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Abstract

HENSCHKE, M., P. K. CZUCHAJ and S. J. SZCZEPANIAK, 2015. The effect of benzyladenine and gibberellic 
acid on the growth and flowering of Helleborus orientalis Lam. Bulg. J. Agric. Sci., 21: 1198–1203

The aim of the study was to treat Helleborus orientalis ‘Red Hybrids’ with benzyladenine and gibberellic acid in foliar and 
soil applications in order to obtain intensively growing and flowering plants. Vegetative growth and flowering of plants was 
observed over the period of three years. The type of growth regulator had a significant effect on plant height and the number 
of leaves starting from the second year of growing. Plants produced with a BA + GA3 solution were shorter and had a larger 
number of leaves than those treated with a BA solution. The manner of growth regulator application had a significant effect 
primarily on the number of leaves, which was higher in the case of soil application of growth regulator solutions in comparison 
to foliar applications.
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Introduction

Hellebores are geophytes of the Ranunculaceae family. 
The genus comprises about 20 species, which can naturally 
be found chiefly in the Balkan Peninsula, in Western Europe 
and in China. Two groups of hybrid cultivars of the oriental 
hellebore are frequently used in horticulture practice. One 
group includes vegetative propagated clones. The other group 
includes cultivars reproduced from seeds, but they are pro-
duced by specific selection, thanks to which the plants share 
a large number of common traits. Such cultivars, created by 
individual gardening companies, are often referred to as ‘hy-
brids’ (Rice and Strangman, 1993).

Hellebores bloom in late winter or early spring and flower-
ing is induced by the end of the cold period. This facilitates 
acceleration of flowering in winter months, e.g. in Western 
Europe hellebores are grown for the Christmas season. Due to 
their minimal temperature requirements hellebores are perfect 
alternatives to poinsettia (Euphorbia pulcherrima), very pop-
ular at that time of the year. Different species from this genus, 
primarily black hellebore and oriental hellebore, are grown 
in containers and for cut flowers (Ganslmeier and Henseler, 

1985; Pogroszewska, 1996). Studies conducted to date con-
cerned e.g. production of young plants, substrate quality, fer-
tilisation, the effect of day/night temperatures on growth and 
photosynthesis, accelerated cultivation, etc. (Pogroszewska, 
1995; Pogroszewska, 1996; Piskornik et al., 2000; Kraus and 
Warren, 2002; Piskornik, 2003 a,b; Henschke et al., 2009; 
Czuchaj et al., 2010; Lowder et al., 2010). On a large scale 
oriental hellebore is usually propagated from seeds. The in 
vitro method is still being developed and it is rarely applied, 
whereas rhizome division is not very efficient (Piskornik et 
al., 1999; Seyring, 2002; Dhooghe and Van Labeke, 2007).

Due to the slow growth of these long-lived perennials cul-
tivation in containers takes a long time. In order to produce 
plants with a larger number of shoots in a shorter time they 
can be treated with growth regulators. Growth regulators 
were shown to have a positive effect on the formation of new 
shoots in decorative shrubs and perennials, or on yielding of 
Allium karataviense ‘Ivory Queen’ (Grzesik and Rudnicki, 
1985; Bessler, 1995; Pogroszewka et al., 2007). The aim of 
this study was to treat hellebores with benzyladenine and 
gibberellic acid in foliar and soil applications in order to ob-
tain intensively growing and flowering plants.
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materials and methods

From 2008 to 2010 experiments on oriental hellebore ‘Red 
Hybrids’ were conducted at the Marcelin Experimental Sta-
tion, the Poznań University of Life Sciences. Plants for the in-
vestigations were provided by Syngenta Seeds Sp. z o.o. They 
were supplied on 22 April 2008 in multitrays with 72 cells of 
9 cm3. Seedlings, on average with 5 leaves, were planted into 
pots of 1025 cm3. The substrate was Klasmann highmoor peat, 
pH 3.91, supplemented with 0.5 g∙dm-3 Peters Professional PL 
Special (15:11:29) fertiliser and 5 g∙dm-3 calcium carbonate 
(CaCO3). After liming substrate pH was 6.80. The plants were 
treated with growth regulators, i.e. either benzyladenine (BA) 
or a mixture of benzyladenine and gibberellic acid (BA+GA3), 
or with water as the control - after two months of growing. 
The applications were performed twice at monthly intervals 
(on 22 June and on 22 July 2008). Gibberellic acid in a com-
mercially available preparation Gibrescol 10 MG, was applied. 
Water solutions of growth regulators were applied by water-
ing and spraying. Solutions of 500 mg∙dm-3 benzyladenine and 
150 mg∙dm-3 gibberellic acid were used for watering at 50 ml 
per pot, while solutions of 3000 mg∙dm-3 benzyladenine and 
150 mg∙dm-3 gibberellic acid at 20 ml per plant were used for 
spraying. Plants were grown in a greenhouse. Only in Novem-
ber plants were cooled for a month in a polytunnel, in which 
the average diurnal temperature was 5.4°C. Plants were re-
turned to the greenhouse in December. During the accelera-
tion period the average daily temperature in the greenhouse 
was 13.3°C during the day and 11.6°C at night. Cooling and 
acceleration were repeated during all the years of the study. 
During the cultivation every ten days the plants were supple-
mented with a 0.15% solution of a multinutrient Peters Profes-
sional PL Special (15:11:29) fertiliser at 100 ml per pot.

Plant growth was assessed in October 2008, 2009 and 
2010, i.e. in the consecutive years of cultivation, based on 

plant height, the number of vegetative shoots and the num-
ber of leaves. Due to the low dynamics of changes in the 
number of shoots analyses were conducted on the results 
of measurements from 2008 and 2010. Plant flowering was 
evaluated only in December 2009 and 2010, because very 
few plants bloomed in the first year of cultivation. The num-
ber and length of flowering shoots were determined at an-
thesis. The results were subjected to three-way analysis of 
variance using the Statistica 10.0 software package. Factors 
differentiating the trait under analysis included the year of 
measurement, growth regulator and the method of its appli-
cation. One combination comprised 12 plants, each grown 
in a separate pot. The significance of differences between 
the measurements of factors was examined by Tukey’s test 
and presented in a graphic form to facilitate interpretation 
of the results.

Results and Discussion

The year of cultivation and the applied growth regulator 
had highly significant effects on vegetative growth of helle-
bore (Table 1). Regardless of the other factors, the number 
of vegetative shoots and the number of leaves significantly 
depended on the method of growth regulator application. The 
interaction of the application method and growth regulator or 
the year of cultivation was statistically confirmed only for the 
number of leaves. All the traits describing vegetative growth 
of plants had significantly higher values in the consecutive 
years of hellebore cultivation.

In 2008 the BA or BA+GA3 solution, regardless of its ap-
plication method, had a significant effect on the increase in the 
number of vegetative shoots, as compared with the control. In 
2010 only watering with solutions of these growth regulators 
had a significant effect on the number of the shoots (Figure 
1). In 2010 spraying with BA or BA+GA3 solutions did not 

Table 1 
The F-test statistics and significance levels of three-way analysis of variance for vegetative growth traits, with 
the year of cultivation, growth regulator and the application method for Helleborus orientalis ‘Red Hybrids’ as 
differentiating factors (***α<0.001; ** α<0.01; *α<0.5; ns – non-significant)

Trait Year of 
cultivation

Growth 
regulator

Application 
method

Year of 
cultivation 
x growth 
regulator

Year of 
cultivation x 
application 

method

Growth 
regulator

x application 
method

 

Year of 
cultivation
x growth 
regulator

x application 
method

Number of  
vegetative shoots 491.9*** 67.0*** 12.0*** 9.8*** 3.7 ns 1.2 ns 3.4*

Height 1304.8*** 144.3*** 1.4 ns 31.5*** 1.2 ns 15.0*** 2.1 ns
Number of leaves 236.0*** 662.8*** 122.7*** 10.3*** 8.1*** 40.1*** 30.1*
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result in a significant increase in the number of vegetative 
shoots in relation to the control, watered or sprayed with wa-
ter. In turn, Lubell et al. (2005) showed that after a single 
spraying of benzyladenine solution at a similar concentration 
the number of propagules in Helleborus x hybridus in the 
second year of cultivation was 62% higher than in the control. 
Another study by Hetman and Witek (2008) showed that the 
BA+GA3 mixture in the first year of cultivation had a positive 
effect on the number of shoots in Kohleria amabilis only in 
foliar applications. Moreover, the growth regulators were ap-
plied at a much lower concentration (50 mg·dm-3). 

In spite of the fact that in our experiment watering with 
water or with growth regulator solutions had a more favour-
able effect on the number of vegetative shoots in 2010, where-
as the effect of watering with water or with the BA+GA3 so-
lution was more advantageous in 2008, a significant differ-
ence was found only for the use of BA in 2010. The highest 
number of shoots, i.e. 7.27, recorded in 2010 in plants watered 
with the BA solution, did not differ significantly from that in 
plants watered with the BA + GA3 solution, i.e. 6.73. A more 
advantageous effect of spraying two hosta cultivars (Hosta 
sp.) with an Arbolin 038 preparation (containing 0.3% of 
BA and 0.05% of GA) was shown by Witomska et al. (2010). 
However, the effect depended on the applied dose, since at 
a lower dose the number of shoots in the second year was 
even higher. At the application of a larger dose in the begin-
ning the number of shoots was the highest and in the second 
year it was identical to that in the control. As it results from 
the experiments conducted by Bessler (1995), the response of 
perennials to the application of cytokinins depends not only 
on their concentration, but also on the period of treatment. 

Application of a BAP solution at a low concentration of 10 
mg·dm-3 for a longer period of time (10 weeks) has a more 
advantageous effect on the formation of a greater number of 
lateral shoots in Coreopsis grandiflora ‘Early Sunrise’.

Height of the control plants, watered or sprayed with wa-
ter, was significantly greater than that of plants treated with 
growth regulators regardless of the application method in 
2008 and 2010, or that of plants treated with the BA + GA3 
solution in 2009 (Figure 2). The type of growth regulator 
and the application method affected plant height in our ex-
periment in 2009 and 2010. Significantly taller plants were 
produced using the BA solution than the BA + GA3 solution. 
Height of plants treated with the BA solution depended sig-
nificantly on the application method in 2009 and 2010. Taller 
plants were produced when the BA solution was sprayed rath-
er than used as a watering solution. By contrast, when the BA 
+ GA3 solution was used, plants watered with the solution of 
these growth regulators grew taller, which was confirmed by 
the statistical analysis of the results in 2010. A similar study 
was conducted by Hetman and Witek (2008). In their ex-
periment they stimulated growth and flowering of Kohleria 
amabilis by watering or spraying a mixture of BA and GA3, 
but the concentrations were lower, ranging from 50 to 200 
mg·dm-3. At the highest concentration of the solution plants 
grew taller than the water-treated control. In terms of the ef-
fect of mixture application method watering resulted in lower 
plants. The effect of gibberellic acid on plant height in Impa-
tiens hawkeri from the Petticoat series was also investigated 
by Dobrowolska and Startek (2004). However, 4 and 8 weeks 
after spraying gibberellic acid at 10 mg·dm-3 plants they were 
of the same height as the water-sprayed control.
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Fig. 1. The effect of growth regulators on the number of 
vegetative shoots of Helleborus orientalis ‘Red Hybrids’ 
during the two years of cultivation (standard deviation 
in boxplot diagrams denote 0.95 confidence intervals)
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Fig. 2. The effect of growth regulators on the plant 
height of Helleborus orientalis ‘Red Hybrids’ during the 
three years of cultivation (standard deviation in boxplot 

diagrams denote 0.95 confidence intervals)
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In relation to the control the number of leaves in all the 
years of the study was significantly higher in growth regulate-
treated plants, regardless of the application method (Figure 
3). Plants watered with growth regulator solutions produced 
more leaves than sprayed plants, which was confirmed by the 
statistical analysis for the number of leaves in the first and 
third years (2008 and 2010) for BA and BA+GA3 and in the 
second year of cultivation (2009) for BA+GA3. The use of the 
BA+GA3 solution stimulated formation of a greater number 
of leaves, as it was confirmed statistically for both applica-
tion methods in 2010 and for watering with growth regulator 
solutions in 2009. In an experiment by Lubell et al. (2005) in 
which Helleborus x hybridus was sprayed once with the same 
dose of BA as in this experiment, in the second year the num-
ber of leaves per plant was by approx. 13% higher. However, 
at the application of a higher BA solution concentration (4500 
mg·dm-3), the number of leaves increased by almost 40%. In 
contrast, Hetman and Witek (2008), when spraying and wa-
tering Kohleria amabilis with a BA + GA3 mixture at concen-
trations of 50 – 200 mg·dm-3 showed that neither spraying nor 
watering had a positive effect on this trait.

Flowering of hellebores, which started in the second year 
of cultivation, depended first of all on the year, but also on 
plant treatment with a growth regulator and its application 
method (Table 2). In 2010 the number of flowering shoots was 
significantly higher in older plants, but the shoots were sig-
nificantly shorter than in the first year of flowering, i.e. in 
2009 (Figure 4). Plants sprayed with growth regulator solu-
tions (BA or BA + GA3) had a significantly greater number 
of flowering shoots than in the case of watering with these 
solutions. The number of flowering shoots was also higher in 

relation to that in the control, i.e. plants watered or sprayed 
with water. The greatest number of flowering shoots record-
ed in BA-sprayed plants did not differ significantly from that 
produced by plants sprayed with the BA + GA3 solution. In 
the second year growth regulators and their application meth-
ods were shown to have no effect on the number of flower-
ing shoots. Only plants watered with water or BA solution 
formed significantly higher numbers of flowering shoots than 
those sprayed with BA + GA3. Similar results were recorded 
by Hetman and Witek (2008). As early as the first year of 
cultivation, the higher the concentrations of the BA + GA3 
mixture were applied when watering or spraying Kohleria 
amabilis, the lower the number of inflorescences was formed. 
In turn, Janowska (2013) soaked rhizomes of Zantedeschia 
Spring. in BA + GA3 solutions in order to increase the abun-
dance of flowering. Irrespective of the concentrations ap-
plied, the yield of flowers in the first year of cultivation was 
2.5 - 3.5 times greater.

Regardless of the application method, in both years flow-
ering shoots of plants treated with growth regulators were 
significantly shorter than those of the control (Figure 5). Irre-
spective of the application method, in 2009 BA-treated plants 
had significantly longer shoots than plants treated with the BA 
+ GA3 solution. In contrast, in 2010 plants watered with the 
BA solution produced significantly shorter flowering shoots 
than those watered with the BA + GA3 solution. The effect 
of the application method on length of hellebore flowering 
shoots was found only for the application of BA solution. In 
both years BA-sprayed plants produced significantly longer 
shoots than those watered with the BA solution. In another 
study Zalewska et al. (2008) treated Chrysanthemum gran-
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Fig. 4. The effect of growth regulators on the number of 
flowering shoots of Helleborus orientalis ‘Red Hybrids’ 
during two years of cultivation (standard deviation in 

boxplot diagrams denote 0.95 confidence intervals)
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Fig. 3. The effect of growth regulators on the number of 
leaves of Helleborus orientalis ‘Red Hybrids’ during the 
three years of cultivation (standard deviation in boxplot 
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diflorum seedlings three times with gibberellic acid applied 
at 500 mg·dm-3. The authors showed that in only one cultivar 
shoot length during flowering was greater than in the control, 
whereas it was similar in the other cultivar was similar.

Conclusions

The application of BA or BA + GA3 solutions in relation 
to the control had a significant effect on the increase in the 
number of vegetative shoots in both years of analyses, where-
as it increased the number of inflorescence shoots only in the 
first year. Spraying the above mentioned growth regulator 
solutions on plants had a more advantageous effect on the 
formation of inflorescence shoots, while in the third year of 
the study a more advantageous effect on vegetative shoots 

was observed for watering with solutions of those growth 
regulators. Regardless of the application method, plants 
treated with growth regulators, i.e. BA or BA + GA3, were 
significantly lower and they had shorter inflorescence shoots 
than the control, watered or sprayed with water. The type of 
growth regulator had a significant effect on plant height and 
the number of leaves starting from the second year of culti-
vation. Lower plants with a greater number of leaves were 
produced using the BA + GA3 solution than BA solution. 
The growth regulator application method had a significant 
effect primarily on the number of leaves, which was greater 
on plants watered with growth regulator solutions than those 
sprayed with them.
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