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ABSTRACT

We studied the effects of aboveground biomass (vegetative shoots) of 6-cultivars of
Festuca arundinacea, Festuca ovina and Festuca rubra on growth of other lawn grasses. The
shoots were cut and left in the field and determined their effects on the initial growth, root length
and seedling height of other lawn grass cultivars-acceptors. The allelopathic properties of donors
were assessed in pot culture. The flavonoids and phenolics acids contents were determined in
plant samples of each test variety. The F. ovina variety ‘Pintor’ and F. rubra ‘Olivia’ exhibited
the highest allelopathic potential. Allelopathic potential of test cultivars depended on the
flavonoids and phenolic acids contents in their leaves. Their highest contents were found in
leaves of F. rubra cultivar ‘Olivia’; the highest contents of phenolic acids were found in leaves
of cultivars F. ovina ‘Pintor’, F. rubra ‘Areta’ and ‘Olivia’ and lowest in the leaves of F. ovina
‘Espro’. Leaving the cut biomass on the lawn surface should be discouraged, because of its
adverse effects on the acceptor plants growth. There was no fertiliser effect of cut biomass left in
the lawn.

Key words: Allelopathy, cut lawn grass, flavonoids, Festuca arundinacea, Festuca ovina and
Festuca rubra, lawn cultivars, phenolics acids, potential, seedlings growth.

INTRODUCTION

Lawn mowing is key maintenance measure for the durability of lawns. The lawn is
mowed few dozen times in growing season depending on the grass type (12,23). After
mowing, the cut biomass can be used as compost or mulch. According to common belief,
leaving the cut biomass in lawn, adds some nutrients after its decomposition i.e. it
increases the soil fertility and also solves the problem of disposal of biomass. However, as
per allelopathy literature, the aboveground parts of grasses (e.g. leaves, stems) are rich in
many water-soluble allelopathic compounds. These compounds are leached by water or
during the biomass decomposition and affects the plants (21,22,27). We assumed that the
aboveground biomass (left after the cutting) can have both positive and negative
allelopathic impacts on the growth and development of other sward components and
consequently, its floristic composition and ornamental value.

The lawns, often consists of multiple species (16). It is important to identify the
reasons for the change in their floristic composition and deterioration of aesthetic value.
With high aesthetic value, the lawn cultivars of Festuca rubra and Festuca ovina are
important components of seed mixtures to establish various types of lawns in Poland,
Western Europe and elsewhere. The lawn cultivars of F. arundinacea, particularly are
used for the turfing of areas (Photo 1).
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This study aimed to assess the effects of mowed aboveground vegetative shoots of
selected lawn cultivars of Festuca arundinacea, Festuca ovina and Festuca rubra, placed
on the sandy substratum, on the initial growth of other lawn cultivars, commonly used in
seed mixtures of lawns.

MATERIAL AND METHODS

The studies were done in pots (dia 16.5 cms and depth 30 cms, filled with 3 kg
quartz sand) in Department of Grassland and Landscape, University of Life Sciences,
Lublin, in growing seasons of 2010-2014. The experimental treatments were: 6 lawn
cultivars of 3 species of Festuca grasses as Donors and following cultivars, commonly
sown in lawns, were the Acceptors as under:

Donor lawn spp. Receptor lawn spp.

Festuca arundinacea (Fa) ‘Asterix’; | Agrostis  capillaris  ‘Niwa’,  Festuca
Festuca ovina (Fo) ‘Espro’ and ‘Pintor’ | arundinacea ‘Asterix’, Festuca ovina
as well as Festuca rubra (Fr) ‘Areta’, | ‘Espro’, Festuca rubra ‘Areta’, Lolium
‘Nimba’ and ‘Olivia’ perenne ‘Stadion” and Poa pratensis ‘Bila’

These Donor cultivars are more persistent and resilient to unfavourable conditions (27).

Donor biomass

In biotest we determined the effects of fresh cut, above-ground, vegetative donor
shoots placed on substrate (150 g-pot™i.e. equal to biomass left in the lawn surface after
mowing) on seedling emergences, root lengths and heights of acceptors. In control no
biomass was added on the substrate surface.

The donor biomass was obtained from the monoculture plots from the field
experiment at Research Station, Sosnowica (Longitude 23.0914, Latitude 51.521, mean
height above sea level - 154 m, annual rainfall - 160 mm, max temp - 20,7°C, min temp -
5,9°C). When the plants were 8 cms tall, they were cut at 4 cms height. The plant material
was washed with running water to remove soil remnants and other impurities, dried in hot
air even at 80 °C (for 3 days in laboratory) and cut into 2 mm pieces. During the study
period (at the end of each vegetation season), soil samples were taken from the turfs of
field experiment sites: A : Those where biomass was left on the surface, and B : Those
where biomass was removed immediately after mowing.
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Bioassays

The experiment was done in completely randomized design, with three repetitions,
using the Root Exudates Recirculating System modified by authors (26). The biotest was
repeated four times each year. The investigation was done in climate controlled laboratory,
[12-h (7.00 am to 7.00 pm) artificial light with a SON-T Agro type high pressure output
lamp (average light intensity of approx. 3000 lux), Air temperature : 22 and 25°C].

Twenty seeds of species (acceptors) were sown per pot. These plants were watered
daily with 100 ml solution of distilled water + Hoagland's medium-2. The test parameters
(seedling emergences, root lengths and heights) of acceptors of A. capillaris were
determined after 10 days, L. perenne and F. arundinacea after 14, F. ovina and F. rubra
after 21, and P. pratensis after 28 days (13).

Chemicals analysis

Flavonoids and phenolic acids content were determined in samples of each test
cultivar (Donor). The total flavonoids content was analysed by High Performance Liquid
Chromatography (HPLC), while the phenolic acids by Ultra Performance Liquid
Chromatography (UPLC); the analyses were done at Biochemistry Institute of IUNG PIB,
Putawy.

HPLC analysis. To determine the flavonoids, methanol extracts (0.5 g material and 20 ml
of 80 % methanol to HPLC) were prepared, then the extract was evaporated, the residue
was dissolved in water and loaded to the preparative RP18 column (2 x 35 cms).
Conditions of separation: Stationary phase RP 18 (4 x 250mm, 10 um), Mobile phase -
linear gradient state, Eluent A - 1% H3;PO,, Eluent B - 40% acetonitrile in 1% H3PO,,
Linear gradient 0-100% B in 70 min, temperature 50°C, Flow 1 ml/min, DAD detector -
detection at 228.8 nm. Based on calibration curves for routine standard, flavonoid content
was calculated and expressed in mg -g™* of dry matter.

UPLC-MS analysis. The grass samples were frozen, lyophilised and grounded. 100 mg
plant material was eluted with 80% MeOH in a Dionex ASE 200 extractor (100°C, 1500
psi, 3 static cycles). Methanol was evaporated from the extract and residue was dissolved
in water. It was loaded to an RP-18 microcolumn, stabilised in advance with methanol and
distilled water. To remove carbohydrates, the microcolumn was washed with 1 ml H,0,
and the fraction with phenolic acids was removed from the microcolumn with 4 ml of 40
% MeOH. The phenolic fraction obtained was evaporated and quantitatively dissolved in 1
ml of 40 % MeOH for the UPLC-MS analysis. Phenolic acids (protocatechuic acid, 4-
hydroxy-benzoic acid, vanillic acid, caffeic acid, syringic acid, p-Coumaric acid, ferulic
acid, and sinapinic acid), were determined with Waters ACQUITY UPLC chromatography
system coupled with a Waters TQD mass spectrometer in SRM mode (single reaction
monitoring), negative ionisation. Phenolic acids were separated on an ACQUITY UPLC
HSS C18 column (1.0 x 100 mm, 1.8 um) at 30°C. The 0.1% HCOOH-MeCN gradient
was used.

The soil’s pH (PN-ISO 10390:1997) and content of bioavailable phosphorus (PN-
R-04023:1996), potassium (PN-R-04022:1996 + Az1:2002) and magnesium (PN-R-
04020:1994 + Az1:2004) were determined (9). Soil reaction was determined (pHkc) in 1
mol KCI dm™; phosphorus and potassium using the Egner-Riehm (DL): phosphorus by
colorimetric method, potassium by flame photometry and magnesium after extraction of
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0.0125 mol CaCl, dm™® from soil, using the Atomic Absorption Spectrometry (AAS)
method. These analyses were done in Chemistry laboratory, Agricultural Station, Lublin.

Statistical analysis: The results were processed statistically using the SAS v.91 program,
with the use of variance analysis and Tukey's test for a < 0,05. Mean values in the columns
between which no statistically significant differences occurred are marked with the same
letter.

RESULTS AND DISCUSSION

Biotest

The above-ground, cut vegetative shoots of turf grass cultivars (donors) placed on
sandy substrate had significant impact on the initial growth and development of tested
acceptors. The disruptions of the properties of cytoplasmic membranes in enzymatic
systems or cellular metabolism occurring at this stage can disrupt many life processes such
as the fluid and mineral balance, photosynthesis, breathing and growth of plants (34,44). In
consequence, species whose initial growth has been weakened by allelopathic substances
can be displaced from communities, including grass communities, by species less sensitive
to these substances (21,22), thus influencing the durability and aesthetic value of lawn
(23,27). The allelopathic substances released from the decomposing, above-ground,
vegetative shoots inhibited the emergence of tested plants (Table 1). Young plants are very
sensitive to allelopathic substances, whose contents decreases with increase in plants age
(14,26).

Table 1. Inhibitory influences of cut vegetative shoots of lawn grass cultivars (Donors) placed on the
substrate and in control (substrate without leaves) on the seedlings emergence of Acceptor plants

Acceptor Control Substrate with donors leaves
(species/cultivar) F. arundinacea F. ovina cv F. rubra cv
cv

“Asterix” “Espro” | “Pintor” | “Areta” | “Nimba” |“Olivia”
A. capillaris 74b 49 48a | 49a | 44a 43a 33a
Niwa
F.arundinacea | ga, 67a 72a | 63 | 72a 63a 72a
Asterix
F. ovina 94d 83cd 80cd | 50ab | 69c | 67bc | 44a
Espro
F. rubra “Areta 95b 73a 68a 69a 66a 82ab 74a
L. perenne 85¢ 49a 6obc | 6lab | 68bc | 67ab | 6lab
Stadion
féﬁgitens's 81d 42a 67cd | 50ab | 53abc| 72d 63bc

The same letters indicate the lack of significant differences between mean values in the particular
columns
cv: cultivar

Seedlings emergence: The F. ovina ‘Pintor’ and F. rubra ‘Olivia’ cultivars decreased the
emergence of acceptors plants, except that of F. arundinacea. The F. ovina ‘Pintor’
strongly inhibited the seedlings emergence of F. ovina ‘Espro’ (46 % inhibition) than
control. While the donor F. rubra ‘Olivia’ caused inhibition in A. capllaris (55 %) and F.
ovina (53 %) (Fig. 1). The F. arundinacea ‘Asterix’ and F.rubra ‘Areta’ cultivars
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significantly inhibited the seedlings emergence of A. capillaris, F. rubra and P. pratensis,
among others. The F. arundinacea ‘Asterix’ inhibited the emergence of P. pratensis by
48% and L. perenne by 42 % than control. Festuca rubra ‘Areta’ on the other hand, caused
40 % inhibition in seedlings emergence of A. capillaris. The F. ovina ‘Espro’ and F. rubra
‘Nimba’ cultivars were less inhibitory to the emergence of the acceptors. Among
acceptors, A. capillaris was most sensitive to all donors, its emergence was significantly
lower than control. F. arundinacea seedlings emergence was least sensitive to all
treatments.

Donors
m"Asterix" EB"Espro” O"Pintor" @"Areta" ®"Nimba" 0O"Olivia"

% inhibition relative to control

Acceptor plants

Figure 1. Inhibitory (%) effects of Donor on the seedling emergence of Acceptor plants over the

control
Root length: When assessing the impact of lawn grass cultivars (donors) on the root
length of acceptor seedlings, the F. arundinacea ‘Asterix’, F. ovina ‘Pintor’ and ‘Olivia’
F. rubra cultivars had the highest inhibitory allelopathic potential (Table 2). The F.
arundinacea ‘Asterix’ reduced the roots length of F. ovina (48 %), P. pratensis (33 %)
than control (Fig. 2). The F. arundinacea cultivar only inhibited the root growth of L.
perenne. The F. ovina ‘Pintor’ donor inhibited the seedling root growth of A. capillaris
(23 %) to F. ovina (52 %) than control. The F. rubra ‘Olivia’ decreased the F. ovina roots
length (52%) than in control (Fig. 2). Among the donors studied, the F. ovina ‘Espro’ and
F. rubra ‘Nimba’ were least inhibitory to roots length (Fig. 2). The allelopathic effect of
decaying grass biomass is conditioned by the sensitivity of acceptors (25). The A.
capillaris as acceptor was the most sensitive. In all treatments, its roots were shorter than
control treatments. The F. ovina was very sensitive. The only exception was that its root
length was similar to control, when the donor was the same variety (F. ovina ‘Espro’). On
the other hand, F. arundinacea was not very sensitive to substances released from the
decomposing leaves of donors (except for L. perenne), because of its largest seed size
among the species studied. Large seeds are far less sensitive to the impact of allelopathic
substances than small seeds (32).
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Table 2. Inhibitory effects of cut vegetative shoots of lawn grass cultivars (Donors) placed on the
substrate and in control (substrate without leaves) on the roots length of Acceptor plants

Acceptor Control Substrate with donors leaves
(species/cultivar) F. arundinacea F. ovina cv F. rubra cv

cv

“Asterix” “Espro” | “Pintor” | “Areta” | “Nimba” | “Olivia”
A. capillaris 130 1.0a 09a | 10a | 11a | o08a 0.9a
Niwa
F.arundinacea | g, 1.8ab 21b | 12a | 20b | 17ab | L7ab
Asterix
F. ovina 2.3b 1.2a 200 | 11a | 13a | 1.27a 1.1a
Espro
F. rubra “Areta 3.0c 2.6abc 2.2ab | 2.1ab 1.8a 2.3abc 2.2ab
L. perenne 2.3b 17a 31c | 31c | 33cd | 3.8d 2.4h
Stadion
fﬁﬁ;f",tens's 1.4b 0.9a 13b | 10a | 11a | 15b 1.0a

The same letters indicate the lack of significant differences between mean values in the particular
columns
cv: cultivar

Donors
m"Asterix" E"Espro” O"Pintor" ®E"Areta" ®"Nimba" 0O"Olivia"

% inhibition relative to control

Acceptor plants

Figure 2. Inhibitory/stimulatory (%) effects of Donor on the root growth of Acceptor plants over the
control

Seedling height: Among the parameters assessed, the acceptor seedlings height varied
least under the influence of cut and decomposing aboveground vegetative shoots of
donors. This is confirmed by the fact that the variable reactions of acceptors depends on
their development phase, concentration and source of allelopathic substances (11). In
decomposing biomass, its biological activity depends on the degree and duration of its
decomposition, it is higher in beginning than in final period (31). This is confirmed by the
results, which indicate that greater inhibitory effects occurred during the roots growth



Effects of cut lawn sward of Festuca spp. on other lawn grasses 257

rather than the aboveground shoots growth of the acceptors. A greater sensitivity of roots
(than aboveground shoots) to allelopathic substances is known (17). In biotests, the F.
ovina ‘Pintor’ proved strong inhibitor (Table 3). The seedling height of L. perenne was not
reduced by the leaves of this cultivar placed on the sandy substrate. F. rubra ‘Olivia’ also
significantly inhibited the seedling height (Fig. 3). Under the influence of this donor, the
seedlings of A. capillaris, F. ovina and P. pratensis were 20-27% lower than in control
treatments. The investigation also proved stimulatory effects of donors. The F. ovina
‘Espro’, has great influence on the seedlings of all acceptors than in control (76% higher in
P. pratensis). The F. arundinacea ‘Asterix’ increased the height of acceptor seedlings
(except A. capillaris) than control. It showed that stimulatory effects may not be due to
increase in soil fertility but due to decomposing biomass and the shorter persistence of
phytotoxic substances. Thus allelopathic effects may be due to short persistence of simple
phenolic acids, rather than compounds which degrade with difficulty (18). Among the
acceptors tested, the A. capillaris seedlings were most sensitive to the substances released
from the decomposing shoots, while the seedlings of L. perenne were least sensitive.

Table 3. Inhibitory influences of cut vegetative shoots of lawn grass cultivars (Donors) placed on the
substrate and in control (substrate without leaves) on the seedlings height of Acceptor plants

Acceptor Control Substrate with donors leaves

(species/cultivar) F. arundinacea F. ovina cv F. rubra cv

cv
“Asterix” “Espro” | “Pintor” | “Areta” | “Nimba” | “Olivia”

A. capillaris 2.2d 1.5ab 2.3d 17¢ | 15bc 1.3a 1.6bc
Niwa

F. arundinacea | ; g, 9.5¢ 87bc | 7.6ab | 7.5ab | 6l1a | 89bc
Asterix

F. ovina 5.8bc 6.4c 6.0bc | 4.2a 6.4c 5.6bc 4.4a
Espro

F. rubra “Areta 7.8a 9.5b 8.7ab 7.6a 7.5a 8.9ab 7.8a
L. perenne 6.0a 6.8ab 72ab | 68b | 80b | 69ab | 6.8ab
Stadion

féﬂgitens's 3.0b 3.2b 53 | 21a | 24a | 49d 2.4a

The same letters indicate the lack of significant differences between mean values in the particular
columns
cv: cultivar

We found variable allelopathic potential of the studied donors plants. The F. rubra
‘Nimba’ was least inhibitory to the emergence, root length and seedling height of the
acceptors, while the F. rubra ‘Olivia’ and F. ovina ‘Pintor’ were most inhibitory. The
significant allelopathic potential of these species is already known (3). Festuca ovina and F.
rubra - turf grasses (commonly used in USA and Europe) are significantly inhibitory to
D. sanguinalis, T. repens and T. officinale, etc. Studies by Majchrzak (29) and Lipinska et al.
(27) also indicated adverse impacts of the proximity of F. rubra on other plant species
(Triticum aestivum L. and Secale cereale L., Agrostis capillaris and Poa pratensis,
respectively). The F. arundinacea ‘Asterix’ was also very allelopathic to selected acceptors
(A.capillaris, L.perenne and P. pratensis, especially). Its allelopathic activity to other plant
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species has also been shown (4,45). Lipinska (20), reported that water extracts from F.
arundinacea leaves inhibited the initial growth of grasses and legumes, while, Bertoldi et al.
(4), found that alcohol extracts from F. arundinacea biomass considerably inhibited the seed
germination and root growth of L. sativa. The hypothesised allelopathic activity of this
species has also been confirmed (10,35).

Donors
60 m"Asterix" @"Espro” O"Pintor" E"Areta" ®"Nimba" "Olivia"
40

20

-20

% inhibition relative to control

-40

-60

V7777777

Acceptor plants

Figure 3. Inhibitory/stimulatory (%) effects of Donor on the seedling growth of Acceptor
plants over the control

Chemicals

The phenolic acids and flavonoid contents were determined in leaves of turf grass
cultivars. These compounds are major group of secondary metabolites with great diversity
and broad spectrum of impacts (8,42). Although they are present in all plant tissues, their
greatest amounts occur in leaves, roots and plant residues (7). The phenolic acids and
flavonoids contents in donor leaves were variable. The fundamental differences in species’
and cultivars’ ability to synthesise the allelochemicals and thus their impact, as found in
this study are consistent with other studies (19).

The highest flavonoid content was found in F. rubra ‘Olivia’ > F. rubra ‘Nimba’ >
F. ovina ‘Pintor’ and F. arundinacea ‘Asterix’. The lowest flavonoids content occurred in
leaves of F. rubra ‘Areta’ and F. ovina ‘Espro’. The highest (total) phenolic acids content
was found in leaves of F. ovina ‘Pintor’; it was moderate in leaves of F. rubra ‘Areta’ and
‘Olivia’. The lowest phenolic acid content was in leaves of F. ovina ‘Espro’ (Table 4).



Effects of cut lawn sward of Festuca spp. on other lawn grasses 259

Table 4. Total flavonoids content (expressed as rutin content in mg -g* of dry matter) and phenolic
acid content (ug g™* of dry matter) in the aboveground shoots of the lawn grass cultivars (donors)

Flavonoids, Phenolic Substrate with donors leaves
acids F. arundinacea cv F. ovina cv F. rubra cv
“Asterix” “Espro” | “Pintor” | “Areta” | “Nimba” | “Olivia”
Flavonoids 0.921 0.698 0.935 0.384 1.045 2.275
Phenolic acids
Protocatechuic acid 0.5 0.31 0.66 0.82 0.52 0.77
4-Hydroxy-benzoic acid - - 0.67 0.67 - -
Vanillic acid 1.14 0.43 2.53 2.5 2.36 1.49
Caffeic acid 1.46 1.57 1.23 3.14 2.09 4.31
Syryngic acid 1.25 0.65 2.69 2.27 2.42 2.13
p-Coumaric acid 19.49 9.82 39.64 21.93 21.59 23.14
Ferulic acid 11.24 9.75 13.16 14.16 9.94 12.57
Sinapinic acid 0.47 0.47 0.95 0.75 0.78 0.67
Total 35.55 23 61.53 46.24 39.7 45.08
cv: cultivar

Among the phenolic acids identified in leaves of cultivars studied, the p-Coumaric
acid was highest in leaves of F. ovina ‘Pintor’ (Table 4) and is very allelopathic (1). This
was followed by ferulic acid, whose highest content was found in leaves of F. rubra
‘Areta’ followed by F. ovina ‘Pintor’. Washed out of the dead shoots, ferulic acid is highly
phytotoxic with caffeic acid (1,44). The allelopathic potential of coumaric and ferulic acid
was also confirmed by Wu et al. (39), who found inhibition of root growth of Poa annua
seedlings under the influence of these acids extracted from Bouteloua dactyloide. The
inhibitory effects of p-Coumaric acid on the growth of Echinochloa cruss-galli was shown
by Xu et al. (40). The highest content of 4-Hydroxybenzoic acid, vanillic acid, syringic
acid, and sinapinic acid was found in leaves of F. ovina ‘Pintor’. The highest content of
caffeic acid was found in leaves of F. rubra ‘Olivia’, and the highest content of
protocatechuic acid was found in leaves of F. rubra ‘Areta’. Even small amounts of these
compounds can reduce the bioavailability of mineral elements (Ca, Mg, P, K etal.)
(24,25), as well as the activity of many biological processes, thereby slowing down the
growth and development of plants (L. sativa, Melaleuca ericifolia i Poa labillardierei and
F. arundinacea, S. sudanense) (36,37). They are present both in plant tissues and in soil,
where the plants are cultivated (5). Secondary metabolites, particularly phenolic acids, are
also present in many cultivated and wild-growing grass species (15,20,33,38,43). The
existence of areas free of plants, as well as the reduced diversity of species in the
neighbourhood of F. rubra, may be due to presence of allelopathic compounds (6). Owing
to phenolic acids, F. arundinacea (cultivars infected with Neotyphodium coenophialum)
modifies the rhizosphere, thus affecting the growth and development of other components
in sward (30,45). The presence of phenolic acids in cultivated plants can reduce the
germination of many weeds (4,41). The phenolic acids exert negative impact on plants
1,2).

There were large differences in content of studied compounds between the cultivars
of particular species. The cultivars of F. rubra showed significant variation in flavonoids
content. It was lowest in the leaves of ‘Areta” cultivar compared to ‘Oliva’ cultivar. There
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were considerable differences in the phenolic acid contents in leaves between the cultivars
of F. ovina ‘Pintor’, it was 3-times high than in ‘Espro’.

In evaluating the relationship between the total flavonoid and phenolic acid
contents in leaves of tested donors and their allelopathic potential, [% inhibition (relative
to control) of a given parameter (regardless of acceptor)] the greatest correlation was
found in F. ovina cultivars ‘Pintor’ (Table 5). The leaves of this variety contained the
highest content of phenolic acids and high content of flavonoids. Its mixing with sand
caused the greatest inhibition (among tested donors) in germination and seedling heights
and roots elongation of acceptor. High correlations between the flavonoid and phenolic
acid contents in leaves and their allelopathic potential were also found in F. rubra cultivar
‘Olivia’.

Table 5. Flavonoid and phenolic acid contents in above-ground vegetative shoots of lawn
varieties of grass (donors) and their allelopathic potential (% inhibition relative to control)

Donors Total content of Donor seedlings allelopathic
inhibition (%)
Flavonoids phenolic Germination|  Root Heights
(mg-g'sm) acids lengths
(ug - g*sm)]
A. capillaris “Niwa” 0.921 35.55 29.7 24.3 -7
F. arundinacea 0.698 23.00 213 4.4 21
Asterix
F. ovina “Espro” 0.935 61.55 33.1 22.1 12
F. rubra “Areta 0.384 46.25 27.6 10.9 2.6
L. perenne 1.045 39.70 234 6.6 4
Stadion
P. pratensis “Bila” 2.275 45.07 324 23.2 7.3

The negative impacts of decaying, above-ground, turf grass shoots, identified in
laboratory conditions may be related to allelopathic effects. However, it is not clear that
effects recorded under controlled conditions will also occur in the fields. Nevertheless,
they allow better understanding of plant interactions (positive or negative) which
determines the inter-compatibility of different species or even cultivars. Use of this
knowledge in selection of cultivars for mixtures and in successive stages of establishment
and use of lawn will be beneficial for the durability of components and the aesthetic
qualities of lawns (23,28).

Physico-chemical properties of soil

There was no impact of cut, above-ground biomass left on the lawn surface on soil
pH, in contents of bioavailable phosphorus, potassium or magnesium. The soil pH under
lawns of studied turf grass cultivars was acidic or slightly acidic and did not significantly
differ between the studied cultivars, nor between the tested lawns: A - with the cut biomass
left on the surface, and B - from which the biomass was removed immediately after
mowing (Table 6). Large differences in P, K and Mg levels were found between the
studied cultivars, while the differences between Ai B treatments occurred only in some
treatments. The phosphorus content in soil ranged from 7.5 to 14.3 mg (low to medium).
Only on lawns with biomass left on them (A) of cultivars F. arundinacea 'Asterix’, F.
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ovina 'Pintor' and F. rubra 'Areta’, the phosphorus content was medium than on lawns of
same cultivars but from which the biomass was removed (B). The potassium contents of
tested samples were high and medium. Leaving cut plant biomass on the lawn did not
increase the soil potassium content. Meanwhile, the soil magnesium content in the soil was
high in all lawns, except in lawns of F. ovina 'Espro’ and F. rubra 'Olivia', from which cut
biomass was removed.

Table. 6. Soil pH and contents of bioavailable phosphorus, potassium and magnesium (mg
100g™*) under lawns of turf grass cultivars (Field experiment)

Donor Treatment pH Content of Bioavailable elements content
(species/cultivar) (mg per 100 g soil)
Phosphorus | Potassium Magnesium
(P20s (K:0) (Mg)

F. arundinacea Control 5.32 9.3 (L) 12.7 (H) 4.8 (H)
“Asterix” Sward cut left

on the lawn 535 | 10.6 (M) 12.7 (H) 5.5 (H)
F. ovina “Espro” | Control 484 | 10.3 (M) 13.0 (H) 3.6 (H)

Sward cut left

on the lawn 5.47 | 10.2 (M) 8.7 (M) 43 (H)
F. ovina “Pintor” | Control 5.47 9.6 (L) 16.0 (H) 5.0 (H)

Sward cut left

on the lawn 569 | 14.7 (M) 13.3 (H) 4.4 (H)
F. rubra “Areta” | Control 5.14 8.0 (L) 7.8 (H) 4.1 (H)

Sward cut left

on the lawn 5.89 14.3 (L) 8.0 (M) 4.8 (H)
F. rubra Control 5.44 9.8 (L) 11.5 (M) 4.8 (H)
“Nimba” Sward cut left

on the lawn 5.06 7.5(L) 9.9 (M) 4.6 (H)
F. rubra “Olivia” | Control 493 | 125(M) 13.6 (H) 3.8(M)

Sward cut left

on the lawn 520 | 12.4 (M) 11.6 (M) 4.6 (H)

Control : Sward cut immediately removed from lawn, Nutrients status - L: Low, M: Medium, H:
High

CONCLUSIONS

1. The allelopathic potential of tested donors varied and followed the order: F. rubra
‘Olivia’ > F. ovina ‘Pintor’ > F. rubra ‘Nimba’. The allelopathic substances released
from the decomposing cut leaves were very inhibitory to seedling emergence than
aboveground shoot growth.

2. Among the acceptors, A. capillaris was most sensitive > P. pratensis > F. arundinacea
‘Asterix’ cultivar.

3. The highest flavonoid content was in F. rubra ‘Olivia’ cultivar leaves, while, the
highest phenolic acid content was in leaves of F. ovina ‘Pintor’, F. rubra ‘Areta’ and
‘Olivia’ cultivars. The lowest content of these compounds was found in leaves of F.
ovina ‘Espro’. The highest content of phenolic acids was plant material of all test
cultivars was of p-Coumaric acid, particularly in leaves of F. ovina ‘Pintor’ and ferulic
acid in leaves of F. rubra ‘Areta’.



262

10.
11.
12.
13.
14.
15.
16.
17.

18.

19.

20.
21.

22.

Lipinska et al.

Owing to the unfavourable allelopathic impact of grass cuttings on the initial growth of
acceptors and the absence of any fertilising effect of above-ground biomass, it is
advisable not to leave lawn cuttings on the lawn surface.
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