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Abstract

In order to determine the effect of the hydrogel content
in the soil substrate on the number of shoots per unit area of grass
lawns with different proportions of red fescue and monoculture
turf produced from the following fescue cultivars: Adio, Libano,
Corail, Simone. In the period 2003-2004, a field experiment was
carried out in a randomized block design in four replications.
In combination with a hydrogel (Aqua-Gel P4), 0.05 kgxm™ of
sorbent was placed at a depth of 10 cm below the soil surfa-
ce in 2002. Another experimental factor was the type of fertili-
zer. Trawovit (a fertilizer with standard effects) and Sierrablen
(a controlled-release fertilizer) were used for this purpose. The
quantities of fertilizer and time of fertilization date followed ma-
nufacturer’s instructions. The number of shoots per 1 m? was
determined at the end of the growing season. The study showed
that, regardless of years of cultivation, the type of soil substrate
and fertilizer, the average number of shoots for the mixtures was
about 32% lower than for monoculture lawns. The presence of
the hydrogel in the soil substrate regulated soil moisture, and
therefore in the mixture lawns the values of the tested features
were significantly higher in the treatments with hydrogel. Fer-
tilization with Trawovit, regardless of the type of soil substrate
(H, BH), does not lead to a statistically significant difference in
the number of shoots between the studied mixtures. However,
in the treatments fertilized with Sierrablen, the presence of the
hydrogel in the soil substrate caused a significant increase in the
traits examined for the mixtures containing, respectively, 20 and
80% of red fescue in their composition. The addition of Aqua-
-Gel P4 to the soil substrate, when the turf lawns were fertilized
with Trawovit, resulted in a significant increase in the number of
shoots for the cultivars Adio, Libano and Corail.
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INTRODUCTION

Recently, more and more importance has gi-
ven to red fescue as an important component of lawns

(Martyniak, 2006), used both to establish deco-
rative lawns and sports lawns (Rutkowska and
Hempel, 1996) as well as to obtain compactness
of soil surface on scarps, slopes and in derelict land
(Kitczak and Czyz, 2009). A study of red fe-
scue conducted by Martyniak (2005) claims that
its reproduction is highly dependent on plant density
per area unit, emergence, installation of plants and,
consequently, on the number of shoots and density of
the lawn. In turn, Domarski (2002) argues that
the most important criterion in assessing suitability of
species and varieties of lawn grasses is the coverage
of the ground by shoots. He believes that in the years
of complete cultivation the degree of coverage is sub-
ject to variation and is dependent on the season and on
weather conditions. In addition, he draws attention to
the dynamics of tillering, directly affecting the overall
aspect of the turf.

Wolski etal. (2006) thinks that the most cri-
tical moment is the period of initial growth of plants
forming turf and underlines the efficiency of acrylic
polymer (hydrogel), which contributes to the develop-
ment of the root system and green mass, offsetting the
impact of unsuitable weather conditions. According to
Leciejewski (2008), the hydrogel addition signifi-
cantly affected the increase of soil moisture and slowed
the loss of water at all depths of the studied soil profile.
These observations are confirmed by the results presen-
ted in another paper M artyn and Onuch-Am-
borska, 1998) which show that the drying rate of
greenhouse substrates depends on the proportion of the
sorbent. Thus, the sorbent is characterized by high water
sorption capacity, increasing water capacity of the soil.
This effect may be associated with the interruption of
vertical pores in the soil, which reduces evaporation of
water, while maintaining soil porosity (Mellouli et
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al. 1998). Moreover, according to Pogroszewska
(1998) and A1-Harbi etal. (1999), hydrogel redu-
ces the density of the soil substrate, which contributes
to the increase of soil loosening. Soils with higher con-
centrations of hydrogel dry slower when their moisture
content in the initial period is lower. After some time,
they have higher moisture content than soil without hy-
drophilic polymers. Therefore, the aim of this work was
to determine the effect of hydrogel placed in the subsoil
and of the type of fertilization on the number of shoots
per unit area of lawns planted using monocultures and
mixtures with varying proportions of red fescue.

MATERIALS AND METHODS

The study was carried out on the basis of two
lawn experiments that were set up in a randomized
block design in four replications in 2002. The expe-
rimental unit was a plot with an area of 1m?. The soil
substrate used in the experiments belongs to the soil
classified as anthropogenic soils (Table 1).

On the basis of soil chemical analysis done at
the Chemical Agriculture Station, it was found that the
soil from the studied cultivations was characterized

by a neutral reaction — in KCI (Table 2). According
to Kowalifiski and Gonet (1999), the level of
humus in Polish soils ranges from 0.6 to 6.0%. On this
basis, it can be concluded that in the tested soil the hu-
mus content was at a medium-high level. Furthermo-
re, it is characterized by a very high content of pho-
sphorus, a high content of magnesium, and an average
content of available forms of potassium, total nitrogen,
nitrate, and ammonium (Grzebisz, 2009).

Meteorological data for 2002-2004 were ob-
tained from the Hydrological — Meteorological Station.
In order to determine the temporal and spatial variabil-
ity of meteorological elements and to assess their influ-
ence on the plant growth rate, was calculated Selyani-
nov’s hydrothermal coefficient — K (Bac, 1993), by
dividing total monthly rainfall by one-tenth of the sum
of average daily temperatures for a given month.

For the study purposes, lawn types were distin-
guished and called a monoculture lawn (pure sowing)
or a mixed lawn (Table 4). Four cultivars of red fescue
(Festuca rubra): Adio, Libano, Corail, Simone, were
studied in the monoculture treatment. In the mixed
lawns, one of the experimental factors was the propor-
tion of red fescue in the grass mixture.

Table 1
The grain composition of soil used as a soil substrate in the experiment

Percentage proportion of soil fractions (diameter in mm)

0.06- Sum of fraction Sum of fraction .
1-0.1 0.1-0.05 0.05-0.02 0.02-0.06 0.002 <0.002 0.1-0.02 <0.02 Grain group
76 9 5 4 4 14 10 Psg swe
Table 2
The chemical composition of used as a soil substrate in the experiment
Content of available elements . Content
pH in mgx100 g of soil Content in % mgxkg! DM
in KC1 PO K,0 Mg N — total Humus N-NO, -
6.99 90.0 19.0 8.4 0.18 3.78 10.10 7.47
* Uncertainty of results
+3% +20 % =20 % +20 % =20 % +17 % +22 % +25 %
* Expanded uncertainty calculated by using of the expanded index 2, which gives a level of 95%
Table 3
Selyaninov’s hydrothermal coefficients in individual months of the 2003-2004 growing seasons
Month
Study years
v \% VI VII VIII IX X
2003 1.30 0.67 1.22 0.72 1.10 0.92 2.78
2004 1.58 2.29 0.96 0.99 1.20 0.44 1.05

K < 0.5 high drought; 0.51 — 0.69 drought; 0.70 — 0.99 week drought; K >1 no drought
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Table 4
Proportions of particular species in the composition of lawn mixtures studied in the experiment (own design)

Name of mixture Species Proportion in % Variety
Festuca rubra 20 Adio
Lolium perenne 20 Inka
Mi Festuca ovina 20 Noni
Festuca heterophylla 20 Sawa
Agrostis tenuis 20 Niwa
Festuca rubra 40 Adio
Lolium perenne 15 Inka
M2 Festuca ovina 15 Noni
Festuca heterophylla 15 Sawa
Agrostis tenuis 15 Niwa
Festuca rubra 60 Adio
Lolium perenne 10 Inka
M3 Festuca ovina 10 Noni
Festuca heterophylla 10 Sawa
Agrostis tenuis 10 Niwa
Festuca rubra 80 Adio
Lolium perenne 5 Inka
M4 Festuca ovina 5 Noni
Festuca heterophylla 5 Sawa
Agrostis tenuis 5 Niwa

The following factors were examined in the
monoculture and grass mixture treatments: type of soil
substrate with and without the addition of the hydrogel
Aqua-Gel P4 (H), type of fertilizer, months of study
(V-X), and years of study (2003-2004). In the present
experiments, moderately labour intensive lawns (the
so-called Relax type) were used.

Nutrients necessary for the proper growth and
development of grasses and to guarantee an attractive
appearance were provided in two mineral fertilizers:
Trawovit (T) (standard fertilizer) and Sierrablen (Sr)
(controlled-release fertilizer). Sowing time and rate
were determined in accordance with manufacturer’s
instructions.

At the end of each growing season, samples of
turf with the root system were randomly taken from all
the plots in three replications. For this purpose, a ste-
el probe (sharpened at the bottom of the cylinder with
a diameter of 5 cm and a length of 15 cm) was used; it
was hammered down to a depth of 8-10 cm and then,
using a special holder in the upper part of the cylinder,
a sample of turf (in the cylinder) was removed from the
soil. The samples so collected were subjected to calcu-
lations of biomass and live shoots, and subsequently,
based on the surface area of the disc, the respective
values were converted into an area of 1m?

The obtained results were statistically analyzed
by performing analysis of variance using an analysis
model appropriate for randomized blocks. For ma-
jor sources of variability (factors and interactions),

a detailed comparison was made of the means by Tu-
key’s test at a significance level of P < 0.05.

RESULTS

The study on monoculture turfs shows that the
number of shoots (in no-m?) varied and depended on
both red fescue varieties sown and the hydrogel ap-
plied. Analysis of variance showed the importance of
the interaction between hydrogel and red fescue culti-
var. On this basis, it was found that significantly more
living shoots per 1 m? occurred in the plots with the
addition of the hydrogel (Table 5). In the mixed lawns,
no significant differences were found both between the
mixtures and the type of subsoil. For the treatments
with and without the addition of Aqua-Gel P4 to the
soil substrate, the average number of blades was at
a similar level of about 15000 noxm2. Favourable we-
ather conditions for the growth and development of
grasses in September 2003 contributed the production
of a significantly higher number of shoots per unit area
compared to the second year. In 2004, about 45% fe-
wer shoots per 1 m? was recorded in the monoculture
lawns and about 36% in the lawns with the grass mi-
xtures. The reason for this could be a strong drought
which inhibited the growth and development of aerial
parts of grasses. Moreover, in the lawns with the red
fescue cultivars the number of shoots depended signi-
ficantly on the hydrogel used in the soil substrate. An
increase by about 8.914 shoots per 1 m?, on average for
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the study period, was found in the plots with the contri-
bution of red fescue. In 2003, 6943 fewer grass blades
were produced in the monoculture turf plots without
Aqua-Gel P4 compared to the treatments where it was
used. However, in the year with unfavourable weather
conditions (2004) its addition caused a 51% increase in
the number of shoots. Such a beneficial increase in the
aboveground parts of the red fescue plants was possi-
ble due to the fact that the hydrogel ensured adequate
moisture conditions.

Furthermore, in the plots without the addition of
the hydrogel, the number of shoots in all monoculture
lawns was lower. This study also showed that the num-
ber of shoots of the tested cultivars (average for years)
also depended on the interaction hydrogel x fertilizer
x red fescue cultivar (Fig. 1), what allowed us to find
that the addition of Aqua Gel -P4 to the soil and ferti-
lization with Trawovit caused a significant increase in
the number of shoots in the cultivars Adio, Libano and
Corail in relation to the subsoil without hydrogel.

Table 5
The number of shoots (in noxm2) on average for the studied lawns
depending on the hydrogel used and years of study

Type of lawn
Year Monoculture Mixtures
BH H Mean BH H Mean
2003 25143 32086 28614 18407 18598 18503
2004 10547 21433 15990 10875 12882 11879
Mean 17845 26759 22302 14641 15740 15191
LSDoos lljgi g;;és(:)f’j sloli(l) substrate: 3110 For years: 3447
35000 -
30000 H
25000 — === o
20000 || — E: =
15000 +— =3 s lii== o5 g ==
10000 RN 2 =8 =g .
s000 ol fs =
0 i = o H | X = ity S 11 &
No hydrogel + Hydrogel + No hydrogel + Hydrogel + LSD
Travovit Travovit Sierrablen Sierrablen

OAdio OLibano @mCorail OSimone

Fig 1.
for 2003-2004)

Statistical analysis of the obtained results from
the mixed lawns showed a significant effect of the
type of mixture on the number of shoots (Table 6).
It demonstrates that mainly the species composition
of the mixture determines the number of shoots. Si-
gnificantly, the greatest number of shoots (average for
years) was recorded for M1 mixture that contained,
in addition to 20% of red fescue, seeds of the cultivar
Adio, up to 20% of perennial ryegrass (Inka), sheep
fescue (Noni), heterophyll fescue (Sawa), brown top

The number of shoots (in noxm) for each monoculture lawns depending on the type of soil substrate and fertilizer (average

grass (Niwa). The significantly lowest number of sho-
ots was obtained on the plots with M2 mixture with
a 40% share of red fescue. These data showed that
in the tested mixtures the percentage of red fescue
was not the determining factor, but more the other
species of lawn grasses. However, the studied mono-
culture turfs of red fescue cultivars were not statisti-
cally different, although the cultivar Corail had the
highest number of shoots and the cultivar Adio Polish
the smallest one.
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Table 6
The number of shoots (in noxm) of different tested cultivars of lawn grasses
prepared on the base of red fescue and its mixtures in study years (2003-2004)

Type of lawn
Years Monoculture Mixtures
Adio Libano Corail Simone M1 M2 M3 M4
2003 26146 29872 29267 29172 16649 17133 17293 19936
2004 15445 14044 18452 16019 12611 11337 11719 11847
Mean 20796 21958 23859 22595 16130 14235 14506 15891
LSDy s For monocultures: n.s. For mixtures: 1849
Table 7
The number of shoots (in noxm™2) on average for the studied lawns
depending on fertilizers applied during the study period (2003-2004)
Type of lawn
Years Monoculture Mixtures
T Sr Mean for years T Sr Mean
2003 25907 31323 28614 18582 18423 18503
2004 14146 17834 15990 10987 12770 11879
Mean 20027 24578 22302 14785 15597 15191
LSDy.0s For monocultures: 1352 For mixtures: n.s.

Another factor that determined the higher pro-
duction of shoots by the tested lawn turfs was the type
of fertilizer applied (Table 7). Based on analysis of va-
riance, it was demonstrated that nutrients supplied in
the form of the controlled-release fertilizer Sierrablen
interact significantly better, with the studied red fescue
cultivars producing a greater number of shoots per
1 m? The varieties produced on average about 4551
live shoots more on the surface where this fertilizer
was applied than in the plots where Trawovit was used.
In 2003 the lawn grass species used in the mixtures
produced a similar number of shoots in the treatments
fertilized with both Trawovit and Sierrablen, but in
2004 the mixtures fertilized with Sierrablen produced
about 1,783 shoots more than in the plot fertilized with
Trawovit, although these differences were not statisti-
cally significant.

In view of these results (Fig. 2), the interaction
year x fertilizer x red fescue cultivar was found to
be also important for assessing the number of shoots
(noxm?). The presented results allow one to conclude
that in 2003 significantly the highest number of shoots
(noxm™) was noted for the cultivar Simone fertilized
with Sierrablen. However, fertilization with Trawovit
in the first year of full cultivation gave significantly
the highest number of shoots in the plots where the

cultivar Adio was sown, while in the second year in
the plots with the Corail cultivar. The tested red fescue
cultivars, regardless of fertilizer type, developed more
shoots in the first year of full cultivation, and among
the fertilizers, Sierrablen had a more beneficial effect
on this trait than Trawovit.

In the case of mixed lawns (Fig. 3), a greater
number of shoots was also obtained in the first year
of the study (2003), regardless of the type of fertilizer.
Furthermore, the quantity of shoots in the first year
was comparable in all mixtures regardless of the type
of fertilizer applied. However, in the year 2004 with
unfavourable weather conditions for the growth and
development of grasses, the controlled-release fertili-
zer Sierrablen was a better fertilizer.

In turn, the combination of hydrogel and Sier-
rablen showed that a significantly higher number of
shoots was developed by M1 and M4 mixtures. These
data show a different response of the tested mixtures
to the type of soil substrate and to fertilizers used in
the experiment. In the lawns of turf grass mixtures on
the base of red fescue, the treatment combinations with
hydrogel and fertilizer determined to a lesser extent the
development of above-ground parts in the various mi-
xtures. Fertilization with Trawovit, regardless of the
addition of the hydrogel, does not lead to a statistical
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difference in the number of shoots between the studied  shoots. This shows that the percentage of red fescue in
mixtures. A slightly higher number of shoots was ob-  the tested mixtures does not determine the number of
tained after the application of the other fertilizer, Sier-  shoots in a sward, but it is determined more by the type
rablen, although in both plots, with and without hydro-  of fertilizer used as well as the addition of hydrogel to
gel, M1 and M4 mixtures had the largest number of  the soil substrate.
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Fig. 2. The number of shoots (in noxm) in monoculture lawns, depending on the fertilizers applied in 2003-2004.
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Fig. 3. The number of shoots (in noxm™) in the mixed lawns depending on the fertilizer applied in 2003-2004.
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Fig. 4. The number of shoots (in noxm™?) for individual lawn mixtures depending on the type of soil substrate and fertilizer (average
for 2003-2004).
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DISCUSSION

The present study showed that the addition of
the hydrogel to the soil caused an increase in the num-
ber of shoots of lawn grasses. A particularly significant
increase in the number of shoots between the exami-
ned soil substrates occurred in the monoculture lawns
of red fescue cultivars. The number of shoots in the tre-
atments with hydrogel was almost 50% higher than in
the treatments without hydrogel. A similar effect was
obtained by CzeluScinski etal. (2006) who fo-
und that hydrogel used in the study with perennial ry-
egrass significantly affected the increase in the number
of shoots of evaluated lawn grasses in individual study
years. Its activity was more intensive especially in the
years when with the most adverse moisture conditions.
In a study conducted by Sady and Domagata (1995),
hydrogel called Ekogel MI, incorporated into the soil,
had a very positive impact on the growth of fresh we-
ight of tested grasses. These results are also confirmed
by studies of other authors (Gehring and Lewis,
1980; Helia et al. 1992), showing a definite effect
of hydrophilic polymers to improve the conditions of
plant growth by stabilizing the soil moisture. Micha-
lak and Hetman (1997), examining the effect of
hydrogel on the growth of seedling rebate plants, sho-
wed that the mass of marigold shoots produced in soil
with Akrygel was higher by about 38.4%, while for
ginseng it was about 29.5% compared to plants produ-
ced without the presence of hydrogel. Analyzing the
study factors in their experiments, Ko$cik and Ko -
walczyk-Jusko (1998) found that the number of
leaves on the tested plants significantly depended on
the interaction of hydrogel and soil conditions.

The cited authors showed that the greatest effect
of hydrogel occurred on the lightest soil. According to
Gorecki and Paul, (1993) the most effective use
of hydrogel materials was observed on permeable, dry
and poor soils.

Regardless of hydrogel treatment, the type of
fertilizer used also had an effect on the number of sho-
ots of lawn grasses. The study showed that fertilization
of the lawns with the fertilizer Sierrablen had a greater
impact on the number of shoots formed than Trawo-
vit. These differences were clearer in the monoculture
lawns of red fescue cultivars (approx. 22.7%) than in
the mixtures (about 5.5%). The study of Jankow -
ski etal. (2011) shows that, from the tested fertilizers,
Sierrablen had a favourable impact on colour improve-
ment in monoculture lawns, but in mixed lawns it was
Trawovit. It shows varying responses of individual
grass species used in the studied mixtures to mineral
fertilizers applied.

Given the beneficial effects of hydrogel on
the increase in the number of shoots and in view of
its beneficial impact under unfavourable moisture

conditions, it is advisable to conduct further research
into its wider use in lawn cultivation.

CONCLUSIONS

Due to the differences found in the number of
shoots in the studied turf grasses in the study years, it
can be concluded that the number of shoots produced
by the tested cultivars of red fescue and by its mixtures
depended on the meteorological conditions prevailing
in each year of full lawn cultivation.

The average number of shoots in the mixtures
was about 32% lower than in the monoculture lawns
and it depended on the type of mixture (proportion of
red fescue), the cultivar forming a monoculture, and
the use of hydrogel in the soil substrate.

The addition of Aqua-Gelu P4 to the soil with
Trawovit fertilization resulted in a significant increase
in the number of shoots in the cultivars Adio, Libano
and Corail in relation to the soil substrate without hy-
drogel.

Fertilization with Trawovit, regardless of the
type of soil substrate, does not lead to a statistically
significant difference in the number of shoots betwe-
en the studied mixtures. However, in the plots fertili-
zed with Sierrablen, the presence of hydrogel in the
soil substrate caused a significant increase in the traits
examined for the mixtures containing, respectively,
20 and 80% of red fescue in their composition.
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Wplyw hydrozelu i r6znego rodzaju nawozéow
na liczbe Zdzbel z darni trawnikow
utworzonych przez monokultury odmian
kostrzewy czerwonej (Festuca rubra L.)

i jej mieszanek

Streszczenie

W badaniach okreslano wplyw zawartosci
hydrozelu w podilozu glebowym na liczbe pedéw
przypadajacych na jednostk¢ powierzchni muraw
trawnikowych o zr6znicowanym udziale kostrzewy
czerwonej. Ponadto w drugim doSwiadczeniu badano
odmiany kostrzewy czerwonej (Adio, Libano, Cora-
il, Simone) wysiane w siewie czystym. W tym celu
w latach 2003-2004 przeprowadzono dwa doswiad-
czenia poletkowe w ukladzie losowanych blokéw
w czterech powtérzeniach. W kombinacji z hydro-
zelem (Aqua-Gel P4), sorbent w ilosci 0,05 kgxm™
umieszczono na glebokosci 10 cm pod powierzchnig
gleby. Kolejnym czynnikiem badawczym byt rodzaj
nawozu. W tym celu zastosowano Trawovit Komplet
(naw6z o standardowym dziataniu) oraz Sierrablen
(naw6z dlugo dziatajacy). Ilosci i termin wysiewu
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nawozu dostosowano do wskazéwek producenta.
Liczbe¢ ZdZbet przypadajaca na 1 m? powierzchni
okreslono na koniec sezonu wegetacyjnego. Otrzyma-
ne wyniki poddano analizie statystycznej, a dla istot-
nych 7Zrédet zmiennosci dokonano szczegétowego
poréwnania srednich testem Tukey’a, przy poziomie
istotnosci p< 0,05. Przeprowadzone badania wykaza-
ty, ze niezaleznie do lat uzytkowania, rodzaju podtoza
(H, BH) i nawozenia, srednia liczba pedéw trawnikow
mieszankowych byta nizsza o okoto 32 % od upraw
monokulturowych. Udzial hydrozelu w podtozu regu-
lowat wilgotnos¢ gleby, dlatego tez w zasiewach mie-

szankowych odnotowano istotnie wyzsze wartosci
badanej cechy na obiektach z hydrozelem. Nawoze-
nie Trawovitem, niezaleznie od rodzaju podtoza, nie
powodowalo statystycznie istotnych réznic w liczbie
Zd7bet pomiedzy badanymi mieszankami. Natomiast
na obiektach nawozonych Sierrablen, udzial hydroze-
Iu w podlozu powodowat istotny wzrost badanej ce-
chy dla mieszanek zawierajacych w swoim sktadzie
20 1 80 % kostrzewy czerwonej. Dodatek Aqua-Gelu
P4 do podloza przy nawozeniu muraw Trawovitem,
spowodowal istotny wzrost liczby ZdZzbet u odmian
Adio, Libano 1 Corail.
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