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A b s t r a c t  
 

Plants cultivated in humid subtropics of Russia are mostly exotic species. One of them, 
Hydrangea macrophylla Ser., can grow in city parks and gardens, as well as in the forest of Sochi 
suburb as a component of adventive flora, thus, the H. macrophylla habitat conditions differ 
significantly. To estimate the genetic resources, implement breeding programs and optimize plant 
cultivation, an adaptability and intraspecial variability of plants must be evaluated. In our 
observation in Sochi region during 2006-2008 carried out on the Black Sea coast (in the garden-
museum «Tree of Friendship» and in Kuban Subtropical Botanic Garden) and in the mountain 
area (Krasnaya Polyana and Solokh-Aul settlements), a phenotypic variability of morphological 
traits was analyzed in naturalized and cultivated H. macrophylla plants (Madame Faustin 
Travouillon and Madame Faustin Travouillon cultivars), and an influence of the external 
conditions to the range of variations was investigated. It was shown that genotype considerably 
influenced the plant height (63.5 %), leaf length (82.0 %), inflorescence diameter (19.3 %) and 
bract length (84.1 %). Climatic factors of the year also affected leaf width in both cultivars 
(22.5 %). With increase in height above sea level (400-600 m in settlements Krasnaya Polyana 
and Solokh-Aul) most of the morphometric parameters increased. Maximum changes were 
observed in inflorescence diameter and bract length (30.1-55.4 % in Madame Faustin Travouillon 
and 26.5-71.5 % in Madame Maurice Hamard), indicating optimization of a complex of abiotic 
and edaphic factors at this high-rise level. The lowest variability (5.5-12.3 %) was indicated in 
shoot length both in cultivated and naturalized plants. In general, naturalized and cultivated plants 
differed considerably. The bract length and inflorescence diameter were the most variable, at 37.5-
80.1 % and 17.9-31.2 %, respectively, when compared in H. macrophylla from city biocoenoses 
and settlements of Krasnaya Polyana and Solokh-Aul being higher in naturalized plants. Leaf 
length variation in cultivated plants ranged from 15.8 to 20.7 % being at 34.9 % in plants grown in 
Solokh-Aul. Thus, the range of variability on most of the tested morphological traits was wider in 
the naturalized plants if compared to the cultivated plants with slightly changed parameters. 
Therefore, the plants growing in city biocoenosis are more leveled on an individual development. 
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The humid subtropics of Russia are referred to the region where natural 
vegetation has been almost displaced by urban phytocenoses. Most of the plants 
growing in this territory belong to alien species. A considerable number of them 
take their origin from the East-Asian floristic region where the climatic condi-
tions are similar to those in the considered area. 

At present, in connection with at first spontaneous and then systematic 
introduction of plants in botanical gardens, as well as with the wide use of exotic 
species in landscape gardening and amateur horticulture, the facts when alien 
plants run wild become increasingly frequent [1]. Formation of introduced plant 
populations is observed all over the world [2], and the humid subtropics of Rus-
sia are not an exception in this respect. 

One of the alien species, which belong to the family Hydrangeaсеае and 
are used for landscape gardening, is the large-leaved hydrangea, Hydrangea 
macrophylla Ser. The intraspecies diversity of this bush is represented by a large 



 

number (about 800) of cultivars and garden forms [3]. Under the conditions of 
the region, H. macrophylla plants are found both in urban cenoses (parks, public 
gardens, etc.) and as the component of the adventive flora in the suburban for-
ests of Big Sochi. Feral plants of the species H. macrophylla usually grow on 
clear-boled forest plots and on river banks [4]. 

It is known that morphological characters of species may vary depending 
on environmental conditions [5-15]. Studying the degree of morphological pa-
rameter variation allows us to reveal the most stable characters, which is impor-
tant in breeding work. However, the scientifically grounded description of char-
acters is impossible without the assessment of their variability [16]. 

The purpose of this work was to investigate the phenotypic variability of 
morphological characters of naturalized and cultigenic Hydrangea macrophylla 
plants, as well as the influence of habitat conditions on the variation range of 
these characters. 

Technique. The studies were carried out in 2006-2008 (the size of each 
sample was about 250 plants) on cultivars Madame Faustin Travouillon and Ma-
dame Maurice Hamard which are most common in the region and grow under 
cultivation on the Black Sea coast in the Friendship Tree Garden Museum (So-
chi) and Kuban Subtropical Botanical Garden (Sochi), as well as in mountain-
ous areas in the settlements of Krasnaya Polyana and Solokh-Aul (Sochi). 
Measurements and calculations were carried out with regard to five morphological 
characters: sprout length (l, cm), leaf length (l1, cm), leaf width (b, cm), inflores-
cence diameter (d, cm), bract length (l2, cm). Mature leaves were taken from the 
middle part of sprouts on the southern side. The inflorescence diameter and bract 
length (sample size of 2,500 pcs) were also measured on the southern side. 

The H. macrophylla morphological variability in different environmental 
conditions was assessed based on the value of the variation coefficient in accor-
dance with the following scale: < 7 % as very low, 8-15 % as low, 16-25 % as me-
dium, 26-35 % as increased, 36-50 % as high, > 50 % as very high [16, 17]. 

The obtained data were processed using statistics methods [18]. 
Results. The comparative analysis of naturalized and cultigenic H. macro-

phylla plants has shown that the environmental conditions of the habitat have a 
significant positive influence on the linear characters associated with the genera-
tive sphere. The greatest variability was observed for the bract length and the di-
ameter of the inflorescences collected from plants under the conditions of urban 
cenoses and from naturalized plants near the settlements of Krasnaya Polyana 
and Solokh-Aul. 

High variation coefficient values (37.5-80.1 %) were noted for the bract 
length character (Table 1). The amplitude of inflorescence diameter variability for 
H. macrophylla plants ranged from 17.9 % (medium) to 31.2 % (increased).  

1. Morphological parameters of Hydrangea macrophylla plants depending on growth 
conditions (Х±Sx, Sochi, 2006-2008) 

Parameter 
Friendship Tree 
Garden Museum 

Kuban Subtropical Botani-
cal Garden 

Krasnaya Polyana Solokh-Aul 

M a d a m e  F a u s t i n  T r a v o u i l l o n  
l, cm 
Cv, % 

126.5±2.1 
5.4 

134.7±1.4 
4.9 

189.8±2.1 
10.1 

224.5±2.4 
14.4 

l1, cm 
Cv, % 

17.5±0.9 
15.8 

18.6±1.0 
20.7 

18.3±0.8 
23.8 

19.1±0.9 
24.5 

b, cm 
Cv, % 

12.3±0.4 
20.3 

12.7±0.9 
25.2 

13.0±0.7 
27.8 

13.3±1.1 
34.9 

d, cm 
Cv, % 

18.0±1.4 
17.9 

18.5±1.1 
21.1 

17.3±1.5 
28.7 

17.5±1.1 
31.2 

 



 

 
Table 1 (continued) 

l2, cm 
Cv, % 

0.9±0.2 
37.5 

0.9±0.2 
41.0 

0.8±0.1 
48.7 

0.9±0.1 
62.0 

M a d a m e  M a u r i c e  H a m a r d  
l, cm 
Cv, % 

120.3±2.4 
6.3 

123.6±1.9 
5.4 

175.5±1.9 
6.9 

213.8±1.8 
11.5 

l1, cm 
Cv, % 

13.6±0.3 
19.3 

13.9±0.4 
17.5 

13.1±0.7 
31.8 

14.0±0.6 
32.2 

b, cm 
Cv, % 

12.3±0.8 
23.1 

12.5±0.9 
22.3 

11.8±0.8 
25.0 

12.0±1.0 
28.7 

d, cm 
Cv, % 

18.3±1.0 
17.9 

18.6±1.2 
23.9 

19.0±0.2 
25.9 

18.5±0.4 
27.1 

l2, cm 
Cv, % 

2.1±0.2 
53.8 

2.2±0.2 
37.6 

3.0±0.8 
62.8 

3.9±0.9 
80.1 

Note: l—sprout length, l1—leaf length, b—leaf width, d—inflorescence diameter, l2—bract length, Х±Sx—average 
with error, Cv—variation coefficient. 

 

The characters associated with linear dimensions of leaves also varied. 
Thus, medium variability was noted for the leaf length of the plants growing 
under the conditions of urban cenoses (from 15.8 to 20.7 %). In H. macro-
phylla populations in the lower mountain belt, the amplitude of the variation of 
this character was somewhat higher and ranged from 23.8 to 32.2 %. The vari-
ability with regard to the leaf width in plant populations from the settlement of 
Solokh-Aul was 34.9 %. 

The instability of morphometric characters of H. macrophylla leaves 
may be due to variations of soil humidity, air temperature and humidity in 
the period of spring and summer plant sprout growth. Also, these parameters 
may depend on the age of sprouts, the ratio between generative and vegeta-
tive organs on sprouts, or the age-specific condition of the plants growing in 
different environmental conditions. 

The high variation amplitude for 3 years of observations is explained by 
substantial climatic differences of these years. Particularly, 2006 was the most fa-
vorable year for the majority of the investigated characters in the populations 
under study (Table 2).  

2. Morphological parameters of naturalized Hydrangea macrophylla plants in dif-
ferent years (Solokh-Aul, Krasnaya Polyana and Sochi) 

2006 2007 2008 
Parameter 

Х±Sx Cv, % Х±Sx Cv, % Х±Sx Cv, % 
M a d a m e  F a u s t i n  T r a v o u i l l o n  

l, cm 161.0±4.5 9.3 198.3±15.8 26.3 224.1±6.8 10.8 
l1, cm 19.6±1.0 17.3 18.3±1.2 21.3 16.9±1.2 24.3 
b, cm 14.2±1.2 27.5 13.1±1.1 27.5 12.5±1.3 34.4 
d, cm 16.8±1.1 22.6 17.8±1.6 28.7 17.8±1.5 30.1 
l2, cm 0.9±0.1 22.2 0.8±0.1 50.0 0.8±0.1 62.5 

M a d a m e  M a u r i c e  H a m a r d  
l, cm 165.5±5.8 11.5 188.3±3.9 6.9 196.5±3.2 5.4 
l1, cm 13.0±0.8 21.5 12.7±1.2 32.3 12.9±1.2 31.0 
b, cm 12.9±0.8 21.7 11.0±1.0 29.6 11.8±1.0 28.8 
d, cm 19.6±0.1 17.9 19.0±1.6 27.9 18.9±1.5 25.4 
l2, cm 3.9±1.0 35.9 3.0±0.8 86.7 2.8±0.6 75.0 
N o t e: l — sprout length, l1 — leaf length, b — leaf width, d — inflorescence diameter, l2 — bract length, Х±Sx — 
average with error, Cv — variation coefficient. 

 

In that year, the amount of precipitation was by 25.2 % larger than the 
long-time annual average value, which had a positive impact on the stability of 
the studied characters of plants in populations. 

The sprout length variability was low (5.4-11.5 %). The year of 2007 was 
an exception because well-marked differences between plants in the population 
were noted for cv. Madame Faustin Travouillon with regard to this character 
(26.3 %). 

Naturalized H. macrophylla plants demonstrated the variation of linear 



 

dimensions of leaves by years from 17.3 % (medium) for cv. Madame Faustin 
Travouillon in 2006 to 32.3 % (high) for cv. Madame Maurice Hamard in 2007. 

Variability was found with regard to the leaf width, in 2008 from in-
creased (28.8 %) for cv. Madame Maurice Hamard to high (34.4 %) for cv. Ma-
dame Faustin Travouillon. The inflorescence diameter ranged from 22.6 (2006) 
to 30.1 % (2008) for cv. Madame Faustin Travouillon and from 17.9 (2006) to 
27.9 % (2007) for cv. Madame Maurice Hamard. Very high variability was noted 
with regard to the bract length in 2007-2008, being 50.0-62.5 % for cv. Madame 
Faustin Travouillon and 86.7-75.0 % for cv. Madame Maurice Hamard. 

Within the period of the studies, no strong development of H. macro-
phylla plants was observed under the conditions of urban cenoses in the absence 
of competition. The morphological variability for the cultivated plants was less 
than that in populations of naturalized plants (Table 3). 

The sprout length variability for the studied cultivars was shown to be 
low (3.8-6.6 %), the variation of linear dimensions of leaves being from me-
dium (16.8 %) to increased (25.2 %). Similar results were obtained with regard 
to the inflorescence diameter. High variability was only noted for the bract 
length (33.3-58.3 %). 

3. The parameters of morphological characters of Hydrangea macrophylla plants 
in urban cenoses in different years (Sochi) 

2006 2007 2008 
Parameter 

Х±Sx Cv,% Х±Sx Cv,% Х±Sx Cv,% 
M a d a m e  F a u s t i n  T r a v o u i l l o n  

l, cm 133.5±2.0 5.2 130.9±1.8 4.5 129.9±1.5 3.8 
l1, cm 19.0±0.9 16.8 18.5±1.1 20.0 17.6±1.2 23.3 
b, cm 13.1±0.9 22.1 12.3±0.8 20.3 12.7±1.0 25.2 
d, cm 19.0±0.8 14.7 17.5±1.1 21.1 17.5±0.9 17.1 
l2, cm 0.9±0.1 22.2 0.9±0.1 37.5 0.8±0.1 41.1 

M a d a m e  M a u r i c e  H a m a r d  
l, cm 125.0±2.5 6.6 126.1±2.1 5.4 120.7±1.8 4.8 
l1, cm 14.4±0.8 19.4 13.1±0.8 19.8 13.5±0.7 16.3 
b, cm 12.5±0.9 24.0 12.8±0.8 21.9 12.4±0.9 23.4 
d, cm 18.7±1.0 17.1 17.5±1.2 21.7 18.6±1.0 17.2 
l2, cm 2.3±0.2 34.5 2.1±0.2 33.3 2.4±0.4 58.3 
Note: l — sprout length, l1 — leaf length, b — leaf width, d — inflorescence diameter, l2 — bract length, Х±Sx — 
average with error, Cv — variation coefficient. 

 

The comparison of 
average data (2006-2008) 
on linear dimensions and 
the morphological variabil-
ity in the populations of 
naturalized and cultivated 
H. macrophylla plants has 
made it possible to reveal 
the sprout length as the 
most stable of these char-
acters (Table 4). 

As for the other 
studied characters, we found 
substantial differences be-
tween the H. macrophylla 
plants growing in dissimilar 
environmental conditions. 

The leaf length was characterized by medium variability (18.3-18.4 %), and 
the same can be said of the inflorescence diameter. Increased variability was 
observed with regard to the leaf width (22.8 %). In case of cultivated plants, 

4. The parameters of morphological characters in 
the populations of naturalized and cultivated 
Hydrangea macrophylla plants (Solokh-Aul, So-
chi, 2006-2008) 

Cv, % 
Parameter 

naturalized cultivated 
M a d a m e  F a u s t i n  T r a v o u i l l o n  

l, cm 12.3 5.5 
l1, cm 24.2 18.3 
b, cm 32.4 22.8 
d, cm 30.1 19.5 
l2, cm 55.4 39.3 

M a d a m e  M a u r i c e  H a m a r d  
l, cm 9.2 5.9 
l1, cm 32.0 18.4 
b, cm 26.9 22.7 
d, cm 26.5 20.9 
l2, cm 71.5 45.7 
Note: l — sprout length, l1 — leaf length, b — leaf width, d — inflores-
cence diameter, l2 — bract length, Cv — variation coefficient. 



 

the high variability was only noted for the generative character, the bract 
length (39.3-45.7 %). 

At the same time, morphological characters in the populations of natu-
ralized H. macrophylla plants demonstrated the increased or very high variabil-
ity, for example, 55.4-71.5 % in case of the bract length. 

 The influence of the genotype and year conditions on morphological 
characters of garden forms was assessed using the two-factor analysis-of-variance 
method (Table 5). The influence of the H. macrophylla genotype on all studied 
characters turned out to be statistically significant. The contribution of «geno-
type» factor variance was from 19.3 % (inflorescence diameter) to 84.1 % (bract 
length). The contribution of «year conditions» factor variance ranged from 1.8 
% (bract length) to 22.5 % (leaf width). Only 3.2 % was accounted for the 
variance of «leaf length»—«year conditions» factor interaction, whereas the 
contribution of the variance of «leaf width»—«year conditions» factor interac-
tion was equal to 47.3 %. 

5. The structure of morphological variability for Hydrangea macrophylla garden 
plants, based on the results of the analysis of variance (Sochi, 2006-2008) 

Factor df mS F Variance 
Factor  
contribution,% 

P l a n t  h e i g h t, cm 
Genotype  3 37.991 97.6* 1121 63.5 
Year conditions 2 3.645 9.5* 99 5.6 
Interaction 6 1.814 4.7* 162 9.2 
Unaccounted 120 383 – 383 21.7 

L e a f  l e n g t h, cm 
Genotype  3 285.0 244.1* 8.7 82.0 
Year conditions 2 19.1 16.4* 0.4 3.8 
Interaction 6 4.1 3.6* 0.3 3.2 
Unaccounted 120 1.2 – 1.2 11.0 

L e a f  w i d t h, cm 
Genotype 3 4.5 3.9* 0.102 2.4 
Year conditions 2 42.7 36.6* 0.943 22.5 
Interaction 6 18.6 16.0* 1.987 47.3 
Unaccounted 120 1.2 – 1.200 27.8 

I n f l o r e s c e n c e  d i a m e t e r, cm  
Genotype 3 17.9 11.0* 0.490 19.3 
Year conditions 2 4.4 2.7* 0.060 2.3 
Interaction 6 4.7 2.9* 0.350 13.8 
Unaccounted 120 1.6 – 1.630 64.6 

B r a c t  l e n g t h, cm 
Genotype 3 45.79 323.5* 1.320 84.1 
Year conditions 2 1.46 10.3* 0.030 1.8 
Interaction 6 0.90 6.4* 0.090 5.5 
Unaccounted 120 0.14 – 0.140 2.6 
N o t e: df — number of degrees of freedom for factor, mS — mean square, F — Fisher's variance ratio. Dash 
means no data. 
* Р < 0.05. 

 

Therefore, the genotype had the most significant influence on the 
variation of such morphological characters as plant height, leaf length and 
bract length. The largest influence on the variation of the leaf width of the 
studied cultivars was noted in case of the year conditions, which was signifi-
cantly confirmed by the high percentage characterizing the interaction of 
these factors. 

The values of most of the morphometric characters increased with the 
increase of altitude above sea level (the settlements of Krasnaya Polyana and So-
lokh-Aul). At the altitude of 400-600 m, generative characters (inflorescence di-
ameter and bract length) had the largest variation coefficient for cv. Madame 
Faustin Travouillon (30.1-55.4 %) and cv. Madame Maurice Hamard (26.5-
71.5 %), which indicates the optimization of conditions with regard to a set of 
abiotic and edaphic factors. The lowest variability (5.5-12.3 %) was noted for the 



 

sprout length in the populations of both cultivated and naturalized plants. 
The obtained results are consistent with data from other researchers who 

have demonstrated that the variability of the characters attributable to the number 
of any particular plant organs or components is not similar to the level of variabil-
ity in the linear parameters [19-21]. 

Thus, adventive Hydrangea macrophylla plants in the natural environ-
ment substantially differ from cultigenic plants in absolute morphometric pa-
rameters. The variation range for most of the studied characters is larger for the 
first group of plants than for the latter one. The morphometric characters for the 
cultivated plants vary insignificantly, i.e. the H. macrophylla plants growing un-
der the conditions of urban cenoses were more uniform with regard to the indi-
vidual development. 
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