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Abstract

The allelopathic effect of plants is one of the least
known factors determining the stability of lawn swards. Leaves
are a rich source of allelopathic substances. Washed out by rain
or dew drops, or released during biomass decomposition, these
substances can impact plants. In practice, cut sward is often left
on the lawn surface and can have an allelopathic effect on re-
growing plants. The effect of released allelochemicals depends
on many factors, including their concentration. Hence, in order
to maintain the high functional properties of the lawn, informa-
tion is needed on the critical concentrations of allelochemicals
inhibiting plant growth and development. Laboratory research
was thus undertaken (on Petri dishes) to evaluate the effect of
various water extracts of leaves of selected lawn grass culti-
vars. The following cultivars were the donors: ‘Areta’, ‘Nim-
ba’, ‘Olivia’ (Festuca rubra); ‘Espro’, ‘Pintor’ (F. ovina), and
‘Asterix’ (F. arundinacea), while the acceptors were: ‘Niwa’
(Agrostis capillaris), ‘Asterix’ (Festuca arundinacea), ‘Espro’
(F. ovina), ‘Areta’ (F. rubra), ‘Stadion’ (Lolium perenne), and
‘Bila’ (Poa pratensis) — the species frequently sown in lawns.
In the control treatments, distilled water was applied to the sub-
strate.

The experiment revealed that the effect of water extracts
of leaves varied depending on their concentration and donor va-
riety as well as the sensitivity of the acceptor (the test plant).
In comparison with the control treatments, the strongest nega-
tive impact was caused by the cultivars ‘Olivia’ (F. rubra) and
‘Pintor’ (F. ovina), followed by ‘Asterix’ (F. arundinacea).
Among the acceptors, the greatest sensitivity to the presence of
allelochemicals was shown by A. capillaris, and the smallest by
F. arundinacea.
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growth and development

INTRODUCTION

The persistence and aesthetic value of a lawn
depend on the floristic species composition of the
sward that is influenced by the way the so-called be-
aring layer is prepared, the species and variety compo-
sition of the seed mixture used, the sensitivity of the
components to habitat stress factors as well as a num-
ber of maintenance measures carried out each year,
particularly cutting (Czarnecki and Harkot,
2002). In practice, after being cut (at varying height),
the sward is often left on the lawn surface and can have
an allelopathic effect on regrowing plants. It is one of
the least researched factors determining the stability of
lawn swards. Leaves are a rich source of allelopathic
substances (Chung and Miller, 1995; Lipin-
ska and Harkot, 2005). Washed out by rain or dew
drops, or released during biomass decomposition, the-
se substances can impact plants. The effect of released
allelochemicals depends on many factors, including
their concentration. At low concentrations, they show
a stimulating effect, while at high concentrations their
effect is inhibitory (Politycka and Lipinska,
2005). Hence, information on the critical concentra-
tions of allelochemicals inhibiting plant growth and
development can be important (Harkot et al. 2000;
Lipifniska and Harkot, 2007).

In Poland’s climate and soil conditions, the
persistence and appearance of lawns is guaranteed by
lawn cultivars of both Festuca rubra and Festuca ovina
(Harkot et al. 2006). They are used in mixtures in-
tended for establishing ornamental, park, recreational
and sports ground lawns as well as for turfing of road
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embankments, roadsides, car parks, post-industrial and
reclaimed areas (Patrzatek, 2000; Wolski etal.
2006). More and more often, lawn cultivars of Festuca
arundinacea are also used to turf soils in difficult habi-
tat conditions (Czy z and Kitczak, 2009).

The present study was undertaken to explain
whether water extracts from the aboveground vegetati-
ve shoots of selected lawn cultivars of Festuca rubra,
F. ovina and F. arundinacea have an impact on the ini-
tial growth and development of lawn cultivars of other
grass species.

MATERIALS AND METHODS

The study was conducted at the Department of
Grassland and Landscape Forming, University of Life
Sciences in Lublin, in the years 2007-2010. A labora-
tory experiment was carried out to assess the impact
of various concentrations of water extracts from abo-
veground vegetative shoots of donor grasses on the
seed germination capacity as well as on root length
and seedling height of acceptor grasses. The following
cultivars were the donors: ‘Areta’, ‘Nimba’, and ‘Oli-
via’ (Festuca rubra); ‘Espro’ and ‘Pintor’ (F. ovina) as
well as ‘Asterix’ (F. arundinacea), while the acceptors
were: ‘Niwa’ (Agrostis capillaris), ‘Asterix’ (Festuca
arundinacea), ‘Espro’ (F. ovina), ‘Areta’ (F. rubra),
‘Stadion’ (Lolium perenne ), and ‘Bila’ (Poa praten-
sis) — species frequently sown in lawns.

Water extracts were made from aboveground
vegetative shoots of the studied grass cultivars, collec-
ted at the propagation stage. The leaves were washed
with running water to remove soil and other impurities,
and then dried (with hot air) and cut into fine pieces
(about 2 mm). For biotests, three concentrations: 1.58,
2.35, and 4.76%, of water leachates from donor leaves
were prepared by soaking, respectively, 15.8, 23.5 and
47.6 g of dry leaves, each portion in 1.0 | water. After
24 h, the solution was filtered through a filter. The le-
achates were stored at 5 °C.

Seeds of the acceptors (20 pieces of each)
were placed on Petri dishes (in four replications) on
three layers of chromatography paper (Whatman
No. 3001917). 3 ml of water extracts (donors) at ap-
propriate concentrations were applied to the paper
every day. In the control treatments, distilled water
was applied to the paper. The germination capacity of
A. capillaris seeds was assessed after 10 days, for
L. perenne and F. arundinacea after 14 days, F. ovi-
na and F. rubra after 21 days, and P. pratensis after
28 days, according to the guidelinesof Dorywalski
et al. (1964). The results were expressed as the percen-
tage of germinated seeds. On the same days when the
seed germination capacity was determined, the length
of the root system and the height of the seedlings were

measured. These parameters were expressed in centi-
metres.

Biotests were conducted in the conditions of da-
ily 12-hour (7.00 am to 7.00 pm) artificial lighting with
a SON-T Agro type high pressure output lamp (avera-
ge light intensity of approx. 3000 lux at table level). Its
special SGR 1400-type socket guaranteed appropriate
and evenly distributed lighting of plants (U of about
80%). The air temperature in the room was optimal for
the development of grass and ranged between 22 and
25 °C.

The results were processed statistically using
the SAS v.91 program, with the use of single-factor
variance analysis and Tukey’s multiple test. The me-
ans were divided into statistically uniform groups,
and the significance level of < 0.05 was adopted.
Mean values between which there are no statistical-
ly significant differences are marked with the same
letter. The tables contain mean values from the years
2007-2010.

RESULTS

A. capillaris seeds subjected to the impact of
water extracts from nearly all the donors under stu-
dy showed poorer germination performance than in
the control treatment. ‘Espro’ F. ovina extracts were
an exception: they had a stimulating effect but it was
insignificant in comparison with the control treatment
(Table 1).

The greatest inhibitory effect, regardless of con-
centration, was shown by extracts from ‘Olivia’ F. ru-
bra. The seed germination capacity significantly lower
than in the control treatments was also observed in the
case of extracts from ‘Nimba’ F. rubra, particularly
those with the highest concentration (4.76%). Water
extracts from ‘Areta’ F. rubra and ‘Pintor’ F. ovina,
but only with the highest concentration, also signifi-
cantly inhibited the acceptor’s seed germination. Water
extracts from all donors had an adverse effect on root
length and seedling height of A. capillaris (Table 1).
Significantly shorter roots and smaller seedlings of the
acceptor were observed after applying each extract; the
greatest differences were caused by the highest concen-
trations (4.76%). Regardless of their concentration, the
greatest adverse effect was demonstrated by extracts
from ‘Asterix’ F. arundinacea, followed by ‘Areta’
and ‘Olivia’ F. rubra, as they caused nearly 50% inhi-
bition of root growth of A. capillaris.

Water extracts of all cultivars (except ‘Espro’)
had an adverse impact on the seed germination capaci-
ty of F. arundinacea (Table 2). However, only extracts
from ‘Nimba’ (already at a concentration of 2.38%)
as well as from ‘Olivia’ and ‘Areta’ F. rubra (at the
highest concentration) had a significantly adverse
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impact in comparison with the control treatment where
distilled water was applied to the paper. In the treat-
ments where water extracts from ‘Espro’ and ‘Pin-
tor’ F. ovina as well as from ‘Asterix’ F. arundina-
cea (at various concentrations) were applied, the seed
germination capacity of F. arundinacea did not vary
significantly. Extracts from ‘Areta’ F. rubra were an
exception as their lowest concentration (1.58%) si-
gnificantly stimulated the seed germination of the ac-
ceptor. Regardless of the concentration, the roots of
F. arundinacea were significantly shorter than in the
control treatments only in the treatments with ‘Olivia’
F. rubra and ‘Asterix’ F. arundinacea (Table 2). The
adverse effect of donors on the root length of seedlings
of the acceptor was observed mainly after the applica-
tion of extracts at the highest concentration. Extracts
from ‘Asterix’ were an exception because, regardless
of their concentration, they significantly inhibited root
growth. F. arundinacea seedlings exhibited a greater
sensitivity. Only extracts from itself (‘Asterix’ F. arun-
dinacea) and extracts from ‘Nimba’ F. rubra slightly
stimulated seedling height, while the other extracts had
a significantly adverse effect on the process. Similarly
to the roots, seedlings were significantly smaller than
in the control treatments usually as a result of applying
extracts at the highest concentration (4.76%), and only
in the case of extracts from ‘Areta’ F. rubra and ‘Pin-
tor’ F. ovina at the concentration of 2.38%.

Regardless of the concentration, the greatest
adverse impact on seed germination of F. ovina was
observed in the treatments where extracts from leaves
of the cultivars ‘Pintor” and ‘Espro’ and two F. rubra
cultivars,'Nimba’ and ‘Olivia’, were applied (Tab-
le 3).

No significant differences were caused by
extracts from ‘Areta’ F. rubra and ‘Asterix’ F. arun-
dinacea, under whose influence the seed germination
capacity of the acceptor was actually slightly higher
than in the control treatment. As regards the impact
of concentrations of water extracts from the particular
donors, it was found that water extracts from ‘Pintor’
F. ovina, regardless of their concentration, caused
significantly poorer seed germination, similarly to
extracts from nearly all donors at the highest concentra-
tion (4.76%). Extracts from ‘Asterix’ F. arundinacea
were an exception because, regardless of their concen-
tration, they only slightly inhibited the germination ca-
pacity of F. ovina. The root length of F. ovina also va-
ried under the influence of extracts and distilled water
(control treatment). In comparison with this treatment,
all donors at each of the concentrations used (except
the 1.58% concentration of extracts from ‘Nimba’)
caused significant inhibition of the root growth of this
acceptor (Table 3). However, the shortest roots were

observed in seedlings where extracts from ‘Olivia’
F. rubra and ‘Asterix’ F. arundinacea were applied.
The response of the seedlings, on the other hand, was
quite different. Compared to the control treatment,
none of the cultivars used, regardless of the concentra-
tion, caused significant differences in seedling height
of the acceptor.

The germination of F. rubra seeds as influ-
enced by all donors was poorer in comparison with
the application of distilled water (Table 4). ‘Asterix’
F. arundinacea had the greatest inhibitory effect. Si-
gnificant differences in seed germination were obse-
rved particularly in the treatments where extracts at
the highest concentration (4.76%) were used. Extracts
from ‘Nimba’ F. rubra were an exception, because
they did not cause the inhibition of seed germination
of the acceptor, regardless of their concentration; the
same effect occurred in the case of extracts from the
other donors applied at the concentration of 1.58% and
2.38%. Water extracts from the aboveground vegetati-
ve shoots of nearly all donors caused significant inhi-
bition of the root growth of F. rubra seedlings (Table
4). Extracts from ‘Areta’ and ‘Nimba F. rubra were an
exception because the inhibition was only caused by
their highest concentration, whereas at low concentra-
tions these extracts caused the roots to be even longer
than in the control treatment. Extracts from ‘Asterix’
F. arundinacea turned out to be the strongest inhibitor
of root growth (at each of the concentrations used), as
they caused the roots to be half as long as in the con-
trol treatment. In addition, the roots of this acceptor
were adversely impacted by all concentrations of water
extracts from ‘Pintor’ F. ovina and ‘Olivia’ F. rubra.
On the other hand, the influence of donors on seedling
height of F. rubra was insignificant. Regardless of
the concentration, significant differences were found
only in the case of extracts from ‘Nimba’ F. rubra,
under whose influence seedlings were taller than in the
control treatment (Table 4). Acceptor seedlings were
found to be smaller only under the influence of the hi-
ghest concentration (4.76%) of extracts from ‘Areta’
F. rubra and ‘Pintor’ F. ovina.

In comparison with the control treatment, the
germination capacity of L. perenne seeds was signi-
ficantly lower under the influence of water extracts
from ‘Pintor’ F. ovina and ‘Asterix’ F. arundinacea,
regardless of their concentration, and extracts from
the other donors (except ‘Espro’) at the highest con-
centration (4.76%) (Table 5). Extracts from the other
cultivars, applied at the lowest concentration, actu-
ally stimulated the germination of acceptor seeds,
but only extracts from ‘Espro’ F. ovina had a signi-
ficant impact. Water extracts from the aboveground
vegetative shoots of all the grass cultivars resulted in
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significantly shorter roots of L. perenne in compa-
rison with the control treatment. The strongest in-
hibitors of root growth were extracts from ‘Olivia’
F. rubra, ‘Espro’ F. ovina and ‘Asterix’ F. arundi-
nacea (at each of the concentrations used). Similar
patterns were also observed in the treatments where
extracts from ‘Areta’ F. rubra and ‘Pintor’ F. ovina
were applied. The seedling height of L. perenne, as
influenced by the extracts, did not vary significantly
from the control treatment. Regardless of the con-
centration, significantly smaller acceptor seedlings
were only found in the treatments where extracts from
‘Asterix’ F. arundinacea and ‘Olivia’ F. rubra were
applied at the highest concentration.

The germination capacity of P. pratensis seeds
in the treatments subjected to water extracts from the
aboveground vegetative shoots of all donor grasses
was significantly lower than in the control treatment
(Table 6).

Under the influence of each extract concentra-
tion (regardless of the changing donor), P. pratensis

seeds showed significantly poorer germination than
under distilled water conditions. However, such diffe-
rences were not observed between the concentrations
of 1.58%, 2.38% and 4.76%, with the exception of
extracts from ‘Nimba’ F. rubra which, at the concen-
tration of 4.76%, inhibited the process to the greatest
extent. In comparison with the control treatment, the
water extracts from all donors significantly inhibited
the growth of roots in P. pratensis seedlings. Regar-
dless of the variety, each of the concentrations used
caused significant inhibition: the strongest inhibition
occurred at the concentration of 4.76%. The seedling
height of P. pratensis was significantly inhibited by all
extracts from ‘Pintor’ F. ovina and ‘Asterix’ F. arun-
dinacea as well as extracts from most donors at the
concentration of 4.76%. Only the highest concentra-
tions of extracts from ‘Nimba’ F. rubra did not cau-
se significant differences. No significant influence on
acceptor seedling height was observed in the case of
extracts from ‘Areta’, ‘Nimba’ and ‘Olivia’ F. rubra
applied at the concentration of 1.58% and 2.38%.

Table 1
Seed germination capacity, root length and seedling height of Agrostis capillaris
subjected to various concentrations of water extracts from aboveground
vegetative shoots of lawn grass cultivars — donors

5 Donors
§ confeﬁffzfttions F. rubra F. ovina F. arundinacea
A JAreta’ ,Nimba’ ,Olivia’ ,Espro’ JPintor’ JAsterix’
0 64.6a 64.6a 64.6a 64.6ab 64.6a 64.6ab
é 1.58% 73.9a 66.7a 46.9b 79.2a 72.9a 71.8a
é § 2.38% 61.4ab 51ab 37.5bc 70.8ab 64.6a 63.5ab
5 4.76% 45.8b 42.7b 30.2c 60.4b 43.7b 45.8b
Mean for donor 61.4ab 56.2b 44.8c 68.7a 61.4ab 61.4ab
0 0.9a 0.9a 0.9a 0.9a 0.9a 0.9a
§0 1.58% 0.3b 0.6b 0.5b 0.5b 0.6b 0.4b
LE g 2.38% 0.3b 0.3c 0.3c 0.4c 0.4c 0.3c
é 4.76% 0.3b 0.3c 0.1d 0.3c 0.3c 0.2¢c
Mean for donor 0.4c 0.5b 0.4c 0.5b 0.5b 0.4c
- 0 2.1a 2.1a 2.1a 2.1a 2.1a 2.1a
E‘) 1.58% 1.7b 1.9b 1.7b 1.9a 1.7b 1.7b
E" g 2.38% 1.5¢ 1.7b 1.6b 1.7b 1.9a 1.3c
E 4.76% 1.0d 0.8¢c 1.1c 0.9¢c 1.0c 1.1d
s Mean for donor 1.6¢ 1.6bc 1.6bc 1.6bc 1.7b 1.5¢

Explanation: Means followed by the same letter in column do not differ significantly.
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Table 2

Seed germination capacity, root length and seedling height of Festuca arundinacea subjected
to various concentrations of water extracts from aboveground vegetative shoots of lawn grass cultivars — donors

5 Donors
§ concEeXnt::acttions F.rubra F.ovina F.arundinacea
&~ ,Areta’ ,Nimba’ ,Olivia’ ,Espro’ ,Pintor’ ,Asterix’
0 70.8b 70.8a 70.8a 70.8a 70.8ab 70.8a
.§ 1.58% 85.4a 58.3ab 63.5a 79.2a 72.9a 69.8a
é g 2.38% 62.5bc 55.2b 58.3a 78.1a 64.6ab 63.5a
3 4.76% 55.2¢ 44.8b 41.7b 66.7a 59.4b 60.4a
Mean for donor 68.5a 57.3¢c 58.6bc 73.7a 66.9ab 66.1abc
0 2.4bc 2.4a 2.4a 2.4ab 2.4a 2.4a
?0 1.58% 3.2a 2.9a 2.3a 2.7a 2.7a 1.6b
%:’ g 2.38% 2.8ab 2.4a 2.3a 2.1bc 2.3a 1.4b
MS 4.76% 1.9¢ 1.4b 1.5b 1.7¢ 1.4b 1.5b
Mean for donor 2.6a 2.3b 2.1b 2.2b 2.2b 1.7¢
= 0 6.1a 6.1ab 6.1a 6.1a 6.1a 6.1b
'éo _ 1.58% 5.9ab 6.8a 5.6a 5.6ab 5.4ab 6.9a
) 2.38% 4.9¢ 6.1ab 5.3a 6.0a 5.1b 6.5ab
E 4.76% 5.0bc 5.2b 5.2a 5.0b 3.1c 5.5¢
i Mean for donor 5.5¢ 6.0a 5.5¢ 5.7bc 4.9d 6.2a

Explanation: Means followed by the same letter in column do not differ significantly.

Table 3
Seed germination capacity, root length and seedling height of Festuca ovina subjected

to various concentrations of water extracts from aboveground vegetative shoots of lawn grass cultivars — donors

5 Donors
% con]czgrgf;tions F.rubra F.ovina F.arundinacea
A ,Areta’ ,Nimba’ ,Olivia’ ,Espro’ ,Pintor’ JAsterix’
0 87.5a 87.5a 87.5a 87.5a 87.5a 87.5a
.§ 1.58% 86.3a 91.7a 87.7a 80.2ab 48.9b 72.9a
g g 2.38% 72.9b 77b 76a 65.6b 61.4b 86.4a
L';-’ 4.76% 66.7b 54.2b 34.4b 23.9¢ 47.9b 81.2a
Mean for donor 78.3ab 77.6b 71.4bc 64.3cd 61.4d 82.0
0 5.3a 5.3a 5.3a 5.3a 5.3a 5.3b
‘Eg 1.58% 2.9b 4.8a 3.0b 3.7b 3.5b 3.6¢c
% g 2.38% 3.2b 3.7b 2.2¢ 2.3c 3.6b 2.1c
é 4.76% 2.8b 3.8b 1.3d 2.1c 3.1b 2.2¢
Mean for donor 3.5¢d 4.4b 2.9d 3.3cd 3.9¢c 3.3cd
= 0 6.9a 6.9a 6.9b 6.9a 6.9a 6.9ab
3 1.58% 6.5 6.7a 8.7 6.92 7.0a 7.1a
%‘) 5 2.38% 7.6a 6.4a 6.7b 7.2a 7.4a 6.6ab
?3 4.76% 6.7a 6.3a 6.7b 6.8a 6.8a 6.2b
@ Mean for donor 6.9ab 6.6b 7.2a 6.9ab 7.0ab 6.7b

Explanation: Means followed by the same letter in column do not differ significantly.
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Table 4
Seed germination capacity, root length and seedling height of Festuca rubra subjected

to various concentrations of water extracts from aboveground vegetative shoots of lawn grass cultivars — donors

5 Donors
§ concEjnt::aCttions F.rubra F.ovina F.arundinacea
&~ ,Areta’ ,Nimba’ ,Olivia’ ,Espro’ ,Pintor’ ,Asterix’
0 94.8a 94.8a 94.8a 94.8a 94.8a 94.8a
.§ 1.58% 96.9a 97.9a 85.4a 96.9a 86.4a 69.8ab
é g 2.38% 81.2ab 95.8a 83.3ab 92.7a 86.4a 73.9ab
g 4.76% 65.6b 85.4a 65.6b 71.9b 63.5b 64.6b
Mean for donor 84.6b 93.5a 82.3bc 89.1ab 83.6b 75.8¢
0 8.0b 8.0b 8.0b 8.0b 8.0b 8.0b
§0 R 1.58% 7.3b 8.3a 5.1b 6.0ab 6.6b 3.5b
% 5 2.38% 9.4a 6.6b 4.2bc 3.8b 5.6b 2.8¢c
MS 4.76% 3.2¢ 4.4c 3.2¢ 3.8b 2.5¢ 2.4c
Mean for donor 7.0a 6.8a 5.1b 5.4b 5.7b 4.2¢
= 0 7.2a 7.2a 7.2a 7.2a 7.2a 7.2a
éﬁ _ 1.58% 7.0b 7.6a 7.8a 7.1a 8.0a 7.5a
%" \LE_,/ 2.38% 7.8a 7.7a 7.5ab 7.4a 7.8a 6.9a
E 4.76% 6.0c 7.5a 6.8b 7.2a 5.2b 6.8a
i Mean for donor 7.0b 7.5a 7.3ab 7.2ab 7.0b 7.1ab

Explanation: Means followed by the same letter in column do not differ significantly.

Table 5
Seed germination capacity, root length and seedling height of Lolium perenne subjected

to various concentrations of water extracts from aboveground vegetative shoots of lawn grass cultivars — donors

5 Donors
% conf;r::f;tions F.rubra F.ovina F.arundinacea
A ,Areta’ ,Nimba’ ,Olivia’ ,Espro’ ,Pintor’ JAsterix’
0 81.2ab 81.2a 81.2a 81.2b 81.2a 81.2a
é 1.58% 90.6a 88.5a 93.7a 94.8a 83.3a 79.2ab
g g 2.38% 89.6a 85.4a 90.6a 87.5ab 64.6b 61.4bc
g 4.76% 71.9b 59.4b 64.6b 79.2b 55.2b 47.9c
Mean for donor 83.3a 78.6a 82.5a 85.7a 71.1b 67.4c
0 5.3a 5.3a 5.3a 5.3a 5.3a 5.3a
g,) 1.58% 2.9b 4.8a 3.0b 3.7b 3.6b 3.6b
% g 2.38% 3.2b 3.7b 2.2¢ 2.3c 3.5b 2.1c
é 4.76% 2.8b 3.8b 1.3d 2.1c 3.1b 2.2¢
Mean for donor 3.5¢d 4.4b 2.9e 3.3de 3.9¢ 3.3de
= 0 6.9ab 6.9ab 6.9ab 6.9ab 6.9ab 6.9ab
3 1.58% 6.7a 6.7a 8.7 6.92 7.4a 7.1a
%‘3 E), 2.38% 7.6a 6.4a 6.8b 7.2a 7.0a 6.6ab
E 4.76% 6.5a 6.3a 6.0c 6.8a 6.8a 6.2b
i Mean for donor 6.9ab 6.6b 7.1a 6.9ab 7.0ab 6.7¢c

Explanation: Means followed by the same letter in column do not differ significantly.
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Table 6
Seed germination capacity, root length and seedling height of Poa pratensis subjected
to various concentrations of water extracts from aboveground vegetative shoots of lawn grass cultivars — donors

5 Donors
§ concE:nt:raaCttions F.rubra F.ovina F.arundinacea
&~ ,Areta’ ,Nimba’ ,Olivia’ ,Espro’ ,Pintor’ ,Asterix’
0 77.1a 77.1a 77.1a 77.1a 77.1a 77.1a
.§ 1.58% 55.2b 62.5b 52.1b 48.9b 53.1b 47.9b
-g g 2.38% 55.2b 56.2b 49.1b 57.3b 46.9b 47.9b
g 4.76% 53.1b 41.6c 35.4b 46.9b 41.7b 38.5b
Mean for donor 60.1ab 59.3b 53.4c 57.5b 54.7c 52.9¢
0 1.5a 1.5a 1.5a 1.5a 1.5a 1.5a
?0 1.58% 1.1b 1.1b 1.0b 1.1b 1.3a 1.0b
%:’ g 2.38% 1.0c 1.1b 1.7a 0.7¢ 0.5b 0.6c
é 4.76% 0.9d 1.0b 0.8¢c 0.6¢ 0.6b 0.5¢
Mean for donor I.1c 1.2bc 1.2b 1.0d 1.0d 0.9d
= 0 3.6a 3.6a 3.6a 3.6b 3.6a 3.6a
'éo _ 1.58% 3.5a 3.5ab 3.9a 3.9a 3.2b 3.0b
%" 5 2.38% 3.4a 3.6ab 2.8b 3.3c 3.0c 3.0b
E 4.76% 1.0b 3.3b 1.9 2.0d 2.7d 2.7¢c
i Mean for donor 2.9d 3.5a 3.1cd 3.2b 3.1bc 3.1bc

Explanation: Means followed by the same letter in column do not differ significantly.

DISCUSSION

One of the key stages of studying the allelopa-
thic potential of plants is bioanalysis which typically
assesses the degree of inhibition (more rarely the de-
gree of stimulation) of growth and development pro-
cesses of the test plants, including the seed germina-
tion capacity, root length and seedling height of the
test species (Blum, 1999). These parameters were
also assessed in the present biotests, because the mu-
tual interaction of plants begins with the germination
of grass seeds and continues throughout their growth
and development in a given community (Lipifiska
and Harkot, 2007). The assessment of the impact of
water extracts from the aboveground vegetative shoots
of lawn grass cultivars (donors) on the initial growth
and development of lawn grass cultivars of other spe-
cies (acceptors) revealed significant differences both
in the strength of donor impact and in the response of
the acceptors.

It was found that the growth of the test species
was inhibited to a varying degree depending on the do-
nor variety and extract concentration. The smallest de-
gree of inhibition was observed in the case of seed ger-
mination, while the greatest in the case of root length.
The growth of the acceptor’s aboveground shoots was
inhibited by water extracts to a lesser extent. It is worth

remembering that seedling roots usually show a gre-
ater sensitivity to the presence of allelochemicals than
the aboveground shoots, and within a specific brac-
ket their growth is proportional to the concentration
of substances (Lickfeldt et al. 2001). The greater
sensitivity of the roots (than the aboveground shoots)
to the impact of allelopathic substances was also con-
firmed in the studies by I1am and Begum (2011).

Specific species and cultivars differ with regard
to their capacity to synthesize allelochemicals and, by
the same token, they have a different strength of im-
pact (Baghestani etal. 1999). This was also con-
firmed by the present study where, regardless of the
extract concentration, the smallest adverse impact on
seed germination, root length and seedling height of
the acceptor was demonstrated by ‘Nimba’ F. rubra.
The strongest adverse impact was shown by ‘Olivia’
F. rubra and ‘Pintor’ F. ovina. The significant allelo-
pathic potential of these species was also demonstra-
ted in the study by Bertina et al. (2005). F. ovina
and F. rubra — turf grasses commonly used in the USA
and Europe — caused a significant inhibition of, among
others, D. sanguinalis, T. repens and T. officinale.
The allelopathic activity of F. rubra was also indicated
in earlier studies by Falkowski (1958) who found
significantly poorer germination of P. pratensis and
D. glomerata seeds on water extracts from the soil
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where F. rubra grew in comparison with extracts from
soil not covered with grass vegetation. The study of
Majchrzak (2007) also indicated an adverse im-
pact of the proximity of F. rubra on other plant species.
A considerable allelopathic potential towards selected
acceptors has also been demonstrated by °‘Asterix’
F. arundinacea. The literature mentions cases which
confirm the allelopathic properties of F. arundinacea
(Smith and Martin, 1994; Chung and Mil-
ler, 1995). This donor’s allelopathic activity towards
other grass species was also indicated by Buta and
Spaulding (1987)and Lipifiska (2005). In the-
se studies, water extracts from F. arundinacea leaves
inhibited the initial growth of grasses and legumes.

The allelopathic potential of a given donor is
determined by the concentration of biologically active
compounds. As a rule, these compounds have a stimu-
lating effect at low concentrations, and an inhibiting ef-
fect at high concentrations (Oleszek, 1992). Similar
patterns were also found during the present biotests.
Water extracts from aboveground vegetative shoots
applied at the lowest concentration (1.58%) had a po-
sitive impact on seed germination and initial growth of
the test species-acceptors. Their significantly adverse
impact was only manifested in the slower growth of
the acceptor’s roots, and this was only under the influ-
ence of ‘Asterix’ F. arundinacea, followed by Olivia
F. rubra, ‘Espro’ and ‘Pintor’ F. ovina. All the pa-
rameters assessed under the influence of the highest
concentration (4.76%) of water extracts from nearly
all donors were lower than in the control treatments.
A particularly comprehensive impact was shown by
the highest concentration of extracts from ‘Pintor’
F. ovina and ‘Olivia’ F. rubra. The influence of the
concentrations of allelochemicals on their allelopathic
potential is also confirmed by other authors. Taka -
hashi etal. (1985), studying the allelopathic impact
of water extracts of the sward residue of tropical gras-
ses on the germination of L. multiflorum seeds, ob-
served that the inhibition of seed germination of this
species increased with an increase in the extract con-
centration. The study by Lipifiska and Harkot
(2005) also showed that the initial growth of the test
species differed depending on the concentration of wa-
ter extracts from P. pratensis leaves.

The effect of the allelopathic impact of extracts
from plants is determined by the sensitivity of the test
species (Wardle etal. 1992). Among the test species
(acceptors), P. pratensis showed the greatest sensiti-
vity at the seed germination stage. When subjected to
extracts from all donors, seeds of this grass showed
significantly poorer germination than when distilled
water was applied. A considerable sensitivity was also
demonstrated by F. ovina whose seed germination was
significantly poorer under the influence of all extracts

from ‘Pintor’ F. ovina, regardless of their concentra-
tion, and most donors at the concentration of 2.38%
and 4.76%. On the other hand, F. arundinacea seeds
turned out to be the least sensitive because their ger-
mination was significantly poorer than in the control
treatments only under the influence of the highest con-
centrations of the F. rubra cultivars studied.

During the root growth period, the greatest sen-
sitivity was shown by A. capillaris; regardless of the
donor, the growth process was inhibited by about 50%
relative to the control treatments. P. pratensis also pro-
ved to be very sensitive, particularly to extracts from
‘Espro’, ‘Pintor’ and ‘Asterix’ (root growth was inhi-
bited by about 35%). The acceptors mentioned above,
particularly A. capillaris, also exhibited the highest
sensitivity during the seedling growth period. The con-
siderable sensitivity of A. capillaris and P. pratensis
to the impact of water extracts may be linked to the
small size of seeds of these species. Small seeds are
more sensitive to the impact of allelochemicals than
large ones (Oleszek, 1992), and the disorders oc-
curring at the initial stages of plant development may
cause disruptions of many subsequent life processes
(Sutherland et al. 1999). The lowest sensitivity to the
impact of donors was exhibited by F. arundinacea.
The response of the other acceptors to the allelopathic
properties of aboveground vegetative shoots of grasses
varied and depended on the tested parameter as well
as on the origin of allelopathic substances and their
current concentration. A similar response of acceptor
species to specific allelopathic substances was confir-
med, among other studies, by Bulut and Demir
(2007). Seedlings of various species also showed va-
rious responses to the same extract concentrations in
earlier studies by Lipifiska and Harkot (2005).
In their study, seeds of D. glomerata and Ph. pratense
did not germinate at all in the treatments where the hi-
ghest extract concentration was applied (4.76%), while
the germination of F. pratense seeds was significantly
poorer than in the control treatments. In the study by
Peters and Zam (1981), high concentrations of
the water extract from F. arundinacea leaves inhibited
the germination of L. corniculatus seeds significantly
more than low concentrations, whereas the germina-
tion of 7. pratense seeds was significantly inhibited
both by high and low concentrations of these extracts.

CONCLUSIONS

1. The allelopathic potential of the tested donors va-
ried and depended on the variety and concentration
of water extracts as well as on the sensitivity of the
acceptor.

2. ‘Olivia’ F. rubra and ‘Pintor’ F. ovina exhibited
the highest allelopathic potential. A considerable
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potential was observed in the case of ‘Asterix’
F. arundinacea. The smallest adverse impact was
exerted by ‘Nimba’ F. rubra.

3. The allelopathic potential of the individual culti-
vars varied within a particular species. Among the
F. rubra cultivars, the greatest adverse impact was
demonstrated by ‘Olivia’, then ‘Areta’, and the
smallest by ‘Nimba’. Among the F. ovina cultivars,
"Pintor’ showed a stronger adverse impact than
‘Espro’.

4. Regardless of the donor, the greatest adverse im-
pact was exerted by the highest concentrations of
extracts, resulting in poorer initial growth and de-
velopment of the acceptors. Lower concentrations
of all extracts primarily inhibited the growth of ro-
ots; all the parameters were inhibited only in the
case of ‘Pintor’ F. ovina.

5. The sensitivity of the tested acceptors varied. Wa-
ter extracts from aboveground vegetative shoots
of the lawn grass cultivars caused the strongest re-
sponse in A. capillaris and P. pratensis, resulting in
poorer seed germination, shorter roots and smaller
seedlings than in the control treatments. Conside-
rable sensitivity was demonstrated by F. ovina and
L. perenne, primarily during the root growth pe-
riod. F. arundinacea showed the lowest sensitivity
to the impact of the donors.
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Wplyw wodnych wyciagéw z lisci
Festuca rubra, F. ovina i F. arundinacea
na poczatkowy wzrost i rozwaj
innych gatunkéw traw

Streszczenie

Jednym z najmniej poznanych czynnikéw de-
cydujacych o stabilnosci muraw trawnikowych sg al-
lelopatyczne oddziatywania roslin. Bogatym Zrédiem
substancji allelopatycznych sg liScie. Substancje te,
wymywane przez deszcz czy krople rosy badZ uwal-
niane w czasie rozkladu biomasy, mogg oddziatywac
na rosliny. W praktyce czesto scigta murawa jest pozo-
stawiana na powierzchni trawnika i moze allelopatycz-
nie oddziatywaé na odrastajace rosliny. Efekt oddzia-
tywania uwolnionych allelozwigzkéw zalezy od wielu
czynnikéw, w tym od ich stezenia. Zatem, aby utrzy-
mac wysokie walory uzytkowe trawnika, niezbedne sg
informacje o krytycznych koncentracjach allelozwigz-
kéw hamujacych wzrost i rozwdj roslin. Stad podjeto
badania laboratoryjne (na ptytkach Petriego), w ktérych
oceniano wpltyw réznych stezeri wodnych wyciggdéw
z lisci wybranych gazonowych odmian traw. Donora-
mi byly odmiany: ‘Areta’, ‘Nimba’, ‘Olivia’ (Festu-
ca rubra); ‘Espro’, ‘Pintor’ (F. ovina) oraz ‘Asterix’
(F. arundinacea), natomiast akceptorami: ‘Niwa’
(Agrostis  capillaris), ‘Asterix’ (F. arundinacea),
‘Espro’ (F. ovina), ‘Areta’ (F. rubra), ‘Stadion’ (Lo-
lium perenne) i ‘Bila’ (Poa pratensis) — gatunki czgsto
wysiewane na trawniki. Kontrole stanowity obiekty, w
ktérych podloze zwilzano wodg destylowana.

Badania wykazaly, ze oddziatywania wodnych
wyciggéw z lisci byly zréznicowane w zaleznosci od
ich stezenia i donora (odmiany) oraz wrazliwosci ak-
ceptora (rosliny testowej). W poréwnaniu do obiektéw
kontrolnych najwigekszy ujemny wplyw powodowaly
wodne wyciagizliSci odmian Olivia (F. rubra)i ‘Pintor’
(F. ovina), a nastgpnie ‘Asterix’ (F. arundinacea).
Wsréd akceptorow, najwigkszg wrazliwoscig na obec-
nos¢ allelozwigzkéw charakteryzowata si¢ A. capilla-
ris, za$ najmniejsza F. arundinacea.
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