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Purpose. To study interactions among the representatives of the genus Salix L. through the cluster analysis, form groups
of closely related species and hybrid forms basing on differences of morphological parameters of leaves. Methods. Field,
cluster analysis and tree graphics. Results. Willow species were grouped according to absolute parameters of leaf, and
three groups of clusters were identified. The degree of affinity between species were assessed using values of an Euclidean
distance. Distinctive features of leaf parameters were defined: length of a leaf blade (L(), distance (cm) between the leaf
tip and its maximum width (SDmxT) and the distance between the leaf tip (cm) and the line of its width that corresponds
to the length of petiole (SLpT). Conclusions. Using the willow species collection as an example, diagnostically valuable
quantitative parameters of leaves were revealed, the use of which allows to identify willow species and hybrid forms through

PC applications.
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Introduction. The effectiveness of the whole
process of plant breeding depends on high-
quality selection of parent material. Cluster
analysis can be an Example of searching of
advanced techniques of selection — one of the
methods of mathematical processing of experi-
mental results [1].

The formation of natural hybrids is typical
for willow, so in order to improve the quali-
ty of directed hybridization it is advisable
to classify samples collection, dividing them
into several different groups. Some represen-
tatives of groups can be selected for further
breeding work.

But not always differences between species
and hybrid forms are distinct. An important
diagnostic feature is the shape of different
kinds of willow leaf, reflecting the complex of
quantitative characteristics and varies from
round to linear-lanceolate. But the parameter
is characterized by considerable intraspecific
variability, which complicates its use to identi-
fy the species. Mathematical methods allow for
complex quantitative parameters to determine
samples belonging to certain groups [2, 3].

The purpose of research — by using cluster
analysis to explore the relationship between
the genus Salix L., based on morphological
differences in the parameters of leaves and
to form groups of species and hybrid forms,
closely related to each other.

Materials and methods. Analysis was per-
formed on the basis of research conducted at
the Institute of bioenergy crops and sugar beet
NAAS for 2011-2014, according to the NDP
22 «Bioenergy resources» sub-programme Ne 5
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«Solid fuels». The collection consisted of 21 spe-
cies and hybrid forms of willow. For research
willow leaves, picked in the spring and summer
(50 leaves of five plants each sample) were used.

Differences in form and size of leaves helped
to identify nine parameters to measure: the
length of leaf blade (Ll), width of leaf blade
(Dmx), length of petiole (Lp), distance (cm)
from the top of the leaf to its maximum
width (SDmxT), the distance from the base of
the leaf (cm) to its maximum width (SDmxB),
the width of the leaf at a distance of 0,1Dmx
from the top (DmnT), the width of the leaf at
a distance of 0,1Dmx from the base (DmnB),
location (cm) of width of leaf corresponding
to the length of the petiole from the top of
the leaf (SLpT), location (cm) of width of leaf
corresponding to the length of the petiole
from the base of the leaf (SLpB) [4].

Samples were classified by leaf morpho-
logical characteristics using methods of clus-
ter analysis — hierarchical cluster analysis
and the method of K-means using Cluster
Analysis module of STATISTISA program.
Hierarchical cluster analysis method was used
for making a preliminary decision about the
number of clusters (groups) which should be
divided amount of source material.

Results and discussion. To set the required
number of clusters was used an indicator, that
is entitled «metrics» — conditional distance
between two clusters selected on the basis
of distance measures adopted taking into ac-
count conversion values. In this case — square
Euclidean distances, that was determined
by using standardized values. At the point
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where a measure of the distance between two
clusters is changed abruptly, the process of
integration into a new cluster stops to avoid
association clusters that are relatively large
distance from each other.

Definition of a sufficient number of clusters
can be based on analysis of incremental diagram

50

of changes intercluster distance. As a sufficient
number of clusters is accepted that the diffe-
rence is the number of steps, after which inter-
cluster distance increased abruptly [5, 6].

For the classification method of Ward was
used, aimed at uniting closely located clus-
ters. The results are shown in Figure 1.
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Figure 1. Dendrohrama of clustering of willow samples by morphological parameters of leaf (method of Ward)

Figure 2 shows the graph of incremen-
tal changes intercluster distance, through
his analysis was determined the required
number of clusters. As can be seen from
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the graph, an abrupt increase intercluster
distance held within 19 step. Because the
research is subject of 21 sample, it was only
three clusters.
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Figure 2. Graph of incremental changes of intercluster distance
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Using this method made it possible to de-
cide about the number of clusters, required
for further analysis. The results were used
during clustering by the method of K-means.
As a result of cluster analysis were grouped
species in absolute terms of willow leaf and
were defined the following groups and clus-
ters: cluster I — S. caspica Pall., S. uralen-
sis Hort. ex K. Koch., S. alba L. f. splendens,
Salix rosmarinifolia L., S. purpurea L. X
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S. viminalis L., S. caspica Pall. X S. purpurea
L., S. integra Thunb L. x S. acutifolia Mild.,
S. viminalis L. X S. caprea L.; cluster II —
S. acutifolia Mild., S. alba L., S. alba L. lo-
cal form, S. cangensis Nakai, S. viminalis L.
x S. acutifolia Mild., S. caprea L. X S. purpurea L.;
cluster III — S. viminalis L., S. triandra L. lo-
cal form, 8. triandra L., S. matsudana Vill.,
S. cinerea L., S. repens L., [(S. viminalis L.
XS.purpureaL.)X(S.caspicaPall.xS.capreal.)].
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Figure 3. The average values for each cluster

In line graph (Figure 3) are shown the ave-
rage value for each cluster which clearly
differ from each other. This suggests about
qualitative division of samples into groups.
According to the graph distinctive parameters
are the length of leaf blade (L), distance (cm)
from the top of the leaf to its maximum width
(SDmxT) and the location (cm) of width of
leaf corresponding to the length of the petiole
from the top of the leaf (SLpT).

To assess the degree of relationship bet-
ween species was used value of the Euclidean
distance (Table 1).

Table 1
The Euclidean distance between clusters
Cluster I Cluster II Cluster ITI
ClusterI 0,00000 4,95265 2,28535
Cluster II 2,225455 0,0000 11,48029
Cluster III 1,511736 3,388257 0,00000

The Euclidean distance is the most common

measure distances between objects, which is the
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geometric distance between objects in multidi-
mensional space. In our case it is the distance
between morphological parameters of leaf for
each species; it is equivalent to the distance bet-
ween species according to selected parameters.
The more smaller the distance between objects,
the more they are similar. The square Euclidean
distance used when it is required to increase in
order the value of the distances between each
other very distant objects [7].

Since the Euclidean distances are greater
than one, it can be confirmed that clusters are
located at great distances from each other, so
species and hybrid forms of willow, that form
these clusters, have a low degree of relation-
ship. The biggest is the distance between clus-
ters II and III, meaning they are least similar.

As a result of analysis of variance (Table 2)
were defined intergroup and intragroup vari-
ance, the difference between which the pa-
rameter shows the sample belongs to a cluster
and clustering quality. Parameters with va-
lues of p > 0.05 can be removed from cluster-
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Table 2

Results of analysis of variance

Ne | Parameters |IntergroupSS| df | IntragroupSS | df Fisher’s ratio test, F Significance level, p
1 L 76,3648 2 64,23703 18 10,69917 0,000867
2 |\Dmx 8,1818 2 6,47554 18 1,64256 0,221192
3 |Lp 0,4551 2 0,32265 18 7,11545 0,005284
4 |SDmxT 40,5284 2 17,17839 18 21,23339 0,000018
5 |SDmxB 17,1633 2 14,72036 18 10,49359 0,000953
6 DmnT 0,3531 2 0,25548 18 1,87137 0,182651
7 |DmnB 0,4749 2 0,25742 18 16,6032 0,000082
8 |SLpT 208,651 2 20,51737 18 91,52531 0,000000
9 |SLpB 18,7042 2 7,88811 18 21,34073 0,000018

ing procedure. In our case Dmx and DmnT
indicators will be removed.

The best specimens belonging to the clus-
ter characterize parameters SLpT, SDmxT
and Ll as they correspond to the biggest
difference between inter- and intragroup
variances, the worst (that correspond to the
smallest difference of variances) — parame-
ters Dmx, DmnT and DmnB. Characteristics
F and p also characterize the contribution

of the parameter in the division of samples
into groups. Better clustering correspond to
higher values of the first and the lower — of
the other parameters. According to the table
above best parameter corresponds to biggest
the difference (F—d) [8].

The way to determine the nature of the
clusters is to check the average values for
each cluster and for each measurement. Table
3 shows the parameters of the analysis of leaf.

Table 3
Characteristics of groups (clusters) on morphological parameters of leaves
Clusters
Ne | Parameters I I 111
X y X y X y

1 |LL 7,86+0,11 1,00 | 12,03+0,08 | 0,77 7,74+1,08 3,01
2 |Dmx 1,15+0,03 0,49 1,52+0,03 0,52 1,70+0,07 0,76
3 \Lp 0,73+0,02 0,11 0,99+0,01 0,06 0,92+0,02 0,19
4 |SDmxT 4,38+0,10 0,97 7,17+0,03 0,51 3,85+0,19 1,25
5 |SDmxB 3,49+0,02 0,43 4,86+0,01 0,29 2,56+0,26 1,47
6 |DmnT 0,06+0,01 0,02 0,10+0,01 0,08 0,17+0,02 0,19
7 |DmnB 0,08+0,01 0,02 0,10+0,02 0,05 0,41+0,01 0,20
8 |SLpT 5,28+0,16 1,18 9,45+0,24 1,36 1,42+0,03 0,50
9 |SLpB 2,58+0,07 0,81 2,57+0,09 0,82 0,58+0,01 0,05

Based on the assumption that the most
distinctive characteristics to identify willow
plants are the length of the leaf blade (L), loca-
tion (cm) of width of leaf corresponding to the
length of the petiole from the top of the leaf
(SLpT) and distance (cm) from the top of the
leaf to its maximum width (SDmxT'), determine
the following: to the cluster I belong plants
with length of the leaf blade 7,86 = 0,11 cm,
with parameters SDmxT = 4,38 = 0,10 cm and
SLpT = 5,28 = 0,16 cm; for plants that belong
to the cluster II, identical parameters have
the following meanings: LI = 12,03 = 0,08 cm,
SDmxT="7,17+0,03cm, SLpT=9,45+0,24cm,
respectively; for plants, that put together the
cluster III, parameters are: Ll = 7,74 = 1,08 cm,
SDmxT =3,85+0,19cm, SLpT=1,42 = 0,03 cm
respectively.

Examination of cluster analysis made it
possible to compare similar types and hybrid
forms of willow by morphological characte-
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ristics of leaf to determine significant differen-
ces between them. By applying the method of
K-means was allocated groups of closely re-
lated samples to facilitate the identification
of phenotypically similar species.

Conclusions. It in effectually to use cluster
analysis for diagnostic species of the genus
Salix L., to determine which sometimes can
be quite difficult. As a result of cluster analy-
sis collection samples divided into groups by
morphological parameters of leaf based on
affinity in terms of the Euclidean distance.
Cluster analysis of complex of parameters
of leaf allowed to detect diagnostically valu-
able quantitative characteristics by which it
is possible to identify willow species using
applications for PC. In addition, the results
make it possible to assert the similarity of
norm of reaction of the genetic apparatus for
collection samples in regularity of detection
of quantitative characteristics.
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M. B. Poik, B. B. BanukiHa. BukopuctaHHsa KnacTepHoro aHanisy sk Metoay knacudikalii npecTaBHUKIB pofy
Salix L. CopToBMBYEHHA Ta OXOPOHA NpaB Ha COPTM pocauH. — 2015. — Ne 1-2 (26-27). - C. 32-36.

MeTta. 3a JonoMOrol KNacTepPHOro aHanisy AoCHiguTy
B33a€EMO3B'A3KM MiX npefcTaBHUKamu pogy Salix L., chopmy-
BaTWU rpynu BUAIB i ribpuaHux dopm, 6aM3bKoCNOpigHEHUX
MiX €060t0, IPYHTYIOUMUCL HA BiMiHHOCTAX MOPGOOriYHNX
napameTpiB ucTki. MeToau. MonboBuiA, KnactepHoro aHanisy
i pepeBonofibHoi rpadiku. Pesynbratn. Buam sBepbu 3rpy-
NoBaHO 3a abCONOTHUMM MOKA3HUKAMK IUCTKA i BUAiNEHO
Tpu rpynu knactepis. OuiHeHO cTyniHb cnopifgHeHoCTi BUAIB
MiX co600 3a 3HaYeHHAM eBKNifoBOoi BigcTaHi. BusnayeHo
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BiMiHH1 NOKA3HWUKWN INCTKA: JOBXWUHA TUCTKOBOT NIACTUHKM
(Ll), BigcTaHb (cM) Big BepxiBKM JWUCTKA [0 MaKCMManbHOT
iioro wupunn (SDmxT) Ta BipcTaHb Bif BepXiBKM NUCTKA
(cM) mO MiHiT WWpPKUHK, WO BiANOBIKAE AOBXKWHI YepeLka
(SLpT). BucHoBku. Ha npuknapi konekuii sepbu Busene-
HO AiarHOCTMYHO LHHI KiNbKiCHI NOKA3HWUKM JIUCTKIB, BU-
KOPUCTAHHA SAKUX AAE MOXIWBICTb iAeHTUIKYBATU BUAK W
ribpupHi dopmu BepOM 3a 4ONOMOT0I0 NPUKNAJHNUX NPOrpam
ans MNK.

H. B. Pouk, B. B. banbikuHa. Vicnonb3oBaHue KnactepHoro aHanan3a Kak mMeTofa Knaccudbukaumm npefcrasu-
Tenen poaa Salix L. // CopToBMBYEHHS Ta OXOPOHA NpaB Ha cOpTH pocaunH. — 2015. — N2 1-2 (26-27). - C. 32-36.

Llenb. C nomoLyblo KnacTepHoro aHanu3a UccefoBarb B3au-
MOCBA3M Mexay npepctasutensmu poga Salix L., chopmupo-
BaTb rpynmnbl BUAOB U rMOPUAHbIX GOPM, 6AN3KOPOACTBEHHBIX
MeXfay coOOW, OCHOBLIBAsACb Ha Pa3nnuuax Mopdonoruye-
CKWX napameTpos nuctbes. Metopbl. [lonesoi, KnactepHoro
aHanu3a v apeBoBugHoi rpaduku. Pesynbratbl. Buabl nbl
CrpynnupoBaHbl N0 abCONOTHBIM MOKa3aTensM JUCTKA W Bbl-
JeneHbl Tpu rpynnsl kKnactepoB. OueHeHa cTeneHb pofCcTBa
BMAOB MEXAY CO00/ NO 3HAYEeHWI0 eBKIMAOBOTO PacCTOSHUS.
OnpepeneHbl OTANYNUTENbHBIE NOKA3aTeNN NNCTKA: AANHA UC-
TOBOI nnactuHku (L), pacctosiHne (cm) OT BEpXyLWKM nUCTa
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L0 MaKCMManbHOM ero WwupuHbl (SDmxT) u pacctosiHue ot
BEPXYLIKM NINCTA 0 JIMHUKM (CM) WMPUHbI, COOTBETCTBYIOLLEI
LnuHe yepelwka (SLpT). BoiBopbl. Ha npumepe Konnekuuu
UBbl 0BHAPYIKEHbI AUArHOCTUYECKN LieHHblE KONMYECTBEHHbIE
noKasarenu NUCTbeB, UCMOb30BaHUE KOTOPbIX AAET BO3MOX-
HOCTb MAEHTU(ULMPOBATL BUAbI U TMOPUAHbIE HOPMbI MBI C
MOMOLLbI0 NpUKNagHbIX nporpamm ans MK.

KnioueBble cnoBa: knactepHblii aHanus, nepapxmyeckuii
metop, metof K-cpenHux, naeHTudukaums BUAOB, nokasarte-
AN nucTa.
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