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Abstract 
 
The study evaluated the quality of flowers in nine cultivars of Hyacinthus orientalis L. according to planting time and 
forcing period. Biological material was represented by nine Hyacinth cultivars: ʻCarnegieʼ (Car), ʻBlue Jacketʼ (B J), 
ʻBlue Starʼ (B S), ʻChina Pinkʼ (C P), ʻFondanteʼ (Fon), ʻGipsy Queenʼ (G Q), ʻPink Pearlʼ (P P), ʻRembrandtʼ (Rem), 
ʻMiss Saigonʼ (M S). A mixture of leaf soil and sand represented the growth substrate. The planting was done on three 
different calendar dates: November 10 (P I), November 24 (P II), and December 12 (P III) 2018, respectively. Forcing 
period (FP: FP I, FP II, FP III), flower stem length (FS: FS I, FS II, FS III) and flowering duration (FD: FD I, FD II, 
FD III) were evaluated. ʻBlue Jacketʼ (B J) cultivar showed the highest values for flower stem (FS), with statistically 
assured differences for LSD 0.01% (FS I and FS II) and for LSD 5% (FS III), respectively. Differences statistically 
ensured for LSD5% were also recorded in ʻCarnegieʼ (Car), ʻFondanteʼ (Fon) cultivars (FS I and FS II), and in ʻGipsy 
Queenʼ (G Q) cultivar (FS I, FS II and FS III), respectively. The variation of the FS parameter in relation to FP, was 
described by a polynomial equation of degree 3 under conditions of R2=0.839, p=0.045 for FP I, and by a polynomial 
equation of degree 2 under conditions of R2=0.923, p=0.0016 for FP II. The flowering duration (FD) according to the 
forcing period (FP) was described by a polynomial equations of degree 2, under conditions of R2=0.873, p=0.0057 for 
FP I, and in conditions of R2 = 0.621, p=0.085 for FP II, respectively. PCA explained 58.498% of variance for PC1 
and 30.622% of variance for PC2, in relation to the forcing period (FP); explained 58.052% of variance for PCI, and 
34.78% of variance for PC2 in relation to flowering duration (FD), and explained 93.882% of variance for PC1 and 
4.1988% of variance for PC2, respectively, in relation to flower stem (FS). Cluster analysis (two way) facilitated the 
grouping of the cultivars based on affinity in relation to FP, FD and FS, under statistical safety conditions (Coph. corr 
= 0.849). 
 
Key words: cluster analysis, flower quality, flowering period, Hyacinth, PCA. 
 
INTRODUCTION 
 
Hyacinthus orientalis L. (Asparagaceae) has its 
origin in the Eastern part of the Mediterranean 
region. From Turkey it was introduced to 
Eastern Europe and a number of genotypes 
were improved to obtain and grow varieties 
with new decorative qualities (Hosokawa, 
1999). During the Victorian period, there were 
about 2000 varieties in cultivation, and at 
present, it is estimated that 187 are registered in 
the International Register (Stebbings, 1996; 
Hosokawa, 1999), of which about 70 are most 
commonly cultivated as garden flowers, or in 
pots. The varieties differ by the size of the 
plants, the color of the flowers (white, yellow, 
pink, red, purple, blue), the type of petals 
(single or double), perfume. Anthocyanin 
compounds are an important factor for flower 
color and over 20 anthocyanins have been 
identified and isolated in hyacinth flowers 

(Harborna, 1964; Hosokawa et al. 1995a-c, 
1996a,b, 1999).  
It is a species cultivated for large-scale 
ornamental purposes in the Northern 
Hemisphere (Hosokawa, 1999; Nazari et al., 
2011; Souza and Lorenzi, 2012; Alexandre et 
al., 2017). Individual flowers, as cut flowers, 
can also be use in indoor flower arrangements 
for different festive times, or for obtaining 
essential oils in the perfume and cosmetics 
industry (Hosokawa and Fukunaga, 1995; 
Nazari et al., 2011). 
The importance of some species in ecosystem 
(Patoka et al., 2016; Jones et al., 2018), 
relationships with cultivation conditions 
(Addai, 2011; Smigielska et al., 2014; Karagöz 
et al., 2019), sensitivity to pathogens, genetic 
transformations in cultivated varieties and 
transmission of pathogens through propagation 
methods (Koetle et al., 2015; Patoka et al., 
2016; Alexandre et al., 2017), the potential for 
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transfer of pathogens to the international flower 
market (Santos et al., 2006; Çiğ and Başdoğan, 
2016; Patoka et al., 2016) and obtaining forms 
resistant to pathogens (Popowich et al., 2007), 
have been analyzed by numerous studies and 
researches. 
The methods, conditions and factors that in-
fluence the propagation of Hyacinthus 
genotypes, and bulblet induction (Krause, 
1980; Cheesman et al., 2010), as well as the 
relationship with the growth substrates (Nazari 
et al., 2011), or the response to stress 
conditions (Türkoglu et al., 2011; Koksal et al., 
2014) were studied. 
Providing optimal conditions during the forcing 
period in relation to Hyacinthus varieties is 
very important, so the influence of factors such 
as temperature, humidity, light etc., have been 
studied on the evolution of plants and on the 
flowers quality (Dole, 2003; Addai and Scott, 
2011). Flowers quality depends on the geno-
type and a number of factors such as forcing 
period, vegetation conditions (temperature, 
light through spectrum and intensity, growth 
medium etc.) (Nazari et al., 2011; Śmigielska et 
al., 2014). 
The present study evaluated the influence of 
planting date and forcing period on flower 
quality in nine cultivars of Hyacinthus 
orientalis L. 
 
MATERIAL AND METHODS 
 
The study evaluated the quality of flowers in 
nine cultivars of Hyacinthus orientalis L. 
according to the time of planting and the 
forcing period. Biological material was 
represented by nine cultivars: ‘Carnegie’ (Car), 
‘Blue Jacket’ (B J), ‘Blue Star’ (B S), ‘China 
Pink’ (C P), ‘Fondante’ (Fon), ‘Gipsy Queen’ 
(G Q), ‘Pink Pearl’ (P P), ‘Rembrandt’ (Rem), 
‘Miss Saigon’ (M S). 
The bulbs showed a high degree of uniformity 
in the case of each cultivar: 82.2 ± 1.38 g at 
‘Carnegie’ (Car), 79.6 ± 1.43 g at ‘Blue Jacket’ 
(B J), 64.6 ± 1.29 g at ‘Blue Star’ (B S), 77.2 ± 
1.98 g at ‘China Pink’ (C P), 77.4 ± 1.83 g at 
‘Fondante’ (Fon), 87.4 ± 1.91 g at ‘Gipsy 
Queen’ (G Q), 63.1 ± 1.09 g at ‘Pink Pearl’        
(P P), 73.8 ± 1.2 g at ‘Rembrandt’ (Rem), and 
67.2 ± 1.95 g at ‘Miss Saigon’ (M S), 
respectively. 

A mixture of leaf soil and sand represented the 
growth substrate, growt medium suitable for 
Hyacinth (Sala, 2011). 
The planting was done on three different 
calendar dates: first planting (P I) on 10 
November; second planting (P II) on 24 
November and third planting (P III) on 8 
Deccember 2018. The duration of the forcing 
period (FP), from the time of planting to 
flowering, was evaluated. Depending on the 
date of planting, three forcing periods were 
recorded: FP I in case of P I, FP II in case of P 
II and FP III in case of P III. 
In order to evaluate the flowers quality, the 
length of the flower stem (FS) and the 
flowering duration (FD) were determined for 
the nine cultivars, in relation to the planting 
date and the forcing period. 
To obtain the values for limit of significance of 
differences (LSD) the analysis of variance was 
used. In order to evaluate the degree of 
interdependence between the variables studied 
(FP, FD, FS), the correlation analysis was used. 
The behavioral models of some variables, as 
well as the statistical safety coefficients, were 
obtained by regression analysis. Principal 
Component Analysis and Cluster Analysis 
were used to evaluate the level of variance 
according to the main components, as well as 
to obtain the classification and association of 
the experimental variants. For the statistical 
certainty of the results, the correlation 
coefficients r and R2, and p and F parameters 
were used. For the statistical analysis and 
processing of the experimental data, EXCEL 
and PAST programmes were used (Hammer et 
al., 2001). 
 
RESULTS AND DISCUSSIONS 
 
Depending on the time of planting (P I, P II,  
P III) the plants within the nine cultivars have 
undergone different periods of forcing (FP I, 
FP II, FP III) until the time of flowering. In the 
case of P I planting, there was a forcing period 
between 69 days in the ‘Fondante’ (Fon) and 
‘Gipsy Queen’ (G Q) cultivars, and 76 days in 
the ‘Rembrandt’ (Rem) cultivar. For P II 
planting, the forcing period ranged from 85 
days in ‘Fondante’ (Fon) cultivar and 89 days 
in ‘Blue Jacket’ (B J) and ‘Gipsy Queen’ (G Q) 
cultivars. In the case of P III planting, the 

forcing period varied between 83 days in the 
‘Carnegie’ (Car) cultivar and 94 days in the 
‘Fondante’ (Fon) cultivar (Table 1). 
As a result of the planting times and the forcing 
period, three flowering durations (FD) were 
recorded (FD I, FD II and FD III). Flowering 
duration FD I varied between 10 days in ‘China 
Pink’ (C P) cultivar and 21 days in ‘Gipsy 
Queen’ (G Q) cultivar. Flowering duration FD 

II varied between 19 days in ‘Blue Star’ (B S) 
cultivar and 28 days in ‘Blue Jacket’ (B J) 
cultivar. Flowering duration FD III varied 
between 5 days in ‘China Pink’ (C P) cultivar 
and 18 days in ‘Miss Saigon’ (M S) cultivar 
(Table 1). 
The dimensions of the flower stems (FS) varied 
according to cultivar, time of planting and 
forcing period (Table 2). 

 
Table 1. Forcing period (FP) and flowering duration (FD) depending on the date of planting 

 

Hyacinth cultivars 

Values for forcing period (FP) and flowering duration (FD) depending on the date of planting 

P I (10 11 2018) P II (24 11 2018) P III (8 12 2018) 

FP I FD I FP II FD II FP III FD III 

(days) 

‘Carnegie’ (Car) 71 18 88 26 83 14 

‘Blue Jacket’ (B J) 75 19 89 28 90 16 

‘Blue Star’ (B S) 73 14 85 19 92 11 

‘China Pink’ (C P) 74 10 87 21 91 5 

‘Fondante’ (Fon) 69 20 85 27 94 11 

‘Gipsy Queen’ (G Q) 69 21 89 23 91 8 

‘Pink Pearl’ (P P) 72 13 86 20 86 14 

‘Rembrandt’ (Rem) 76 13 86 22 89 10 

‘Miss Saigon’ (M S) 74 13 88 22 88 18 

P – time of planting (P I – first planting; P II – second planting; P III – third planting); FP – forcing period; FP I – forcing period for first planting  
(P I); FP II – forcing period for second planting (P II); FP III – forcing period for third planting (P III); FD – flowering duration; FD I – flowering 
duration I (associated with P I and FP I); FD II – flowering duration II (associated with P II and FP II); FD III – flowering duration III (associated 
with P III and FP III) 
 

Table 2. Size of the flower stem in the Hyacinth cultivars studied, in relation to the forcing period 
 

Hyacynth  
cultivars 

Floral stem length (cm) depending on the date of planting 

P I (10 11 2018) P II (24 11 2018) P III (8 12 2018) 

FS I 
Mean values Diferences Signification FS II 

Mean values Diferences Signification FS III 
Mean values Diferences Signification 

‘Carnegieʼ (Car) 11 1.67 * 10.66 0.89 - 8.33 -0.32 - 

‘Blue Jacketʼ (B J) 12.33 3 *** 13.66 3.89 *** 11 2.34 * 

‘Blue Starʼ (B S) 7.33 -1.99 0 7.33 -2.44 0 7.66 -0.99 - 

‘China Pinkʼ (C P) 7.66 -1.66 0 8.66 -1.11 - 8.33 -0.32 - 

‘Fondanteʼ (Fon) 11.33 2 * 11 1.33 - 10 1.34 - 
‘Gipsy Queenʼ 
(G Q) 11 1.67 * 11.66 1.89 * 10.66 2 * 

‘Pink Pearlʼ (P P) 8 -1.33 - 7.33 -2.44 0 6.66 -1.99 0 

ʻRembrandtʼ (Rem) 7 -2.33 0 8 -1.77 0 7.66 -0.99 - 

‘Miss Saigonʼ 
(M S) 8.33 -0.99 - 9.66 -0.11  7.66 -0.99 - 

Control 9.33   9.77   8.66   

Limit of 
significance of 
differences (LSD) 

LSD5%=1.53; LSD1%=2.10; 
LSD0.1%=2.86 

LSD5%=1.54; LSD1%=2.12; 
LSD0.1%=2.88 

LSD5%=1.83; LSD1%=2.51; 
LSD0.1%=3.42 

FS I – flower stem in P I conditions; FS II – flower stem in P II conditions; FS III – flower stem in P III conditions 
 
The quality of the flowers, based on the size of 
the flower stem (FS), a parameter that varied in 
relation to forcing period (FP), was evaluated. 
Larger flowers have higher quality and are 

more appreciated. The values for flower stem 
(FS I) ranged between 7.00 cm in ‘Rembrandt’ 
(Rem) cultivar and 12.33 cm in ‘Blue Jacket’ 
(B J) cultivar, in the case of FP I forcing 
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transfer of pathogens to the international flower 
market (Santos et al., 2006; Çiğ and Başdoğan, 
2016; Patoka et al., 2016) and obtaining forms 
resistant to pathogens (Popowich et al., 2007), 
have been analyzed by numerous studies and 
researches. 
The methods, conditions and factors that in-
fluence the propagation of Hyacinthus 
genotypes, and bulblet induction (Krause, 
1980; Cheesman et al., 2010), as well as the 
relationship with the growth substrates (Nazari 
et al., 2011), or the response to stress 
conditions (Türkoglu et al., 2011; Koksal et al., 
2014) were studied. 
Providing optimal conditions during the forcing 
period in relation to Hyacinthus varieties is 
very important, so the influence of factors such 
as temperature, humidity, light etc., have been 
studied on the evolution of plants and on the 
flowers quality (Dole, 2003; Addai and Scott, 
2011). Flowers quality depends on the geno-
type and a number of factors such as forcing 
period, vegetation conditions (temperature, 
light through spectrum and intensity, growth 
medium etc.) (Nazari et al., 2011; Śmigielska et 
al., 2014). 
The present study evaluated the influence of 
planting date and forcing period on flower 
quality in nine cultivars of Hyacinthus 
orientalis L. 
 
MATERIAL AND METHODS 
 
The study evaluated the quality of flowers in 
nine cultivars of Hyacinthus orientalis L. 
according to the time of planting and the 
forcing period. Biological material was 
represented by nine cultivars: ‘Carnegie’ (Car), 
‘Blue Jacket’ (B J), ‘Blue Star’ (B S), ‘China 
Pink’ (C P), ‘Fondante’ (Fon), ‘Gipsy Queen’ 
(G Q), ‘Pink Pearl’ (P P), ‘Rembrandt’ (Rem), 
‘Miss Saigon’ (M S). 
The bulbs showed a high degree of uniformity 
in the case of each cultivar: 82.2 ± 1.38 g at 
‘Carnegie’ (Car), 79.6 ± 1.43 g at ‘Blue Jacket’ 
(B J), 64.6 ± 1.29 g at ‘Blue Star’ (B S), 77.2 ± 
1.98 g at ‘China Pink’ (C P), 77.4 ± 1.83 g at 
‘Fondante’ (Fon), 87.4 ± 1.91 g at ‘Gipsy 
Queen’ (G Q), 63.1 ± 1.09 g at ‘Pink Pearl’        
(P P), 73.8 ± 1.2 g at ‘Rembrandt’ (Rem), and 
67.2 ± 1.95 g at ‘Miss Saigon’ (M S), 
respectively. 

A mixture of leaf soil and sand represented the 
growth substrate, growt medium suitable for 
Hyacinth (Sala, 2011). 
The planting was done on three different 
calendar dates: first planting (P I) on 10 
November; second planting (P II) on 24 
November and third planting (P III) on 8 
Deccember 2018. The duration of the forcing 
period (FP), from the time of planting to 
flowering, was evaluated. Depending on the 
date of planting, three forcing periods were 
recorded: FP I in case of P I, FP II in case of P 
II and FP III in case of P III. 
In order to evaluate the flowers quality, the 
length of the flower stem (FS) and the 
flowering duration (FD) were determined for 
the nine cultivars, in relation to the planting 
date and the forcing period. 
To obtain the values for limit of significance of 
differences (LSD) the analysis of variance was 
used. In order to evaluate the degree of 
interdependence between the variables studied 
(FP, FD, FS), the correlation analysis was used. 
The behavioral models of some variables, as 
well as the statistical safety coefficients, were 
obtained by regression analysis. Principal 
Component Analysis and Cluster Analysis 
were used to evaluate the level of variance 
according to the main components, as well as 
to obtain the classification and association of 
the experimental variants. For the statistical 
certainty of the results, the correlation 
coefficients r and R2, and p and F parameters 
were used. For the statistical analysis and 
processing of the experimental data, EXCEL 
and PAST programmes were used (Hammer et 
al., 2001). 
 
RESULTS AND DISCUSSIONS 
 
Depending on the time of planting (P I, P II,  
P III) the plants within the nine cultivars have 
undergone different periods of forcing (FP I, 
FP II, FP III) until the time of flowering. In the 
case of P I planting, there was a forcing period 
between 69 days in the ‘Fondante’ (Fon) and 
‘Gipsy Queen’ (G Q) cultivars, and 76 days in 
the ‘Rembrandt’ (Rem) cultivar. For P II 
planting, the forcing period ranged from 85 
days in ‘Fondante’ (Fon) cultivar and 89 days 
in ‘Blue Jacket’ (B J) and ‘Gipsy Queen’ (G Q) 
cultivars. In the case of P III planting, the 

forcing period varied between 83 days in the 
‘Carnegie’ (Car) cultivar and 94 days in the 
‘Fondante’ (Fon) cultivar (Table 1). 
As a result of the planting times and the forcing 
period, three flowering durations (FD) were 
recorded (FD I, FD II and FD III). Flowering 
duration FD I varied between 10 days in ‘China 
Pink’ (C P) cultivar and 21 days in ‘Gipsy 
Queen’ (G Q) cultivar. Flowering duration FD 

II varied between 19 days in ‘Blue Star’ (B S) 
cultivar and 28 days in ‘Blue Jacket’ (B J) 
cultivar. Flowering duration FD III varied 
between 5 days in ‘China Pink’ (C P) cultivar 
and 18 days in ‘Miss Saigon’ (M S) cultivar 
(Table 1). 
The dimensions of the flower stems (FS) varied 
according to cultivar, time of planting and 
forcing period (Table 2). 

 
Table 1. Forcing period (FP) and flowering duration (FD) depending on the date of planting 

 

Hyacinth cultivars 

Values for forcing period (FP) and flowering duration (FD) depending on the date of planting 

P I (10 11 2018) P II (24 11 2018) P III (8 12 2018) 

FP I FD I FP II FD II FP III FD III 

(days) 

‘Carnegie’ (Car) 71 18 88 26 83 14 

‘Blue Jacket’ (B J) 75 19 89 28 90 16 

‘Blue Star’ (B S) 73 14 85 19 92 11 

‘China Pink’ (C P) 74 10 87 21 91 5 

‘Fondante’ (Fon) 69 20 85 27 94 11 

‘Gipsy Queen’ (G Q) 69 21 89 23 91 8 

‘Pink Pearl’ (P P) 72 13 86 20 86 14 

‘Rembrandt’ (Rem) 76 13 86 22 89 10 

‘Miss Saigon’ (M S) 74 13 88 22 88 18 

P – time of planting (P I – first planting; P II – second planting; P III – third planting); FP – forcing period; FP I – forcing period for first planting  
(P I); FP II – forcing period for second planting (P II); FP III – forcing period for third planting (P III); FD – flowering duration; FD I – flowering 
duration I (associated with P I and FP I); FD II – flowering duration II (associated with P II and FP II); FD III – flowering duration III (associated 
with P III and FP III) 
 

Table 2. Size of the flower stem in the Hyacinth cultivars studied, in relation to the forcing period 
 

Hyacynth  
cultivars 

Floral stem length (cm) depending on the date of planting 

P I (10 11 2018) P II (24 11 2018) P III (8 12 2018) 

FS I 
Mean values Diferences Signification FS II 

Mean values Diferences Signification FS III 
Mean values Diferences Signification 

‘Carnegieʼ (Car) 11 1.67 * 10.66 0.89 - 8.33 -0.32 - 

‘Blue Jacketʼ (B J) 12.33 3 *** 13.66 3.89 *** 11 2.34 * 

‘Blue Starʼ (B S) 7.33 -1.99 0 7.33 -2.44 0 7.66 -0.99 - 

‘China Pinkʼ (C P) 7.66 -1.66 0 8.66 -1.11 - 8.33 -0.32 - 

‘Fondanteʼ (Fon) 11.33 2 * 11 1.33 - 10 1.34 - 
‘Gipsy Queenʼ 
(G Q) 11 1.67 * 11.66 1.89 * 10.66 2 * 

‘Pink Pearlʼ (P P) 8 -1.33 - 7.33 -2.44 0 6.66 -1.99 0 

ʻRembrandtʼ (Rem) 7 -2.33 0 8 -1.77 0 7.66 -0.99 - 

‘Miss Saigonʼ 
(M S) 8.33 -0.99 - 9.66 -0.11  7.66 -0.99 - 

Control 9.33   9.77   8.66   

Limit of 
significance of 
differences (LSD) 

LSD5%=1.53; LSD1%=2.10; 
LSD0.1%=2.86 

LSD5%=1.54; LSD1%=2.12; 
LSD0.1%=2.88 

LSD5%=1.83; LSD1%=2.51; 
LSD0.1%=3.42 

FS I – flower stem in P I conditions; FS II – flower stem in P II conditions; FS III – flower stem in P III conditions 
 
The quality of the flowers, based on the size of 
the flower stem (FS), a parameter that varied in 
relation to forcing period (FP), was evaluated. 
Larger flowers have higher quality and are 

more appreciated. The values for flower stem 
(FS I) ranged between 7.00 cm in ‘Rembrandt’ 
(Rem) cultivar and 12.33 cm in ‘Blue Jacket’ 
(B J) cultivar, in the case of FP I forcing 
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period. The length of the flower stem (FS II) 
was between 8.00 cm in ‘Rembrandt’ (Rem) 
cultivar and 13.66 cm in ‘Blue Jacket’ (B J) 
cultivar in the case of FP II forcing period. The 
floral stems (FS III) had dimensions between 
6.66 cm in ‘Pink Pearl’ (P P) cultivar and 11.00 
cm in ‘Blue Jacket’ (B J) cultivar in the case of 
FP III forcing period. 
The ‘Blue Jacket’ cultivar presented the highest 
values for the flower stem in all three flowering 
periods, with statistically assured differences 
for LSD 0.01% (P I and P II planting period) 
and LSD 5% (P III planting period). 
‘Carnegie’, ‘Fondante’ (P I and P II planting 
periods) and ‘Gipsy Queen’ cultivars (P I, P II, 
P III planting periods) were also evidenced. 
In the case of the first planting (P I), the 
variation of flower stem length, depending on 
the forcing period (FP I), was described by a 
polynomial equation of degree 3, relation (1), 
under conditions of R2 = 0.839, p = 0.045.  
The graphical distribution of the FS parameter 
values according to the forcing period (FP),  
for the planting variant P I, is presented in 
Figure 1. 
 

8056x3.339x746.4x02207.0y 23 −+−=  (1) 
 
where: y - flower stem - FS I (cm); x - forcing 
period - FP I (days). 
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Figure 1. Flower stem (cm) in relation to forcing period 
(FD I) in condition to P I planting 

(analysis without ʻBlue Jacketʼ cultivar) 
 
In the case of P II plantations, the length of the 
flower stem (FS) according to the forcing 
period (FP II) was described by a polynomial 
equation of degree 2, relation (2), in conditions 

of R2=0.923, p=0.0016. The graphical 
distribution of the FS parameter values, 
according to the forcing period (FP II), for the 
planting variant P II, is presented in Figure 2. 
 

2577x36.60x3544.0y 2 +−=    (2) 
 
where: y - flower stem - FS II (cm); x - forcing 
period - FP II (days). 
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Figure 2. Flower stem in relation to forcing period in 
condition of P II planting 

(analisys without ʻFondanteʼ cultivar) 
 
The length of the flower stem presented a high 
variability in relation to forcing period FP III 
(CV = 17.5502). As a result, the analysis of the 
data did not lead to obtaining a model of 
variation of the parameter FS III in relation to 
FP III, under statistical safety conditions. 
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regarding the quality of flowers, both from a 
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flowering duration was recorded in the ‘Miss 

Saigon’ (M S) cultivar (18 days) followed by 
‘Blue Jacket’ (B J) (16 days), the other 
cultivars having shorter flowering durations, 
and the shortest was at ‘China Pink’ (C P) (5 
days). The comparative analysis regarding the 
flowering duration for the three planting 
periods, highlighted the P II planting period 
during which the highest flowering duration in 
the studied cultivars was recorded. The total 
flowering duration (TFD) calculated as 
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Figure 5. Graphical distribution of flowering duration FD 
II according to the FP II forcing period, in case of P II 

planting variant 
 
For the planting period P III, the flowering 
duration (FD III) showed a high variability (CV 
= 34.0224), and by analyzing the data in 
relation to the FP III forcing period, a model 
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period. The length of the flower stem (FS II) 
was between 8.00 cm in ‘Rembrandt’ (Rem) 
cultivar and 13.66 cm in ‘Blue Jacket’ (B J) 
cultivar in the case of FP II forcing period. The 
floral stems (FS III) had dimensions between 
6.66 cm in ‘Pink Pearl’ (P P) cultivar and 11.00 
cm in ‘Blue Jacket’ (B J) cultivar in the case of 
FP III forcing period. 
The ‘Blue Jacket’ cultivar presented the highest 
values for the flower stem in all three flowering 
periods, with statistically assured differences 
for LSD 0.01% (P I and P II planting period) 
and LSD 5% (P III planting period). 
‘Carnegie’, ‘Fondante’ (P I and P II planting 
periods) and ‘Gipsy Queen’ cultivars (P I, P II, 
P III planting periods) were also evidenced. 
In the case of the first planting (P I), the 
variation of flower stem length, depending on 
the forcing period (FP I), was described by a 
polynomial equation of degree 3, relation (1), 
under conditions of R2 = 0.839, p = 0.045.  
The graphical distribution of the FS parameter 
values according to the forcing period (FP),  
for the planting variant P I, is presented in 
Figure 1. 
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Figure 5. Graphical distribution of flowering duration FD 
II according to the FP II forcing period, in case of P II 

planting variant 
 
For the planting period P III, the flowering 
duration (FD III) showed a high variability (CV 
= 34.0224), and by analyzing the data in 
relation to the FP III forcing period, a model 
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describing the FD III variation in relation to FP 
III was not obtained under statistical safety 
conditions. 
PCA was used to evaluate the distribution and 
association of cultivars in relation to the three 
forcing periods (FP I, FP II, FP III), flowering 
durations (FD I, FD II, FD III), and flower stem 
(FS I, FS II, FS III). PCA analysis explained 
58.498% of variance for PC1 and 30.622% of 
variance for PC2, in relation to the forcing 
period (FP), Figure 6. 
PCA diagram (Figure 6) show how the 
cultivars M S, Rem and B J were associated 
with the biplot FP I; Carp and P P cultivars 
were associated with FP II biplot, and C P and 
B S cultivars were associated with FP III 
biplot. 
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Figure 6. PCA diagram in relation to forcing period (FP) 
for Hyacinth cultivars studied 

 
In relation to flowering duration (FD), PCA 
explained 58.052% of variance for PCI, and 
34.78% of variance for PC2. From the PCA 
diagram shown in Figure 7, were found the 
association of G Q and Fon cultivars with FD I 
and FD II biplots, respectively the association 
of M S, Car and B J cultivars with FD III 
biplot. 
In relation to flowers stem (FS), PCA explained 
93.882% of variance for PC1 and 4.1988% of 
variance for PC2, respectively. From the PCA 
diagram shown in Figure 8, were found the 
association of Car and Fon cultivars with FS I 
biplot, and the association of G Q and B J 
cultivars with FS II and FS III biplots. 
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Figure 7. PCA diagram in relation flowering duration 
(FD) for Hyacinth cultivars studied 
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Figure 8. PCA diagram in relation to flowers stem (FS) 
for Hyacinth cultivars studied 

 
Cluster analysis (two way) facilitated the 
grouping of cultivars on the basis of affinity 
with respect to the forcing period (FP) and 
flower stem (FS), under statistical safety 
conditions, Coph. corr. = 0.849 (Figure 9). 
From the dendrogram analysis shown in Figure 
9, were found high affinity between FP II and 
FP III (common subcluster) and high affinity 
between FS I and FS II (common subcluster). 
Regarding the grouping of cultivars in relation 
to the two parameters (FP and FS), two distinct 
clusters were formed with several sub-clusters 
each. In the CI cluster, ‘Fondante’ (Fon) and 

‘Gipsy Queen’ (G Q) cultivars were grouped 
with similar results (common subcluster), and 
‘Blue Jacket’ (B J) cultivar being associated 
with the respective sub-cluster. 

In C2 cluster, two sub-clusters with high 
affinity (B S and C P, respectively Rem and   
M S) were identified, to which the P P cultivar 
is attached, followed by the Car cultivar. 

 
Figure 9. Dendrogram based on Cluster analysis, two way, on the nine Hyacinth cultivars in relation to FP and FS 

 
Ornamental plants are important both by the 
decorative effect and by the functional role at 
the level of natural or urban ecosystem 
(Baiyewu et al., 2005; Acar et al., 2007; 
Mohamad et al., 2013; Dragoș et al., 2018). 
For the qualitative appreciation of the 
ornamental plants through the leaves, a series 
of elements such as the shape, dimensions and 
spatial distribution of the leaves are important 
(Di Benedetto et al., 2006; Li et al., 2014; 
Santagostini et al., 2014).  
In addition, the leaf surface, for which different 
estimation methods were elaborated (Sala et al., 
2015; Drienovsky et al., 2017; Cândea-Crăciun 
et al., 2018), the health and intensity of the leaf 
color (Kim et al., 2012; Bayat et al., 2018), are 
parameters which, moreover, contributes to the 
plants functioning, and in decorative and 
contrasting effect of ornamental plants. 
For ornamental plants through flowers, 
morphological description and qualitative 
assessment was made on the basis of 
parameters, descriptors and qualitative indices 
of flowers (shape, size, color, flowering 
duration, perfume etc.), as well as the 

flowers/leaves proportion and balance, and the 
plants as whole (Dobrilovič, 2010; Kuligowska 
et al., 2015; Huss et al., 2018). 
The quality of the flowers at Hyacinth was 
evaluated based on several parameters that 
concern the plant as a whole. It presented 
interest especially the height of the plant, the 
length of the inflorescence, the length of the 
leaves, the diameter and the circumference of 
the inflorescence, the number of flowers in 
inflorescence, the petals arrangement, flowe-
ring duration, color, perfume (Addai, 2011; 
Śmigielska et al., 2014; Çiğ and Koçak, 2019). 
Flowers dimensions (length of the flower stem, 
diameter, circumference) and the number of 
inflorescences were studied and appreciated as 
important elements in the qualitative 
assessment at Hyacinth (Addai, 2011).  
The colors of leaves and flowers in plants in 
general, and especially in ornamental plants 
have been intensively studied and have been 
found to be of particular importance for the 
management of species and genotypes (Kendal 
et al., 2013; Zhao and Tao, 2015; Noman et al., 
2017). 
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describing the FD III variation in relation to FP 
III was not obtained under statistical safety 
conditions. 
PCA was used to evaluate the distribution and 
association of cultivars in relation to the three 
forcing periods (FP I, FP II, FP III), flowering 
durations (FD I, FD II, FD III), and flower stem 
(FS I, FS II, FS III). PCA analysis explained 
58.498% of variance for PC1 and 30.622% of 
variance for PC2, in relation to the forcing 
period (FP), Figure 6. 
PCA diagram (Figure 6) show how the 
cultivars M S, Rem and B J were associated 
with the biplot FP I; Carp and P P cultivars 
were associated with FP II biplot, and C P and 
B S cultivars were associated with FP III 
biplot. 
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Figure 6. PCA diagram in relation to forcing period (FP) 
for Hyacinth cultivars studied 

 
In relation to flowering duration (FD), PCA 
explained 58.052% of variance for PCI, and 
34.78% of variance for PC2. From the PCA 
diagram shown in Figure 7, were found the 
association of G Q and Fon cultivars with FD I 
and FD II biplots, respectively the association 
of M S, Car and B J cultivars with FD III 
biplot. 
In relation to flowers stem (FS), PCA explained 
93.882% of variance for PC1 and 4.1988% of 
variance for PC2, respectively. From the PCA 
diagram shown in Figure 8, were found the 
association of Car and Fon cultivars with FS I 
biplot, and the association of G Q and B J 
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Figure 7. PCA diagram in relation flowering duration 
(FD) for Hyacinth cultivars studied 
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Figure 8. PCA diagram in relation to flowers stem (FS) 
for Hyacinth cultivars studied 
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with similar results (common subcluster), and 
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is attached, followed by the Car cultivar. 
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Ornamental plants are important both by the 
decorative effect and by the functional role at 
the level of natural or urban ecosystem 
(Baiyewu et al., 2005; Acar et al., 2007; 
Mohamad et al., 2013; Dragoș et al., 2018). 
For the qualitative appreciation of the 
ornamental plants through the leaves, a series 
of elements such as the shape, dimensions and 
spatial distribution of the leaves are important 
(Di Benedetto et al., 2006; Li et al., 2014; 
Santagostini et al., 2014).  
In addition, the leaf surface, for which different 
estimation methods were elaborated (Sala et al., 
2015; Drienovsky et al., 2017; Cândea-Crăciun 
et al., 2018), the health and intensity of the leaf 
color (Kim et al., 2012; Bayat et al., 2018), are 
parameters which, moreover, contributes to the 
plants functioning, and in decorative and 
contrasting effect of ornamental plants. 
For ornamental plants through flowers, 
morphological description and qualitative 
assessment was made on the basis of 
parameters, descriptors and qualitative indices 
of flowers (shape, size, color, flowering 
duration, perfume etc.), as well as the 

flowers/leaves proportion and balance, and the 
plants as whole (Dobrilovič, 2010; Kuligowska 
et al., 2015; Huss et al., 2018). 
The quality of the flowers at Hyacinth was 
evaluated based on several parameters that 
concern the plant as a whole. It presented 
interest especially the height of the plant, the 
length of the inflorescence, the length of the 
leaves, the diameter and the circumference of 
the inflorescence, the number of flowers in 
inflorescence, the petals arrangement, flowe-
ring duration, color, perfume (Addai, 2011; 
Śmigielska et al., 2014; Çiğ and Koçak, 2019). 
Flowers dimensions (length of the flower stem, 
diameter, circumference) and the number of 
inflorescences were studied and appreciated as 
important elements in the qualitative 
assessment at Hyacinth (Addai, 2011).  
The colors of leaves and flowers in plants in 
general, and especially in ornamental plants 
have been intensively studied and have been 
found to be of particular importance for the 
management of species and genotypes (Kendal 
et al., 2013; Zhao and Tao, 2015; Noman et al., 
2017). 
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Flower color is genotype specific, and 
anthocyanin profiles were studied in flower 
petals in different genotypes of Hyacinthus 
orientalis and grape hyacinth (Muscari ssp.) 
(Tao et al., 2015; Lou et al., 2017). At the same 
time, the color of the flowers is influenced in 
intensity, by the pH of the soil or the growth 
substrate, and certain mineral salts (Sala, 2011, 
2018; Yang et al., 2012; Zhao and Tao, 2015).  
The perfume complements the spatial 
architectural ensemble and creates a special 
atmosphere through elegant notes (Fenske and 
Imaizumi, 2016; Noman et al., 2017). 
Flowering duration is also important in 
Hyacinthus and has been studied in relation to 
planting periods, forcing periods, genotypes, 
growing conditions, mycorrhizal relationships 
and so on. (Śmigielska et al., 2014; Xie and Wu, 
2017). The estimation of the flowering period 
and duration, has already been performed in 
other ornamental species, based on polynomial 
or smoothing spline models (Băla et al., 2018). 
The prolonged stress induces disturbances of 
physiological indices in the ornamental plants 
and the reduction of the anthocyanin content, 
which affects the leaves and flowers colors of 
the ornamental plants (Li et al., 2009; Zhao and 
Tao, 2015). 
Alterations of physiological indices and flower 
quality in Hyacinthus were recorded under 
alkaline pH conditions and high concentrations 
of mineral salts, such as Na (Türkoglu et al., 
2011; Koksal et al., 2014). 
The results communicated are in accordance 
with the data and the results presented by the 
specialized literature that was the basis for the 
documentation of this study. 
 
CONCLUSIONS 
 
The nine cultivars of Hyacinthus orientalis L. 
had different behavior in terms of vegetation 
period (VP), flowering duration (FD) and 
flower stem (FS) as a flower quality element, 
under similar growing conditions. ‘Blue Jacket’ 
(B J) was differentiated by the largest size of 
the flower stem, followed by ‘Fondante’, (Fon) 
‘Carnegie’ (Car), and ‘Gipsy Queen’ (G Q), 
with statistically assured differences from the 
control. 
Models of polynomial equations of degree 2 
and 3 were obtained, to estimate the size of the 

flower stem (FS) and the flowering duration 
(FD) in relation to the vegetation period, under 
statistic safety conditions. 
Principal Component Analysis and Cluster 
Analysis approaches explained the variance 
and the association of the cultivars in relation 
to variables studied, under statistical safety 
conditions. 
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Flower color is genotype specific, and 
anthocyanin profiles were studied in flower 
petals in different genotypes of Hyacinthus 
orientalis and grape hyacinth (Muscari ssp.) 
(Tao et al., 2015; Lou et al., 2017). At the same 
time, the color of the flowers is influenced in 
intensity, by the pH of the soil or the growth 
substrate, and certain mineral salts (Sala, 2011, 
2018; Yang et al., 2012; Zhao and Tao, 2015).  
The perfume complements the spatial 
architectural ensemble and creates a special 
atmosphere through elegant notes (Fenske and 
Imaizumi, 2016; Noman et al., 2017). 
Flowering duration is also important in 
Hyacinthus and has been studied in relation to 
planting periods, forcing periods, genotypes, 
growing conditions, mycorrhizal relationships 
and so on. (Śmigielska et al., 2014; Xie and Wu, 
2017). The estimation of the flowering period 
and duration, has already been performed in 
other ornamental species, based on polynomial 
or smoothing spline models (Băla et al., 2018). 
The prolonged stress induces disturbances of 
physiological indices in the ornamental plants 
and the reduction of the anthocyanin content, 
which affects the leaves and flowers colors of 
the ornamental plants (Li et al., 2009; Zhao and 
Tao, 2015). 
Alterations of physiological indices and flower 
quality in Hyacinthus were recorded under 
alkaline pH conditions and high concentrations 
of mineral salts, such as Na (Türkoglu et al., 
2011; Koksal et al., 2014). 
The results communicated are in accordance 
with the data and the results presented by the 
specialized literature that was the basis for the 
documentation of this study. 
 
CONCLUSIONS 
 
The nine cultivars of Hyacinthus orientalis L. 
had different behavior in terms of vegetation 
period (VP), flowering duration (FD) and 
flower stem (FS) as a flower quality element, 
under similar growing conditions. ‘Blue Jacket’ 
(B J) was differentiated by the largest size of 
the flower stem, followed by ‘Fondante’, (Fon) 
‘Carnegie’ (Car), and ‘Gipsy Queen’ (G Q), 
with statistically assured differences from the 
control. 
Models of polynomial equations of degree 2 
and 3 were obtained, to estimate the size of the 

flower stem (FS) and the flowering duration 
(FD) in relation to the vegetation period, under 
statistic safety conditions. 
Principal Component Analysis and Cluster 
Analysis approaches explained the variance 
and the association of the cultivars in relation 
to variables studied, under statistical safety 
conditions. 
 
REFERENCES 
 
Addai, I.K. (2011). Influence of cultivar or nutrients 

application on growth, flower production and bulb 
yield of the common hyacinth. American Journal of 
Scientific and Industrial Research, 2(2), 229-245. 

Aghaalikhani, A., Savuto, E., Di Carlo, A., Borello, D. 
(2017). Poplar from phytoremediation as a renewable 
energy source: gasification properties and pollution 
analysis. Energy Procedia, 142, 924-931. 

Addai, I.K. (2011). Influence of cultivar or nutrients 
application on growth, flower production and bulb 
yield of the common hyacinth. American Journal of 
Scientific and Industrial Research, 2(2), 229-245. 

Addai, I.K., Scott, P. (2011). Influence of bulb sizes at 
planting on growth and development of the common 
hyacinth and the lily. Agriculture and Biology 
Journal of North America, 2(2), 298-314. 

Alexandre, M.A.V., Duarte, L.M.L., Rodrigues, L.K., 
Ramos, A.F., Harakava, R. (2017). Hyacinth mosaic 
virus infecting Hyacinthus sp. plants in Brazil. 
Tropical Plant Pathology, 42(1), 51-54. 

Acar, C., Acar, H., Eroglu, E. (2007). Evaluation of 
ornamental plant resources to urban biodiversity and 
cultural changing: a case study of residential 
landscapes in Trabzon City (Turkey). Building and 
Environment, 42, 218-229. 

Baiyewu, R.A., Amusa, N.A., Playiwola, O. (2005). 
Survey on the use of ornamental plants for 
environmental management in Southwestern Nigeria. 
Research Journal of Agriculture and Biological 
Sciences, 1(3), 237-240. 

Bayat, L., Arab, M., Aliniaeifard, S., Seif, M., 
Lastochkina, O., Li, T. (2018). Effects of growth 
under different light spectra on the subsequent high 
light tolerance in rose plants. AoB Plants, 10(5), 
ply052. 

Băla, M., Nan, C., Iordănescu, O., Drienovsky, R., Sala, 
F. (2018). Model to estimate the optimal blooming 
and flowers harvesting interval in Lisianthus 
exaltatum in relation to vegetation period. AgroLife 
Scientific Journal, 7(2), 9-16. 

Cândea-Crăciun, V.-C., Rujescu, C., Camen, D., Manea, 
D., Nicolin, A.L., Sala, F. (2018). Non-destructive 
method for determining the leaf area of the energetic 
poplar. AgroLife Scientific Journal, 7(2), 22-30. 

Cheesman, L., Finnie, J.F., Van Staden, J. (2010). 
Eucomis zambesiaca Baker: Factors affecting in 
vitro bulblet induction. South African Journal of 
Botany, 76(3), 543-549. 

Çiğ, A., Koçak, A. (2019). The effects of different 
planting times and vermicompost applications on the 

flowering of the hyacinth (Hyacinthus orientalis 
"Fondant") growing in the siirt ecological conditions. 
EJONS International Journal on Mathematic, 
Engineering and Natural Sciences, 11, 77-88. 

Çiğ, A., Başdoğan, G. (2016). In vitro propagation 
techniques for some geophyte ornamental plants with 
high economic value. International Journal of 
Secondary Metabolite, 2(1), 27-49. 

Di Benedetto, A., Molinari, J., Boschi, C., Benedicto, D., 
Cerrotta, M., Cerrotta, G. (2006). Estimating crop 
productivity for five ornamental foliage plants. 
International Journal of Agricultural Research, 1(6), 
522-533. 

Dobrilovič, M. (2010). Vegetation elements in Baroque 
gardens (the influence of foreign plants on the 
Baroque programme). Acta Horticulturae, 881, 899-
904. 

Dole, J.M. (2003). Research approaches for determining 
cold requirements for forcing and flowering of 
Geophytes. HortScience, 38(3), 341-346. 

Dragoș, M., Petrescu, A., Merciu, G.-L., Posner, C. 
(2018). The role of native ornamental plants in 
ensuring the habitat needs of birds in urban 
ecosystems. Case study - Cismigiu Garden, 
Bucharest. AgroLife Scientific Journal, 7(2), 43-52. 

Drienovsky, R., Nicolin, A.L., Rujescu, C., Sala, F. 
(2017). Scan LeafArea - A software application used 
in the determination of the foliar surface of plants. 
Research Journal of Agricultural Science, 49(4), 
215-224. 

Fenske, M.P., Imaizumi, T. (2016). Circadian rhythms in 
floral scent emission. Frontiers in Plant Science, 7, 
462. 

Hammer, Ø., Harper, D.A.T., Ryan, P.D. (2001). PAST: 
paleontological statistics software package for 
education and data analysis. Palaeontologia 
Electronica, 4(1), 1-9. 

Harborne, J.B. (1964). Plant polyphenols. XI. The 
structure of acylated anthocyanins. Phytochemistry, 
3, 151-160. 

Hosokawa, K. (1999). Hyacinthus orientalis L.: In vitro 
culture and the production of anthocyanin and other 
secondary metabolites. In: Bajaj Y.P.S. (eds) 
Medicinal and Aromatic Plants XI. Biotechnology in 
Agriculture and Forestry, Vol. 43. Springer, Berlin, 
Heidelberg, 177-198. 

Hosokawa, K., Fukunaga, Y., Fukushi, E., Kawabata, J. 
(1996a). Production of acylated anthocyanins by 
blue flowers of Hyacinthus orientalis regenerated in 
vitro. Phytochemistry, 41(6), 1531-1533. 

Hosokawa, K., Fukunaga, Y., Fukushi, E., Kawabata, J. 
(1996b). Acylated anthocynanins in red flowers of 
Hyacinthus orientalis regenerated in vitro. 
Phytochemistry, 42, 671-672. 

Hosokawa, K., Fukunaga, Y., Fukushi, E., Kawabata, J. 
(1995a). Seven acylated anthocyains in the blue 
flowers of Hyacinthus orientalis. Phytochemistry, 
38, 1293-1298. 

 
Hosokawa, K., Fukunaga, Y., Fukushi, E., Kawabata, J. 

(1995b). Acylated anthocyanins from red Hyacinthus 
orientalis. Phytochemistry, 39, 1437-1441. 

Hosokawa, K., Fukunaga, Y., Fukushi, E., Kawabata, J. 

(1995c). Five acylated pelargonidin glucosides in the 
red flowers of Hyacinthus orientalis. 
Phytochemistry, 40, 567-571. 

Hosokawa, K., Fukunaga, Y. (1995). Production of 
essential oils by flowers of Hyacinthus orientalis L. 
regenerated in vitro. Plant Cell Reports, 14(9), 575-
579. 

Huss, E., Yosef, K.B., Zaccai, M. (2018). Humans’ 
relationship to flowers as an example of the multiple 
components of embodied aesthetics. Behavioral 
Sciences, 8(3), 32. 

Jones, J.L., Jenkins, R.O., Haris, P.I. (2018). Extending 
the geographic reach of the water hyacinth plant in 
removal of heavy metals from a temperate Northern 
Hemisphere river. Scientific Reports, 8, 11071. 

Karagöz, F.P., Dursu, A., Kotan, R. (2019). Effects of 
rhizobacteria on plant development, quality of 
flowering and bulb mineral contents in Hyacinthus 
orientalis L. Alinteri Zirai Bilimler Dergisi, 34(1), 
88-95. 

Kendal, D., Hauser, C.E., Garrard, G.E., Jellinek, S., 
Giljohann, K.M., Moore, J.L. (2013). Quantifying 
plant colour and colour difference as perceived by 
humans using digital images. PLoS ONE, 8(8), 
e72296. 

Kim, J., Kang, S.W., Pak, C.H., Kim, M.S. (2012). 
Changes in leaf variegation and coloration of english 
ivy and polka dot plant under various indoor light 
intensities. HortTechnology, 22(1), 49-55. 

Koetle, M.J., Finnie, J.F., Balázs, E., Van Staden, J. 
(2015). A review on factors affecting the 
Agrobacterium-mediated genetic transformation in 
ornamental monocotyledonous geophytes. South 
African Journal of Botany, 98, 37-44. 

Koksal, N., Kulahlioglu, I., Ertargin, E., Alkan Torun, A. 
(2014). Relationship between salinity stress and ion 
uptake of hyacinth (Hyacinthus orientalis). Turkish 
Journal of Agricultural and Natural Sciences, 1, 578-
583. 

Krause, J. (1980). Propagation of Hyacinth by leaf 
cuttings. histological changes in leaf cuttings of 
hyacinthus orientalis. Acta Horticulturae, 109, 271-
278. 

Kuligowska, K., Lütken, H., Christensen, B., Müller, R. 
(2015). Quantitative and qualitative characterization 
of novel features of Kalanchoë interspecific hybrids. 
Euphytica, 205(3), 927-940. 

Li, Q., Deng, M., Xiong, Y., Coombes, A., Zhao, W. 
(2014). Morphological and photosynthetic response 
to high and low irradiance of Aeschynanthus 
longicaulis. The Scientific World Journal, Article ID, 
347461. 

Li, Y.F., Li, Y.H., Wang, Z.H., Guan, N., Feng, C.J., 
Yang, J.M. (2009). Effect of soil drought stress on 
leaf coloration-emerging of Prunus cistenena cv. 
Pissardii. Acta Ecologica Sinica, 29, 3678-3684. 

Lou, Q., Wang, L., Liu, H., Liu, Y. (2017). Anthocyanin 
profiles in flowers of grape hyacinth. Molecules, 
22(5), 688. 

Mohamad, N.H.N., Idilfitri, S., Thani, S.K.S.O. (2013). 
Biodiversity by design: The attributes of ornamental 
plants in urban forest parks. Procedia - Social and 
Behavioral Sciences, 105, 823-839. 



272

Nazari, F., Farahmand, H., Khosh-Khui, M., Salehi, H. 
(2011). Effects of coir as a component of potting 
media on growth, flowering and physiological 
characteristics of hyacinth (Hyacinthus orientalis L. 
cv. Sonbol-e-Irani). International Journal of 
Agricultural and Food Science, 1(2), 34-38. 

Noman, A., Aqeel, M., Deng, J., Khalid, N., Sanaullah, 
T., Shuilin, H. (2017). Biotechnological 
advancements for improving floral attributes in 
ornamental plants. Frontiers in Plant Science, 8, 530. 

Patoka, J., Bláha, M., Kalous, L., Vrabec, V., Buřič, M., 
Kouba, A. (2016). Potential pest transfer mediated by 
international ornamental plant trade. Scientific 
Reports, 6, 25896. 

Popowich, E.A., Firsov, A.P., Mitiouchkina, T.Y., 
Filipenya, V.L., Dolgov, S.V., Reshetnikov, V.N. 
(2007). Agrobacterium-mediated transformation of 
Hyacinthus orientalis with thaumatin II gene to 
control fungal diseases. Plant Cell, Tissue and Organ 
Culture, 90(3), 237-244. 

Sala, F. (2018). Cartare agrochimică. Ed. Agroprint, 483 
pp. 

Sala, F. (2011). Agrochimie. Ed. Eurobit, Timișoara, 534 
pp. 

Sala, F., Arsene, G.-G., Iordănescu, O., Boldea, M. 
(2015). Leaf area constant model in optimizing foliar 
area measurement in plants: A case study in apple 
tree. Scientia Horticulturae, 193, 218-224. 

Santagostini, P., Demotes-Mainard, S., Huché-Thélier, 
L., Leduc, N., Bertheloot, J., Guérin, V., Bourbeillon, 
J., Sakr, S., Boumaza, R. (2014). Assessment of the 
visual quality of ornamental plants: comparison of 
three methodologies in the case of the rosebush. 
Scientia Horticulturae, 168, 17-26. 

Santos, A., Fidalgo, F., Santos, I. (2006). In vitro 

propagation of Hyacinthus orientalis cv. Jan Boss 
from bulb twin-scale explants. Floriculture, 
Ornamental and Plant Biotechnology, Vol. II ©2006, 
Global Science Books, 561-563. 

Śmigielska, M., Jerzy, M., Krzymińska, A. (2014). The 
growth and flowering of Hyacinthus orientalis L. 
forced in pots under fluorescent light of different 
colours. Acta Agrobotanica, 67(3), 75-82. 

Souza, V.C., Lorenzi, H. (2012). Botânica Sistemática: 
Guia ilustrado para identificação das famílias de 
fanerógamas nativas e exóticas no Brasil baseado em 
APG III. Instituto Plantarum de Estudos da Flora, 
Nova Odessa. 

Stebbings, G. (1996). Heaven scent. Garden, 121, 68-
72. 

Tao, X., Yuan, Y., Xu, Y., Shi, Y., Tang, D. (2015). 
Anthocyanin profiles in petals of different 
Hyacinthus orientalis. Acta Horticulturae Sinica, 42, 
301-310. 

Türkoglu, N., Erez, M.E., Battal, P. (2011). 
Determination of physiological responses on hyacinth 
(Hyacinthus orientalis) plant exposed to different salt 
concentrations. African Journal of Biotechnology, 
10(32), 6045-6051. 

Xie, M.-M., Wu, Q.-S. (2017). Mycorrhiza modulates 
morphology, color and duration of flowers in 
hyacinth. Biotechnology, 16(3), 116-122. 

Yang, Y., Zhang, J., Liao, W., Han, M. (2012). Effects of 
foliage spray on growth and florescence of climbing 
rose Anjila. Journal of Gansu Agricultural 
University, 1, 69-72. 

Zhao, D., Tao, J. (2015). Recent advances on the 
development and regulation of flower color in 
ornamental plants. Frontiers in Plant Science, 6, 261.

 

 
 

 
COMPARATIVE ANALYSIS OF REGIONAL PARK DENDROFLORAS  

OF UKRAINE IN THE ZONAL ASPECT 
 

Sergii POPOVYCH, Kamila POKOTYLOVA 
 

National University of Life and Environmental Scienсes of Ukraine, 19, S. General Rodimtsev, 
03041, Kyiv, Ukraine 

 
Corresponding author email: kamilapg@ukr.net 

 
Abstract 
 
The paper provides the results of the comparative analysis of similarity of the model dendrofloras of protected parks-
monuments of landscape art of Rivne, Vinnytsia and Zaporizhzhia administrative regions of Ukraine, the natural 
conditions of which represent three geographical zones - mixed forests, forest-steppe and steppe. The basis for the 
comparison was the park dendrofloras of Rivne region inventoried by the authors, which includes 127 species of woody 
plants. The species composition of plants of park dendrofloras of the other two regions has been analyzed by literary 
sources, from which it is known that the park dendroflora of Zaporizhzhia region has 348 and Vinnytsia region - 487 
species of woody plants. As a result of the pairwise comparison of dendrofloras the greatest similarity of species 
composition of woody plants of parks of Vinnytsia and Zaporizhzhia regions (Ksc = 0.47, Kj = 0.30) has been 
established, which is a natural phenomenon, since the richness of forest steppe and steppe soils also determines the 
richness of dendrodiversity. As a result of the comparative analysis of taxonomic structures of all three park regional 
dendrofloras, the predominance of Magnoliophyta and Rosaceae species has been established. In their 
biomorphological structure, a subset of mesophanerophytes with a dominance of the first magnitude trees and tall 
shrubs has a key place. In the ecological structure of these three dendrofloras there are more light-demanding, 
mesophytyc and frost-resistant plant species. As for the soil nutrient requirements, a share of common species for the 
pair of park dendrofloras of Rivne and Zaporizhzhia regions dominates. It is explained geographically and edaphically 
by less optimal conditions for plant growth and development than in the forest-steppe zone. Also, there are more 
dendroexotic plants in this pair of compared dendrofloras. 
 
Key words: woody plants, floral structure, similarity coefficient, natural-geographical zones. 
 
INTRODUCTION 
 
According to the International Environmental 
Law, biodiversity conservation is an extremely 
pressing global issue, as evidenced by a 
number of conventions and other international 
instruments. In this aspect, for the conservation 
of flora, international special purpose policy 
papers have been developed and implemented, 
including the European Plant Conservation 
Strategy, prepared jointly by the Council of 
Europe and Planta Europa (Pruhonice, 2001), 
Global Strategy (Global…, 2004) for Plant 
Conservation (The Hague, 2002), International 
Agenda for Botanic in Conservation prepared 
by the Botanic Gardens Conservation 
International during 1998-2000, and others. 
Among the means of implementing the 
abovementioned documented decisions is the 
formation by the States of a network of 
conservation areas for preservation of flora 
in situ and ex situ. The legislation of Ukraine 
on the Nature Reserve Fund (1992), which 

identifies 11 categories of territories and 
objects, is also used to accomplish this task. Of 
these, there are four categories of artificial 
conservation parks (botanical gardens, 
dendrological parks, zoological parks, parks - 
monuments of landscape art). There is the 
biggest number of parks-monuments of 
landscape art in Ukraine (89 sites of nationwide 
and about 460 sites of local importance). Of the 
nationwide objects network, about 60% of 
ancient parks, which largely combine 
autochthonous and introduced dendroflora, 
formed over the centuries as a separate 
phytosystem. 
Successful scientifically balanced conservation 
of park dendrofloras requires comprehensive 
research, including comparative studies to 
determine the degree of botanical value of the 
conservation objects, the enrichment of the 
species composition of plants and their humane 
use, in particular in the social sphere. 
Comparative studies are also needed to develop 
the science of woody plants, the practices of 




