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SUMMARY

Original scientific paper
Izvorni znanstveni ¢lanak

The usage of biologically active and environmentally friendly compounds has incre-
asingly important role in the primary food production. This study was conducted in
order to examine the impact of five commercial plant extracts on the seed vigour of
garden cress (Lepidium sativum L.). The applied plant extracts significantly increased
the germination. The highest fresh weight of seedlings, and also the lowest dry matter
accumulation were observed in the treatment KE-plantasalva® without the sea salt
addition. Equisetum extract inhibited the root elongation and resulted in the highest
percentage of dry matter accumulated in seedlings, but also the lowest fresh weight.
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INTRODUCTION

Although there are plenty of published papers
dealing with some valuable nutritive, antioxidant and
curative properties of garden cress (Lepidium sativum L.;
family Brasicaceae), (Kassie et al., 2002; Kasabe et al.,
2012; Indumathy and Aruna, 2013), it should be noted
that this vegetable crop is unfortunately forgotten, and
rarely used in our farming and human diet. On the other
side, garden cress is known as a biological indicator
of soil contamination due to its ability of heavy metals
accumulation (Gunduz et al. 2012; Kiayee et al., 2012;
Kathi and Khan, 2011). Thus, it is very important to care
about the soil health as well as cultivation technology
of this vegetable in order to preserve the quality of its
nutritional composition. Residues of pesticides, fertili-
zers and animal manure, such as immature compost can
act phytotoxically, inhibit or reduce the germination and
early growth. Biostimulators or so-called biological eli-
citors are the extracts obtained from one or more plant
species, having some stimulatory effects on growth and
development of cultivated plants (Zhang and Schmidt,
1997). This group includes the extracts of various micro-
organisms, algae, fungi and yeasts, as well.

The effect of elicitors is seen through the stimula-
tion of secondary metabolism and sustainable changes
within the plant (Saniewski and Czapski, 1983; Seljasen
et al., 2001; Bricefio et al., 2012), consequently resulting

in increasing tolerance to subsequent pathogen infe-
ctions and pests attack (Buzi et al., 2004; Faoro et al.,
2004; Cooper and Goggin, 2005; Bougthon et al., 2006).
In general, biostimulators increase tolerance to the osci-
llations of environmental factors outside the optimum
range specific to a particular plant species. In such
adverse growth conditions, biostimulators can improve
the uptake and usage of nutrients, reduce leaf nitrate
content, increase chlorophyll concentration, stimulate
antioxidative mechanisms in the cell, resulting in higher
yield and quality of different plant species (Vernieri et al.,
2002, Maini, 2006; Eyheraguibel et al., 2008; Paradikovi¢
et al., 2008, 2009; Feitosa de Vasconcelos et al., 2009;
Spoljarevi¢ et. al., 2010, Zeljkovic et al., 2010).

The aim of this research was to examine the effe-
cts of several commercially available plant extracts on
seed germination, root length, fresh and dry mass of
seedlings of garden cress (Lepidium sativum L.).
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MATERIAL AND METHODS

Seed of garden cress (Lepidium sativum L.) from
the Austrian manufacturer “Reinsaat KG” was treated
with 0.5% solutions of five different commercial plant
extracts belonging to following groups: growth stimu-
lators (KE-plantasalva® (former name Planta salva®)
without and with the addition of sea salt, a manufa-
cturer “Paracelsus shopping and Vertriebs GmbH");
soil improvers (Fermented plant extract, Fermentierter
Pflanzenextrakt®, manufacturer “Multikraft Produktions
und Handels GmbH", Biplantol Universal®, manufactu-
rer “Bellaflora biogarten gmbH"); agents for the plant
care and strengthening (horsetail (Equisetum arvense
L.) extract, Acker-Schachtelhalm extract®, manufactu-
rer “Bellaflora biogarten gmbH") as well as water as a
control. Seeds of garden cress were germinated on flu-
ted filter paper, previously soaked with plant extract or
water respectively, and placed in plastic containers. The
experiment was set up in three replicates with 50 seeds
in each repetition. To prevent the loss of water, contai-
ners were covered with a transparent plastic cover and
left in ambient conditions. After 7 days of germination,
the number of fully developed and healthy seedlings was
counted, weighed whereas root length was measured.
After drying at 105°C for 2 hours and at 85°C for the next
24 hours in a drying chamber, samples were weighed
again and dry matter (DW) was calculated. Means of
replicates of all the tested parameters were analysed by
mono-factorial one-way analysis of variance (ANOVA)
including statistical tests of significance of the applied
treatments - the F test and Fisher’s LSD test using SAS
Software 9.1.3 (2002" to 2003, SAS Institute Inc.,
Cary, USA).

RESULTS AND DISCUSSION

The most of previous research reported the
effects of different plant extracts on plantlets or
mature plants (Vernieri et al., 2002; Garcia et al., 2006;
Paradikovi¢ et al., 2009; Vinkovi¢ et al., 2009, 2013;
Stolfa, 2010), but their effect on seed germination and
early development of seedlings was rarely examined.
The results of our research on garden cress seed
showed significant impact of the applied treatments
on germination percentage (P=0.003) (Figure 1).
Significant differences among the applied treatments
were established and the lowest germination was obta-
ined in the control (71%), while all of the applied biosti-
mulators significantly increased germination.
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Figure 1. Germination of garden cress (%). *Control
(water); PS- (KE-plantasalva without the addition

of sea salt); PS+ (KE-plantasalva with sea salt);

EQE (Equisetum extract); BIPL (Biplantol); FERM
(Fermented plant extract). »BC significant differences
among means at P<0.05 (+ standard error; LSD test)

Grafikon 1. Klijavost kres salate (%).*Kontrola (voda);
PS- (KE-plantasalva bez dodatka morske soli); PS+
(KE-plantasalva s dodatkom morske soli); EQE (Equisetum
ekstrakt); BIPL (Biplantol); FERM (Fermentirani biljni
ekstrakt). “B.C znacajne razlike na razini pogreske P<0.05
(+ standardna pogreska; LSD test)

Treatment with fermented plant extract (FERM)
resulted in the highest germination percentage (95%).
Such result can be attributed to positive and stimula-
ting activity of microorganisms in the fermented plant
extract, making the substantial difference between this
and all other extracts used in the study. Therefore, it is
possible that physiological products of microorganism’s
metabolism, such as enzymes and other physiologically
active substances, might contribute to a decomposition
of seed organic matter resulting in better and faster uti-
lization of energy-rich compounds during the heterotrop-
hic period of seedling development. Furthermore, micro-
organisms synthetize various antibiotic compounds
which could suppress seed-born and other pathogens,
commonly responsible for a decay of seedlings (Niku-
Paavola et al., 1999). Equisetum extract (EQE) resulted
in the lowest increase in germination of garden cress
(83%), as compared to the control (71%) and all other
treatments. Regarding the variants of KE-plantasalva
treatment (with or without the sea salt addition) and
Biplantol, there were no significant differences in cress
seed germination percentage among these treatments
(PS- 87%; PS+ 91%; BIPL 90%).

According to F-test, seed treatments significan-
tly influenced root length of garden cress seedlings
(P=0.0014; Figure 2).
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Figure 2. Root length of garden cress seedlings (cm).
*Control (water); PS- (KE-plantasalva without the
addition of sea salt); PS+ (KE-plantasalva with sea
salt); EQE (Equisetum extract); BIPL (Biplantol); FERM
(Fermented plant extract). #BC significant differences
among means at P<0.05 (+ standard error; LSD test)

Grafikon 2. DuZina korjenciéa klijanaca kres salate (cm).
*Kontrola (voda); PS- (KE-plantasalva bez dodatka morske
soli); PS+ (KE-plantasalva s dodatkom morske soli); EQE
(Equisetum ekstrakt); BIPL (Biplantol); FERM (Fermentirani
biljni ekstrakt). #& znacajne razlike na razini pogreske
P<0.05 (+ standardna pogreska; LSD test)

Treatments with KE-plantasalva with sea salt and
equisetum extract significantly reduced root length of
garden cress seedlings (PS+ 4.83 cm; EQE 4.91 cm).
Bajguz and Tretyn (2003) attributed this inhibitory effect
of equisetum extract to relatively high concentrations
of brassinosteroids stored in strobilus. Brassinosteroids
stimulate synthesis of ethylene which influences the
synthesis and transport of auxin, which finally results
in inhibition of primary root cells elongation (RizZcka
et al., 2007). Also, it is possible that sea salt added to
KE-plantasalva, caused moderate salt stress because
seedlings germinated on filter paper were in direct con-
tact with solution of biostimulator. Probably, the applied
concentration of KE-plantasalva added into the substra-
te would not exhibit the same effect as seen here, as
one part of active ions would be inactivated due to the
reactions with substrate. However, this could apply to
all the other plant extracts tested in our research, as
well. The effects of biological elicitors depend on the
concentration of the solution but also on media in which
plants are grown. Therefore, high concentrations of
biostimulators as well as increased availability of physi-
ologically active compounds in their composition, could
adversely affect seed vigour (Bergmayr et al., 2013). In
addition, there are many environmental factors that can
reduce or intensify the effect of biostimulators.

The applied biostimulators significantly affected
fresh weight of seedlings (P=0.0014; Figure 3).
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Figure 3. Fresh weight of garden cress seedlings (mg/
plant). *Control (water); PS- (KE-plantasalva without
the addition of sea salt); PS+ (KE-plantasalva with
sea salt); EQE (Equisetum extract); BIPL (Biplantol);
FERM (Fermented plant extract). A8 significant dif-
ferences among means at P<0.05 (+ standard error;
LSD test)

Grafikon 3. SvjeZa masa klijanaca kres salate (mg/biljci).
*Kontrola (voda); PS- (KE-plantasalva bez dodatka morske
soli); PS+ (KE-plantasalva s dodatkom morske soli); EQE
(Equisetum ekstrakt); BIPL (Biplantol); FERM (Fermentirani
biljni ekstrakt). #B znacajne razlike na razini pogreske
P<0.05 (+ standardna pogreska, LSD test)

Here, we can compare these results with dry
matter content (Figure 4) where the lowest seedlings
fresh weight was established in treatment with equi-
setum extract (24.2 mg/plant). This, on the other hand,
accumulated the highest amount of dry matter (7.50%).
The highest seedlings fresh weight (55.6 mg/plant) was
obtained in treatment KE-plantasalva without sea salt,
and it was on the average by 23.18 mg/seedling higher
in comparison with all the other applied treatments.
In research of Kappert et al. (2011) conducted with
spinach and pak choi, KE-plantasalva treatment increa-
sed the number of leaves on both plant species. In our
research, KE-plantasalva treatment with the addition of
sea salt significantly decreased plant fresh weight in
comparison with the same biostimulator without the
addition of sea salt. Also, as with root length, it could
be assumed that sea salt in extract caused salt stress
which adversely affected development of seedlings. To
be more specific, it was reported that the increase of
osmotic potential of surrounding solution reduces seed
water uptake, which directly reflects as decline in plant
fresh weight (Kurth et al., 1986; Tunctiirk et al., 2011).

F-test showed significant effect of the applied
biostimulators on seedling dry matter accumulation
(P<0.0002; Figure 4).
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Figure 4. Dry weight of garden cress seedlings (%).
*Control (water); PS- (KE-plantasalva without the
addition of sea salt); PS+ (KE-plantasalva with sea
salt); EQE (Equisetum extract); BIPL (Biplantol); FERM
(Fermented plant extract). ~BC significant differences
among means at P<0.05 (* standard error; LSD test)

Grafikon 4. Suha masa klijanaca kres salate (%). *Kontrola
(voda); PS- (KE-plantasalva bez dodatka morske soli);
PS+ (KE-plantasalva s dodatkom morske soli); EQE
(Equisetum ekstrakt); BIPL (Biplantol); FERM (Fermentirani
biljni ekstrakt). B znacajne razlike na razini pogreske
P<0.05 (+ standardna pogreska,; LSD test)

Significantly lower accumulation of dry matter
in seedlings was observed in treatments with
KE-plantasalva without the sea salt addition (3.52%) and
Biplantol (3.73%), as compared to the control (5.67%).
In treatment with equisetum extract, dry weight of
seedlings increased on the average 39% as compared to
the control and treatment with KE-plantasalva with the
sea salt addition, and 90% on the average for all other
biostimulators applied. Horsetail (Equisetum arvense
L.) is known as hyperaccumulator of silicone, which
is in layers of varying thickness deposited in cell walls
(Sapei et al., 2007; Law and Exley, 2011). Numerous
studies have confirmed positive effect of silicone on
plant growth and development, especially under stress
conditions (Lux et al., 2002; Liang et al., 2003; Gong
et al., 2003, 2005; Kaya et al., 2006, Rohanipoor et
al., 2013) which imply that significant increase of dry
matter of seedlings in aforementioned treatment may be
attributed to stimulating effect of silicon.

CONCLUSIONS

Since organic production through sustainable agri-
culture is increasingly interesting, it is assumed that plant
extracts acting as biological elicitors might play an impor-
tant role in the primary food production. Considering the
effects of the applied plant extracts on indicators of gar-
den cress seed vigour, it is difficult to distinguish which
plant extract can make the most favourable influence on
growth and seedlings development. The opposite effect
of KE-plantasalva® without the addition of sea salt and
Equisetum extract on dry and fresh matter accumulation,
suggest that the chemical composition of plant extracts
may have an influence on seed water uptake and seedling
development. It should also be noted that, depending on
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the type of plant extract and the concentration applied,
biostimulators may show different effects. Therefore,
further research is needed to reveal the exact physiologi-
cal mechanisms of a wide range of physiologically active
compounds in the composition of tested biostimulators,
with aim of better usage in plant production.
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KLIJAVOST | VIGOR SJEMENA KRES SALATE NAKON
TRETMANA BILJNIM EKSTRAKTIMA

SAZETAK

Koristenje bioloski aktivnih i okolisno prihvatljivih pripravaka ima vrlo znac¢ajnu ulogu u primarnoj proizvodnji hrane.
Ovo istraZivanje provedeno je s ciljem ispitivanja utjecaja pet komercijalnih biljnih ekstrakata na vigor sjemena
kres salate (Lepidium sativum L.). Koristeni biljni ekstrakti znacajno su povecali klijavost. Najveca svjeZa masa
klijanaca, a ujedno i najniza akumulacija suhe tvari, utvrdena je pri tretmanu KE-plantasalva® bez dodatka morske
soli. Ekstrakt preslice inhibirao je izduZivanje korijena i rezultirao najvisim postotkom akumulacije suhe tvari u
klijancima, ali, takoder, i najniZom svjeZom masom.

Kljuéne rijeci: kres salata, hiljni ekstrakti, sjeme, klijanje, vigor
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