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ABSTRACT. Allelopathy is the direct or indirect harmful effeavhich one plant
produces on another through the production of cbaintompounds that escape into the
environment. In the presence paper allelopathiaticriships were determined in three
cereals - wheatTfiticum aestivurl.), barley Hordeum vulgard..), oat @vena sativa
L.) and vegetable crops - spinacpinhacia oleraced..), radish Raphanus sativuk.),
pepper Capsicum annurn.). In addition to the percentage of germinatialelopathic
potential was tested measuring root and stem leofytested plant species germinated
either alone or in combination with others. Theani#d results showed that seed
germination and plant growth of cereals and vedesatire depended on the presence of
other plants in all tested combinations. In thiadgt has proven largely inhibitory
allelopathic effect on germination and plant growth
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INTRODUCTION

Allelopathy is chemical and ecological phenomendnmctv refers to the fact that
competing organisms produce chemicals that intif@tgrowth of members of their own or
other species (EHORN et al.,2014).

Allelopathy is an interference mechanism in whieie lor dead plant materials release
chemical substances, called allelochemicals, wimblibit or stimulate the associated plant
growth (May and AsH, 1990). According to BPrNaM (1988) chemical with allelopathic
potential are presented (commonly in conjugatednfoin almost all plants and in many
tissues - leaves, stems, flowers, fruits, seeds@mid. Allelopathy may refers to beneficial or
harmful effects, by release of chemicals from plaarts by leaching, root exudation,
volatilization, residue decomposition and othercesses in both natural and agricultural
systems (@ou, 1990; MNGH et al, 2001). Suitable manipulation of the allelopatbywards
improvement of crop productivity and environmergedtection through eco-friendly control
of weeds, pests, crop diseases and synthesis ef agrochemicals based of natural produce
have gained attention of the scientists engagatiefopathy research A8G-Uk et al.2005).

Allelochemicals can act on the stage of germinatigrowth and development of
sensitive plants. The most common changes caudirg irthibition or retardation of
germination, coleoptile elongation, root and shi@telopment of seedling ARWAL, 1994).
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Chemical compounds formed in plants are usuallptoglucts of basic chemical processes in
the life of plants. A frequent cause of their iraged secretion in plants is the stress (impact of
diseases, pests, abiotic factors). Allelochemicads/ arise and decommissioning of plants
that secrete them. The most frequently mentionkdophthy effects include reduced seed
germination and reduced growth of the seed coabtsardling growth (Bizy et al, 2001;
FERGUSONand RTHINASABAPATHI, 2003).

Because of the extreme importance in recent yeaishws given to allelopathy in
plants important for human consumption, and in btdecontribute to a better understanding
of allelopathic relationship between certain graamsl vegetables, as well as to improving
organic production, the aim of present paper wadetiermine the presence of allelopathic
relations during germination of seeds and seedjmogvth of three cereals and three vegetable
species.

MATERIALSAND METHODS

Plant material

Six cereal and vegetable species [whéaiticum aestivumL.), barley Hordeum
vulgareL.), oat Avena sativd..), spinach $pinacia oleraced..), radish Raphanus sativus
L.) and pepperGapsicum annunk.)] were used in this study. These species welectszl
due to their agronomic importance. Cereal seedslaened from the Center of Small Grains
in Kragujevac and vegetable seeds are bought ircudigiral pharmacySeeds of wheat-
variety Toplica, barley — varietyJadran and oat — variety.ovéen were collected from the
harvest of 2012, while seeds of papper, spinachradgh were with a date of production
from 2013.

At the start of experiments, seeds were surfacefdided in order to remove the
epiphytic microflora, which may be specific to @nt types of seeds. Disinfection is
performed by soaking seeds in a 0.1% solution eddit (sodium hypochlorite NaClO) for 5-
7 minutes. After disinfection, the seeds were wddhe times with distilled water. Surface
sterilized seeds are inoculated into Petri dishes.

Experimental procedure
Seeds from each species were placed on filter pap&0 cm Petri dishes by the
following layout:
1. 30 seeds of wheat
2.30 seeds of barley
3.30 seeds of oat
4. 30 seeds of pepper
5. 30 seeds of spinach
6. 30 seeds of radish
7.15 seeds of wheat + 15 seeds of barley
8. 15 seeds of wheat + 15 seeds of oat
9. 15 seeds of barley + 15 seeds of oat
10.10 seeds of wheat + 10 seeds of barley + 10 sdaxt 0
11.15 seeds of pepper + 15 seeds of spinach
12.15 seeds of pepper + 15 seeds of radish
13.15 seeds of spinach + 15 seeds of radish
14.10 seeds of pepper + 10 seeds of spinach + 10 séeatdish.

The dishes were moistened with 5 ml of distilledevand kept in growth chamber at
16/8 h photoperiod and 22%1. Distilled water was added to each Petri dishjnduthe
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experiment according to seeds water requests. Uimder of the germinated seeds and length
of seedlings (root and hypocotyl elongation) wateeined after seven days. Germination

percentage (GP) is estimate of the viability ofdseel'he equation to calculate germination
percentage is:

seed germinated

oGP = -
total seed number

=100

Statistical analyzes

All data were statistically evaluated with SPSStwafe package. The data are
presented as mean values + S.E.M. (n = 3). For adsgn between samples, data was
analyzed by the Student's- test. p values < 0.05 were considered statistically sigaift.

RESULTSAND DISCUSSION

Seed germination

In order to determine possible allelopathic effglifierent combinations of seeds are
placed in favorable conditions for germination. &béd values, determined as percentage of

germination, are presented in Figure 1 for cereal &igure 2 for vegetable species,
respectively.
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Figure 1. Allelopathic effect between selected alsren seed germination.

On the basis of the obtained data, it is evideat there are allelopathic relations
between the selected plant species. In the casmrefls, wheat seeds were inhibited to
germinate in presence of oat (germination reducéélo)y as well as in triple combinations
(wheat + barley + oat) were germination was redu#88% (Figure 1). In the presence of
barley, wheat seeds were germinated in the santemtage as in the absence of other seeds.
Barley seeds have shown same percentage of geiomrabne, or in combination with
wheat and oat (86.6%), while in triple combinatia recorded slight increasing of
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germination (3.34%). Oat seeds germinated in gpmatentage in presence of wheat
(increasing in germination for 6.66%), but in lovp&rcentage in presence of barley seed.
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Figure 2. Allelopathic effect between selected vables on seed germination.

The seeds from vegetable species (pepper, spinaghradish) showed stronger
allelopathic effects than the cereal seeds (Figkixe Pepper seeds were stimulated to
germinate in presence of radish seeds, espeamthpie combination (germination increased
for 10%), while in presence of spinach seeds, gaatidn was inhibited. Spinach seeds
germinated in greater percentage in presence od$hragkeds (germination increased for
3.34%), and in the highest percentage in presentie $pinach and radish (germination
increased for 13.34%). In the case of radish seggtsnination percentage was higher in all
combinations with other vegetables, with the highedues obtained in combination with
spinach (germination increased for 23.33%).

Seedling growth (elongation of root and stem)

The inhibition in seedling growth was recorded iastof the tested seeds. Results for
the root and stem length are presented in Tabléhé.root elongation is very influenced by
the presence of other cereal species - allelopaftfects are expressed in the combination of
all three plants, particularly in the case of o&tsot length was decreased by 80.67%
compared with seeds alone), but in the other coatioins was presented markedly inhibitory
allelopathic effect. Stimulatory allelopathic effeeas recorded only in the root elongation of
barley in combination with wheat (for 5.25%).

When it comes to vegetable species, completely sifgeffect was registered. The root
elongation of spinach was very stimulated in thespnce of the other two species,
particularly in combination with radish where tlo®t length was 89.2% more than in the case
of radish alone. Unlike spinach, root elongationp@pper and radish were inhibited in
combination with other species. Spinach had theng@st inhibitory effect on root elongation
of pepper (root length was 53.7% less than in #se ©f pepper alone).
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Allelopathic effects were confirmed in the casestdm elongation, as well as root
elongation (Table 1). The investigated cereal gsbave shown negative correlation in stem
elongation, where are no stimulatory effects reedrth any case. Elongation of oat stem was
remarkably inhibited in the presence of other derela all combinations obtained values
were lower (80-90% longer than seeds alone). Thg@plants of barley and wheat were less
sensitive on effects from other cereals; howewatuction in length was approximately 10%,
except in combination barley + wheat, where themijnoof both plants was inhibited by the
presence of the other.

Analyzing the results obtained for stem elongatainvegetable species, it can be
noticed the lack of growth of pepper stem in alntinations. Unlike peppers, at spinach
seeds was noted an increase in the length of &me st all combinations, especially in the
presence of radish, when the measured values v8étehtgher. The pepper and the spinach
had inhibitory effect on radish, whit reductionlength of 10-20%.

Crop plants are known to release a diversity oélathemicals into environment
(phenolics or terpenoids) which generally represesbndary metabolites and provide plants
defense strategies. However, some crops are lége actallelopathy because they are highly
selected for physiological specialization of enhagcyields rather than developing
endogenous chemicals for defense purposesi$B et al, 2001).

Upon release into crop environment, because of gnvironmental conditions and
microbial action, the nature and concentrationli@gi@hemicals may change. Their action is
often synergistic and their detrimental effects @ependent upon several abiotic and biotic
factors (ENHELLING, 1996). Allelopathic activity of decomposing wheatd oat straw on
some crop species has been reportedayydt al (1997) and s (1991). In cereals such as
wheat and barley a variety of allelochemicals hheen identified including hydroxamic
acids, cumarines, alkaloids, flavonoids and phenacids (W et al, 2001b). The
allelopathic activity of these cereals may arigarfrone or the combined action of a group of
allelochemicals. Hydroxamic acids appear to be aesible for the allelopathic effect of
wheat, maize and rye KER et al, 2000; W et al, 2001a; McCIAS et al, 2005;®PAJA et
al., 2006) and indole alkaloids in allelopathic effetbarley (BRavo et al, 2010).

Capsaicin is a compound &apsicumplant and several reports have shown the
potential allelopathic effects @apsicumplants on germination and plant growthH{Cet al.,
1992; GNZzALEZ et al, 1997); however, the physiological mechanism methheCapsicum
allelopathy needs further elucidationif®qQui et al, 2005). KaBiR et al (2010) have
demonstrated spinach sensitivity on allelochemiadie allelopathic potential of wild radish
was demonstrated bydRSwWORTHY (2003).

The results of this study demonstrated that selectereals, as well as vegetables
contain some phytochemicals capable to affect geedhination and seedling growth of the
tested species. The latitude of effects seemee tdependent on the combinations of seeds,
etc. involved species in allelopathy. Stronger lafiathic effect between vegetables is
connected with the presence of higher concentratidmllelochemicals.
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Table 1. Allelopathic effects of selected cereals and vdgetaon growth parameters.

Root lenght (cm) Reduce (%) Stem lenght (cm) Reduce (%)
Cereal species
wheat 4.86 + 0.84 2.36 +£0.55
barley 8.18 £0.21 4.83+£0.04
oat 2.38+0.23 0.77 £0.19
wheat/barley 3.65+0.58/8.61 £ 0.91 24.78/ 5.25 1.66+0.2/4.15+£0.3 29.67/ 14.07
wheat/oat 3.09+0.18/1.42 £ 0.08 36.42/ 40.33 720.59/0.14 £ 0.02 8.10/ 81.81*
barley/oat 7.23 £0.35/0.92 £ 0.04 11.61/61.34 549.27/0.08 £ 0.02 9.93/ 89.61*
wheat/barley/oat 3.77 £0.35/7.34 + 0.38/ 0.46G50. 22.4/ 10.26/ 80.67* 2.14 +0.27/4.37 £ 0.36/20t10.01 9.32/9.52/ 84.41*
Vegetable species
pepper 1.21 £ 0.06 0.56 £ 0.02
spinach 2.78+0.18 0.62 +£0.03
radish 7.47 +0.78 6.25+0.36
pepper/spinach 0.56 £ 0.15/ 4.58 + 0.85 53.7*/ 64.7 0/0.74 £ 0.02 100/19.4
pepper/radish 1.12+0.19/6.1 £ 0.35 7.4/ 18.3 6%% 0.93 100/ 10
spinach/radish 5.26 £0.27/6.53 + 0.33 89.2/12.5 0.98 £ 0.08/6.07 + 0.35 58 /2.9
pepper/spinach/radish 1.1 £0.09/4.36 + 0.45/4.977+ 9.1/ 56.8/ 40.2* 0/0.90 + 0.39/4.93 + 0.87 50%21.1

a - values are expressed as means + S.Epd.0705



