, IXHIX IpyII, TO-
MYJISIIiA, BapiaHTiB y BUMPOOHUX 1 TeorpadiuHuX Kyib-
Typax, Tak i Juid ieHTU}IKaIil KIOHIB Ha KIOHOBUX
HACIHHHUX IUIAHTALIAX.

KirouoBi cjioBa: JUCTOK; TUIACTHHKA; YKOJYIb;
TUTHCKA; TUTOZIOHIXKA; OaJIOBE OLlIHIOBaHHS; MOP(OTHIT.

Mopdonorunueckan
N3MEeHUYNBOCTb MJIIOCOBbIX AePeBbEB N
KnoHoB Quercus robur L. Ha Mogonbe

C.A.Nocb’, J1.B. CmaluHoK?

IIpencraBiieHsl pe3ynbTaThl M3Y4EHUS IUIFOCOBBIX
nepeBbeB Quercus robur L. mo MopgonornueckuM mo-
Ka3aTessM JINCThEB, Key/iel 1 mogoHocoB. OOpa3mbl
3aroTOBJIEHBI C IUIFOCOBBIX JI€PEBBEB B HACAXKJICHUIX
U C KJIOHOB Ha apXWBHO-MAaTOYHOW IUIAaHTAUUH TyOa
0OBIKHOBEHHOTO B BuHHHUIIKO# oOnactu. [Ipoananm3u-
poBaHoO 41 nepeBo o ceMU MOKa3aTesM JIUcTbeB U 30
U3 HUX — 10 AEBATH MOPQOJIOTHIECKHM TOKA3aTeIsIM
JKeIylel 1 III0I0HOCOB. J{J11 HEeMeTpUYeCcKuX mokasa-
TeJIel UCIONb30BaIN OAJIbHYIO OLICHKY.

[MpennoxkeH rpaduueckuii MeTox  HM300paxke-
HUS MOP(OTHIIOB C WCIOIB30BAaHUEM KPYTOBBIX

Jloce Ceemnana Anamonvegna — UICH-KOPPECHOHICHT JlecHOU
aKkaJeMUd HayK YKpauHbl, KaHIUAAT CEIbCKOXO3HCTBEHHBIX
HayK, 3aBelylomuii saboparopueil cenekUMH. YKpauHCKH
HAy4HO-MCCJIEI0BATENbCKUI MHCTUTYT JIECHOTO XO3diCTBA U
arponiecomenuopanuu uM. I.H. Beicoukoro, ymn. IlymknHckas,
86, . XapbpkoB, 61024, Ykpanna. Tein.: 057-707-80-77, +38-097-
138-97-92. E-mail: svitlana los@ukr.net ORCID: https://orcid.
org/0000-0002-6341-2745
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JIETIECTKOBBIX JUATPaMM JUTsl CPAaBHEHHSI TUTFOCOBBIX JIE-
PEBBEB 1O MOPQOJIOTHUECKUM TIPU3HAKAM. Y UUTHIBAs
TO, 4TO aOCOJIOTHBIC MMOKA3aTeIM MOTYT 3aBUCETh OT
MOTOHBIX yCIIOBUU TOMA, JUIS IIOCTPOCHUS JAUArpamMm
HCIIOJIb30BaHbl TOIBKO OTHOCHTEIBHBIC IOKA3aTellu,
BBIPKCHHBIC B Oajiax.

OrnpeneneHsl CpeIHNe TTOKa3aTeNInd ICPEBHEB U yPO-
BEHb MX M3MEHYHMBOCTH. YPOBEHb U3MEHUYMBOCTH pa3-
MEpPOB JIMCTHEB OBLI MPEHMYIIECTBEHHO CPEIHHM U
TTOBBIMICHHBIM, a (DOPMBI JINCTKA — HU3KUM U CPEITHUM.
YpoBeHb M3MEHYHMBOCTH IIMPHUHBI JINCTKA B ITOJABIIS-
I0IIeM OOJIBIITMHCTBE Cly4acB ObUT 00Jiee BBICOKHM.
ITo mokazarensM HIJIUHBI YEpeITKa JTUCTKA W HaJH-
Yps JOMOJHHUTEIBHBIX JIONMACTEH OTMEUCH BBLICOKHMA
YPOBEHb H3MEHUYHUBOCTH. J{OMOTHUTENbHBIE JOMACTH,
BBIPOKEHHBIC B PA3HON CTETICHH, BBISBIICHBI B JINCTHSIX
14 xnoHOB U3 32. OTMEYEHO HAJIUYUE IUTFOCOBBIX J€-
PEBBEB C OKPYIVIOW, CEPIUECBUIAHON U YIIKOOOPA3HOM
OCHOBOI JIMCTKa. BuIsBIIEHB HanOoJjiee M3MEHYHMBBIE
MPHU3HAKH, W TIPEJIOKEHO WX WCIIONB30BaHUE JIJIs
ueHTH()UKAMH KJIOHOB.

BrickazaHo  mpeAmnoNoKEHWE, UTO  BOCEMb
TUTFOCOBBIX JIEPEBBEB, JHCThS KOTOPBIX UMEIOT OKPY-
Iy10 (OpMY OCHOBBI, SIBJSIFOTCS THOpUAaMHU MEXIY
Ty0aMu OOBIKHOBEHHBIM M CKAJTHHBIM.

Cpeny  penpomyKTHUBHBIX IPHU3HAKOB HAMMEHb-
el U3MEHYMBOCTHIO OTIMYAJICS IOKa3aTeiab pa3Me-
POB TUTIOCKH 1 xKemyas. Hanbonpmmii ypoBeHs U3MeH-
YUBOCTH OTMEYEH y TaKWX ITOKa3areled, Kak JJIHHA
IJIOJIOHOCA, KOJMYECTBO KEIYIEH M 3aBsi3€il Ha HEM,
U UMEHHO ITH TPU3HAKU TPEIIOKEHO HCIOIH30BaTh
st upeHTuukamun. CpenHee KOTUYECTBO Kelynaen
Ha TIOMOHOCE COCTaBIsIO OT 1 10 2,5 miT., mpu 3TOM
TOJIBKO Y IIECTH TUTFOCOBBIX JIEPEBHEB HA IUIOOHOCAX
HE OTMEUYEHO HEeJIOPA3BUTHIX 3aBS3CH.

IToka3aHo, 4TO BCe 00CIETOBAHHBIE IIIIOCOBBIE JIE-
peBbsl BUHHUIIKOTO TMPOUCXOXKACHIS OTIMYATUCEH TI0
OJTHOMY WITH HECKOJIBKUM MOP(HOIOTUIECKUM TPU3HA-
KaM JIUCTHEB, JKeyAeH Wiu TogoHoCoB. B To ke Bpe-
Ms BBISIBJICHO J[Ba ITIOCOBBIC AEPEBhs OJIECCKOTO TIPO-
UCXOXKJICHUS, MOMOOHBIX 1O (OpME JIHCTHEB, W JIBa
KJIOHa BUHHHIIKOTO TPOMCXOXKICHHUS, IOIOOHBIX I10
MpU3HAKaM JKETyIeH U TUIOMOHOCOB.

OTMeueHO, YTO UCIIOIb30BaHUE MOP(OTIOTHIECKIX
MOKa3aTele JUCTHEB U PEMPOAYKTUBHBIX OPTraHOB B
KOMITJIEKCE TTO3BOJISICT COCTABUTH JTOCTATOYHO TIOJTHYIO
XapaKTEPUCTUKY TUTFOCOBOTO JIEPEBa MM €ro KIIOHA, a
MPUMEHEHHUE TpaduueCcKOro MeTo/1a — ONPEIEIIUTh pa3-
JTUYHE W CXOACTBO MHIWBUIOB U UX rpymil. [paduaec-
KHe n300pakeHus: MOP(HOTUTIOB B BUIE JIETIECTKOBBIX
JMarpaMM MOTYT OBITh MCIIOJIb30BaHbI KaK JIJIsi CPaB-
HCHHSI MHAMBHIYYMOB, UX TPYII, MOMYJISIUMI, Bapu-
AHTOB B HCIBITATEIFHBIX U Teorpa)uyecKux KyJbTy-
pax, Tak ¥ Jiis UACHTU(DUKAIUN KJIOHOB Ha KJIOHOBBIX
CEMEHHBIX IUIAHTAIUAX.
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