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SUMMARY

The knowledge on weeds biological characteristics is
necessary for the assessment, planning, and application in
adequate weed management. The study aimed to analyze
the relationships among basic biological characteristics of
weeds (root depth, flowering period, pollination, seeds/
fruits dispersal, seed longevity, dominance in situ, weed
categories according to habitat type, and influence of
anthropogenic factor on habitat conditions) in organic
medicinal and aromatic plants (MAPs): basil (Ocimum
basilicum L), marigold (Calendula officinalis L.), dill
(Anethum graveolens L), and peppermint (Mentha x
piperita L.). Correlation analysis and PCA were performed
to determine the relationships among the studied
characteristics. A total of 15 weed species were identified, of
which sporadically invasive Sorghum halepense, and
potentially invasive species in Serbia Amaranthus
retroflexus and Datura stramonium were the most
numerous.  Significant dominance of weed-ruderal
therophytes indicates a strong anthropogenic influence and
instability of weed flora in all studied MAPs organic crops.
Significant  correlations among certain  biological
characteristics of weeds were found. Weeds that started
flowering earlier had a longer flowering period and shorter
seed longevity. Therophytes grew scattered or in smaller
groups compared to geophytes that were present in larger
groups. Most weeds disperse seeds/fruits by anemochory
and/or zoochory. The invasiveness of weed species was
positively correlated with the dispersal of seeds/fruits.
Flowering period and weed life forms have been singled out
as the main factors separating weeds in the MAPs organic
crops. The best time to apply weed control measures is late
spring/early summer since most of the present weeds begin
to bloom in June or July. The results of the research can be
useful to assess the occurrence of weed species in organic
MAPs which is crucial for the timely implementation of
weed control measures.
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INTRODUCTION

Great attention has been paid to organically
produce medicinal and aromatic plants (MAPs),
which are widely used in traditional and
conventional medicine due to their specific
properties (WHO, 2003; Berenji, 2009;
Honermeier et al., 2013; Cervenski et al.,, 2013).
There are about 700 species of wild MAPs in
Serbia, and about 300 different species are
cultivated. Many MAPs are not competitive to
weeds, which are a major problem in these
crops (Schippmann et al, 2002; Carrubba &
Catalano, 2009). In a crop, weeds affect the
metabolic processes of plants, cause problems
during harvest, reduce the quality and yield of
cultivated plants, and can contaminate the raw
material (Carrubba & Militello, 2013; Hendawy
et al, 2019). Environmental conditions, plot
location, applied weed control measures, type
of crops, and method of cultivation affect the
composition of weed flora (Roschewitz et al.,
2005; Barroso et al,, 2015; Pinke et al.,, 2016),
and their control in organic production is done
without the use of herbicides (Barberi, 2002;
Kovacevi¢ & Momirovi¢, 2004). Identification of
dominant weeds and understanding their bio-
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ecological characteristics can be useful for
assessing their occurrence in a crop: for predicting
the invasiveness of weed species and therefore for
planning and timely implementing weed
management plan (Vrbni¢anin et al., 2004).

The study aimed to identify weeds in MAPs
organic crops: basil, marigold, dill, and
peppermint, and to assess basic weed's
biological characteristics. This would be the

starting point for planning, selection and timely
application of weed control.

MATERIAL AND METHODS

Floristic study of weeds was performed in
organic crops of basil (Ocimum basilicum L.),
marigold (Calendula officinalis L.), dill (Anethum
graveolens L), and peppermint (Mentha x

Table 1. Transformation of the analyzed biological characteristics of weed species in organic MAPs

Biological characteristics

Abbreviations

Transformations and meanings

plant life forms

T, therophytes
T, therophytes
Gs geophytes
G, geophytes

LF

weed category by habitat type
(ecological group)

segetal weed
weed-ruderal plant
ruderal plant

EG

root depth

<25cm
25-50 cm
50-100 cm
100-200 cm

RD

start of flowering

February
Jun
July

FT start

end of flowering

September
October
November

FT end

flowering period

2 months
3 months
4 months
9 months

FP

pollination

self-pollination

anemophily

zoophily

self-pollination and zoophily
anemophily and zoophily

PO

dispersal of seeds and fruits

anemochory

zoochory

anemochory and zoochory
anemochory and antropochory
zoochory and antropochory

DI

seed longevity

1-5 years
5-20 years
20-100 years
>100 years

SL

dominance in situ

scattered
scattered or in small groups
in larger groups

DO

influence of anthropogenic factor on site condi-
tions

moderately urbanophobous
urbanoneutral

moderately urbanophilous
strictly urbanophilous

AF

invasiveness

noninvasive species
potentially invasive species
sporadically invasive species
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piperita L.). The study was set at the Alternative
Crops and Organic Production Department of
the Institute of Field and Vegetable Crops,
National Institute of the Republic of Serbia, Novi
Sad, during the vegetation periods of 2014, 2015,
and 2016. The plots were located at
Department’'s experimental field in Backi
Petrovac. The species names, family affiliation,
and life forms are given according to Canak et al.
(1978), Takhtajan (2009), and Ujvtrosi (1973),
respectively. Analyzed biological characteristics
of weeds were: root depth, time and period of
flowering, types of pollination and dispersal of
seeds/fruits, seed longevity, dominance in situ,
weeds category according to habitat type
(ecological group), and influence of
anthropogenic factor on habitat conditions. All
investigated characteristics are given according
to Landolt et al. (2010), while the weeds category
is given according to Canak et al. (1978).
Chenopodium  album, Portulaca oleracea,
Solanum nigrum, and Sonchus arvensis
pollination was given according to Flacher et al.
(2015), Zimmerman (1977), Lebecka (2009), and
Otto et al. (2017), respectively. The invasiveness
of the species for the area of Serbia is given
according to Lazarevi¢ et al. (2012). The species
abundance was shown by the Whittaker rank-

abundance diagram, where the abundance of
each species is given as the logarithm of
abundance (Soli¢, 2015). Correlation and
principal component analyses (PCA) were
performed to determine the relationships among
the biological characteristics of the weeds. The
analyzed variables were transformed prior to
correlation analysis as is shown in Table 1. All
statistical analyses were performed using
STATISTICA 13.2 software (Dell™ Statistica™ 13.2
University License).

RESULTS AND DISCUSSION

Weed flora - composition and biological

characteristics

During the study of weed flora in organic
crops of basil (Ocimum basilicum L.), marigold
(Calendula officinalis L.), dill (Anethum
graveolens L.), and peppermint (Mentha x
piperita L.), a total of 15 species were found
(Table 2). The least weed species were found in
basil and marigold (7 species). They are followed
by the peppermint (10 species) and dill (13
weeds). All weeds belong to 9 families. Only two
species - Setaria glauca and Sorghum halepense
of narrow-leaved weeds (Liliopsida) from the
family Poaceae were found. All other weeds

Table 2. Weed species in the studied MAPs organic crops

Plant species Family EPPO code basil potmarigold dill peppermint
Amaranthus retroflexus L. * Amarathaceae AMARE + + + +
Chenopodium album L. Chenopodiaceae CHEAL + + + +
Chenopodium hybridum L. Chenopodiaceae CHEHY +
Convoluvulus arvensis L. Convolvulaceae CONAR + +

Datura stramonium L. * Solanaceae DATST + + + +
Stenactis annua (L.) Nes. Asteraceae ERIAN + +
Bilderdykia convolvulus (L.) Dum. Polygonaceae POLCO + + +
Polygonum hydropiper L. Polygonaceae POLHY + + +
Portulaca oleracea L. Portulacaceae POROL +

Senecio vulgaris L. Asteraceae SENVU + + + +
Setaria glauca (L.) Beauv. Poaceae SETPU +

Stachys annua L. Lamiaceae STAAN +

Solanum nigrum L. Solanaceae SOLNI +

Sonchus arvensis L. Asteraceae SONAR + +
Sorghum halepense (L.) Pers. ¥ Poaceae SORHA + + + +
Species richness (S) 9 15 7 7 13 10

Legend: * - potentially invasive in Serbia; ** - sporadically invasive in Serbia; + - present species; EPPO - European and

Mediterranean Plant Protection Organization
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Figure 1. Whittaker rank-abundance diagram of weed species in the MAPs organic crops

belong to broadleaf weeds (Magnoliopsida).
Special attention must be paid to invasive weeds
that spread intensively and cause problems to
crops and indigenous flora. According to
Lazarevi¢ et al. (2012), Sorghum halepense is
sporadically invasive, while Amaranthus
retroflexus and Datura stramonium are
potentially invasive species in Serbia. These
weeds were also the most numerous in the
studied organic MAPs (Figure 1), and knowledge
on their biological and ecological characteristics
makes possible to predict their invasiveness
(Vrbnicanin et al., 2004).

The presence of weed life forms in the
studied agroecosystem is a good indicator of
their adaptation to synecological environmental
factors (Ljevnai¢-Masi¢ et al., 2015). Life forms
were similar in all the MAPs organic crops,
which indicates similar habitat conditions.
Namely, the biological spectrum of weeds
showed a dominance of T, therophytes in all
four studied crops, while geophytes were less
present (Figure 2), which is in accordance with
the reports of Dzigurski et al. (2012) and Brdar-
Jokanovi¢ et al. (2017). The significant presence
of therophytes is characteristic of ecosystems
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Figure 2. Weed biological spectrum in the MAPs organic crops
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Table 3. Biological characteristics of weed species in organic MAPs

Plant species LF EG
Amaranthus retroflexus L. * T4 KR
Chenopodium album L. T4 KR
Chenopodium hybridum L. T, KR
Convoluulus arvensis L. Gs KR
Datura stramonium L. * T, R

Stenactis annua (L.) Nes. T, R

Bilderdykia convoluulus (L.) Dum. T, S

Polygonum hydropiper L. T4 KR
Portulaca oleracea L. T, KR
Senecio vulgaris L. T KR
Setaria glauca (L.) Beauv. T, KR
Stachys annua (L) L. T, KR
Solanum nigrum L. T, KR
Sonchus arvensis L. Gs KR
Sorghum halepense (L) Pers. ** G KR

RD (cm) PO DI >t DO AF
(years)
50-100 ane, zoo 200 20-100 3 upht
25-50 ane 200 >100 2 upht
50-100 ane z0o,ant  20-100 1 upht
100-200  sp, zoo Z00 20-100 3 m-upht
25-50 sp, zoo ane, ant  20-100 1 upht
50-100 Z00 ane 2 un
50-100 sp 200 20-100 2 m-upht
50-100 sp 200 >100 3 m-upho
<25 sp z00,ane  20-100 2 uphi
<25 sp, zoo 200 1-5 3 m-uphi
25-50 ane 200 20-100 2 m-upht
<25 sp, zoo Z00 5-20 2 m-upht
25-50 sp 200 20-100 2 m-uphi
50-100 200 200 5-20 3 m-uphi
50-100 ane 200, ane 5-20 3 m-upht

Legend: * - potentially invasive in Serbia; ** - sporadically invasive in Serbia; LF - life form (T, - annual plants; germinate in autumn,
fruiting in early spring; T, - annual plants; germinate in spring, bring seeds in late summer; G, - perennial plants with thin under-
ground shoots/rhizomes; G; - perennial plants with root shoots i.e. with adventitious buds on the root); EG - weed category by habi-
tat type i.e. ecological group (KR - weed-ruderal plant; R - ruderal plant; S - segetal weed); RD - root depth; PO - pollination (sp -
self-pollination; ane- anemophily; zoo - zoophily); DI - dispersal of fruits and seeds (ane - anemochory; zoo - zoochory; ant - an-
thropochory); SL - seed longevity; DO - dominance in situ (1 - scattered, 2 - scattered or in small groups, 3 - in larger groups); AF -
influence of antropogenic factor on site conditions (m-upho- moderately urbanophobous; un - urbanoneutral; m-uphi - moderately

urbanophilous; uphi - strictly urbanophilous)
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Figure 3. Flowering time of weeds in organic MAPs

with strong anthropogenic influence and
indicates the instability of the weed flora (Koji¢
et al., 1988; Kovacevi¢, 2008; Dzigurski et al,,
2012).

As characteristic of agroecosystem, weed-
ruderal plants dominated in the studied flora with
80% (Table 3). Ruderal (13.33%) and segetal plants
(6.67%) were less present. The largest number of
weeds develop roots at 50-100 cm depth (46.67%),

while the geophyte Conuvolvulus arvensis has the
deepest roots. Most weeds are pollinated by
anemophily (4 species), self-pollination (4
species), and self-pollination and/or zoophily (4
species). Zoochory was the most common way of
seeds/fruits dispersal. The seeds of the majority of
the detected weeds are long-lived and can 20-100
years stay dormant. Approximately 90% of weeds
grew in small or larger groups, and approx. 80%
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Table 4. Correlations among biological characteristics of weed species in organic MAPs

EG RD FTstart FTend FP PO DI SL DO AF IN
LF -0.08 0.38 -0.25 0.19 0.26 0.17 029 -026 0.60* -0.09 0.47
EG -0.07 -0.35 0.34 0.46 0.39 0.06 -0.38  -0.28 -0.02 0.19
RD 0.45 -0.38 -0.43 0.02 0.05 0.10 0.27 -0.26 0.19
FT start -0.55%* -0.86* -030 -0.02 0.58* -0.10 0.03 -0.N
FTend 0.86* 0.17 -013  -0.55* 022  -0.46 0.06
FP 0.24  -004 -0.63* 0.13 -0.31 0.15
PO -0.12 -0.37 0.20 0.24 0.23
DI 0.18 -0.35 0.43  0.59*
SL -0.13 0.23  -0.05
DO -0.43 0.16
AF 0.21

* — significance level p < 0.05; LF - life form; EG - weed category by habitat type (ecological group); RD - root depth; FT start
- start of flowering; FT end - end of flowering; FP - flowering period; PO - pollination; DI - dispersal of fruits and seeds; SL -
seed longevity; DO - dominance in situ; AF - influence of anthropogenic factor on site conditions; IN - invasiveness

10 Le Biological characteristics
m Plant species

05t

0.0 FP

Factor 2 : 18.23%

0.5

1.0 F

0.5 1.0

Factor 1:31.66%

Figure 4. Relationship among weeds and their biological characteristics in organic MAPs (PCA)

are moderately urbanophilous or
urbanophilous plants (Table 3).

The flowering time of weeds is important for
the timely application of control measures.
Analyzing the beginning of flowering of the
identified weeds, two periods were distinguished:
a) late spring and early summer (June) and b)
during summer (July), Figure 3. The exception is
the species Senecio wvulgaris, which started

strictly

flowering the earliest (February) and has the
longest flowering period (ten months). All other
identified weed species ended flowering in autumn
(September/October).

Weed flora - correlations among biological

characteristics

Flowering time, seed longevity, dominance in
situ, life forms, dispersal of seed/fruit, and
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invasiveness were correlated (Table 4).
Therophytes grew scattered or in smaller groups,
unlike geophytes that were present in larger
groups (r=0.60%). Weeds that started flowering
earlier ended flowering later (r=-0.55*), had a
longer flowering period (r=-0.86*), and seeds that
retained germination shorter (r=0.58*). Vice versa,
weeds that ended flowering earlier had a shorter
flowering period (r=0.86*) and seeds that retain
germination longer (r=-0.55%). Species with a
longer flowering period produce seeds that retain
germination for a shorter time (r=-0.63*). The
invasiveness of weed species was positively
correlated with types of seed/fruit dispersal
(r=0.59%). In invasive or potentially invasive
species, beside anemochory and/or zoochory,
anthropochory was often present.

Principal component analysis explained
approximately 50% of the variability and singled
out the flowering period (PCI: -0.95), and the life
forms (PC2: -0.83) as the main factors separating
weeds in organic MAPs (Figure 4). The PCl axis
separated weed species with a shorter flowering
period from species with a longer flowering period.
Relative to the PCl axis, the most similar were
Chenopodium album and Chenopodium
hybridum. The PC2 axis separated the perennial
geophytes Sorghum halepense, Convolvulus
arvensis and Sonchus arvensis from other weeds,
ie. therophytes (which are on the positive side of
the PC2 axis).

CONCLUSION

In MAPs (basil, marigold, dill, and peppermint)
organic crops, a total of 15 species were found, of
which the majority belong to broadleaf weeds. The
sporadically invasive species Sorghum halepense,
and the potentially invasive species in Serbia
Amaranthus retroflexus and Datura stramonium,
were the most numerous. The examined weed flora
showed a therophytic character with a dominance
of weed-ruderal plants, which indicates a strong
anthropogenic influence and instability of the
weed flora. Therophytes grew scattered or in
smaller groups, while geophytes were present in
larger groups. Weeds that started flowering earlier
had a longer flowering period and seeds that
retain germination for a shorter time. The

invasiveness of weed species was positively
correlated with the types of seeds/fruits dispersal.
The best time to apply weed control measures is
the end of spring/beginning of summer since most
of the weeds begin to bloom in June or July.
Flowering period and weed life forms have been
singled out as the main factors separating weeds
in organic MAPs.
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Budapest:

BIOLOSKA KARAKTERIZACIJA KOROVA U ORGANSKIM USEVIMA LEKOVITIH | ZACINSKIH BILJAKA (MAPs)
BRANKA LIEVNAIC-MASIC, DEJANA DZIGURSKI, LJILJANA NIKOLIC

S obzirom da je poznavanije bioloskih karakteristika korova neophodno za procenu, planiranje i primenu adekvatnih mera
suzbijanja korova, cilj rada bio je analiza odnosa izmedu osnovnih bioloskih karakteristika korova (dubine korena, perioda
cvetanja, nacina oprasivanja i rasejavanja semena/plodova, dugovecnosti semena, dominantnosti in situ, kategorije korova
prema tipu stanista i uticaja antropogenog faktora na uslove stani$ta) u organskim usevima lekovitih i zadinskih biljaka
(MAPs): bosiljka (Ocimum basilicum L.), nevena (Calendula officinalis L.), mirodije (Anethum graveolens L.) i nane (Mentha x
piperita L.). Da bi se sagledali odnosi izmedu bioloskih karakteristika korova korid¢ene su korelaciona i PCA analiza. Konsta-
tovano je ukupno 15 korovskih vrsta, od kojih su najbrojnije bile Sorghum halepense - sporadi¢no invazivna, Amaranthus
retroflexus i Datura stramonium - potencijalno invazivne vrste u Srbiji. Znacajna dominacija korovsko-ruderalnih terofita, u
svim ispitivanim organskim usevima MAPs, upucuje na jak antropogeni uticaj i nestabilnost korovske flore. Utvrdene su
znacajne korelacije izmedu pojedinih biolodkih karakteristika korova. Korovi koji su ranije cvetali imali su duzi period cvetanja
i semena kraceg Zivotnog veka. Terofite su rasle pojedinacno ilt u manjim grupama, u odnosu na geofite koje su bile prisutne u
vec¢im grupama. Vecina korova plodove/semena rasejava anemohorijom i/ili zoohorijom. Invazivnost korovskih vrsta bila je u
pozitivnoj korelaciji sa nacinima rasejavanja plodova/semena. Period cvetanja i Zivotne forme korova izdvojeni su kao glavni
faktori koji razdvajaju korove u organskim usevima MAPs. Najpogodnije vreme primene mera suzbijanja korova je kraj
proleca/pocetak leta s obzirom da vecina prisutnih korova pocinje da cveta u junu ili julu. Rezultati istrazivanja mogu posluziti
u proceni pojave korovskih vrsta u organskim usevima MAPs Sto je od presudnog znacaja za pravovremenu primenu mera
njihovog suzbijanja.

KLu¢NE ReCl: analiza glavnih komponenti, bioloske karakteristike, korelacije, korovi, lekovite biljke, organska poljoprivreda,
zacinske biljke
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