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INFLUENCE OF WATER EXTRACTS FROM CORNFLOWER ON GERM
AND GROWTH OF CEREALS SEEDLINGS

Summary

INATION

The aim of research was to determine the effediffefrent concentrations of water extracts of ctower on germination
capacity and early growth of winter wheat (Tritic@@stivum L) and rye (Secale cereale L.) seedlififs.experiment was
conducted in laboratory conditions with the use mbdified test of germination and early growth ofediangs-
PHYTOTOXKITY. Investigation was carried out in 3 independemezimental series, in three replications for eadh o
them. Experimental series took place in two-wetdnials. In the experiments there was evaluatechgetion capacity of
cereals grains on the basis of the quantity of radlyngerminating seeds after five days from th@wimg. Additionally
there was measured the length and weight of rontssinoots. Water extracts from Centaurea cyanwshfleaves did sig-
nificantly inhibit roots growth of winter wheat amge, irrespective of extract concentration. HoweWwpocotyls proved to
be more tolerant to the examined extracts. Inhigieffect of cornflower extracts on length and vaigf shoots was ob-
served only after applying the highest concentratiResearch results reported in this work prove thater extracts from

C. cyanus fresh leaves can have a negative, alihipeffect on germination of T. aestivum andefeale.
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WPLYW WODNYCH WYCI AGOW Z CHABRA BLAWATKA NA KIELKOWANIE
ORAZ WZROST SIEWEK ZBO Z

Streszczenie

Celem bada byto okrélenie wptywu rénych s¢zeri wodnych wyeigéw z chabra btawatka (C. cyanus L.) na zdé&driaet-
kowania i pocztkowy wzrost rélin pszenicy ozimej T. aestivum Lzyta Secale cereale L. Bwiadczenie przeprowadzono
w warunkach laboratoryjnych z wykorzystaniem zmnikdyianego testu kietkowania i wczesnego wzrostdinro
PHYTOTOXKITY. Badania wykonano w 3 niezatgch seriach, po 3 powtérzenia w serii. Serie wgkmnw 2 tygodnio-
wych odstpach. W déwiadczeniu oceniano zdolfibkietkowania ziarniakdw zlitha podstawie iléci normalnie kietkuj-
cych nasion po uptywie 5 dni od momentu wysiaraeniakow. Dodatkowo wykonano pomiary dhdgiokorzeni zarodko-
wych oraz pdéw. Nasgpnie izolowano korzenie idy od ziarniakdw i okgdano ichswiezq mag. Wodne wyeigi zeswie-
zych lisci chabra istotnie hamowaly wzrost korzeni zar6yseenicy ozimej jakzita, niezalénie od zastosowanega:&t-

nia ekstraktu. BPdy natomiast wykazaly wkisz tolerancg na

badane ekstrakty. Inhibicyjny wplyw wagdw z chabra na

ich dtugaié¢ i mas byt widoczny dopiero po zastosowaniu napzggo gtenia. Wyniki prezentowane w pracy dowpdz

wodne wyeigi ze swiezych lisci C. cyanus mag wykazywa ujemne oddziatywanie allelopatyczne na kietkowanie

T. aestivum i S. cereale.

Stowa kluczowewodne wyeigi, chaber btawatek, pszenica ozimgp, kietkowanie

1. Introduction

Secretion to the environment of biologically aetiv
compounds (allelochemicals) is one of the most g
mechanisms in the world of plants. They can infagen
other plant species through chemical compoundsgctwhi
through inhibitory or stimulatory effect, modifyetprocess
of seed germination, as well as plant growth andelibg-
ment [11, 14]. Leaves, then roots are the organglasfts
richest in allelochemicals, while the lowest comtef al-
lelochemicals characterises seeds. Biological iaygtiof
these substances is governed, first of all, by plecom-
pounds, alkaloids and volatile substances [2, B Phe-
nomenon of alleopathy is vital as far as agriceltis con-
cerned [1, 7]. Research, conducted in a numbees#arch
facilities all over the world, confirmed that croasd weeds
introduce chemical compounds to the environmenichvh
can be toxic both for themselves and for other isgeld 8,
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21]. It has been proved that the influence of wesdsrops
is connected not only with competition involvinght, wa-
ter and mineral components, but also with the thett
weeds secrete substances able to inhibit cropstigrand
development [3].

Cornflower Centaurea cyanud..) is weed species
densely infesting cereals crops in Poland. It cca@n fri-
able soils, rich in nutrients. This plant is exteyncompeti-
tive species for cereals. One plant produces epen 600
seeds which retain their germination capacity fetl®
years. Besides, achenes contained in the soilighbeur-
hood of cereals grains, germinate at the same times
competing from the very early stages of plant dewelent
for living space.

C. cyanusapart from being a common weed in cereals,

serves as raw material in cosmetic industry arnsl & me-
dicinal plant used in natural medicine [8]. Cherhicam-
position of cornflower flowers includes differenbro-
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pounds like: flavonoids, tannins, mineral saltgjamic ac-
ids, as well as anthocyanins, providing flowershvaharac-
teristic sapphire color [4]. Research carried quShrker et
al. [16] and Shoeb at al. [17] proved that cornBoweeds
are the source of numerous alkaloids.

Allelopathic substances contained in cornfloweanps
can be released through their leaching from abogmund
parts during rainfalls or during weed biomass dgoosi
tion after ploughing. Therefore, it is important koow if
allelochemicals released frof. cyanusplants can affect
crops and if their effect is of a stimulatory otilpitory
character.

The aim of was to determine the effect of différeon-
centrations of water extracts of cornflower on geation
capacity and early growth of winter whedt @estivumL).
and rye(Secale cerealk.) seedlings.

2. Material and methods

The experiment was conducted in laboratory cooolj

without access to light. After that period testtptimage
were recorded with the use of a digital cameraailete-
garding test procedure were described in Standaetad
ing Procedure [15].

In the experiments there was evaluated germinaton
pacity of cereals grains on the basis of the qtiaofi nor-
mally germinating seeds after five days from tlsewing.

Additionally, the length of roots and shoots wasas:
ured using the program of image analysis "Imagel§'oo
Then roots and shoots were isolated from graindeter-
mine their fresh matter.

Result tables contain values from 3 replicatiomsl a
from 3 experimental series. Research results wéest to
statistical analysis, applying ARM8 program andfedif
ences between means under different treatments eabre
culated by Least Significant Difference€SD) test at 5%
probability. The results regarding germination aiya
were transformed with the use of arc sin x function

3. Results

in Department of Weed Science and Tillage Systems i

Wroclaw, with the use of modified test of germioatiand
early growth of seedlings-PHYTOTOXKIY [15]. Investi-
gation was carried out in 3 independent experimeeides,
in three replications for each of them. Experimestaies
took place in two-week intervals.

The examined concentrations of extracts from corn-
flower leaves had a diverse impact on early groofttvin-
ter wheat. Water extracts of 5% and 12% concentisti
were characterised by a stimulatory effect on geation
capacity ofT. aestivungrains causing its increase by 8 and

C. cyanusL. seeds were collected from the fields lo-12% respectively, as compared to control objecatéad

cated in the region of Wroclaw. They were sown lastic
pots containing 2:1 mixture of peat and sand. Segsll
were culture in greenhouse conditions, at the teatpee of

with distilled water. The highest concentration %25
brought about an inhibitory effect on germinati@apacity
of grains (considerably decreasing it by 38% in parison

20-22C and air humidity ranging of about 70%. In four -to control data). The examined extracts from commér

leaf stage (BBCH 14) the plants were cut in ordeotitain
the material for water extracts.

plants significantly reduced the length of rootsetation to
control object. After application of extract contr@tions of

Out of the material prepared in that way there ewer5% and 12% the length of wheat roots ranged frortog0

weighed 5, 12 and 25 g of fresh matter. Then thterial was
guenched with 100 ml of distilled water and mix€te solu-
tion was left for 24 hours without access to ligittroom tem-
perature. After that time the extract was centaflignd ob-
tained solutions were applied in the experiment.

Tests plates were filled with calcined sand ofaarter
0,6-0,8 mm. The examined objects involved platexksd
with 25 ml: 5%, 12% and 25% water extract@fcyanus
On control object sand was soaked with 25 25 milief
tilled water. Then the plates were covered withgudiiter
and test seeds df. aestivum(of Bogatka cultivar) and.

mm, while in control object it amounted to about 8.
The shortest roots (30 mm) were recorded afteodhitction
of the highest extract concentration (25%). Watdragets
from C. cyanudeaves, applied in concentrations of 5% and
12% did not result in any significant differencesroots
weight, nor in the length and weight of shoots. \Otfle
highest extract concentration (25%) caused sigmificle-
crease in values of the examined parameters, aparenh
to control object (Table 1).

Water extracts from cornflower leaves of 5 and 12%
concentration did not influence germination capacftrye.

cereale (of Walet cultivar), in the amount of 5 units./per The examined extract of the highest concentratiunsed

one plate, were sown. Microbiotests, prepared aaogrto
the procedure mentioned above, were incubatedvierti
cal position for 5 days, at the temperature of 25l

inhibitory effect on germination capacity of testegreals
grains, decreasing it even by about 40% in comparte
control object.

Table 1. Effect of different concentrations of wat&tracts from leaf of cornflower oh aestivungrowth
Tab. 1. Wplyw réinych sgzeri wodnych wyeigdw z lsci chabra btawatka na wzrost T. aestivum

Extract concentration Germination capacity Lenght of root Weight of root Lenght of shootl Weight of shoot
(%) (%) (mm) (@) (mm) @
00 8la 82.6a 0.0396a 46.1a 0.0545a
05 96a 69.1b 0.0414a 45.0a 0.0522a
12 9la 61.9b 0.0346a 44.3a 0.0536a
25 50b 30.5¢ 0.0183b 22.3b 0.0256b
LSD (0.05) 17.36t 10.47 0.00589 9.15 0.00871
SD 8.69t 5.26 0.00295 4.58 0.00436
CV 13.42t 8.63 8.81 11.61 9.37

t — Mean descriptions are reported in transforrmegd dnits, and are not de-transformed; LSD — L8agtificant Difference;

SD - Standard Deviation; CV — Coefficient of vanat
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Source: own work Zrodlo: opracowanie wiasne
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Table 2. Effect of different concentrations of watgtracts from leaf of cornflower d& cerealegrowth
Tab. 2. Wplyw rénych sgzeri wodnych wyeigow z lici chabra bltawatka na wzrost S. cereale

Extract concentration Germination capacity| Lenght of root Weight of root Lenght of shoot Weight of shoot
(%0) (%) (mm) (C)] (mm) ()]
00 99a 74.9a 0.0443a 43.5a 0.0393a
05 100a 63.5b 0.0384a 41.1a 0.0414a
12 93a 46.1c 0.0299b 40.2a 0.0398a
25 57b 28.8d 0.0182c 29.5b 0.0273b
LSD (0.05) 13.87t 8.01 0.00770 4.01 0.00696
SD 6.94t 4.01 0.00386 2.01 0.00349
CcVv 2.79t 7.52 11.80 5.20 9.42

t — Mean descriptions are reported in transfornegd dnits, and are not de-transformed; LSD — L8agtificant Difference;

SD - Standard Deviation; CV — Coefficient of vanat

Tested concentrations of extracts from cornfloneaves
significantly differentiated the length of rye reofAfter ap-
plication of water extract of the lowest concerntmat(5%),
shortening of roots to 63 mm was observed. Theevédu
control object was 75 mm. The most considerabletshe
ing of roots was recorded for application of 25%raoct
concentration (29 mm). Statistical analysis of soaeight
did not show any significant differences in theuesd of
that parameter between control object (0.0443 @) the
lowest (5%) extract concentration (0.0384 g). Tingréase
in extract concentration resulted in significantrase in
rye roots weight. After application of 25% extracncen-
tration roots weight amounted to 0.0182 g. The stigated
extracts of 5% and 12% concentration did not sigaiftly
diversify the length and weight of shoots. Only laggtion
of the highest concentration (25%) caused signifigahi-
bition of shoots growth (Table 2).

4. Discussion

Numerous research conducted all over the worldgso
that plants provide the environment with differ&irtds of
allelopathic compounds, including phenols, alcapiftty
acids, terpenoids, flavonoids [2, 5]. They are ablénflu-
ence other plants in a negative or a positive i@y 21]. A
number of allelopathic compounds are provided layés,
roots, pollen, flowers, seeds and fruit [19, 20fisTis of a
considerable importance from agricultural point/gw. In
the crop — weed system allelopathy is a phenomeriich
can bring about changes in the composition of waes
cies, as well as disturbances in plants growthaelding.
Negative or positive effect of water extracts frameds on
crops depend on a weed species, concentrationtef g
tracts and acceptor sensitivity [6, 9, 11]. Forelitgrature
lacks information about the effect &f cyanusextracts on
crops. In Poland this species often causes weedtatfon
of winter wheat and rye plantations. At the sameetiit is
a serious problem as this weed is resistant to Sueniei-
cide [12]. Cornflower plants, without weed controdn be-
come a source of numerous allelochemicals introdl irce
the soil, can be of a negative or positive influepa crops.
Therefore, it is essential to conduct researcheierdhine
allelopathic relations between cornflower and crops

The results of conducted experiments indicate tdtim
tory and inhibitory effect of water extracts frath cyanus
leaves on germination and early growth of winteeatrand
rye. There was observed a slight stimulatory infee of
extracts (applied in 5% and 12% concentrationsyenmi-

Source: own work Zrodio: opracowanie wasne

of extract (to 25%) brought about significant intidn of
wheat germination capacity as compared to contoggab.
The influence of extract of cornflower on winter et was
more evident in the stage of early growth, whictpbaved
by obtained results regarding the length and weifinbots
and shoots. Observation involved inhibitory effetthe
examined extract on the length of wheat rootssjregtive
of extract concentration. The remaining paramed@snot
show such a strong differentiation under the inflee of
different extract concentrations. The weight oftlets, the
length and weight of shoots underwent significaitili-
tion only after application of 25% extract concatitn in
comparison to control object.

Stimulatory effect of extracts from plants on grgier-
mination and the height of. aestivumplants were ob-
served by Marwat and Khan [13]. Research by these a
thors proved that water extract from fresh leave® -
sopis juliflora increased germination capacity and the
height of winter wheat. Inhibitory influence of weatex-
tracts on germination and growth ©f aestivunmseedlings
were reported by Ankita and Chabbi [2]. The autlexam-
ined the influence of extracts from leaves, stent @ots
of 5 plant specie?halaris minorL., Chenopodium mulare
L., Sonchus oleracea, Cyanodon dactylonand Convol-
vulus arvensid. on grain germination capacity, as well as
the length and dry matter weight ©f aestivumseedlings.
The most considerable inhibitory effect on germioraiand
early growth of winter wheat resulted from applicatof
extracts from leaves and stemsRifalaris minorL. while
smaller effect was obtained for roots of that plaDther
research indicated stimulatory (at lower concerna) and
inhibitory (at higher concentrations) influencevediter ex-
tracts from Chenopidium albumleaves onT. aestivum
growth and yielding [11].

Research results presented in this work prove ttat
effect of extracts from fresh leaves ©f cyanuson germi-
nation and early growth &. cerealevas less considerable.
The grain germination capacity was differentiatedy doy
the highest extract concentration (25%), which wveas
pressed by significant inhibition of germinationpeaity.
Similar result was obtained when treati®gcerealegrains
with water extract fromGlicine maxshoots. Twenty five
per cent concentration of the examined extract ezhuis-
hibitory influence on rye germination [10]. Differeresults
were reported by Kwieaska-Poppe et al. [9], who proved
that water extracts from fresh matter@dlium aparineand
Matricaria maritimasubsp inodoradecreased germination

nation of T. aestivungrains. Increased concentration valuecapacity of rye grains even at 2% extract concéotra
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More significant allelopathic effect of extractsoin  [6] Jabeen N., Ahmed M.: Possible allelopathic effetshree
fresh leaves o€. cyanuswas visible in early growth of rye different weeds on germination and growth of maiZea
roots. A considerable inhibition of roots length swab- may$ cultivars. Pak. J. Bot., 2009, 41(4), 1677-1683.
served, irrespective of applied extracts conceptaand 71 Khalid S., Ahmad T., Shad R.A.: Use of allelopathyagri-
roots weight - after application of 12% and 25%raott culture. Asian J. Plant Sci., 2002, 1(3), 292-297.

. hibiti ff f th ined [8] Khammar A., Djeddi S.: Pharmacological and biolagic
concentration. Inhibiting effect of the examinedragt on properties of som€entaurea speciegur. J. Sci. Res., 2012,

shoots growth became visible only after the usthethigh- 84(3), 398-416.

est extract concentration. Significant shortenihgye roots  [9] Kwiecinska-Poppe E., Kraska P., Palys E.: The influence of
was observed also after application of 25% waténaek of water extracts fromGalium aparine (L.) and Matricaria
soybean shoots [10]. Research carried out by Kws&er maritima subsp. inodordL.) on germination of winter rye
Poppe et al. [9], involving the effect of water rext from and triticale. Acta Sci. Pol, Agricultura, 2011,2)) 75-85.

Galium aparinefresh matter on the length of the first leaf[10] :\_""jl‘hTOOdéadeng:' Mahmﬁc))dzaotlﬁh M.: Alleltppathic(;jpoti
of rye, confirmed inhibiting effect of the examinestract 1al of soybeanflicine maxt..) on the germination and roo
(at i)t/s highest Concentratiogn 8%). growth of weed species. Life Sci. J., 2013, 10§3)69.

di haldi | | [11] Majeed A., Chaudhry Z., Muhammad Z.: Allelopathic as
According to Khaldi et al[7], plant roots were more sessment of fresh aqueous extract€lénopodium alburh.

sensitive to allelochemicals than shoots. Reseeeshlts for growth and yield of wheaffiticum aestivunL.). Pak. J.

obtained by the authors and presented in this athokv to Bot., 2012, 44(1), 165-167.

confirm the thesis. [12] Marczewska-Kolasa K., Rola H.: Methods of identifica of
Centaurea cyanubiotypes resistant to chlorsulfuron in South

5. Conclusions — West Poland. J. Plant Dis. Protect. Special 136€lkeStutt-

gart, 2008, 87-90.

Marwat K.B., Khan M.A.: Allelopathic proclivities ofree
leaf extracts on seed germination and growth ofawtznd
wild oats. Pak. J. Weed Sci. Res., 2006, 12(4),26%-

[14] Ohno T., Doolan K.L.: Effect of red clover decomjpios on
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weight of shoots was observed only after applicatibthe with higher plants. Standard Operational ProcediNaz-
highest concentration. areth, Belgium: MicroBioTest Inc., 2004.

4. The water extracts frof. cyanusresh leaves can have [16]Sarker S. D., Laird A., Nahar L.: Indole alkaloittem the
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