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ABSTRACT
In this study, we investigated the effect of plant growth regulators (PGRs) – auxins, gibberellin, cytokinin, abscisic acid, brassinosteroid, ethylene and their interaction with methyl jasmonate (JA-Me) applied
to roots of the whole plants Kalanchoe blossfeldiana on the accumulation of anthocyanins in roots. The
highest stimulation of anthocyanins synthesis was stated with application of JA-Me alone. In response to
treatments with the other tested PGRs, the content of anthocyanins in roots of a whole plant was different
depending on the concentration of the PGR when being applied alone or together with JA-Me. Auxin,
indole-3-acetic acid (IAA) at a concentration of 50 mg·L-1, indole-3-butyric acid (IBA) at 5 mg·L-1 and
abscisic acid (ABA) at 10 mg·L-1 induced anthocyanin accumulation with approximately 60-115% compared to the control while 24-epibrassinolid (epiBL), gibberellic acid (GA3) and 6-benzylaminopurine
(BAP) had no effect on the anthocyanin accumulation. The simultaneous administration of the PGRs with
JA-Me usually resulted in the accumulation of anthocyanins in roots in a manner similar to that caused by
JA-Me. PGRs applied to isolated roots did not stimulate anthocyanin accumulation, except for the combination of JA-Me with 50 mg·L-1 IAA.
The results indicate that in K. blossfeldiana, the aboveground parts of the plant play an important role
in the biosynthesis of anthocyanins in roots.
Key words: anthocyanin, plant growth regulators, roots, Kalanchoe blossfeldiana
INTRODUCTION
Anthocyanins belong to parent class molecules
called flavonoids. They occur in all tissues of higher
plants, mostly in flowers, fruits but also in leaves,
stems and not so often in roots (Chalker-Scott
1999).
Anthocyanins have been the subject of investigation because they play important roles as pollinator attractants, photo-protective agents and in visual
attraction in nature. Rao (1990) suggests that root
flavonoids play significant roles in regulating root
growth and functions, influencing different aspects
of nitrogen cycle and protecting the plants against
diseases.

*Corresponding author:
e-mail: justyna.goraj@inhort.pl

The synthesis of anthocyanins is also suggested to be under hormonal control (Weiss et al.
1995, Peng et al. 2011, Nagira et al. 2006).
The growth and development of plants is modulated by interaction between many endogenous factors, including plant growth regulators (PGRs).
Changes in the endogenous concentration of the PGRs
and the tissue sensitivity in the various plant organs
control a wide range of developmental processes.
Plant response to hormones is activated after the
binding of the hormone to a specific receptor in the
cell that initiates a cascade of signalling processes.
Jasmonates (JAs) have been shown to exert inducing effect on the synthesis of anthocyanin, as reported in experiments with many plant species, such
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as soybean seedlings (Glycine max Merr.) (Franceschi & Grimes 1991), or with stems and leaves of uncooled and cooled tulip bulbs (Tulipa gesneriana
L.) (Saniewski et al. 1998). JAs are signalling molecules that play a key role in regulation of plant metabolic processes. These compounds could diffuse to
distal parts of the plant via the vapour phase or by
intercellular migration, possibly through the phloem.
JA and methyl jasmonate (JA-Me) may participate in
signal transmission over long distances in the plant
(Cheong & Choi 2003). They are also involved in
many processes of the plant life cycle and in adaptation to environmental stress conditions.
Positive effect on the synthesis of anthocyanin
has been established also for other hormones, such
as gibberellins in petunia flowers (Weiss et al. 1995)
and Hyacinthus sepals (Hosokawa 1996). In contrast, gibberellins had inhibiting effect on the synthesis of anthocyanins in maize leaves (Kim et al.
2006). According to El-Kereamy et al. (2003), ethylene positively affected the synthesis of anthocyanin in grape berry skin. Abscisic acid (ABA), depending on the concentration and plant species,
stimulated the synthesis of anthocyanins in the skin
of grapes (Mori et al. 2005) or inhibited the accumulation of anthocyanins in flowers of petunia
(Weiss et al. 1995).
The biosynthesis of anthocyanin in plant tissues either requires light or is enhanced by it. Lightdependent anthocyanin synthesis has been extensively used as a model system for studies of the
mechanism of photoregulation of plant development (Mancinelli 1985). Light can penetrate the soil
and influence not only root growth, but also several
soil microbiological and biochemical processes
(Rao 1990). Anthocyanins in the roots may act as
a protective antioxidant against stress factors from
the environment.
Kalanchoe blossfeldiana, object of our study is
a dark green, perennial succulent with scallopedged leaves and large umbels of flower clusters
held above the foliage. This is a short day plant. It is
interesting that leaves and stem of the plant accumulate significant amounts of anthocyanins as
a consequence of photo-periodic response (Neyland
et al. 1963).
Saniewski et al. (2003) showed that methyl
jasmonate at the concentration of 0.1% applied in

lanolin paste on the middle part of the stem of young
plants of K. blossfeldiana grown under natural light
conditions greatly stimulated anthocyanins accumulation in the main and lateral stems, both below and
above the place of treatment. This effect suggests
that JA-Me is transported in K. blossfeldiana shoots
toward acropetal, as well as basipetal directions.
When leaves were removed from the plant of
K. blossfeldiana almost no anthocyanin formation
was observed in stem, after treatment with methyl
jasmonate, applied in lanolin paste in the middle
part of internodes.
We previously reported a system, in which anthocyanin synthesis was induced in K. blossfeldiana
roots by methyl jasmonate under natural light conditions in a greenhouse (Góraj & Saniewski 2009).
Seven anthocyanins were documented in the roots
of control plants (distilled water) and eight anthocyanins in the roots treated with JA-Me. The total content of anthocyanins in the roots of older plants
treated with JA-Me, increased after 4, 8 and 14 days
by 6.8, 6.0 and 3.6 times in comparison to the content of anthocyanins in the roots of control plants
(water), respectively (Góraj et al. 2011).
The aim of this study was to investigate effects
of various concentrations of plant growth regulators
(auxins, gibberellin, cytokinin, abscisic acid, brassinosteroid, ethylene), applied alone or simultaneously with methyl jasmonate, on anthocyanin accumulation in roots of intact plants and isolated roots
of K. blossfeldiana, cultivated in the greenhouse under natural light conditions.
MATERIAL AND METHODS
The objectives of our study were K. blossfeldiana plants of the family Crassulaceae. The plants
were grown in a greenhouse at 22 ± 3 °C/18 °C
(day/night) under natural light conditions. Plants
were cultivated in a mixture of soil, peat moss and
sand. During the period from January to June, cuttings from old plants were collected and subsequently rooted in distilled water. Then, the roots of
the plants were kept at water solutions of plant
growth regulators: auxins – IAA (5, 50, 100 mg·L-1),
IBA (5, 25, 75 mg·L-1), gibberellin – GA3 (5, 25,
75 mg·L-1), cytokinin – BAP (0.01, 0.1, 1.0 mg·L-1),
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abscisic acid – ABA (5, 10, 25 mg·L-1), 24epibrassinolid – epiBL (50, 100, 300 nM), direct
precursor of ethylene – ACC (0.1, 1.0 mM) used
alone and in combination with methyl jasmonate
(20 mg·L-1) as a solution. Control plants were kept
in distilled water only. Experiments were carried out
on whole plants and on isolated roots. The plants
were maintained in the greenhouse under natural
light conditions.
For each treatment, five to seven plants were
used. All analyses were performed in five replicates.
The data were subjected to an analysis of variance
and Duncan´s multiple range test was used for
means separation at p = 0.05.
Anthocyanin measurements
Total anthocyanin content was determined using the modified Mancinelli et al. (1988) method.
Roots were collected after 14 days from the start of
the experiment. Root tissues were extracted overnight in 1% HCl-MeOH, at 4 °C in darkness with
occasional shaking. The homogenate was centrifuged at 6000 × g for 10 min. Absorption of the diluents was measured at 530 nm (Spectrophotometer
Helios-ε). Anthocyanin content was calculated as
cyanidin-3-glucoside, using 29 600 as a molecular
extinction coefficient and expressed as µg·g-1 fresh
weight (FW).
Ethylene production
Rooted plants were placed in a solution of JAMe (5 and 20 mg·L-1) and the ACC (0.1, 0.5 and
1.0 mM) given alone, and in a mixture of these compounds. Control plants were placed in distilled water. After 4 and 14 days, the roots were cut and
placed in 10 ml glass vials, sealed with a septum and
kept for 2 h. Gas samples were taken from the headspace and injected into a gas chromatograph
(Hewlett Packard 58900). Ethylene production was
expressed in nl·g-1·h-1. The results were statistically
analysed, separately for each term of measurement.
RESULTS AND DISCUSSION
The effects of different exogenous PGRs on
anthocyanin synthesis are reported in the literature

data. The modulation of hormone sensitivity can
cause changes in the synthesis of an unrelated hormone, while in other cases a hormone response gene
defines a mode of interaction between two responding pathways (Gazzarrini & McCourt 2003). Plant
growth regulators are also important in controlling
anthocyanin biosynthesis.
The production of anthocyanin with participation PGRs inter alia take place in the hairy root cultures in specially designed bioreactors or in cultures of
adventitious roots (Betsui et al. 2004; Bae et al. 2012).
Richard et al. (2000) showed that methyl
jasmonate as a signal molecule participates in induction of gene transcription leading to L-phenylalanine ammonia-lyase and chalcone synthase, enzymes involved in the synthesis of flavonoids.
It is noted that, no studies were reported on
the mechanism of anthocyanin biosynthesis in the
roots under influence of methyl jasmonate and on
its interaction with PGRs. In this field, only
Shimizu et al. (2010) reported that anthocyanin
accumulation in the roots of cultured in vitro
Gynura bicolor plants was induced by 25-50 µM
methyl jasmonate treatment. The same anthocyanins were found in the roots as in leaves of fieldgrown plants. This induction was affected by light
irradiation and sucrose added to the culture medium.
The effect of PGRs applied to roots of the whole
plants alone and combined with JA-Me
Auxins (IAA and IBA)
The auxin IAA in all of the applied concentrations slightly stimulated the accumulation of anthocyanins in roots of K. blossfeldiana. In the control
roots, the content of anthocyanins was 83.74 µg·g-1
FW and the highest content was obtained after treatment with IAA at a concentration of 50 mg·L-1 –
179.63 µg·g-1 FW. IAA applied at a concentration
of 5 and 100 mg·L-1 simultaneously with methyl
jasmonate (20 mg·L-1) did not affect the accumulation of anthocyanin in roots induced by JA-Me, contrary to IAA concentration of 50 mg·L-1, which
stimulated accumulation of anthocyanin (Fig. 1).
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Fig. 1. Effect of IAA applied alone or in combination
with JA-Me (20 mg · L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots
500

and 10-4 M in combination with JA-Me (10-4 M) vapours did not affect the level of anthocyanin in cotyledons of buckwheat seedlings. At higher doses of
IAA (10-6 and 10-4 M), a significant reduction in anthocyanin content was observed.
Another auxin, NAA at a concentration of 200
mg·L-1 suppressed the anthocyanin content in grape
berry skins (Jeong et al. 2004). Low concentration
of 2.4-D in the medium enhanced both anthocyanin
production and anthocyanin methylation in strawberry suspension culture (Nakamura et al. 1998).
Synthesis of anthocyanins was carried out in the
hairy roots of Raphanus sativus L. cv. Valentine.
Among the different auxin treatments, 1.0 mg·L-1 of
2.4-D resulted in the highest production of anthocyanin (26 times higher), as compared to the control
transgenic root cultures of Raphanus sativus (Bae et
al. 2012).
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Fig. 2. Effect of IBA applied alone or in combination
with JA-Me (20 mg · L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots

Roots of K. blossfeldiana treated with IBA at
a concentration of 5 mg·L-1 had slightly red pigmentation; however at a concentration of 25 and
75 mg·L-1 the roots were cream-coloured. IBA at
a concentration of 5 mg·L-1 applied with JA-Me
stimulated accumulation of anthocyanins in the
roots, in comparison to the JA-Me treatment alone.
However, IBA at a concentration of 25 mg·L-1 did
not influence accumulation of anthocyanin induced
by JA-Me. The higher concentration of IBA equals
75 mg·L-1 inhibited anthocyanin accumulation induced by JA-Me (Fig. 2).
Horbowicz et al. (2013), reported that IAA
used alone at a low concentrations 10-8 M or at 10-6

Gibberellin (gibberellic acid)
Figure 3 represents the results of anthocyanin
content in the roots of K. blossfeldiana treated with
gibberellic acid (GA3). GA3 used alone at a concentrations 5, 25 and 75 mg·L-1 did not affect the accumulation of anthocyanins in roots of this plant. The
roots of the plants treated with GA3 were cream, as
in the control. GA3 at a concentration of 5 mg·L-1
applied with JA-Me, caused an increase in the level
of anthocyanins induced by JA-Me in the roots. The
content of anthocyanins after treatment with JA-Me
was 339.93 µg·g-1 FW, whereas the JA-Me applied
with GA3 at a concentration of 5 mg·L-1 resulted in
production of anthocyanins at the level of
422.22 µg·g-1 FW. GA3 at a concentration of
25 mg·L-1 did not affect the accumulation of anthocyanins induced by JA-Me, but at a concentration of
75 mg·L-1 inhibited the accumulation of anthocyanins in this roots.
The application of GA3 used alone (10-8 and
-6
10 M), and GA3 (10-6) combined with JA-Me at
a concentration of 10-4 M did not affect the anthocyanin content in buckwheat cotyledons, whereas
the higher dose of this hormone (10-4 M), in combination with JA-Me (10-4 M), significantly decreased
the content of pigments in buckwheat cotyledons
(Horbowicz et al. 2013). The production of anthocyanins was affected by the concentration of gibberellic acid (GA3) in flowers of Hyacinthus orientalis.
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Cytokinin (6-benzylaminopurine)
Relationships between anthocyanin content in
the roots supplied with methyl jasmonate and 6-benzylaminopurine (BAP) are shown in Figure 4. BAP
used at a concentration of 0.01; 0.1 and 1.0 mg·L-1
did not affect the accumulation of anthocyanins in
the roots, which was similar as in the control. BAP
at a concentration of 0.01 mg·L-1 applied in conjunction with JA-Me, did not influence the accumulation of anthocyanins induced by JA-Me, whereas
BAP at 0.1 and 1.0 mg·L-1 inhibited the accumulation of anthocyanins induced by JA-Me.
A stimulatory effect of cytokinins on the synthesis of anthocyanins in tissue cultures or in parts
of intact plants was reported in literature data. Fang
et al. (1998), reported that BAP supplementation of
the suspension culture of Vaccinium palahae in
a concentration 20 µM increases three times anthocyanin synthesis, and accelerate their production.
Anthocyanins production reached a maximum after
16-20 days in cultures containing an optimal kinetin
concentration. In intact plants, cytokinins promoted
anthocyanin synthesis in petals of Impatiens balsamina (Klein & Hagen 1961). Cytokinins (BAP
25 µM) enhanced the response to light in Zea mays,
but was not sufficient to induce anthocyanin accumulation in darkness (Piazza et al. 2002).
Abscisic acid
Abscisic acid (ABA) used individually at
a concentration of 5 to 25 mg·L-1 slightly stimulated
the accumulation of anthocyanins (Fig. 5). The
highest content of anthocyanins in the roots of the
plants were obtained after treatment with ABA at
10 mg·L-1. The combined treatment with methyl
jasmonate (20 mg·L-1) and ABA at 5 mg·L-1 resulted in increased content of anthocyanins in the
roots, compared to the treatment with JA-Me alone.
ABA at a concentration of 10 mg·L-1 did not affect the accumulation of anthocyanins induced by
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Fig. 3. Effect of GA3 applied alone or in combination
with JA-Me (20 mg·L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots
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The highest concentration of anthocyanins was obtained when the in vitro regenerated flowers were
cultured for three weeks at 15 °C on MS medium,
containing 1 mg·L-1 GA3 and 30 g·L-1 sucrose (Hosokawa et al. 1996). Gibberellic acid at the level of
30 µg·L-1 enhanced anthocyanins content and PAL
activity in young plants of Fragaria × ananassa cv.
‘Chandler’ (Montero et al. 1998).
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Fig. 4. Effect of BAP applied alone or in combination
with JA-Me (20 mg·L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots

JA-Me, but at 25 mg·L-1 inhibited their accumulation in the roots (Fig. 5).
Endogenous ABA may play a role in strawberry
fruit colour development during ripening through upregulation of ethylene production and PAL activity
(Jiang & Joyce 2003). ABA increases the activity of
PAL, a key regulatory enzyme of anthocyanin biosynthesis, and promotes senescence of rice leaves
(Hung & Kao 2004). Exogenous ABA induced anthocyanin synthesis in regenerating Torenia fournieri shoots in the medium containing a low concentration of sucrose (1.5%) (Nagira et al. 2006). Application of ABA (at 0.01 to 1 µM) to non-chlorophyllous corn leaf segments had a stimulatory effect
on anthocyanin accumulation. However, the higher
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Brassinosteroids (24-epibrassinolide)
The effect of 24-epibrassinolide (epiBL) and
its interaction with JA-Me on anthocyanin accumulation in roots is shown in Figure 6. It has been
found that epiBL applied individually at concentrations of 50, 100 and 300 nM did not affect the accumulation of anthocyanins in the roots of plants.
Roots were creamy as in the control (Fig. 6). EpiBL
at a concentration of 50 nM applied together with
JA-Me did not influence on the accumulation of anthocyanins induced by JA-Me, but used at a concentration of 100 nM increased the anthocyanin accumulation in the roots induced by JA-Me, whereas a concentration of 300 nM had the inhibitory effect on the
accumulation of anthocyanins induced by JA-Me.
Cevahir et al. (2008) showed that 24-epiBL
used at concentrations of 10-5, 10-7, 10-9 M greatly
increased accumulation of anthocyanin’s in hypocotyl of Glycine max L. seedlings grown in a light
by 87, 147, 282%, respectively.
The total anthocyanin content in brassinosteroid (BR) treated grapes was higher than in a control and the 0.4 mg·L-1 BR was the most effective
concentration for anthocyanin synthesis (Luan et
al. 2013).
EpiBL (1 µM) applicated with methyl
jasmonate (50 µM) causes increase of anthocyanin
content in Arabidopsis plants, in comparison to
content in plants treated with methyl jasmonate
only. Inhibitor of BR biosynthesis – brassinazole
inhibits anthocyanin accumulation induced by
jasmonic acid, which indicated that brassinosteroids play a very important function in mechanism
of anthocyanins biosynthesis induced by
jasmonates (Peng et al. 2011).

On the other hand, Çağ et al. (2007) demonstrated the inhibitory effect of brassinosteroids on
anthocyanin biosynthesis. The pigment contents in
red cabbage cotyledons incubated in epiBL solution at 10 and 0.1 µM epiBL decreased by 52% and
21%, respectively, but did not change at 0.001 µM
epiBL in comparison with control.
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Fig. 5. Effect of ABA applied alone or in combination
with JA-Me (20 mg·L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots
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ABA rate decreased pigment accumulation because
of the disintegration of cell membranes (Kim et al.
2006). On the other hand, ABA at high concentration reduced root growth and induced a significant
decrease of the anthocyanin level in Zea mays. Removal of the cap, which produced or released
ABA, enhanced the anthocyanin concentration (Pilet & Takahashi 1979). In roots of Impatiens glandulifera cv. Royle, ABA can inhibit dormancy
break and anthocyanin synthesis in the root caps
(Mumford 1990).
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Fig. 6. Effect of epiBL applied alone or in combination
with JA-Me (20 mg·L-1) to the roots of the whole plants
of Kalanchoe blossfeldiana on the content of anthocyanin in roots

ACC (1-aminocyclopropane-1-carboxylic acid)
In our study, the precursor of ethylene biosynthesis, ACC, used at a concentration of 0.1 and 1.0 mM
did not affect the accumulation of anthocyanins in
the roots. The roots of the control plants contained
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95.27 µg·g-1 FW of anthocyanins, whereas treatment with 0.1 and 1.0 mM decreased the concentration of anthocyanins to 64.69 and 60.86 µg·g-1 FW
(Fig. 7). ACC at a 0.1 and 1.0 mM applied with JAMe inhibited anthocyanin accumulation in the roots
of K. blossfeldiana induced by JA-Me. Anthocyanin
content in the roots of the plants treated with methyl
jasmonate was 396.58 µg·g-1 FW and treated with
ACC at a 1.0 mM together with JA-Me was
138.50 µg·g-1 FW (Fig. 7).
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Fig. 7. Effect of individual ACC (0.1, 1.0 mM) treatment
or combined with JA-Me (20 mg·L-1) on the content of
anthocyanin in roots of Kalanchoe blossfeldiana

The production of ethylene in the roots of control plants after 4 and 14 days was low and did not
exceed 10 nl·g-1·h-1 (Fig. 8). The use of JA-Me at
5 and 20 mg·L-1 did not affect the ethylene evolution. When the roots were placed in solutions of
ACC (0.1, 0.5 and 1.0 mM), the production of ethylene was significantly higher (23-44 nl·g-1·h-1),
compared to control plants. After 4 days of the treatment, JA-Me at a concentration of 5 mg·L-1 applied
together with ACC stimulated the production of ethylene at all of the used ACC concentrations. After
14 days JA-Me stimulated the production of ethylene, but only at the highest concentration of ACC
(1.0 mM). JA-Me at a 20 mg·L-1 with ACC, increased the ethylene production at all the used
ACC concentrations, after 4 and 14 days (Fig. 8).
Anthocyanin synthesis can also be enhanced
by exogenous ethylene or the ethylene-releasing
compound, ethephon (2-chloroethyl phosphonic

acid) (Gómez-Cordovés et al. 1996), possibly by increasing enzymatic activity in the phenyl-propanoid
pathway (Li et al. 2002). Application of aminoethoxyvinylglycine (AVG), an ethylene synthesis inhibitor, reduces anthocyanin accumulation (Wang
& Dilley 2001). Rudell and Mattheis (2008), reported that treatment with JA-Me alone and with JAMe + ethylene enhanced the major anthocyanins
content in apple fruit.
Shimizu et al. (2010) showed that induction of
anthocyanins accumulation in shoots and roots of
Gynura bicolor plants was not affected by ACC.
This indicates that ethylene might not be involved
in the induction of anthocyanin accumulation directly or might not act as a positive inducer of anthocyanin biosynthesis in G. bicolor.
Saniewski et al. (1997) reported that JA-Me
can increase ethylene production in various organs
and intact plants of many species by stimulating activities of ACC synthase and ACC oxidase.
In both dendrobium and petunia flowers, the
JA-Me induced increase in ethylene production and
1-aminocyclopropane-1-carboxylic acid content.
Aminooxyacetic acid (inhibitor of ACC-synthase)
and silver-thiosulfate (inhibitor of ethylene action)
completely inhibited the effects of JA-Me. It was
also found that JA-Me enhances petunia and dendrobium flower senescence via the promotion of
ACC and ethylene production (Porat et al. 1993).
The effect of PGRs applied to the isolated roots
alone or in combination with JA-Me
The plant growth regulators applied to isolated roots did not affect accumulation of anthocyanins in the roots. The treated roots were creamy,
similar to the control. The addition of JA-Me did
not affect the accumulation of anthocyanins, except for IAA (Table 1).
However, the above-ground part of plant is not
needed for the production of anthocyanins in adventitious root cultures of Raphanus sativus L. cv. Peking Koushin. Adventitious roots cultured in ½ MS
liquid medium supplemented with IBA at a concentration of 0.5 mg·L-1 for four weeks, at 25 °C under
14 h/day light conditions, produced high amounts of
anthocyanin (Betsui et al. 2004).
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Fig. 8. Effect of JA-Me and ACC applied alone or in combination to the roots of the whole plants of Kalanchoe
blossfeldiana on ethylene production in roots The results were statistically analysed separately for each term of measurement.
Table 1. Effect of PGRs applied to the isolated roots of
Kalanchoe blossfeldiana alone or in combination with
JA-Me on the anthocyanin formation in roots

Treatment
Control
JA-Me 20 mg·L-1
IAA 50 mg·L-1
JA-Me 20 mg·L-1 + IAA 50 mg·L-1
GA3 5 mg·L-1
JA-Me 20 mg·L-1 + GA3 5 mg·L-1
BAP 0.1 mg·L-1
JA-Me 20 mg·L-1 + BAP 0.1 mg·L-1
epiBL 300 nM
JA-Me 20 mg·L-1 + epiBL 300 nM
ABA 10 mg·L-1
JA-Me 20 mg·L-1 + ABA 10 mg·L-1

Anthocyanin content
(µg·g-1 FW)
37.94 bcd
58.93 de
37.31 abc
60.69 e
35.70 abc
21.70 a
34.53 abc
22.96 ab
39.66 bcd
24.23 ab
38.68 cd
42.00 cd

CONCLUSION
In this study, the treatments of the roots of
whole Kalanchoe blossfeldiana plants with PGRs,
showed that methyl jasmonate is the most important
factor inducing anthocyanins accumulation in these
roots under natural light condition in a greenhouse.
The above-ground part of the plant plays an important role in the biosynthesis of anthocyanins in

roots. The contents of anthocyanins in roots of
whole K. blossfeldiana were also higher after treatments with IAA at a concentration of 50 mg·L-1,
IBA at 5 mg·L-1 and ABA at 10 mg·L-1. These PGRs
increased anthocyanins accumulation by 60 to
115%, compared to the control. Other plant growth
regulators (GA3, BAP, epiBL) tested individually
under the same conditions as the JA-Me did not affect the formation of anthocyanins in the roots of
K. blossfeldiana. It should be mentioned that highest anthocyanins elicitation in roots were obtained
using JA-Me in combination with IAA 50, ABA 5
or GA3 5 mg·L-1.
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