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USE OF LAWN GRASS MIXTURES WITH IRON SULPHATE FOR T HE RENOVATION OF
LAWN WITH MOSS

Summary

The experiment was established on the shaded dria dawn occupied by mosses (Bryophyta sp.) atdbe Biocentrum
building of the University of Life Sciences in Pazr_awns with moss were selected for the study, avithverage share of
at least 55%. Three seed mixtures present on thrkahan the commercial offer of seed companies wested in the ex-
periment. Mixture G contained grass seeds coatédl avmonohydrate form of iron sulphate (F@$QO) in the amount of
31.92 mg of Fe, while in the mixture R the heptadigdform (FeSQ7H,0) in the amount of 1.5 mg of Fe per 1 gram of
kernels was used. The seeds of the H control neixteere not coated with iron sulphate. The besteffef moss control in
the lawn, among the tested lawn mixtures whosessgerk coated with iron sulphate were obtainedrdfte use of mixture
G. This application led to brisk dying and eradioatof mosses yet the germination rate of kernels slower than in the
case of other mixtures and so was the pace of sgddithe areas under renovation.. In the caséheflawn mixture R, no
toxic effects on mosses and their permanent conteot found. Lack of satisfactory effects in masgrol was caused by
the use of too low concentration of iron sulphathjch coated the seeds. The most effective mos®icand surface cov-
erage with new grass seedlings was obtained usiedraditional method based on applying Nawomixilieer to control
mosses, raking dead moss and sowing seeds withnixiare H following seeds covering by soil.
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WYKORZYSTANIE MIESZANEK NASIENNYCH Z DODATKIEM SOLI ZELAZA
DO RENOWACJI TRAWNIKOW PORO SNIETYCH MCHEM

Streszczenie

Doswiadczenie zakwno na zacienionej powierzchni trawnika opanowanpgez mchy (Bryophyta sp.) wokét budynku
Biocentrum Uniwersytetu Przyrodniczego w Poznabwi badai wybrano powierzchnie trawnika pofrtete mchami, kto-
rych sredni udziat stanowit co najmniej 55%. Wsdgadczeniu testowano trzy mieszanki nasienne obe@menku w ofer-
cie handlowej firm nasiennych. W mieszance G z&irtraw pokryte byly jednowodnformy siarczanuzelaza (FeSQ
H,0) w ilasci 31,92 mg Fe, natomiast w mieszance R zastosofeame siedmiowoda (FeSQ 7H,0) w ilosci 1,5 mg Fe w

1 gramie ziarniakow. Ziarniaki mieszanki kontrolirejnie byty pokryte solamelaza. Najlepsze efekty zwalczania mchéw
w trawniku, spfréd badanych mieszanek gazonowych, ktérych ziarn@dtaly pokryte siarczanefelaza uzyskano po za-
stosowaniu mieszanki G. Odznaczatamsia bardzo dobr szybkécig zamierania i skuteczsidig niszczenia mchéw, jednak
uskpowata w poréwnaniu do pozostatych mieszanek pafdedem szybk@i kietkowania ziarniakéw i zadarniania po-
wierzchni obgtych renowagj. W przypadku mieszanki gazonowej R nie stwierdimksycznego oddziatywania na mchy
oraz ich trwatego zwalczania. Brak zadawalajch efektéw w niszczeniu mchéw spowodowany higlscaganiem zbyt ni-
skiego stzenia siarczanuelaza, jakim pokryto powierzctyziarniakéw. Najbardziej efektywne zwalczenie mchgeakry-

cie powierzchni nowymi siewkami traw uzyskano prgkorzystaniu tradycyjnej metody renowacji trawnigalegajce;j

na zastosowaniu w pierwszej kolejoionawozu Nawomix zwalczaego mchy, wygrabieniu obumartego mchu oraz doko-
naniu zasiewu mieszapigazonow H z przykryciem nasion gleb

Stowa kluczowezwalczanie mchow, mieszanki traw z solzgetaza, siarczadelaza

1. Introduction and aim of the study development of mosses on lawns, it is advised taideof
all the trees and bushes in the areas which aresegpto

Development of mosses is a popular issue on lawrsunlight for less than 3-4 hours daily or to diseer light
launched on acidic soils and in shaded places.ijd@ygle for less than 6-8 hours daily, i.e. to less lighart is re-
of regular fertilization with calcium, overwateriragd con- quired for the development of grass species [6brtier to
stant shadowing of green enclaves lead to a sugeesslimit the development of mosses in garden and gulirses,
spread of mosses and regression of grass [2]. Mam®e [7] it is recommended to water the grass only witeis
non-vascular plants with no vascular tissue. Thay mb- necessary and to resign from automatic systemsatdrimg
sorb water and mineral components via the wholéaser in the shaded parts of a lawn. Also, regular sandih
of a plant. They do not develop typical leavesmsteor lower and shaded areas allows for fast drying odp of
roots — instead, they have microphiles (small lsgvemall  soil layer [3].
stems and rhizoids which attach them to the grojlnd Due to their availability and simplicity, substasc
Mosses are more expansive than most of the grassesp which contain iron salts are widely used in oraelirnit the
especially in cool and shaded areas of lawns witle | development of mosses in lawns. Such substancese cau
drainage of the soils and compact soils. In ordestdp the fast blackening and dying of mosses. Other substanc
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which control mosses in lawns and stony elemenigain  nels in a 5-mole HCI, on the surface of 1 g of Gtome
dens are: potassium salts, pelargonic acid, cogphate, kernels, 31.92 mg of Fe was determined, whereafRk on
ammonium sulphate, fatty acids, quinoclamine [8]. 10 mixture kernels — only 1.5 mg of Fe. Determinatidri-e in
Glyphosate salts (e.g. Roundup 360 SL) is one efntlost ~ water solutions rinsed out of seeds and in 5-mald Was
popular active substances for the mosses conwoh the conducted with a method of atom absorption spebtrop
areas which have been totally covered with thener&@lare, tometry (AAS).
however, opinions that this substance is ineffectigainst In order to assess the effectiveness of variouhods
mosses when applied in the advisable doses [1&@]di- of renovation of lawns covered with mosses withapeli-
tions under which glyphosate is toxic to mossesehaot cation of seed mixtures G, R and H, a two-factagigeri-
been fully discovered yet. As there are numeroussnspe- ment was carried out in the plots of 2.8each in random-
cies, it is possible that some of them have becmsensi- ized block design, in three replications in therge2014-
tive to this active substance. In the individuale@rch [14] 2015. A factor of the first stage included a mettod
claimed that the lack of vascular system in mossggirs lawn’s renovation, and a factor of the second stageed
transportation of active substances of system bigids in a mixture. In the first year (2014), the experimentsw
plant, which makes these substances ineffecivenson et launched on August 39 An analogical scheme was re-
al. [11] find that regular aeration and verticuttin@dicate peated in a different part of a lawn in anotherry@815)
dead felt together with sheets of mosses whichrdawvens. by sowing each mixtures in pre-prepared plots dy 5
Methods for mechanical control of mosses are oft@m- Among these two methods for the renovation ofvanla
bined with fertilizers containing ferrous salts waiiare the first one consisted of mowing a lawn, rakingredomi-
toxic to mosses and therefore lead to their diebdthks nant above-ground biomass of mosses, sowing theurai
method is often supplemented with under-sowing lafsan  and covering seeds with a 0.5-1.0 cm soil layethinsec-
with a regenerating grass in the areas where mosses ond variant, raking mosses was omitted and seeduraix
eradicated, which makes the development of mossss | were sown directly on the lawn area, without thedsebe-
probably for a longer period of time. Currentlyetd are ing covered with soil. In plots there were sowngdéf each
grass mixtures available which are designed torfxstva- mixtures i.e. a sowing norm of 200 kg*haas applied. An
tion of lawns covered with mosses and whose kerads experimental plots was watered regularly. In ca$eao
additionally coated with iron salts which controbsses renovation method with H mixture, sowing was prezked
and prevent lawns from their further expansion. Buét-  with an application of a fertilizer in a form of wder with
tle research and literature available in this sttbjgea, ex- 12% of Fe which eradicated mosses (produced by Na-
perimental works were launched in order to verifgeful-  womix).
ness of the concept of lawns’ renovation based emd s It was applied two days before sowing.
mixtures supplemented with iron salts. The effectiveness of the destruction of mosses, th
The aim of the research was to assess the effeeths speed of mosses dying, the rate of germinationrassgs
of various methods for the renovation of lawns witbss and the density of surface coverage with new segsllbf
using seed mixtures different in terms of kernadsting grasses with various methods for the renovatiofawhs

with iron sulphate. covered with mosses were scored on a 1-9 scale,apls
plied in COBORU. On the scale, 1 stands for thé lac
2. Material and methods little effectiveness of an investigated trait andt@nds for

the best effect. Effects of mosses eradicationsauitling a

An experiment was carried out in a shaded para of lawn with new seedlings were assessed after 30 days
lawn covered with mosse8ifyophyta sp.Wwhere their av- whereas the speed of mosses dying and rate ofgezed-
erage share was at least 55% around a buildingaxfeB-  nation after the renovation were monitored on éydsisis.
trum at Pozné& University of Life Sciences. Other species  Statistical analysis of the results was completgih
in the lawn were: red fescuBdstuca rubra— 33%, annual Statistica, Analwar 5.2 FR and MS Excel. The sigaifce
meadow grassPpa annua — 7%, common dandelion of differences between the means were verified with
(Taraxacum officinale— 3% and white cloverTgifolium  Tukey’s test at the level of significance of p=0.05
repen$ — 2%.

Three seed mixtures available in domestic marlesew 3. Results and discussion
tested. G-mixture contained: red fesckedtuca rubry —
50%, perennial ryegras&dlium perenng— 45%, wester- Mixture G used in the renovation of a lawn wasétff/e
world ryegrass L{olium westerwoldicuin— 5%. Another in the control of mosses and the effect of the@ickéning
mixture — marked with “R”- contained: red fescli®g$tuca and dying was observed even in 3-4 hours aftericgijgn.
rubra) — 20%, perennial ryegraskadlium perenng— 40% In the first year of the experiment, combined wiking and
and tall fescue Hestuca arundinacga— 40%. A control covering grass seeds with soil, the effectivendssiasses
mixture H (with kernels not coated with iron saltsps eradication was scored at 7.6, whereas in the degear — at
composed of: perennial ryegragolfum perenng— 15%, 7.3 (Table 1). A slightly better result of mossestduction
red fescueKestuca rubra — 60%, sheep’s fescuBdstuca observed in both years, was obtained when sowinax@ure
oving — 15% and smooth-stalked meadow gré&ssa(prat-  without kernels being covered with soil. An effe€tmosses
ensig — 10%. control with R mixture was very poor. In the fiys&ar of the

Mixture G contained grass kernels coated with aono research, after an application of the method wihing
hydrate form of iron sulphate (Fe$8,0) and in mixture mosses and coating kernels with iron salt, mixterevas
R — with a heptahydrate form of it (FeSIH,0). What was scored as few as 2.0. The result was even lowtreimext
also different, was the intensity of coating ofneds with a  year (only 1.6). A variant without coating kernelgh iron
protective green pigment and iron salts. Afteririgsker-  salt after sowing this mixture of grasses alsorgitiresult in
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the increase of a toxic impact of iron salts on sags The
most effective and long-lasting destruction of nesss the
lawn was observed after an introduction of a tiaiwitl

three-stage method with application of anti-modgsedizer

with 12% of Fe, raking dead mosses and sowing Huméx
which did not contain iron sulphate. Both eradmatand
speed of mosses dying after application of thishowtwvere
scored on 9.0 in every variant: with raking moss®s cover-
ing seeds with soil and without covering seeds wih in

both research years (Table 1).

A statistical analysis shows that a method of vation
did not have a significant impact on the effecte®n of
mosses’ eradication. When combined with H mixtume,
plementation of G mixture with a higher conteniroh salt
and Nawomix fertilizer, which is toxic to mossesgrass,
was much more effective than R mixture. An intdacbf
a method of renovation and a seed mixtures didhaote
significant impact on the destruction of mossea lawn.

Table 1. Effect of renovation methods of lawn witbsses
on the moss destruction (scale 1-9)

Tab. 1. Wplyw metod renowacji trawnikéw péorigtych
mchami na skuteczgbzniszczenia mchéw (skala 1-9)

Lawn renovation methods Lawn grass 2014 | 2015
mixtures

Moss raking, sowing and (F';’ ;g Ig
covering seeds with a soil layer H 90 90
LSDy 05 0.970| 1.680
No moos raking, sowing witht G 8.6 7.6
out covering seeds with a sqil R 1.3 1.6
layer H 9.0 9.0
LSDy .05 1.188| 1.534

Significance of experimental factors:
LSDy gsfor the renovation method = not significant
LSDy gsfor the lawn grass mixture = 0.787
LSDy gsfor years of research = 0.210
Interaction method x lawn grass mixture = not digant
Source: own studyZrodio: opracowanie wiasne

Table 2. Effect of renovation methods of lawn witlbsses
on the speed of mosses dying (scale 1-9)

Tab. 2. Wplyw metod renowacji trawnikow périgtych
mchem na szybké zamierania mchéw (skala 1-9)

Lawn renovation methods Lav_vn 9rass| - 5014 2015
mixtures
Moss raking, sowing and G 7.3 7.6
covering seeds with a soi R 1.0 1.3
layer H 8.6 8.3
LSDy .05 1.680 2.566
No moos raking, sowing G 8.3 7.6
without covering seeds R 1.6 1.6
with a soil layer H 8.6 8.6
LSDy 05 1.940 2.656

Significance of experimental factors:
LSDy gsfor the renovation method = not significant
LSDy gsfor the lawn grass mixture = 0.855
LSDy osfor years of research = not significant
Interaction method x lawn grass mixture = not digant
Source: own studyZrodio: opracowanie wiasne

Kernels germinated fastest when a traditional oaibf
renovation with Nawomix fertilizer, H mixture, argbil
coverage of 0.5 cm was applied. In both yearshatsame
method of renovation, the rate of germination wesrexd
9.0 (Table 3). In a variant of this method with seeds
covered, this characteristic was scored 7.6 infitise year
and 7.0 in the second research year. Slightly leavatua-
tions in terms of these traits were observed intuné R
(when compared to mixture H). In the renovationiasatr
with raking mosses and covering seeds with sofjelami-
nation rate was scored 8.6 and 8.3 in the followiegrs. In
a renovation method of sowing kernels without soier,
mixture R turned out to be the best in terms ofi of
germination. A slightly higher score might have teaxb-
tained by thick coating of kernels with a greennpént
which prevented them from an unfavorable activityron
sulphate which, on the other hand, might have pedjt
influenced longer maintaining moisture in kernetsl dow-
ered their pace of drying with a method of sowingatly
OoNn Mosses.

The fastest effect of mosses dying (Table 2) was o Table 3. Effect of renovation methods of lawn witlhsses

served after an application of a traditional methaith
Nawomix fertilizer and sowing of H mixture (8.6 $es in
the first year and 8.3 in the second year — withdbverage
of seeds with soil, and 8.6 scores in both yeavathout
soil coverage). Comparatively positive effects eénms of
the speed of mosses dying were observed in theafaSe
mixture. In this situation, also fast blackening apfgreen
mass of mosses, dying and drying were observedth®n
plots under renovation with raking mosses and dngenf
soil kernels with G mixture, the speed of mossaaglwas
marked as 7.3 scores in the first year and astbligigher
(7.6) in the second year. In the variant with neezage soil
of kernels, the speed of mosses dying was eveerb@it
in the first year and 7.6 in the second year)hidase of R
mixture, no effects were observed in all the yeArstatis-
tical analysis confirmed that a method of renovatimd a
year of the research did not have significant éftec the
speed of mosses dying. What had a strong impadchisn
process, was a type of seed mixture of grassesntarac-
tion of an applied method for renovation and a gresed
mixture did not have much influence on the speed
mosses dying.
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on the germination rate of grass seeds (scale 1-9)
Tab. 3. Wplyw metod renowacji trawnikdw pirietych
mchem na szybkokietkowania ziarniakéw traw (skala 1-9)

Lawn renovation methods Lawn grass 2014 2015
mixtures
Moss raking, sowing and G 6.6 6.3
covering seeds with a soi R 8.6 8.3
layer H 9.0 9.0
LSDg 05 0.970 1.530
No moos raking, sowing G 53 4.6
without covering seeds R 8.0 7.3
with a soil layer H 7.6 7.0
LSDy .05 1.188 1.680

Significance of experimental factors:
LSD, osfor the renovation method = 0.734
LSDy gsfor the lawn grass mixture = 0.250
LSDy gsfor years of research = not significant
Interaction method x lawn grass mixture = not digant
Source: own study4rodio: opracowanie wiasne

of In the first year, the rate of germination of graseds
from mixture R seeded directly on mosses was sc8red
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and 7.3 in the second one. In terms of this tth#, worst
score was granted to a renovation method with max@.
A method of renovation and an applied mixture aisges
was statistically significant for the germinaticate of ker-
nels. A high content of iron sulphate marked in toni@ G,
which had strong impact on the dying of mossesraaih-
taining the effect for 30 days, had a negative ichjpa the
germination of seeds from this mixture.

According to the research results, the germinataia
of kernels is connected with the density of surfameerage
with new seedlings of grasses in a lawn i.e. sayldiiter a
renovation. The method with raking mosses and doger
seeds with soil was much better and statisticagjpiScant
in terms of this characteristic (Table 4). Whenlgriag an
effect of a mixture type, the largest density ofvngrass
seedlings on lawns was visible after an applicatdrH
mixture. An estimate of mixture R was a bit loweom 8.6
scores in the first research year up to 8.3 irsteond year.
The weakest, yet satisfying coverage of grassds thidse
seedlings in the area which was previously exptsaéen-
ovation was completed with mixture G. The effectaof
grass mixture used in renovation turned out to th#ss-
cally significant. An interaction between coverisgeds
with soil and a type of mixture turned out to bet-no
significant in terms of an influence on the densifyseed-
lings in the renovated areas.

Table 4. Effect of renovation methods of lawn witbsses
on the density of surface coverage with new segslliof
grasses (scale 1-9)

Tab. 4. Wplyw metod renowacji trawnikéw péorigtych

mchem na ¢ptas¢ pokrycia powierzchni nowymi siewkami

traw (skala 1-9)

Lawn renovation methods Lav_vn 9rass | 5014 2015
mixtures
Moss raking, sowing and G 7.0 6.3
covering seeds with a soi R 8.6 8.3
layer H 9.0 8.6
LSDq 05 ns 0.970
No moos raking, sowing G 4.6 5.0
without covering seeds R 7.3 6.3
with a soil layer H 7.6 7.3
LSDq 05 1.940 | 1.534

Significance of experimental factors:
LSDq gsfor the renovation method = 0.361
LSDy gsfor the lawn grass mixture = 0.925
LSDy gsfor years of research = 0.271
Interaction method x lawn grass mixture = not digant
Source: own studyZrodio: opracowanie wiasne

Unfavorable impact of various substances whichrobn
mosses on plants became a subject of study [12&nVith-
plementing iron salts, copper salts, fungicides dater-
gents, it was also observed by [5] and [1], tharafrom
satisfying effects e.g. limitations to the develan of
mosses, some substances give harmful side effedtiset
physiology of sod grasses. [3] proved that coppéphate
and zinc sulphate were especially phytotoxic fareping
bentgrass and velvet bentgrass in golf coursesnénof the
investigations by [4], it turned out spot applicatiof a
dishwashing detergent limited the development ofses
but also caused phytosociological impact on grasseb
therefore visibly impaired their state through weaikg,
sod thinning and reducing grass’ quality. A toxigpiact of
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too high concentration of iron sulphate which cdageass
kernels, used in lawn renovation mixtures on thiétatof
germination of kernels coated with iron salts, afready
observed in the previous research [15]. In indigidte-
search, an application of iron sulphate from Nowawmith
12% of Fe, caused only short discoloration of ldafles of
grasses into dark green. In practice, mosses aoeeahdi-
cated by active substances fungicides registenetthéocon-
trol of diseases in cereal plants. In the resebyd7] on the
use of combination of two active substances — negiro
and copper hydroxide, which had previously beerl dse
the eradication of bacteria and fungi diseaseswag ob-
served that the substance also affects mossesicApph
of this mixture every two weeks in a vegetationssea led
to a total destruction of mosses in the green drowft
creeping bentgrass in a golf course. [3] draw #tiarto the
fact that an excessive use of this substance syt ri
higher concentration of cooper in a golf coursejclhs
antagonistic to iron ions. Too high concentratidrcapper
may lead to the deficiency of iron in plants. Irtlsua case,
alternating such substances as Nawomix, which oenta
iron salts, or seed mixtures G and R, whose kerasds
coated with iron sulphate, would minimize such hdznd
limit the development of mosses for a longer peabtime.

4. Conclusions

1. Among the examined grass mixtures whose kernels

were coated with iron sulphate, the best effectsno$ses
destruction in lawns were observed after an apiicaof

G mixture. This application led to brisk dying ashdica-
tion of mosses but the germination rate of kerngss
slower than in the case of other mixtures and ss tha
pace of sodding in the areas under renovation.

2. In the case of R mixture, no toxic impact on sessand
their eradication was observed. The lack of satighgffects
was caused by top low concentration of iron sukphetich
coated kernels. This, however, had no negative dhna the
germination rate and sodding in the renovated areas

3. The most effective mosses destruction and cogdtie
areas with new seedlings was observed when usirafa
tional method of lawns’ renovation i.e. by applyiNgwa-
mix, raking dead mosses and sowing with H mixtuvigh

out iron sulphate) following seeds covering by .soil
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