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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 ¹ 5 

«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 

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.

Figure 1. Dendrohrama of clustering of willow samples by morphological parameters of leaf (method of Ward)
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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 

the graph, an abrupt increase intercluster 
distance held within 19 step. Because the 
research is subject of 21 sample, it was only 
three clusters.

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. × 

S. viminalis L., S. caspica Pall. × S. purpurea 
L., S. integra Thunb L. × S. acutifolia Mild., 
S. viminalis L. × S. caprea L.; cluster II –             
S. acutifolia Mild., S. alba L., S. alba L. lo-
cal form, S. cangensis Nakai, S. viminalis L.                  
× S. acutifolia Mild., S. caprea L. × S. purpurea L.;
cluster III – S. viminalis L., S. triandra L. lo-
cal form, S. triandra L., S. matsudana Vill.,   
S. cinerea L., S. repens L., [(S. viminalis L. 
× S. purpurea L.) × (S. caspica Pall. × S. caprea L.)]. 

Figure 3. The average values for each cluster
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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 (Ll), 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 ²² Cluster ²²²
Cluster ² 0,00000 4,95265 2,28535
Cluster ²² 2,225455 0,0000 11,48029
Cluster ²²² 1,511736 3,388257 0,00000

The Euclidean distance is the most common 
measure distances between objects, which is the 

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

¹ Parameters Intergroup SS df Intragroup SS df Fisher’s ratio test, F Significance level, ð
1 Ll 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 DmnÂ 0,4749 2 0,25742 18 16,6032 0,000082
8 SLpT 208,651 2 20,51737 18 91,52531 0,000000
9 SLpÂ 18,7042 2 7,88811 18 21,34073 0,000018

Table 3
Characteristics of groups (clusters) on morphological parameters of leaves

¹ Parameters
Clusters

² ²² ²²²
x ó x ó x ó

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 DmnÂ 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 SLpÂ 2,58±0,07 0,81 2,57±0,09 0,82 0,58±0,01 0,05

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.

Based on the assumption that the most 
distinctive characteristics to identify willow 
plants are the length of the leaf blade (Ll), 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: Ll = 12,03 ± 0,08 cm, 
SDmxT = 7,17 ± 0,03 cm, SLpT = 9,45 ± 0,24 cm,
respectively; for plants, that put together the 
cluster III, parameters are: Ll = 7,74 ± 1,08 cm, 
SDmxT = 3,85 ± 0,19 cm, 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-

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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Ìåòà. Çà äîïîìîãîþ êëàñòåðíîãî àíàë³çó äîñë³äèòè 
âçàºìîçâ’ÿçêè ì³æ ïðåäñòàâíèêàìè ðîäó Salix L., ñôîðìó-
âàòè ãðóïè âèä³â ³ ã³áðèäíèõ ôîðì, áëèçüêîñïîð³äíåíèõ 
ì³æ ñîáîþ, ´ðóíòóþ÷èñü íà â³äì³ííîñòÿõ ìîðôîëîã³÷íèõ 
ïàðàìåòð³â ëèñòê³â. Ìåòîäè. Ïîëüîâèé, êëàñòåðíîãî àíà ë³çó 
é äåðåâîïîä³áíî¿ ãðàô³êè. Ðåçóëüòàòè. Âèäè âåðáè çãðó-
ïîâàíî çà àáñîëþòíèìè  ïîêàçíèêàìè ëèñòêà é âèä³ëåíî 
òðè ãðóïè êëàñòåð³â. Îö³íåíî ñòóï³íü ñïîð³äíåíîñò³ âèä³â 
ì³æ ñîáîþ çà çíà÷åííÿì åâêë³äîâî¿ â³äñòàí³. Âèçíà÷åíî 

â³äì³íí³ ïîêàçíèêè ëèñòêà: äîâæèíà ëèñòêîâî¿ ïëàñòèíêè 
(Ll), â³äñòàíü (ñì) â³ä âåðõ³âêè ëèñòêà äî ìàêñèìàëüíî¿ 
éîãî øèðèíè (SDmxT) òà â³äñòàíü â³ä âåðõ³âêè ëèñòêà 
(ñì) äî ë³í³¿ øèðèíè, ùî â³äïîâ³äàº äîâæèí³ ÷åðåøêà 
(SLpT). Âèñíîâêè. Íà ïðèêëàä³ êîëåêö³¿ âåðáè âèÿâëå-
íî ä³àãíîñòè÷íî ö³íí³ ê³ëüê³ñí³ ïîêàçíèêè ëèñòê³â, âè-
êîðèñòàííÿ ÿêèõ äàº ìîæëèâ³ñòü ³äåíòèô³êóâàòè âèäè é 
ã³áðèäí³ ôîðìè âåðáè çà äîïîìîãîþ ïðèêëàäíèõ ïðîãðàì 
äëÿ ÏÊ.

Öåëü. Ñ ïîìîùüþ êëàñòåðíîãî àíàëèçà èññëåäîâàòü âçàè-
ìîñâÿçè ìåæäó ïðåäñòàâèòåëÿìè ðîäà Salix L., ñôîðìèðî-
âàòü ãðóïïû âèäîâ è ãèáðèäíûõ ôîðì, áëèçêîðîäñòâåííûõ 
ìåæäó ñîáîé, îñíîâûâàÿñü íà ðàçëè÷èÿõ ìîðôîëîãè÷å-
ñêèõ ïàðàìåòðîâ ëèñòüåâ. Ìåòîäû. Ïîëåâîé, êëàñòåðíîãî 
àíàëèçà è äðåâîâèäíîé ãðàôèêè. Ðåçóëüòàòû. Âèäû èâû 
ñãðóïïèðîâàíû ïî àáñîëþòíûì ïîêàçàòåëÿì ëèñòêà è âû-
äåëåíû òðè ãðóïïû êëàñòåðîâ. Îöåíåíà ñòåïåíü ðîäñòâà 
âèäîâ ìåæäó ñîáîé ïî çíà÷åíèþ åâêëèäîâîãî ðàññòîÿíèÿ. 
Îïðåäåëåíû îòëè÷èòåëüíûå ïîêàçàòåëè ëèñòêà: äëèíà ëèñ-
òîâîé ïëàñòèíêè (Ll), ðàññòîÿíèå (ñì) îò âåðõóøêè ëèñòà 

äî ìàêñèìàëüíîé åãî øèðèíû (SDmxT) è ðàññòîÿíèå îò 
âåðõóøêè ëèñòà äî ëèíèè (ñì) øèðèíû, ñîîòâåòñòâóþùåé 
äëèíå ÷åðåøêà (SLðT). Âûâîäû. Íà ïðèìåðå êîëëåêöèè 
èâû îáíàðóæåíû äèàãíîñòè÷åñêè öåííûå êîëè÷åñòâåííûå 
ïîêàçàòåëè ëèñòüåâ, èñïîëüçîâàíèå êîòîðûõ äàåò âîçìîæ-
íîñòü èäåíòèôèöèðîâàòü âèäû è ãèáðèäíûå ôîðìû èâû ñ 
ïîìîùüþ ïðèêëàäíûõ ïðîãðàìì äëÿ ÏÊ.

Êëþ÷åâûå ñëîâà: êëàñòåðíûé àíàëèç, èåðàðõè÷åñêèé 
ìåòîä, ìåòîä Ê-ñðåäíèõ, èäåíòèôèêàöèÿ âèäîâ, ïîêàçàòå-
ëè ëèñòà.
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