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ABSTRACT

Plants, as well as their residues (mulches), relgdrysiologically active substances (allelochensigal
which may affect plant germination, development anoductivity. In this study we investigated tHe a
lelopathic effects of agueous extracts of organidames (winter wheat straw, peat, sawdust, and gra-
mineous grass) at different concentrations on geation and early growth of radistiRdphanus sa-
tivus L.), carrot Daucus sativus Rohl.), and lettucelctuca sativa L.). It was found, that the strongest
negative effect on the germination and shoot amd development of investigated vegetables was with
the highest concentration (1 : 10) of the grassaqgs extract. Peat mulch aqueous extracts hac#se |
negative impact on all vegetable seed germinattraw and peat mulches stimulated the early growth
of R. sativus shoots, but there was a negative affecDorsativus shoot development. The agueous ex-
tracts of various organic mulches had negativectffenR. sativus, while mostly positive effects found
onL. sativa root development.
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INTRODUCTION

Use of organic mulches may affect a number decaying mulches is beneficial for plant nutrition.
factors that can influence the productivity of cult Kar and Kumar [2007] estimated that straw mulch-
vated plants [Larson 1997, Forcella et al. 200ing significantly increased the amount of mobile
Doring et al. 2005]. Plant mulching is particularlypotassium and phosphorus. Pine needlesué
important in organic farming for integrated weecroxburghii), poplar leaf Populus deltoides) and
control and as sourse of nutrients which are rektassilver oak Grevillea robusta) used for mulching
during mulch decomposition. The major advantagsignificantly increased organic carbon, available
of using organic mulches is the consequent increanitrogen, phosphorus, potassium, and soil bioldgica
of organic matter in soil [Paustian et al. 1997,08a activity [Kumar et al. 2014]. Mulching with wood
and Lal 2003, Ni et al. 2016]. Natural mulch dechips did not affected soil bulk density, pH, total
composes over time and it becomes a part of snitrogen content, but consistently improved soil
itself. Moreover, a slow release of nutrients fronorganic matter content [Ni et al. 2016].
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Mulching is one of the most appropriate physiceMATERIAL AND METHODS
methods for weed control [Matk@vi2017]. Plant
residues, such as straw, grass, or cover crops, andexperimental design. The object of the investiga-
peat, used for mulching can suppress weeds ation was the germination of seeds of radish
decrease weed infestation [Arentoft et al. 201(Raphanus sativus L.), carrot Daucus sativus R6hl.),
Kosterna 2014a, b, Kumar et al. 2014, BMicz- and lettucel(actuca sativa L.) using aqueous extracts
-Wozniak et al. 2015, Thankamani et al. 2016], preof different organic mulches at a range of coneentr
vent weed seed germination and growth due to mleeions. The laboratory experiments were carried out
of phytotoxic substances during plant residue decorwith the following treatments: 1) distilled water;
position [Putnam et al. 1983, Schilling et al. 19852) chopped winter wheat straw extract; 3) fen peat
Blum et al, 1997]. The release of biochemicals theo extract; 4) fresh sawdust extract; 5) chopped grami
environment by a plant or another organism and tinous grass extract. Mulch of graminous grasses in-
impact of those chemical compounds on the othcludedFestuca rubra L., Lolium perenne L. andPoa
organisms describe allelopathy [Rice 1995]. Allelop pratensis L. Fresh sawdust was of conifers and de-
thic characteristics are typical for decomposimgvet ciduous trees mixture.
since it produces aliphatic acids; also microorgiasi Bioassay. The investigation was performed to find
release amino acid derivatives [Putnam 1983]. kiwesout the effect of organic (natural-origin) mulch-ex
gations shows, that mulch from buckwheat and ntract on seed germination of radigh gativus), carrot
straw is efficient for limiting weed infestation @iterna  (D. sativus), and lettucel(. sativa), and the length of
2004a]. The changes in the allelopathic compourels ishoots and roots. Different concentrations of agaeo
determined by their chemical modification, influenc extracts were prepared using standard methodology.
of microorganisms, interaction with the soil humusSeperated absolutely dry organic mulches (10 g) was
and effects of physical factors [Slapakauskas 200tseparately soaked in distilled water (100 ml) (at
Some authors have pointed out that allelopathicdwvo@ concentration of 1 : 10) and it was kept for 2dirs
residues may also decrease weed infestation [Ratat room temperature (18°C). Later other aqueous
nasabapathi et al. 2005, Jodaugienal. 2006, Gruber extracts at concentrations of 1 : 50, 1 : 2501250,
et al. 2008]. and 1 : 6250, were prepared through further ditutio

Organic mulches have different impacts on croadding required quantity of distillated water [Laga
yields. Some researchers state that mulching wikas 1990]. All concentrations including 1 : 10 were
organic mulches may increase crop yield [Sharma atested as factors. The seeds were germinatedten fil
Sharma 2003, Singh et al. 2007, Kar and Kumar 20Cpaper in Petri dishes moistened with the prepared
Katerna 2004a, Ni et al. 2016, Thankamani et zaqueous extracts in a climate chamber at a tempera-
2016]. According to the data from other reportstpe ture of 20°C. Fifty carrot and lettuce seeds, and
sawdust, and straw mulches can actually decreape ¢30 radish seeds per Petri dish were used. Seaifligs
productivity due to inapropriate C : N ratio [Jobngt carrot and lettuce were measured after five dags an
al. 2004, Sgnsteby et al. 2004]. Grass mulch has beseedlings of radish after three days from sowing us
found to have a positive effect on plants growpaor ing milimetric paper. The experiment was carrietl ou
soil, i.e. it increases below and above-ground tplawith four replications. The results were compared t
biomass, root dry matter mass, as well as amodntsthe controls of the experiment with distilled water
organic carbon, potassium, phosphorus, calcium, and Statistical analysis. All investigation data were
magnesium in soil, and finally, it helps to preseswil evaluated using one way analysis of variance
moisture [Cadavid et al. 1998, Sharma and Achn(ANOVA) with the least significant difference (LSD)
2000, Jodaugienret al. 2008, Ni et al. 2016]. test from software package SYSTAT 10 [SSPS,

The aim of this research was to estimate allelop2000]. The influence of different mulches on vegeta
thic impacts of range of organic mulch extracts obles at all concentrations compared with distilated
germination of different vegetables seeds. water seperatedly. In cases of significant diffeesn
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between a treatment and control, the levels of gsrobtendencies while investigating allelopathic effe€t
bility are marked as follows: * significant differtee at grass extracts on radish germination. Kryzeviciene
the 95% probability level, ** significant differeacat and Paplauskiene [2002] reported that radish germi-
the 99% probability level, *** significant differex@ at nation, shoot and root growth was suppressed under
the 99.9% probability level. The vegetables seed gethe influence of investigated perennial gras$msa (
mination data, as well as calculations of the leraft pratensis L., Lolium perenne L., Phleum pratense L.
shoots and roots, were transformed according to tand Festuca pratensis Huds.) water extracts at the
following formula: L10k + 1). L10 is common loga- highest concentrations, whereas the lowest coraentr

rithm (base 10). tions stimulated germination in most cases. Allalop
thic activity also depended on development stage of
RESULTS AND DISCUSSION perennial grasses.

Measurements of radish shoot length showed that

The results of the experiment wih sativus seed the shoot length in distilled water reached 8.6 mm
germination showed that the straw and peat orgar(fig. 2), and the different concentrations of ongan
mulch aqueous extracts at different concentrat@dshmulch extracts in most cases had a stimulatingeffe
no significant effect (fig. 1). Straw mulch extracts at all concentrations sigaifie

Sawdust mulch extracts at all concentrationly increased the growth of radish shoots by 45-66%,
improved radish germination. Howerver, only acompared to the distilled water control. Peat mulch
1:1250 and 1 : 6250 concentrations the differencextracts at concentrations of 1 : 10, 1 : 50, an@30
were significant. It stimulated germination of i increased radish shoot length significantly by 16—
by 9 and 7 percentage points (pps) compared to t36%. Other concentrations stimulated the growth of
control. Grass mulch extract at a concentration radish shoots, but not significantly. Sawdust mulch
1: 10 had a significant ihibitory effect on thergé&  extracts at 1 : 10 concentration had a signifigant
nation of radish seeds, it decreased by 54 ppatddil hibitory effect on the growth of radish shoots by
grass mulch extracts at concentrations from 1to50 19%. Sawdust mulch extracts at concentrations of
1 : 6250, had no significant effect compared to thl : 50 and 1 : 250 significantly increaed radishath
distilled water control. Others have observed simil growth from 20% to 26% compared to the control
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Fig. 1. Influence of organic mulch extracts at differenncentrations on the germination of radish
(R sativus); ** significant difference at 99% probability lel; *** significant difference at 99.9%
probability level
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Fig. 2. Influence of organic mulches extracts at differearicentrations on the length of rad{Bhsativus)
shoots; * significant difference at 95% probabiliyel, ** significant difference at 99% probabjlievel,
*** significant difference at 99.9% probability lel/
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Fig. 3. Influence of organic mulch extracts at differemncentrations on radistiR( sativus) root
lengths; * significant difference at 95% probalilievel, ** significant difference at 99% probalbjfi
level, *** significant difference at 99.9% probaibji level

Other concentrations also had a positive influesrte Measurements of the length of radish roots showed
the growth of radish shoots, but not significantlythat the roots reached a length of 29.7 mm inliedti
With the grass mulch extract at the 1 : 10 coneentrwater (fig. 3). The extracts of organic mulcheglift

tion a significant inhibitory effect of 60% on lghg ferent concentrations in most cases had an inhybito
of radish shoot was detected. Grass mulch extedctseffect on the development of the radish roots. Be
lower concentrations from 1 : 50 to 1 : 6250 showeconcentrations (1 : 10, 1 : 50, 1 : 250, 1 : 125t

not significant stimulating effect of 5-12%, in com 1 : 6250) of straw mulch extracts had a significant
parison with that of the control. inhibitory effect of 26—-38% compared to that of the
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control. Peat mulch extracts at concentrations:ofd, of 1: 10 and 1 : 1250 reduced radish root grovgh s
1:50, 1: 250 inhibited the growth of roots sfigaint-  nificantly by 18-19% and at concentration of 1 : 50
ly by 25-28%, compared to the control. Extracts increased the length of roots by 13% in comparison
lower concentrations, such as 1 : 1250 and 1 :,62twith the control, but not significantly. Grass mnulc
inhibited the growth of radish roots in comparigon extracts at concentrations of 1 : 10, 1 : 50, 2501
the control. However, these differences were mptisi  significantly inhibited the development of radigiots,
icant. Sawdust mulch extracts affected the growith but extracts at concentrations of 1 : 250 and 2506
radish roots very differently. Extracts at concatitins demonstrated no significant suppressive effect.
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Fig. 4. Influence of organic mulch extracts at differemincentrations on the germination of carrot
(D. sativus); * significant difference at 95% probability ldyé&* significant difference at 99% probabil-
ity level, *** significant difference at 99.9% prability level
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Fig. 5. Influence of organic mulches extracts at differeobcentrations on the length of carrbt &a-
tivus) shoots; * significant difference at 95% probapilevel, ** significant difference at 99% probabil
ity level, *** significant difference at 99.9% prability level
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When the lengths of the carrot shoots grown in Organic mulch extracts at the range of concentra-
the distilled water were measured these were 5.1 ntions had different affects on lettude. &ativa) seed
long (fig. 5). Straw mulch extracts only at concant germination (fig. 7). In most cases organic mulch
tions of 1 : 10, 1 : 50, and 1 : 6250, inhibitedrof. extracts inhibited the germination of lettuce. Liabo
shoot development significantly, from 20% to 37%tory and field experiments carried out by Tesialet
in comparison to the control. Peat mulch extratts [2011] showed that extracts from Jerusalem artiehok
concentrations of 1 : 10, 1 : 250, and 1 : 1250 su(Helianthus tuberosus L.) residues were consistently
pressed the growth of carrot shoots significarfthis inhibitory to germination and seedling growth of
investigation found that the shoots were shortety lettuce. In our experiments, straw mulch extradts a
to 43% than the controls. Sawdust mulch extracts the highest concentrations, such as 1 : 10 and(] :
most concentrations inhibited the growth of carrcreduced germination of lettuce significantly by 40
shoots by 12-47%, except at the concentration and 19 pps respectively. However, when dilutedoup t
1 : 1250 which had no significant impact on thd¢he concentrations of 1 : 250, 1 : 1250, and H06Ris
length of carrot shoots compared to the contols&raextract had a not significant stimulating effectupyto
mulch extracts at concentrations 1 : 10 and 1 : 16 pps, compared to the control. Peat mulch estiatct
significantly reduced growth of carrot shoots by 9ihe lowest concentration of 1 : 6250 inhibited gjee-
and 31% respectively. Grass mulch extracts at lowmination of lettuce significantly, while at all @hcon-
concentrations, from 1 : 250 to 1 : 6250 had ne sicentrations from 1 : 10 to 1 : 1250 there wereigoifs
nificant effect on carrot shoot growth compared ticant effect compared to the control. Sawdust mulch
the control. extracts of various concentrations had uneven impac

After measuring the length of roots of carrots ion lettuce seed germination. Sawdust mulch extedcts
was established that organic mulch extracts at tithe following concentrations 1 : 10, 1 : 50, andl250
range of concentrations affected the development inhibited the germination of lettuce significantby
carrot roots irregularly. The length of the roofsfee 8-36 pps, compared to the control. This extracbat
carrots germinated in distilled water was 11.2 mrcentrations of 1 : 1250 and 1 : 6250 not signifigan
(fig. 6). Straw mulch extracts, in most concentmagi, stimulated germination of lettuce seeds. Grass imulc
stimulated the growth of the carrot roots. With thextracts at the different concentrations had smiila
straw mulch extracts at the 1 : 10 concentratian; ¢ fluence on lettuce germination. Grass mulch exdratt
rot root length was 10% shorter compared to thithe higher concentrations, from 1 : 10 to 1 : 1880
distilled water control, whereas at the concergreti duced germination significantly by 11-83 pps. Howev
of 1 : 250 and 1 : 6250 root lenght was signifibant er, after diluting the grass mulch extract to aceorra-
longer by 14-27%. The other concentrations had ttion of 1 : 6250, a not significant stimulating e=ft to
significant influence on carrot root development.  lettuce germination was found.

Peat mulch extracts at all concentrations had no Measurements of the lettuce shoots showed that
significant effect on carrot rooth length. It wasihd, their length in distiled water reached 13.2 mm
that sawdust mulch extracts at all concentratiad h(fig. 8). The impacts of organic mulch extracts at
no significant effect on carrot root growth. Sawdusdifferent concentrations on the growth of lettuce
mulch extracts at all concentrations inhibited thshoots varied greatly.
growth of carrot roots by up to 11% compared to the Straw mulch extract only at the concentration of
control, exceptone concentration (1 : 250) whictl hel : 250 signicantly stimulated the growth of the le
a slightstimulating effect. Grass mulch extractthat tuce shoots by 17% compared to the control, but the
concentrations of 1 : 10, 1 : 50, and 1 : 1250i8ign other concentrations had no significant effect.tPea
cantly reduced root lengths by 17-76% compared and sawdust mulch extracts at all of the concentra-
the distilled water control. Other extracts had ntions also had no significant influence on lettuce
significant effect for the development of carrabt®s  shoot development. Grass mulch extracts at the con-
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centration of 1 : 10 decreased the growth of lettuc The measurements of lettuce seedlings grown in
shoots significantly by 96%. Grass mulch at the-coidisstiled water showed that lettuce roots were
centration of 1 : 250 significantly stimulated let® 24.4 mm long (fig. 9). Organic mulch extracts & th

shoot development by 21%, but at the other concerange of concentrations had differential impacts on

trations there were no significant effects. the development of lettuce roots.
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Fig. 6. Influence of organic mulch extracts at differeahcentrations on carrob( sativus) root lengths;
* significant difference at 95% probability levet significant difference at 99% probability level,
*** significant difference at 99.9% probability lel/
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Fig. 7. Influence of organic mulch extracts at the ranfjeamcentrations on the germination of lettuce
(L. sativa); * significant difference at 95% probability ldy&* significant difference at 99% probability
level, *** significant difference at 99.9% probaibji level
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Fig. 8. Influence of organic mulch extracts at the randecancentrations on the length of lettuce
(L. sativa) shoots; ** significant difference at 99% probéilevel, *** significant difference at 99.9%
probability level
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Fig. 9. Influence of organic mulch extracts at the ran§eancentrations on lettucé. .(sativa) root
lengths; * significant difference at 95% probablillevel, ** significant difference at 99% probalbyli
level, *** significant difference at 99.9% probaibji level

Straw mulch extracts only at the lower concentredistilated water. Diluting the sawdust extract amc
tions significantly stimulated the growth of lettuc centrations of 1 : 250, 1 : 1250, and 1 : 6250 in-
roots by 14 to 21% compared to the control. Beneicreased the growth of the lettuce roots signifigant
cial effects of hay mulch on root growth and yiefd by 4-17%. Grass mulch extracts at the higher con-
strawberry have, also, been reported by Kumar aicentrations of 1: 10, 1 : 50, and 1 : 250 hachhibi-

Dey [2011] The different concentrations of peat ancory effect of 13-95%. However, grass muilch
sawdust mulch extracts at the highest concentsatioextracts at the lower concentrations 1 : 1250 and
of 1 : 10 and 1 : 50 had no significant influence ol : 6250 had no significant influence comparechto t
the development of the lettuce roots comparedédo ticontrol.
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CONCLUSIONS tern. Agric., 12, 146-161, http://dx.doi.org/10.1017/
S0889189300007487.
The strongest negative effect on the germinatidgadavid, L.F., El-Sharkawy, M.A., Acosta, A., Sarche.
of vegetable Raphanus sativus L., Daucus sa- (1998). Long-term effects of mulch, fertilizationchtill-
tivus R6hl. andLactuca sativa L.) seeds and devel- e On cassava grown in sandy soils in northerordiné.

opment of shoots and roots was at the highest con- Field Crops Res., 57, 45-56.  http://dx.doi.org/a06l
centration (1 : 10) of grass mulch aqueous extract. 50378'4290(97)00114'7- ]

Dilution of this concentration resulted in a redogt 20ing, T.F., Brandt, M., Hef, J., Finckh, M.R.uBke, H.

in negative effect. Straw and sawdust mulch aqueous (2005)- Effects of straw muich on soil nitrate dynes,
extracts at the higher concentrations (1 : 10 anf) weeds, yield and soil erosion in organically grown

. o otatoes. Field Crops Res., 94(2), 238-249,
had the strongest negative effect on the germimatio P i . i
of L. sativa, while peat mulch aqueous extracts http://dx.doi.org/10.1016/j.fcr.2005.01.006.

L Forcella, F., Poppe, S.R., Hansen, N.C., Head, W.A.; Hoo
showed the least negative impact on all tested-vege ver, E., Propsom, F., Mckensie, J. (20@plogical
table seed germlnatlon. Straw and pe mUI_Ch aque- 1 iches for managing weeds in transplanted strawber-
ous extracts stimulated early growth Rf sativus ry (Fragaria ananassa). Weed Technol., 17, 782787,

shoots. No significant effect was found tarsativa http://dx.doi.org/10.1614/WT02-167.
exceptat 1 : 250 concentratior_1 of straw mulcha®ttr Grper s, Acharya, D., Claupein, W. (2008). Wood chips
and a negative effect ob. sativus shoot develop-  sed for weed control in organic farming. J. Plarg. Di
ment at 1 : 10 concentration of all mulches extract Protect., special issue 21, 395-400.

The aqueous extracts of all tested organic mulchgsdaugies, D., Pupalies, R., Urbonies, M., Pranckietis,
at 1 : 10 concentration and of starw mulch atafl-c v, Pranckieties, I. (2006). The impact of different
centrations had negative effects Bnsativus while types of organic mulches on weed emergence. Agron.
positive effects found oh. sativa root development in Res., 4, 197-201.
straw and sawdust mulches extracts at lower concelvdaugies, D., Pupalies, R., Sinkewtiere, A. (2008).
trations from 1 : 250 to 1 : 625D. sativus root length The impact of diferent types of organic mulches on
did not differ significantly, except negative effem- Cirsium arvense emergence. J. Plant Dis. Protect., spe-
der the influence of the higher concentrationshef t  cial issue 21, 401-406.
grass mulch agueous extracts and positive effatteof Johnson, J.M., Hough-Goldstein, J.A., Vangessel, M.J.

straw mulch extracts at lower concentrations. (2004). Effects of straw mulch on pest insects, ared
tors, and weeds in watermelons and potatoes. Environ.
REFERENCES Entomol., 33, 1632-1643, http://dx.doi.org/10.1603/

0046-225X-33.6.1632
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