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Abstract

Two cultivars of Heuchera L. - ‘Mysteria’ and ‘Peppermint Spice’ were grown in a collection at a sunny site and a slightly
shaded one. The access of sunlight was limited by shade nets, which were stretched on wooden scaffolding over the plants. The
dynamics of growth of the plants in the sunny and half-shaded sites was assessed in the growth periods, in two consecutive
years. After the second year, the content of anthocyanins in the leaves of different physiological maturity (young, mature and
fully mature) was measured. Apart from August, during the whole growth period both cultivars formed more leaves during the
first year of cultivation. Both the ‘Mysteria’ and ‘Peppermint Spice’ cultivars formed more leaves at the sunny site. The research
showed that the highest content of anthocyanins in the Heuchera ‘Mysteria’ and ‘Peppermint Spice’ cultivars growing at the
sunny and half-shaded sites was found in young leaves, whereas the lowest content was noted in fully mature leaves. The
highest content of anthocyanins in both Hewuchera cultivars was found at the initial growth period, i.e. between May and July,
when the light intensity was the greatest, regardless of the place of cultivation. At the end of the growth period, the
biosynthesis of anthocyanins decreased significantly. Anthocyanins accumulated in the vacuole are able to play a role as the

screening pigments under intensive PAR and UV-B radiation.
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Introduction

Plants are affected by solar radiation of a specific spectral
composition and intensity. It influences their growth and
development because it is decisive to the course and
intensity of photosynthesis. Only a minimal amount of this
radiation reaches plants’ surface, ie. 315-400 nm (UV),
photosynthetic active radiation (PAR) of 400-700 nm and
near infrared radiation (NIR) of 700-1100 nm (Skdrska,
2016). Plants use some of this radiation in photochemical
processes. UV radiation can be harmful due to the large
amount of energy it carries. Therefore, plants undergo
biochemical changes to be protected (Pilarski e 4l 2012).
Plants are protected from the harmful effects of UV
radiation by flavonoids: flavonols and anthocyanins.

Increased accumulation of phenolic compounds is one
of the main reactions to excessive UV radiation (Schreiner

et al, 2012). Sinapic acid derivatives are natural UV
screens’, which absorb radiation within the range of 280-
340 nm (Edreva, 2005). Flavonoids, which often
accumulate in the cells of upper leaf epidermis, are also a
specific filter limiting the penetration of UV-B radiation
through the epidermis. Simultancously, these compounds
do not block PAR. Flavonoids reduce the penetration of
UV-B radiation through tissues and thus, they protect the
DNA and photosynthetic apparatus from damage. Apart
from that, these metabolites act as antioxidants. It is proved
by the fact that they can be found not only in the epidermis
which is directly exposed to UV-B radiation but also in
subepidermal leaf tissues (Agati and Tattini, 2010; Agati ez
al.,2012). Primary metabolism compounds - saccharides are
precursors for the synthesis of these metabolites. All
anthocyanin pigments are derivatives of the flavylium cation
- 2-phenyl benzopyrylium, which occurs in the form of the
carbonium or oxonium ion (Piatkowska ez a4l, 2011).
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Anthocyanins are water-soluble plant pigments. They can
be found in flowers, fruits, leaves, shoots, and less frequently
in roots and wood. Their granules fill the vacuole
(Troszyniska ez al., 2000). Plants synthesise anthocyanins in
response to stress caused by drought, pests, potassium
deficiency, coldness and excessive light intensity (Tevini,
1993; Neill and Gould, 1999; Singh ez /., 2017).

This study assessed the dynamics of variation in the
number of leaves and content of anthocyanins in Heuchera
leaves of different physmloglcal maturity. The study was
conducted on cultivars growing at sunny and half-shaded
sites.

Materials and Methods

‘Mysteria’” and ‘Peppermint Spice’ - two cultivars of
Heuchera L. were grown in a collection of the Department
of Ornamental Plants, Poznan University of Life Sciences,
Poland at a sunny site and a slightly shaded one. The plants
grew in seedbeds of 1.2 m in width and they were spaced at
30 x 30 cm. They were randomly planted in three replicates.
The access of sunlight was limited by shade nets, which were
stretched on wooden scaffolding over the plants. The nets
were removed in October due to the poor insolation. Fig, 1
shows the solar radiation intensity at both sites.

During the growth period, the plants were irrigated
regularly. They were fertilised with mulmcomponent
fertiliser (13:6:17) at an amount of 50 g per m’.

The dynamics of growth of the plants in the sunny and
half-shaded sites was assessed in two growth periods, ie. in
2012 and 2013. After the second year the content of
anthocyanins in the leaves was measured. Samples for
laboratory analyses were collected on the following days: 17
May, 14 June, 18 July, 12 September and 11 Oct zier 2013.
On one day, leaves were collected from 8 plants, which were
always the same. Leaves of different physiological maturity
(young, mature and fully mature) were collected from a
fragment of the shoot. 200 mg sample weights were
col%mted in three replicates to measure the content of
anthocyanin pigments. The leaves differed in physiological
maturity and the sites where they grew differed in the light
intensity. The sample weights were ground in a mortar with
2.5 ml of 0.5M HCL The homogenate was centrifuged at
18.000 rpm for 20 minutes (25.000 x g) at a temperature of
4 °C. The supernatant formed above the sediment resulting
from the centrifugation was collected for analyses. The
content of anthocyanins was measured by means of
spectrophotometry at a wavelength of 530 nm. The extracts
of the ‘Mysteria’ cultivar were additionally diluted with
0.5M HCL. The content of anthocyanins was calculated
using the standard curve for cyanidin chloride and it was
expressed as mg per 1 g of fresh weight of leaves.

The results were processed statistically by means of two-
way analysis of variance. Duncan’s test was used. The mean
values were grouped at a significance level of 0.05.

Results and Discussion

The growth of perennials is a dynamic process. The
number of leaves depends on specific morphological traits of
plants and on the conditions at the place of cultivation
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(Marcinkowska ez al., 1998). The dynamics of variation in
the number of leaves of the Heuchera L. cultivars was
diversified. It depended on the cultivar and the growth site.
Apart from August, during the whole growth period both
cultivars formed more leaves during the first year of
cultivation (Table 1). Both the ‘Mysteria’ and ‘Peppermint
Spice’ cultivars formed more leaves at the sunny site.

The content of anthocyanins provides valuable
information about the physiological state of plants (Steele ez
al., 2009). The biosynthesis of anthocyanins is genetically
conditioned - it can be observed in different plant species
and cultivars. Our study confirmed this observation,
because the Heuchera cultivars, which had different colours
of leaves, significantly differed in the content of
anthocyanins, regardless of the place of cultivation.

The comparison of the content of anthocyanins in the
‘Mysteria’ cultivar growing at the half-shaded site showed
that it depended on the physiological maturity of leaves and
the sample collection time (Fig. 2A). Regardless of the
sample collection time, the highest significant content of
anthocyanins was found in young leaves, whereas the lowest
content was noted in fully mature leaves. The highest
content of anthocyanins at this site was noted in May. It was
lower in June, July and September, and the lowest in
October.

According to Lee e al. (2003), anthocyanins become
visible in young leaves at the beginning of their growth and
in ageing leaves of plants preparing for the winter rest. Many
species of plants synthesise anthocyanins in response to
stress caused by drou%ht, pests, potassium deficiency,
coldness and excessive light intensity (Neill and Gould,
1999). Protection from excessive light intensity is the most
important function of anthocyanins in higher plants. They
are located in the vacuoles of epidermal cells, where they
function as a specific filter trapping sunbeams reaching
plants (Steyn ez al, 2002; Close and Beadle, 2003). The
results of our study confirmed this thesis, because the
highest content of anthocyanins in both Heuchera cultivars
was found at the initial growth period, i.e. between May and
July, when the light intensity was the greatest, regardless of
the place of cultivation (Fig. 1). At the end of the growth
period the biosynthesis of anthocyanins decreased
significantly. The highest intensity of biosynthesis of
anthocyanins can be observed at the beginning of growth of
many plant species. In consequence, their leaves become
purple. The presence of anthocyanins is temporary in this
case because the pigments only provide protection from
excessive solar radiation, as was proved in studies on Rosa
and Ricinus communis. Young leaves of these species are
initially purple, when they become more mature, their
colour changes to green (Manetas et 4l., 2002).

The comparison of the content of anthocyanins in the
‘Mysteria’ cultivar growing at the sunny site showed that it
depended on the physiological maturity of leaves and the
sample collection time (Fig 2B). Regardless of the sample
collection time, the hlghest significant  content  of
anthocyanins was found in young leaves, whereas the lowest
content was noted in fully mature leaves. Regardless of the
age of the leaves, the content of anthocyanins varied during
the growth period. The content of anthocyanins in the
leaves of different physiological maturity was increasing
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significantly until July. The only exception was fully mature
leaves, in which the content of anthocyanins in July was
significantly lower than in June. In September and October
the content of anthocyanins was significantly lower
regardless of the leaf maturity.

The content of anthocyanins in the leaves of the
‘Peppermint Spice” cultivar growing at the half-shaded site
significantly depended on the physiological maturity of
leaves and the sample collection time (Fig. 2C). From May
to June the content of anthocyanins was increasing
regardless of the leaf maturity. In these months the lowest
significant content of anthocyanins was noted in fully
mature leaves, whereas the highest content was found in
young leaves. This dependence was also observed in July.
However, since that month the content of anthocyanins in
the leaves began to decrease significantly. In September, the
highest significant content o?n anthocyanins was noted in
young leaves. In October the content of anthocyanins was
comparable regardless of the leaf age - it ranged from 29.57
t043.30 ugg F.W.

The content of anthocyanins in the leaves of the
‘Peppermint Spice’ cultivar growing at the sunny site

significantly depended on the physiological maturity of

leaves and the sample collection time (Fig, 2D). Regardless
of the sample collection time, the lowest significant content
of anthocyanins was noted in fully mature leaves, whereas
the highest content was found in young leaves. The highest
significant content of anthocyanins was noted in May,
regardless of the leaf age. From June to October the content
of this pigment was decreasing proportionally to the leaf age.

The research showed that the highest content of
anthocyanins in the Heuchera ‘Mysteria” and ‘Peppermint
Spice’ cultivars growing at the sunny and half-shaded sites
was found. Plants also intensify the biosynthesis of
anthocyanins in response to oxidative stress. It is a secondary
stress, which accompanies the other stress conditions like
intensive PAR or UV-B radiation and water stress in leaves
cut off from the mother plant. Anthocyanins are probably
also partially responsible for osmoregulation in plant cells
(Chalker-Scott, 2002), and are able to play a role as the
screening pigments under intensive solar radiation (Neill
and Gould, 1999; Singh et al, 2017), accumulated in
epidermis of ornamental plants leaves also improved the
decorative value of ornamental plants like Heuchera
cultivars.

Table 1. The dynamics of variation in the number of leaves in Heuchera ‘Mysteria’ and ‘Peppermint Spice’ according to the year of the experimentand

place of cultivation

‘Mysteria’
Month June July August September October
Mean Mean Mean Mean Mean
Site 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013
Sunny 340b 488d 414b 424a 58.1c 503a 57.7a 66.3¢ 620b 125.1d 77.1b 1012 b 1186d 89.9b 1043 b
Half-
haded 323a 446¢ 385a 474ab  502b 488a 567 a 59.4b 58.1a 109.1 ¢ 682a 88.6a 111.8¢ 753a 936a
shade
Mean 332a 467b 449a 542b 572a 62.8b 1172b 72.7a 1152b 826a
‘Peppermint Spice’
Sunny 430c¢ 442d 436b 57.4b 68.7d 63.1b 56.6b 843 ¢ 705b 12724 1001c¢  1137b 1193 ¢ 1235d  1214b
Half-
haded 362b 277a 325a 599 ¢ 362a 48.1a 49.8a 494a 496a 853b 58.3a 718a 838b 68.4a 761a
shade
Mean 396b 365a 587 b 524a 532a 66.9b 106.3 b 71.8a 101.6 b 959a

The means followed by the same letter do not differ significandy ac o = 0.05
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Fig. 1. The intensity of quantum irradiation (umol-m?s™) at the half-shaded and sunny sites
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Fig. 2. Content of anthocyanins pigments (ug g! F.W.) in the leaves of Heuchera ‘Mysteria’ and ‘Peppermint Spice’. Means

followed by the same letter do not differ significantly at o = 0.05

Conclusions

Apart from August, during the whole growth period
both cultivars formed more leaves during the first year of
cultivation. Both the ‘Mysteria’ and ‘Peppermint Spice’
cultivars formed more leaves at the sunny site. The research
showed that the highest content of anthocyanins in the
Heuchera ‘Mysteria’® and ‘Peppermint Spice’ cultivars
growing at the sunny and half-shaded sites was found in
young leaves, whereas the lowest content was noted in fully
mature leaves. The highest content of anthocyanins in both
Heuchera cultivars was found at the initial growth period,
ie. between May and July, when the light intensity was the
greatest, regardless of the place of cultivation. At the end of
the growth period the biosynthesis of anthocyanins
decreased significantly. Anthocyanins accumulated in the
vacuole are able to play a role as the screening pigments
under intensive PAR and UV-B radiation.
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