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RESPONSE OF CORN SEEDLINGS ON MINT AND CARAWAY ESSENTIAL OILS IN
MICROENCAPSULATED FORMULATION

Summary

The aim of this study was to examine the influesfceicroencapsulated essential oils (EO) of pepjmrrfMentha x
piperita L.) and caraway (Carum carvi L.) on thati@ growth and metabolism of maize (Zea mays EQur concentra-
tions EO of caraway and peppermint, i.e. 3, 30, 808 3000 mg-t, were used. The influence of EO on the energgmef g
mination of seeds, germination coefficient, biometf seedlings, infection of seedlings by bliglttj\ity of amylases in
seeds, electrolyte leakage and efficiency of plystem Il were assessed. The results of an expearshewed that EO only
in the highest concentrations have an inhibitofigetfon the initial growth of maize. Concentrationghe range of 3-300
mg-L"* do not limit the growth of maize seedlings. TheiiE@he lowest concentrations have a limiting eff@stthe patho-
genesis of seedling blight caused by microorganishthe natural seed microbiome. Based on the t&sitlcan be con-
cluded that peppermint and caraway EO have potkatia natural herbicide in the maize protection.
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REAKCJA SIEWEK KUKURYDZY NA MIKROKAPSULKOWANE OLEJK | ETERYCZNE

ZMIETY | KMINKU
Streszczenie

Celem bada bylo okrglenie wpltywu mikrokapsutkowanych olejkdw eteryckngleO) z mity (Mentha x piperita L.)
i kminku (Carum carvi L.) na pogikowy wzrost i metabolizm kukurydzy (Zea maysW.Qdawiadczeniu wykorzystano
cztery sgzenia olejku mitowego i kminkowego, tj. 3, 30, 300 i 3000 rifgQceniono wplyw EO na eneggkietkowania
nasion, wspotczynnik kietkowania, biometsiewek, porzenie zgorzel siewek, analiz aktywngci amylaz w nasionach,
wyciek elektrolitow i wydajn@ fotosystemu Il. Na podstawie otrzymanych wynikidvieedzonoze EO tylko w najwéy
szych stzeniach maj hamuj;cy wplyw na poegkowy wzrost kukurydzy.¢Senia w zakresie 3-300 mg*nie ograniczaj
wzrostu siewek kukurydzZgO w najniszych stzeniach maj dziatanie ograniczajce patogenezzgorzeli siewek wywota-
nej przez mikroorganizmy naturalnego mikrobiomuioras Podsumowyg, naley stwierdzf, ze kukurydza wykazuje
mniejsz wrazliwosé na zastosowane EOznthwasty. W zwiku z tym EO z ity | kminku maj potencjat jako naturalne
herbicydy w ochronie kukurydzy.

Stowa kluczowekukurydza, olejek eteryczny,dtai, kminek, kietkowanie, wzrost siewek

different EO. Amri et al. [4] demonstrated that endhan
80 EO and in excess of 50 constituents has sonetotic
Essential oils [EO] are very promising substancesctivity. Due to the structural diversity and comypty of

1. Introduction

among natural products, that exhibit a wide ranfjbio-
logical effects [12, 41]. Therefore, they may berieh
source of biocidal substances for agricultural 38 43].

their constituents, EO affect a variety of biocheathiand

physiological processes in treated plants [4].
The efficacy of field applications of EO dependssev-

EO are natural products of secondary metabolism.aeO eral factors, i.e. the developmental stage of thatp, the
usually a multi-component mixture of monoterpenal anweather conditions at the time of spraying andpthgsico-

sesquiterpene compounds and their derivatives [R#se

chemical properties of the applied mixture [7, 1®Jwas

compounds may have the character of aldehydes;sgsteshown that EO, such as caraway and peppermintrody,

terpenes, ketones, alcohols, lactones, or chemicalgin-
ing sulfur or nitrogen, i.e. amines and thiols [8lain com-
pounds in EO are highly volatiles with low persiste [27].
Very large diversity of the chemical compositionE® af-
fects on of their biological activity [8, 33]. Thefore, EO
with these properties are a good alternative tdacépg
classic pesticides, mainly natural fungicides andecti-
cides [1, 14, 20, 23, 25]. These oils are safeott ithe en-
vironment and the consumers because of their loweity
and rapid breakdown in the environment [19, 37dRdly,
much attention has been paid to the phytotoxicmieof
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have herbicidal potential [15, 26]. Both oils cantaom-
pounds with high phytotoxic potential, i.e. monogepated
monoterpenes [33]. Last experiments show that skrgn
metabolites and chemical compounds existing inaeigror
EO of some plants have allelopathic effects on ggchi-
nation and seedling growth in studied plants [213B, 16,
18, 24, 28, 30, 31, 32]. Because of possible use®fas
natural herbicide in weed controlling, they maydomsid-
ered as valuable alternatives in organic farmir@j.[3

The aim of this study was to examine the influesfoeep-
permint Menthax piperita L.) and carawayGarumcarvi L.)
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EO on maize {ea mayd..) in seeds germination, seedlings

growth and some aspects of early plants physiology.

2. Methodology
2.1. Characteristics of essential oils

The EO of carawayQarum carvilL.) and peppermint

Shoot and root lengths were measured for eachr trea
ment and control after one week (Ist term of experit)
and two weeks (lind term of experiment). The petage
share of seedlings infected (seedlings with lesamsering
more than 50% of the seedling area, including plaoim-
pletely destroyed) by naturally occurring microarizms
that cause seedlings blight was also calculatefl [a%he

(Mentla x piperita L.) were used in the present study. Theassessment of the infection, an additional varidiontrol

EO of caraway fruits herb was purchased from thedw
na Oil company (Wroctaw, Poland). The EO of peppetm
was prepared on industrial scale by the Hoffmananta
company (Zamystowo, Poland). The final content axfae
way or peppermint EO in the microcapsules was nredsu
by hydrodistillation method (20 g of microcapsutes 60
mL of water) for 3 h using Clevenger-type apparafiuse
volume of separated EO was multiplied by the spedién-
sity of the microcapsules, which was determinedthwy
pycnometer method.

was used - standard chemical surface sterilizaifoseeds
with sodium hypochlorite.

After 24 hours of the experiment, 3 grains weleta
from each replicate, which were then frozen at €0The
operation was repeated after 48 hours and 72 hdimes.
collected grain was then used to analyze the #gtivf
amylases and protein content during germinatioseafds.
During growth in pots electrolyte leakage and tisl ffi-
ciency were measured.

Leave pieces collected from each treatment wezeepl

The chemical composition of the EO in the microcapinto vials containing 10 cinof ultrapure water (one piece
sules was analysed by gas chromatography-mass sp@er vial), and shaken (100 rpm) at 20°C. After 24lactri-
trometry (GC-MS) using a Trace GC Ultra apparatusal conductivity (E1) was measured using a condueter

(Thermo Electron Corporation, Milan, Italy) equigpwith
a flame ionization detector (FID) and MS DSQ |l etzor.
A simultaneous GC-MS/FID analysis was performedhgisi
an MS-FID splitter (SGE, Analytical Science).

(Cl 317, Elmetron, Poland). The vials with samplesre
boiled for 5 minutes and shaken again for 24 hass
above. Then conductivity was measured again andlthe
tained values represented total ion content (E2) (& the

The chemical analysis showed that the microcapsuldeave pieces. Membrane permeability was expressehbea
contained 7.5 % caraway EO and 12.5 % peppermint E@ercentage of total EL [17]. All measurements wpee-
The caraway EO was composed of d-limonene (40 %) arformed for 10 biological replicates.

carvone (60 %). The peppermint oil was composeaerf-
thone (21 %) and menthol (53 %).

2.2. Experiment design

The experiment was performed on the mataa(may4..)
cv. Ronaldinio. The seeds were obtained from thgeEmen-
tal Station of the University of Agriculture in RByy near Kra-
kow (Poland). They were characterized by a weidht090
grains (WTG) amounting to around 380.25 g. 11-camditer
glass Petri dishes were lined with a Whatman fijtger (ster-
ilized at 122C, 25 min) moistened with 5 ml of the oils solu-
tion and distilled water as control. Four concditrs of
caraways and peppermints EO, i.e. 3, 30, 300 adad 8L,
were used. The solutions were prepared prior toemeeri-
ment. Then, 25 seeds were uniformly placed in adish.
Three replications were used for each treatmerit.PAtri
dishes were randomly placed in a growth chambant®ivere
grown for the first three days in the darknesstaed in plas-
tic pots filled with perlite exposed to light (2@dmol m? s*
PPFD, at temperature of 25/20°C day/night.). Plamse
monitored daily and moistened with EO solutions aater as
needed.

Macroscopic evaluation of germination of maizedsee
was performed. Seed germination energy - the ptagen
of sprouted seeds after 24 h was calculated. Seeding-
tion degree - germination coefficient was evaluatsdally
for the length of the hypocotyl seeds, where: b sprout,
2 hypocotyl length up to 1 cm, 3- hypocotyl lengtrer 1
cm. The germination coefficient was calculated ra@2 h
according to the formula:

V= nix1+n2x2+n3x3

N
where: V = germination coefficient, nx = a numberre-
sponding to each hypocotyl length estimation, Notalt
number of seeds.
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The amylases activity in the seeds was measuted af
24, 48 and 72 hours of treatment. Seeds collected éach
treatment were homogenised in 0.1 M phosphate b(gfé
7.0), and then centrifuged at 16,000x g for 5 rAisample
of tissue extract (70 pl) was added to 630 pl afsphate
buffer (pH 7.0) and shaken with 3& of 2% Lugol's re-
agent and 7QiL of 0.5% soluble starch solution. Absorb-
ance was recorded for 5 minutes at 595 nm usingdlto-
spec 2100 Pro spectrophotometer (Amersham Biosesenc
Little Chalfont, UK). Protein content was determidnac-
cording to Bradford [9] using bovine serum alburtB®SA)
as a standard. All measurements were performe@ foo-
logical replicates.

Efficiency of photosystem Il was estimated by neeah
chlorophylla fluorescence with a Plant Efficiency Analyzer
(PEA) (Hansatech Ltd. King's Lynn, UK). The measure
ments were carried out after a 30 min adaptatiole@fes
to darkness. Phenomenological energy fluxes weleica
lated as following: energy absorption by anten#eBS/CS
= Fm); energy flux for trapping (energy transfertech re-
action center) (TRCS = Fv/Fm (ABS/CS)); energy flux
for electron transport (BICS = (K/F,) (1-V;) Fm); energy
dissipation (energy loss as heat) {B5S = (ABS/CS)-
(TRy/CS)), where CS is the cross-section of the sample
[38]. The measurements of leaf PSII efficiency wpes-
formed on the youngest fully developed leafs inrdflica-
tions (1 leaf per replication).

2.3. Statistical Analyses

The collected data were analyzed using a two-way
ANOVA (STATISTICA 12 software, StatSoft, Tulsa, OK,
USA). Means and standard errors were calculatedan-Co
parisons of the treatments were carried out acegrdd
Duncan’s multiple range test at p < 0.05.
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3. Results and discussion

Our results showed that EO does not have a statlgt
significant effect on energy of germination of seed Z.
maysafter 24 h (Fig. 1). However, there is a tendetwy
limit this process, especially after treatment eéds with
peppermint oil in concentration 30 mg-and 3000 mg-t.
Energy of germination was in the range of 64-78%.

On the basis of a 3-point scale, the germinatioeffc
cient was calculated, which took into account tim@ant of
sprouted seeds and the length of individual spr(kits 2).
The lowest germination coefficient compared to oaint

95

was obtained in maize treated with peppermint E©@oin-
centration 3000 mg:t. Among of all treatments, the high-
est germination coefficient was obtained in maizated
with caraway EO in 3 mgtand peppermint EO in 30
mg-L? but it was not statistically significant comparexd t
the control. It can be concluded that maize reaetmtively
to high concentrations, while low concentrationsyraaen
stimulate its germination.

Evaluation of the seedling morphology of maizddiat
ing treatment with EOs indicated that both oilddw con-
centrations not have statistically significant effen length
of shoots and roots compared to control (Fig. 34nd
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Fig. 1. Effect of peppermint and caraway essentlahdested concentrations on the energy of geatiim of maize seeds. Ab-

breviations for all figures: P — EO of peppermilftiehitla x piperi

taL.), C — EO of carawayJarum carviL.); 3, 30, 300, 3000 —

concentration of EO [mg]. Values marked with the same letters do not difgnificantly ata=0.05

Rys. 1. Wplyw raiowego i kminkowego olejku eterycznego w testowaslggbniach na energikietkowania nasion kukurydzy.
Skréty dla wszystkich rysunkéw: P — EQtmivy (Mentla x piperita L.), C — EO kminkowy (Carunmgd..); 3, 30, 300, 3000 —
stezenia olejkéw [mg]. Wartasci oznaczone tymi samymi literami nieni sie istotnie statystycznie na poziomi0,05
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Fig. 2. Effect of peppermint and caraway essentiahdested concentrations on the germination ficieht of maize seeds. Val-
ues marked with the same letters do not differ fiantly ata=0.05

Rys. 2. Wptyw reiowego i kminkowego olejku eterycznego w testowastygbniach na wspotczynnik kietkowania nasion kuku-

rydzy. Wartéci oznaczone tymi samymi literami nieémiy sie isto
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Fig. 3. Effect of peppermint and caraway essentléhdested concentrations on the length of sh@dtmaize seedlings. Values

marked with the same letters do not differ signifitpata=0.05

Rys. 3. Wptyw raiowego i kminkowego olejku eterycznego w testowastyitniach na dtugé’ pedéw siewek kukurydzy. Warto-
sci oznaczone tymi samymi literami ni€mig sie istotnie statystycznie na poziomar0,05
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Fig. 4. Effect of peppermint and caraway essenilahdested concentrations on the length of raaftgnaize seedlings. Values

marked with the same letters do not differ signifitpata=0.05

Rys. 4. Wplyw raiowego i kminkowego olejku eterycznego w testowastygdniach na diugé’ korzeni siewek kukurydzy. War-
tosci oznaczone tymi samymi literami ni€mig sie istotnie statystycznie na poziomar0,05

EO of peppermint and EO of caraway in concentmatio pg-mL” dose of EO of balm, caraway, hyssop, thyme and ver-
3000 mg-[* inhibited the length of shoots and roots comparedtain, with a 100% inhibition. Almost all oils, exwteanise,

to the control in Ist term of experiment. The teehtoots were
almost 4 times shorter in comparison to controto8imilar
results were obtained for the second term of tiperxent -
the oils used only in the highest concentrationsed inhibi-
tion of shoots and roots length.

Previous studies have referenced that EO canitiaible-
lay seed germination and inhibit seedling growsipeeially in
the highest concentrations [4]. De Almeida et Hb] [studied
the effect of EO on model plants ileepidiumsativum,Lac-
tuca sativaandRaphanus sativuEOs were applied at the fol-
lowing doses: 2.5, 1.25, 0.625, 0.25, 0.125 anél @PmL™.

basil and fennel, inhibited by 100% the germinatibR. sati-
vus at the highest dose tested. Vervain, balm, caraamal
oregano EO totally inhibited germination lofsativaat doses
of 1.25 and 2.;xg-mL™. Rolli et al. [33] assessed the inhibition
of Solanum lycopersicugermination by 25 EO in an in vitro
test. They ranked peppermint oil as having medigtivity
(66.4% inhibition). De Fao [16] studied activity mfe EO on
R. sativuggermination and radicle growth in light and dagshe
in concentrations from 62.5 to 500 mg-miThe oil inhibited
both germination and radical elongatiornFofsativusseeds, in
a dose-dependent manner, with the effect beindfisamtly
more effective in the dark. Germination was inkeiiby 60

The germination off. sativumwas drastically affected by a 2.5 and 77%, respectively in light and in darknesghathighest
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concentration tested (500 mg-Mland by 30-49% at lowest
one (62.5 mg-mt).

EOs have strong phytotoxic activity to weed sesdnina-
tion, therefore, may be regarded as potential soofbioher-
bicides. Cavalieri and Caporali [13] showed anhitbry ef-
fect of peppermint and lavender oils against thengetion of
seven weeds. Each EO was tested at 4 concentraticos-
trolled conditions (germination chamber: 0.2, (163, 5.4

germination and seedling growth was most effectii®0%
inhibition when compared with other tested EO.

In our study, compared with the control groupdiegs
treated with EO of peppermint and caraway at 3000L™n
were characterized by a smaller contribution ofrthenber of
maize leaves in Ist term of experiment. In conti&&l in con-
centrations 3-300 mg“Ldid not have a significant impact
compared to the control (Fig. 5). Synowiec et40] [showed

mg-L%) and in semicontrolled condition (green house; 5.4that the highest doses of microencapsulated EQpépepnt,

21.6, 86.4, 345.6 mg). It was shown that the inhibition abil-
ity does not differ among the oil types but it degie on their
concentration. The germination rate decreased ingtieasing
concentrations of EO. In controlled conditions, thighest
concentrations (1.8 and 5.4 mg)Lltotally inhibited the seed

caraway and calamus) caused the greatest decreabe i
number and dry weight of the tested weeds. In themaize
shoots were significantly less sensitive to theros@psules
compared to the roots.

Our study showed lowest infection of seedlingssediby

germination.EO also reduced the seed emergence in gredalight after treating the seeds with peppermint@ardway EO

house (semi-controlled conditiont highest concentration
(345.6 mg-IY) the germination cAmaranthus retroflexusas
inhibited by 100%, 84% and 82% with cinnamon, lalen
and peppermint EO, respectively. In tuBinapis arvensis
seed germination was inhibited in the range of &%y
tested oilsLolium perennavas inhibited by 57% by the cin-

in concentration 3 mgt.and effect was the same like chemi-
cal stylization with sodium hypochlorite (Fig. 8hese results
indicate that the EO in the lowest concentratioay tmave a
limiting effect on the pathogenesis of seedlingltilicaused by
microorganisms of the natural seed microbiome.

As show in Fig. 7, in Ist term, a significant iease in elec-

namon, 53% by peppermint and 48% by lavender E@a-Ca trolyte leakage was observed in the leaves of E@éd plants,

way oil was the most effective among ten EOs testginst
the germination of seven weed seeds [5]. Rahinail.ef30]
showed that both ethanol and EO with wild mint,iamwler,
fennel, green cumin and caraway prevented seedrgeion
of Vicia villosa Also all EOs and ethanol decreasedhyrus

while the greatest increase, reaching a value €726, was
noted under the influence of EO of peppermint incemtra-
tion 300 mg-L}, EO of caraway 30 mg“Land 3000 mg-L

The significantly higher disintegration of cellularembranes
observed in the first period compared to contra whibited

annuusgermination compared with control. All EOs exceptin the second observation period, when the elgtérddakage

for the fennel EO were more effective on inhibitiregthyrus
annuusgermination than ethanol. Azizi et al. [6] repdrtbat
black cumin and cumin EO inhibited the germinatiéiBro-
mus tectorumCentura ovinaand Descurainia sophiagspe-
cially at high concentration. Saharkhiz et al. [8dnonstrated
that germination rate and seedling length.operenneFes-
tuca arundinaceaand Cynodon dactylonwere significantly
reduced by EO obtained from carom seeds, cumiejmasy
and Shirazi thyme. The highest effect was obseat&00 and

with maize did not differ from the control. Earlgudy reports
that EO and their constituent inhibit weeds and esqufants
through electrolyte leakage. In the leaf tissueBatfinochloa
crus-galli and Calyptronoma occidentaligreated with ar-
temisia EO [21], observed a dose-dependent incinasec-
trolyte leakage. Singh et al. [36] observed thiafrom lemon
eucalyptus caused severe electrolyte leakage frisks @f
Parthenium hysterophorugworkoski [42] reported that EO
from summer savory, red thyme, clove, and cinnacarse

400 pl-Lt. Moreover, the impact of Shirazi thyme EO on seedapid electrolyte leakage Faraxacum officinaliseaf.
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Fig. 5. Effect of peppermint and caraway essenilahdested concentrations on the number of leafesaize. Values marked

with the same letters do not differ significantlyuaf.05

Rys. 5. Wplyw reiowego i kminkowego olejku eterycznego w testowasiygmiach na liczb lisci kukurydzy. Wartfzi oznaczo-
ne tymi samymi literami nie £0iq sie istotnie statystycznie na poziomie0,05
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Fig. 7. Effect of peppermint and caraway essentiahdested concentrations on the electrolyte épkof leaves of maize. Values
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Rys. 7. Wptyw rafowego i kminkowego olejku eterycznego w testowasigébniach na wyciek elektrolitéw zdi kukurydzy.
Wartasci oznaczone tymi samymi literami niemi sie istotnie statystycznie na poziomie0,05

The influence of tested EO on amylases activigwsd
Fig. 8. Amylases activity in seeds was lower thamtrol in all
EO treatment after 24 h of treatment. The highestentra-
tions caused the strongest inhibition of testecrpater. The
initial inhibition of amylase activity was short«id, however
and at the 3rd observation term, EO of peppermiebncen-
trations 3 mg-* and EO of caraway in 30 mg‘Lcaused
higher amylases activity.

Values for the specific energy fluxes calculatesl £S
(ABS/CS), energy flux for trapping (energy transgdrto reac-
tion centre) (TRCS), energy flux for electron transport

plants cultured in the presence of EO of peppermist lower
than control in Ist term of experiment (Fig. 9A).lInd term,
only EO of peppermint in 3000 and 300 my-dtatistically
significant decreased ABS/CS and RG{C®spectively (Fig.
9B). In turn, caraway EO in the lowest concentratistatisti-
cally significant decreased &£S and RC/C$ and ABS/CS
(Fig. 10A and 10B). Synowiec et al. [40] showed tha mal-
todextrin and microencapsulated EO of peppermantaweay
and calamus at the highest doses decreased ttieeretaoro-
phyll content of the leaves in maize. The applicaf Ar-

temisiaEO on weed plants caused losses in chlorophyl con

(EtyCS), the trapping of photons by the antenna systementrations in the leaves [213ingh et al. [35] demonstrated
(Dig/CS), density of the active reaction centers pep CShat citronellol, citronellal, cineole and linaloeduced chlo-

(RC/CS) and number of active reaction centers (RG)AB
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Fig. 8. Effect of peppermint and caraway essentlahdested concentrations on the amylases agtivitseeds of maize. Values
marked with the same letters do not differ signifitgato=0.05
Rys. 8. Wptyw raiowego i kminkowego olejku eterycznego w testowastysniach na aktywn@ amylaz w ziarnach kukurydzy.
Wartasci oznaczone tymi samymi literami nieniy sie istotnie statystycznie na pozionae0,05
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Source: own work Zrodio: opracowanie wiasne
Fig. 9. Effect of peppermint essential oil in test®ncentrations on the efficiency of photosystém Ist (A) and lind (B) term of
experiment. Values marked with the same letters ddliffer significantly atu=0.05
Rys. 9. Wplyw miowego olejku eterycznego w testowanyebesiach na wydajné@ fotosystemu Il w | (A) i Il (B) terminie do-
swiadczenia. Wartfti oznaczone tymi samymi literami nienmiy sie istotnie statystycznie na poziomie0,05
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Source: own work Zrodio: opracowanie wlasne
Fig. 10. Effect of caraway essential oil in testedaentrations on the efficiency of photosystemmlist (A) and lind (B) term of
experiment. Values marked with the same letters ddliffer significantly ata=0.05
Rys. 10. Wplyw kminkowego olejku eterycznego wwiasteeh stzeniach na wydajn@ fotosystemu Il w I (A) i Il (B) terminie
doswiadczenia. Wartéi oznaczone tymi samymi literami nieéni sie istotnie statystycznie na poziomie0,05
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4. Conclusions

1. Only the highest concentration of peppermint anchway
essential oils from tested (3000 mg)Lcauses a significant de-
crease in germination and initial growth of maieediings.

2. Concentrations of peppermint and caraway esserilgainathe
range of 3-300 mg-t.do not limit the growth of maize seedlings.
3. The peppermint and caraway essential oils in cdrat@nms
(3 mg-L) may have a limiting effect on the pathogenesiseefling
blight caused by microorganisms of the natural seietbbiome.

4. The observed increased disintegration of cell mamés of
maize seedlings under the influence of all conegiotn tested was
temporary and after the following week this paramelid not dif-
fer from the control.

5. EO from peppermint at concentrations 3 and 30 fhgre-
duced the activity of amylases after 24 hours hatdased their
activity after 72 hours of seeds germination.

6. Maize is not sensitive to low concentrations of pegmint and
caraway essential oils unlike the weeds as indidatiine literature.
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