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ABSTRACT

Garden perennials are a source of floristry material produced in field or under covers. A perennial produc-
ing long, leafy shoots, which in flower arrangements might successfully substitute fern or palm leaves, is
Polygonatum multiflorum. The variety characterizing with decorative white margined leaves is ‘Variega-
tum’. To improve their quality, the growth stimulator Actisil Hydro Plus, which contains 0.6% of active sil-
icon in a form of orthosilicic acid was applied. The aim of the conducted experiment was to estimate the in-
fluence of silicon and a place of cultivation (tunnel and open field) on post-harvest quality determined with
morphological features, vase life longevity and mechanical properties of Polygonatum multiflorum (L.) All.
“Variegatum’ stems. The plants were sprayed with water solutions of Actisil in concentrations: 0.2%, 0.3%,
and 0.4%, six times during the growing season in weekly intervals, starting from the first decade of May,
always in the morning. It was stated that cultivation of Polygonatum in the unheated foil tunnel increases
quality of shoots for cut greenery, determined with morphological features and post-harvest longevity. Cul-
tivation of Polygonatum in a foil tunnel and spraying plants with Actisil in concentrations of 0.3 or 0.4% is
advantageous due to possibility to increase a number of shoots from 20% to over 31%, their length from
9% to 11% and fresh weight from 52% to 71%, in comparison to control plants. It is advised to treat plants
cultivated in a tunnel, with Actisil in concentration of 0.4% as it improved shoots quality evaluated with
their diameter and lower leaves blade area. Spraying plants with Actisil in concentrations of 0.2-0.4% in
the tunnel and 0.2% in field prolongs post-harvest shoots longevity by 3—4 days. Plants cultivated in the
tunnel characterize with higher strength of shoots determined with higher maximum force causing perma-
nent damage and lower stem deflection than plants cultivated in field. Plants grown in a tunnel and sprayed
with Actisil in concentrations of 0.4% characterized with the strongest shoots after 14 days of storage, how-
ever a similar effect was observed with the concentration of 0.3% and in case of plants cultivated in field
and sprayed with 0.4% of Actisil.
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INTRODUCTION

Garden perennials might be a valuable source of
additives to bouquets, and are more and more often
produced in glasshouses or foil tunnels for the pur-
pose of cut flowers or cut greenery [Marcinkowski
2013]. The cultivation conditions in a foil tunnel
allow to obtain floricultural material of a better quali-
ty, in comparison to that obtained in an open field
[Puczel and Wazbinska 2003, Pogroszewska and
Sadkowska 2008, Laskowska et al. 2010]. Improving
the quality of ornamental plants is possible with the
use of growth stimulators, such as Actisil preparation,
which contains 0.6% of active silicon in a form of
orthosilicic acid [Datnoff et al. 2001, Hwang et al.
2005, Startek et al. 2006, Babelewski 2008, Ka-
menidou et al. 2008, Wréblewska and Debicz 2011,
Bayat et al. 2013, Whitted-Haag et al. 2014]. Silicon
is a component of cell walls structure and increases
mechanical strength of stems, as well as regulates
water balance [Kopcewicz and Lewak 2012]. Me-
chanical strength of inflorescence stems is a feature
on which, among other things, depends quality of cut
flowers [Zhao et al. 2013]. This feature plays an im-
portant role in relation to stems bending and breaking
[Chen 2003], to which flowers and cut greenery are
vulnerable during storage, trade and handling. Silicon
application in form of foliar spraying can enhance the
mechanical strength of inflorescence stems of Paeo-
nia lactiflora, what is connected with changes in
plant morphology [Zhao et al. 2013]. Gerbera hy-
brida ‘Acapella’ treated with silicon produced thicker
flower stem peduncles [Kamenidou et al. 2010].
Treating plants with silicon might be one of the
methods mitigating detrimental effects of water
stress. This chemical element might influence metab-
olism and physiological activity of plants, especially
those susceptible to unfavourable environmental
conditions [Matichenkov and Kosobrukhov 2004,
Sacata 2009]. It might result in a better quality and
enhanced post-harvest vase life of stems harvested
from plants treated with silicon preparations, espe-
cially in a view of the fact that a positive effect of
conditioning cut flowers in solutions containing sili-
con on their vase life was stated [Kazemi 2012,
Kazemi et al. 2012a].
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A perennial that produces long, profusely leafy
stems, which in floral arrangements might successful-
ly substitute fern or palm leaves, is Polygonatum
multiflorum. A specially decorative variety of the
species is ‘Variegatum’, with white marginated
leaves. The species has stiff stems, however they
might get broken during handling. Their resistance to
external forces, that is mechanical damage, might be
evaluated with numerical values describing their
physical state by means of chosen mechanical param-
eters [Szot and Rybczynski 2009, Szot et al. 2009,
Szot 2010].

The aim of the conducted experiment was to esti-
mate the influence of silicon, in different concentra-
tions, included in the Actisil Hydro Plus preparation
and a place of cultivation on post-harvest quality
determined with morphological features, fresh
weight, vase life and mechanical properties of
Polygonatum multiflorum ‘Variegatum’ stems.

MATERIAL AND METHODS

The experiment was conducted in an unheated foil
tunnel and in an open field, in two vegetation peri-
ods: in 2012 and 2013. The plant material were
5-year old plants of Polygonatum multiflorum (L.)
All “Variegatum’.

Plants were cultivated in soil, at a spacing of 30 x
40 cm. A two-factorial design was set up, in three
replications, where a single plot with 6 plants was
treated as a replication. The first factor was a place of
cultivation: an unheated foil tunnel or an open field.
The second factor was a concentration of a growth
stimulator Actisil Hydro Plus. The plants were
sprayed with water solutions of Actisil containing
0.6% of silicon in the form of H4SiO4. The concentra-
tions of Actisil 0.2%, 0.3%, and 0.4%, being an
equivalent of 120, 180 and 240 mg Si-dm=3 were
applied. The foliar spray of distilled water (= ho min-
eral fertilizer treatment) was a control (treatment 0).
Plants were treated six times during the growing
season in weekly intervals, starting from May 2" in
the tunnel and May 9" in field (in 2012), and from
May 7™ in tunnel and May 10% in field (in 2013),
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always in the morning hours. After 7 days from the
last application of the preparation: in the second dec-
ade of June in the tunnel and in the third decade of
June in field, the measurements of stems were done.
The following features were estimated: morphologi-
cal features of plants, fresh weight (directly after
cutting), post-harvest vase life and their mechanical
properties (after cutting, after 7 and 14 days from
cutting).

The following morphological features were ob-
served on 3 randomly chosen stems from each plant:
stem length measured from a base to the end of the
top leaf (cm), stem diameter measured 5 cm below
a lower leaf (mm), leaf blade area (mm?) of three
leaves situated the lowest on the stem. The measure-
ment of a leaf blade area was conducted with the use
of ADC BioScientific Ltd. company planimeter. The
number of stems per plant were also estimated.

Stems intended for vase life and mechanical prop-
erties evaluation were harvested 7 days after the last
application of Actisil, cutting 15-45 stems in each
combination, respectively. Stems were then inserted
into distilled water, in a storage room with a con-
trolled thermal and light conditions: temperature
20 £1°C, relative air humidity 60%, the light intensi-
ty 35 umol'm2-s1, with a photoperiod of 12 hours of
light and 12 hours of darkness. The distilled water
was exchanged every day, till the end of the experi-
ment. A storage vase life of leafy stems of P. multi-
florum was estimated as a number of days from har-
vest till the loss of decorative value symptoms were
visible (30% of leaves per stem yellowed or
browned). Each stem was treated as a replication.

Mechanical properties measurements were done
in three terms (15 individually marked stems in each
term, treated as replications), every 7 days, separating
the plants that had been cultivated in the unheated
foil tunnel and in the field. The first measurement of
mechanical properties was done directly after harvest,
the next after 7 days of storage and the last one after
14 days of storage. The analysis were conducted with
the use of ZWICK BDO-FB 0.5 H apparatus.

A bottom part of stem (100 mm) was collected for
tests. It was placed on supports situated at a distance
of 50 mm from each other. The measurements were
conducted through pressing the stem in the middle
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half way between the supports with an arm, at
a speed of 50 mm-min*. On the basis of the obtained
data the following mechanical parameters were esti-
mated: maximum force causing permanent stem
damage (N) and stem deformation (mm).

Statistical analysis of the data. The obtained data
was analyzed statistically by two-way and three-way
analysis of variance with the use of Statistica 10
software. The significance between the means was
estimated with t-Tukey intervals of confidence at the
level of significance a = 0.05. Means from two years
are presented in the tables.

RESULTS AND DISCUSSION

Plants cultivated in the tunnel formed 11.6%
more stems in comparison to those cultivated in the
field (tab. 1). An increase in a number of inflo-
rescence stems in cultivation of perennial plants
under covers was observed in the research of Het-
man and Pogroszewska [1996] on Helleborus hy-
bridus hort., Pogroszewska [1998] on Iris sibirica
and Szczepaniak [2000] on Erigeron ‘Dunkelste
Aller’. An increase of seasonal plants yield, as
a result of cultivation in a foil tunnel was proved by
Ortiz et al. [2012] on Antirrhinum ‘Potomac Or-
ange’, Celosia, Dianthus and Zinnia. In case of
Campanula medium even four times higher yield
was observed [Janowska 2008]. However, cultiva-
tion of some perennials under foil cover might lead
to lower yield of inflorescence stems [Pogroszewska
and Sadkowska 2008].

An application of Actisil Hydro Plus in concentra-
tion of 0.4% on plants cultivated in the tunnel in-
creased a number of stems by 31.4% in comparison
to control plants (tab. 1). Polygonatum cultivated in
field and treated with 0.3% of Actisil, formed 15.2%
more stems than the control ones. A similar reaction
of plants to silicon was observed in case of
a ‘Madelon’ rose [De Kreij et al. 1997]. Plants of
Medicago sativa produced more stems per plant
when the Si was applied [Guo et al. 2006]. Silicon
also increased a number of Calendula officinalis
flowers by 35%, when plants were cultivated in
a greenhouse under non-salt conditions, in compari-
son to the control [Bayat et al. 2013].
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Table 1. The effect of cultivation place and Actisil Hydro Plus sprays in different concentrations on yield and morphologi-

cal parameters of Polygonatum multiflorum shoots

o Yield Shoot length Shoot diameter
Actisil Hydro Plus (shoots/plant) (cm) (mm)
concentration (%) - - -

tunnel field tunnel field tunnel field

0 21.0cd” 20.5d 63.4¢ 579¢e 5.4bc 4.7e
0.2 22.3 bed 21.1cd 66.6 b 59.5 de 5.5abc 4.9de
0.3 25.2 ab 23.6 bc 70.5a 62.1c 5.6ab 5.1cde
0.4 27.6 a 20.6d 69.2a 61.4 cd 5.9a 5.2bcd
Mean 240A 21.5B 67.4 A 60.2 B 5.6A 5.0B

" Values followed by the same letter do not differ significantly at a = 0.05

A cultivation in a foil tunnel favours production
of longer and better quality shoots, what might result
from protecting the plants against precipitation and
wind during summer or spring and autumn frost
[Wien 2009, Ortiz et al. 2012]. Plants usually develop
significantly longer stems in high tunnels as a result
of reduced air movement and irradiance [Wien 2009,
Wien and Pritts 2009]. In the presented experiment
a positive influence of cultivation in the tunnel on
length of Polygonatum shoots and other properties
characterizing their quality was noted. The cultiva-
tion in the foil tunnel made the plants to produce
longer shoots by 12% in comparison to those culti-
vated in field (tab. 1), what complies with the results
noted by Szot et al. [2009], who obtained longer
inflorescence stems of Allium sphaerocephalon culti-
vated in a tunnel than in field. A similar effect of
plants cultivation in an unheated tunnel was obtained
by Janowska [2008] on Campanula medium and
Ortiz et al. [2012] in cultivation of Mathiola and
Zinnia in a high tunnel, obtaining 34 and 32% longer
stems respectively than the ones growing in a field.
The presented data also confirm the results observed
by Szczepaniak [2000] on Erigeron hybridus ‘Dun-
kelste Aller’, who obtained longer shoots in
a tunnel, however they characterized with worse
quality as they were slender with strongly bent inflo-
rescence branches, what the Author interprets as
a reaction of the variety to high temperature in a tun-
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nel. A good quality of the P. multiflorum ‘Variega-
tum’ stems obtained in the tunnel indicates a signifi-
cant adaptive capacity of the tested variety to condi-
tions existing in a tunnel. The mean air temperature
in a tunnel was 16.8°C in May and 18.9°C in June in
the year 2012 and 15.9°C in May and 18.9°C in June
in the year 2013 in comparison to 15.0°C in May and
17.3°C in June in the year 2012 and 15.3°C in May
and 18.5°C in June in the year 2013 in an open field.
The mean air humidity in the tunnel reached 67% in
the year 2012 and 81% in the year 2013.

In the conducted experiment spraying the plants
with Actisil Hydro Plus in all concentrations fa-
voured growth of shoots (tab. 1). In a tunnel they
were 5-11.2% longer than the control ones, and in
the field they were from 2.8 to 7.3% longer. The
longest shoots were observed when Actisil in concen-
tration of 0.3% and 0.4% was applied in the tunnel.
The obtained results confirm the research of other
authors who noted that an application of silicate in-
creased height of plants of Medicago sativa, Calen-
dula officinalis, Rosa ‘Kardinal’ Gerbera hybrida
‘Acapella’ and many other [Walter 2004, Guo et al.
2006, Kamenidou et al. 2010, Bayat et al. 2013,
Whitted-Haag et al. 2014, Dgbicz et al. 2016].
A reaction of plants and varieties to silicon applica-
tion might be related to different levels of endoge-
nous gibberellins, what is suggested by Sivanesan et
al. [2013]. On the basis of the research of Hwang et
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al. [2007], who stated that application of Si increased
the levels of GA; and GA in rice cultivars, so that
advantageous influence of Si might result from
a changed level of gibberellins. It is also noted that
reaction of plants might depend on forms and con-
centrations of different products [Kamenidou et al.
2008, Mattson and Leatherwood 2010]. Sivanesan et
al. [2013] proved that 50 mg-dm=2 of silicon in-
creased plant height of three Dendranthema grandi-
florum cultivars but 100 mg-dm= decreased that
feature in the two ones.

Plants cultivated in a tunnel formed shoots 12%
wider in diameter, in comparison to those obtained in
the field (tab. 1). A peduncle diameter of Allium
sphaerocephalon cultivated in an unheated foil tunnel
was also higher than the one grown in a field [Szot et
al. 2009]. Ortiz et al. [2012] noted larger stem caliper
in case of Matthiola and Zinnia cultivated in a tunnel
as well.

The analysis of a stem diameter showed a positive
influence of Actisil Hydro Plus applied in concentra-
tion of 0.4% both in the tunnel and in the field. In the
tunnel the stem diameter was 9.3% bigger in compar-
ison to stem diameters of plants sprayed with water
(tab. 1). In the field stems had 10.6% wider diameter
than the control ones. Similarly, application of Si
increased the stem diameter of Paeonia lactiflora
[Zhao et al. 2013] and three Dendranthema grandi-
florum cultivars as compared to the control [Siva-
nesan et al. 2013]. Helianthus annuus plants treated
with Si formed thicker and straighter stems [Ka-

menidou et al. 2008] and Zinnia elegans stems char-
acterized with a higher stem diameter [Kamenidou et
al. 2009]. Sivanesan et al. [2010] also reported that Si
increased a diameter of marigold stems. Gerbera
hybrida ‘Acapella’ treated with Si produced thicker
flower stem peduncles [Kamenidou et al. 2010],
however silicon treatments decreased the same fea-
ture in case of annual bedding plants: impatiens and
snapdragon [Whitted-Haag et al. 2014].

Plants cultivated in the tunnel produced leaves
characterizing with 29% bigger area in comparison to
those grown in the field (tab. 2). The application of
Actisil Hydro Plus in concentration of 0.4%, both in
the tunnel and in field, was advantageous, as it in-
creased leaves area by 14.9% and 19.7% respective-
ly, in comparison to the control plants. Similarly,
Guao et al. [2006] stated, that Medicago sativa plants
treated with Si produced bigger leaves. Foliar appli-
cation of Si resulted in a greater leaf area of Calendu-
la officinalis plants cultivated in a greenhouse as well
as under salt stress as non-saline condition [Bayat et
al. 2013].

The cultivation in the foil tunnel allowed to obtain
shoots of 17.9% higher fresh weight in comparison to
the ones grown in field (tab. 2). Higher fresh weight
characterized also inflorescence stems of Campanula
medium [Janowska 2008], Liatris spicata [Pogro-
szewska and Sadkowska 2008] and Allium sphaero-
cephalon [Szot et al. 2009] cultivated in an unheated
foil tunnels, in comparison to plants cultivated
in field.

Table 2. The effect of cultivation place and Actisil Hydro Plus sprays with different concentrations on morphological
features and postharvest longevity of Polygonatum multiflorum shoots

. Leaf area Fresh weight Longevity
Actisil Hydro Plus (mm2) (@) (days)
concentration (%) - - -

tunnel field tunnel field tunnel field

0 4472.4 b" 3338.0d 11.3cd 10.2d 18.2b 13.3d
0.2 4343.8b 3327.0d 15.3b 13.9bc 22.1a 16.5bc
0.3 4524.8 ab 3658.6 cd 193 a 15.6b 21.4a 15.7bd
0.4 5139.1a 3993.8 bc 17.2ab 14.0bc 21.3a 14.9cd
Mean 4620.0A 3579.4B 15.8A 13.4B 20.8A 15.1B

" Values followed by the same letter do not differ significantly at o.= 0.05
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The application of Actisil Hydro Plus in all tested
concentrations, promoted production of shoots char-
acterizing with higher fresh weight from 35.4 to
70.8%, in comparison to the control plants grown in
the tunnel, and by 36.3 to 52.9% to those cultivated
in field (tab. 2). The highest fresh weight was noted
when plants were treated with Actisil in concentra-
tion of 0.3%, both in the tunnel and in field. It might
have been connected with the ability of silicon to
increase a photochemical efficiency of plants, what
was proven by Matichenkov and Kosobrukhov
[2004], who studied a salt-stressed wheat plants (Trit-
icum aestivum) physiological response in presence of
silicon. Basha et al. [2013] as well indicated that
increasing levels of nitrogen together with applica-
tion of diatomite and potassium silicate in a form of
spray, increased fresh weight of wheat plants. Zhao et
al. [2013] noted higher fresh weight of inflorescence
stems of Paeonia lactiflora treated with silicon, and
Sivanesan et al. [2013] proved the same reaction of
Dendranthema grandiflorum.

Analyzing a post-harvest longevity of cut P. mul-
tiflorum shoots, it was observed that shoots harvested
from plants cultivated in the unheated tunnel stayed
decorative for 37.8% longer, in comparison to those
obtained from open field (tab. 2). In the earlier pub-
lished results [Rubinowska et al. 2014], concerning
the influence of a place of cultivation (tunnel, field)
and Actisil Hydro Plus, on post-harvest senescence of
Polygonatum multiflorum it was observed that leafy
shoots cultivated in and unheated tunnel, regardless
application of Actisil Hydro Plus, characterized with
a better longevity. In the presented experiment, ana-
lyzing a post-harvest vase life of leafy P. multiflorum
shoots harvested from plants cultivated in both places
and sprayed with Actisil Hydro Plus in different con-
centrations, it was stated that the longest, over
22 days, were decorative shoots derived from plants
sprayed with 0.2% of the preparation and cultivated
in the foil tunnel (tab. 2), which in comparison to the
control ones, were decorative for 21.4% longer. Simi-
larly, Actisil Hydro Plus in concentration of 0.2%
used in a field cultivation, positively affected a vase
life of shoots, prolonging their decorative value by
24% in comparison to the ones obtained from control
plants. An advantageous influence of Actisil on
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a post-harvest shoots longevity probably resulted
from higher resistance of plants to water stress
caused by silicon activity on molecular, tissue and
plant levels. Silicon improves the use of water, osmo-
regulation and reduce transpiration losses [Sacata
2009]. Kamenidou et al. [2009] in the research on
Zinnia plants indicates, that silicon applied in a form
of NaSiO3 foliar sprays, might form an antitranspi-
rant film which increases leaf resistance to water loss
but do not play an active role in reducing transpira-
tion. The better leaf resistance of plants treated with
Si, may further improve floricultural crops by im-
proving quality and vase life of cut flowers. Silicon
also prevents oxidative stress through reducing the
amount of reactive oxygen forms in a cell [Sacata
2009]. Application of Si significantly increased
a chlorophyll content in three Dendranthema grandi-
florum cultivars [Sivanesan et al. 2013]. A preservative
mixture solution containing silicon, extended
a vase life of Lisianthus flowers and reduced chloro-
phyll total degradation [Kazemi et al. 2012a]. Silicon
increased a water uptake by Gerbera jamesonii cut
flowers and delayed their senescence [Kazemi et al.
2012d]. According to Snyder et al. [2007], silicon may
form complexes with epidermis cell walls organic
elements what enhances their resistance to senescence
enzymes. Jamali and Rahemi [2011] noted that silicon
inhibited ethylene production during senescence of
carnation flowers. A positive influence of conditioning
cut flowers in a solution containing silicon on their
longevity was noted by Kazemi et al. [2012c] on Dian-
thus caryophyllus L., Kazemi et al. [2012b] on a rose,
Kazemi [2012] on Argyranthemum, and Kazemi et al.
[2012a] on Eustoma grandiflorum.

A maximum force causing permanent destruction
of stems harvested from the tunnel was 8.8% higher
after 14 days in comparison to stems obtained in from
field (tab. 3). The application of Actisil in concentra-
tion of 0.4% on plants cultivated in both places
caused that after 14 days of storage, the force that had
to be used to permanently destroy stems was higher
in comparison to the force used to destroy shoots of
control plants.

The value of stem deflection at the force causing
permanent destruction of stems obtained from the
tunnel, was lower at any time of measurement in
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Table 3. The effect of cultivation place and Actisil Hydro Plus sprays in different concentrations on maximum force caus-

ing destruction of Polygonatum multiflorum cut shoots (N)

Place of cultivation

Actisil Hydro Plus

concentration tunnel field
(%) after cutting after 7 days after 14 days after cutting after 7 days after 14 days
0 7.7kl 9.7gh 11.3c-f 8.9hij 9.4ghi 10.0fgh
0.2 8.3ijk 10.3¢efg 11.5cde 6.71 7.1kl 11.5cde
0.3 8.3ijk 10.5efg 13.1ab 7.9jkl 11.2def 11.4cde
0.4 11.2def 12.1bcd 13.8a 10.3efg 11.3c-f 12.6abc
Mean 8.9E 10.6BC 12.4A 8.5E 9.8CD 11.4B

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

Table 4. The effect of cultivation place and Actisil Hydro Plus sprays in different concentrations on shoots deflection at
maximum force causing destruction of Polygonatum multiflorum cut shoots (mm)

Actisil Hydro Plus

Place of cultivation

concentration tunnel field
(%) after cutting after 7 days after 14 days after cutting after 7 days after 14 days
0 3.9def" 3.0j-m 2.8k-n 5.0a 4.6ab 3.7¢efgy
0.2 3.2h-k 2.7lmn 2.5n0 4.4bc 3.8efg 3.7efg
0.3 3.6fgh 2.9k-n 2.7lmn 4.3bcd 4.1cde 3.1i-l
0.4 3.40-] 3.2h-k 2.10 3.6fgh 3.5f-i 3.2h-k
Mean 3.5C 2.9D 2.5E 4.3A 4.0B 3.4C

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

comparison to deflection of stems derived from
field, respectively by 18.6, 27.5 and 26.5% (tab. 4).
Szot et al. [2009] studied mechanical properties of
Allium sphaerocephalon stems cultivated in an
unheated tunnel and in field and they observed that
plants grown in a tunnel formed harder stems, what
was noted on the basis of a lower value of deflec-
tion. In the tunnel cultivation, application of
Actisil in concentration of 0.4% caused that
a studied feature was the lowest after 14 days of
storage. Plants cultivated in a field and treated with
Actisil in concentration of 0.3 and 0.4% character-
ized with lower deflection at the force causing
permanent stem destruction, both directly after
harvest and after 14 days of storage. The results
suggest that the silicon application made the
Polygonatum shoots less sensitive to mechanical
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damage. According to Jamali and Rahemi [2011] it
might have been caused by the ability of silicon to
bind with cell wall elements leading to formation
of a thickened silicon-cellulose membrane, giving
an additional strength together with a layer of cu-
ticula. It gives additional mechanical strength to
tissues and, in this way, resistance to breaking. It is
an important feature during transport, storage and
handling of plant material. According to Ka-
menidou et al. [2009], an application of silicon in
cultivation of rice and wheat increased stem
strength and resistance to lodging, probably due to
deposition of silicon underneath the cuticle. Zhao
et al. [2013] treated plants of Paeonia lactiflora
with silicon and obtained inflorescence stems of
higher mechanical strength, what as they indicate
might be related to an increased layer of thickened
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sclerenchyma cells and a thickness of cell walls.
An increased lignin content was also observed.
Morphologically the shoots characterized with
a higher diameter, what was also noted in the pre-
sented experiment. According to Weryszko-
-Chmielewska et al. [2003], a high diameter and
a thick layer of sclerenchyma are features guaran-
teeing a good stability of tulip stems. It follows
that silicon used during cultivation of plants might
cause morphological and anatomical changes in
stems improving their quality, and therefore in-
crease resistance to post-harvest stress.

CONCLUSIONS

1. Cultivation of Polygonatum multiflorum ‘Var-
iegatum’ in an unheated foil tunnel improves quality
of shoots intended for cut greenery, determined with
their morphological features and post-harvest lon-
gevity.

2. Cultivation of Polygonatum in a foil tunnel and
spraying plants with Actisil 0.3 or 0.4% is advanta-
geous due to possibility to increase a number of
shoots respectively by 20% and over 31%; their
length respectively by 11% and 9%; fresh weight
respectively by 71% and 52%, in comparison to con-
trol plants.

3. It is intentional to use Actisil in concentration
of 0.4% on plants cultivated in a tunnel due to stems
quality determined with their diameter and blade area
of lower leaves.

4. Treating plants with Actisil in concentrations of
0.2-0.4% in a tunnel and 0.2% in field guarantees
prolonging post-harvest longevity of Polygonatum
shoots by 3—4 days.

5. Plants cultivated in a tunnel characterize with
harder stems what is determined with higher maxi-
mum strength causing permanent stem destruction
and lower stem deflection in comparison to plants
cultivated in field. Plants grown in a tunnel, sprayed
with Actisil in concentration of 0.4% produced
shoots which were the strongest after 14 days of stor-
age, however a similar effect was observed with the
concentration of 0.3% and in case of plants cultivated
in field and sprayed with 0.4% of Actisil.
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