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ABSTRACT 
During the vegetation period of 2010 in organic production of rocket salad - Eruca vesicaria (L.) Cav. in the open area 31 plant 

species were found in the weed flora. The investigation was made in the village of Kisač (Serbia). The analysis of life forms in the 
weed flora of rocket salad indicated that therophytes are predominant in the studied agroecosystem. Ecological analysis of the weed 
flora indicated that the studied site is moderately moist, neutral to slightly alkaline, meso-eutrophic, with a medium humus content, 
well aerated and non-saline. In the weed flora of rocket salad, plants adapted to full light and some shadow  and thermophilic plants 
are predominant. These weeds are adapted to the conditions of a moderately continental climate. One of the biggest problems in or-
ganic production is weed control. Therefore, knowledge of the weed flora, its biological and ecological characteristics are a prereq-
uisite for choosing the method of weed control and suppression. 
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REZIME 
Osnovni cilj organske poljoprivrede je proizvodnja hrane visokog kvaliteta, razvoj održive poljoprivrede uz očuvanje ekosistema, 

održavanje i povećanje plodnosti zemljišta preko uzgoja mahunarki, primene zelenišnog i stajskog đubriva itd (Biliaderis, 2008; Ra-
dosavljević, 2010). Pri ovom načinu poljoprivrede od izuzetnog značaja je kontrola zakorovljenosti useva. Cilj nije, kao pri 
konvencionalnoj poljoprivredi, uništiti korove, nego ih dovesti u ravnotežu sa gajenom biljkom. Razvoj korova u organskoj 
poljoprivredi kontrolisan je: pravilnim izborom vrsta i sorti biljaka, pravilnim plodoredom, odgovarajućom obradom zemljišta pri 
kojoj se stvaraju povoljni uslovi za razvoj prirodnih neprijatelja štetočina, uništavanje korova fizičkim i mehaničkim putem itd. Na 
osnovu odnosa gajene biljke i korova, odnosno na osnovu njihove kompeticije, odlučuje se za vreme suzbijanja korova i izbor metode. 
Pri organskoj proizvodnji rukole - Eruca vesicaria (L.) Cav. na otvorenom prostoru u ataru sela Kisač (Srbija), tokom vegetacionog 
perioda 2010. godine, konstatovan je 31 takson korova. Od ukupnog broja konstatovanih taksona, 23 su korovsko-ruderalne, 5 rude-
ralne, 2 segetalne i 1 livadski korov. Većina konstatovanih korovskih vrsta cveta od maja do septembra. Analiza životnih formi korov-
ske flore useva rukole ukazuje na dominaciju terofita (77.42%, 24 taksona). Ekološka analiza korovske flore ukazuje da je stanište 
analiziranog agroekosistema prosečno: umereno vlažno (F - 2,48), neutralno do slabo alkalno (R – 3.35), mezotrofno-eutrofno (N – 
3,48), sa srednjim sadržajem humusa (H – 3,03), dobrom aerisanošću (D – 3,77) i nezaslanjeno (S- - 83,87%). U korovskoj flori use-
va rukole dominiraju biljke prilagođene punoj svetlosti, ali i izvesnoj zasenjenosti (L – 3,81) i termofilne biljke (T - 3,9) prilagođene 
umereno kontinentalnim klimatskim uslovima (K - 3,06).  

Ključne reči: organska proizvodnja, rukola, flora korova, ekološka analiza, biljnogeografska analiza. 
 

INTRODUCTION 
The main task of agricultural production is to provide 

enough food and raw materials of organic origin for the current 
human population. Accordingly, conventional agriculture toler-
ated for a long time uncontrolled application of mineral fertiliz-
ers, pesticides, growth promoters, genetically modified organ-
isms, extensive use of agricultural mechanisation in soil tillage, 
etc. However, this mode of agricultural production, despite 
greatly increasing the yields, has also led to considerable envi-
ronmental pollution, deterioration of food quality and endanger-
ment of human health.  

Attempts to solve these problems resulted in the develop-
ment of organic (ecologic, biological) agriculture. Organic agri-
culture is, according to the definition  of FAO (Word Agricul-
tural Organisation) and WHO (World Health Organisation), the 
system of production management which promotes and enhances 
agro-ecosystem health, including biodiversity, biological cycles, 
and recommends the methods that largely exclude the use of ex-

ternal agricultural inputs (Lazić and Lazić, 2008). Organic agri-
culture is entirely controlled, while the production conditions, 
according to IFOAM regulations (International Foundation for 
Organic Agriculture Movements), need to be legally regulated 
and adapted to specific conditions of each country in which the 
production takes place.  

The main objective of organic agriculture is production of 
high quality food (food with high nutritive value), development 
of sustainable agriculture while preserving the ecosystem, main-
taining and increasing soil fertility through cultivation of leg-
umes, application of green and stable manure, etc (Biliaderis, 
2008; Radosavljević, 2010). In this mode of agriculture, weed 
control is of extreme significance. Unlike with the conventional 
agriculture, the aim is not to destroy the weed, but to bring them 
into balance with the cultivated plant. Spreading of weeds in or-
ganic agriculture is controlled by: adequate selection of species 
and varieties of plants, regular crop rotation, appropriate soil till-
age which creates favourable conditions for development of 
natural enemies of pests, eradication of weeds by physical and 
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mechanical means, etc. On the basis of the relationship between 
the cultivated plant and weed, that is, on the basis of their com-
petition, the appropriate time and method of weed control is de-
termined (Sekulić et al., 2008). Weed control in organic agricul-
ture is based on efficiency of the entire production system and a 
combination of the allowed methods which have no adverse eco-
logical effects (Šeremešić and Milošev, 2008). 

The objective of this paper is to examine the weed flora of 
rocket salad – Eruca vesicaria subsp. sativa (Mill.) Thell., its 
ecological and plant-geographical analysis, as a necessary pre-
requisite in selecting the measures in weed control and suppres-
sion  in organic production. 

MATERIAL AND METHOD 
Floristic examinations of weed flora in organic production of 

rocket salad in the open area were conducted during the growing 
season of 2010 in the village of Kisač on the Vozars’ farm. The 
soil in this area is calcareous meadow black soil on loess terrace 
(Nejgebauer et al., 1971). The rocket salad was grown during 
the autumn growing season of 2009 and during the spring grow-
ing season of 2010. During the growing season of 2009, the pre-
ceding crop to rocket salad was onion (Allium cepa L.). The 
weeds were determined according to the following publications: 
“The Flora of SR Srbija” (Josifović, 1970-1977),  “Iconography 
of the Flora from the South-Eastern Part of Central Europe” 
(Jávorka & Csapody, 1975) and “Flora Europaea” (Tutin et al., 
1964-1980). In Table 1, for the identified weed taxa, the follow-

ing is stated: life form (Ujvárosi, 1973), month of flowering and 
categorisation according to the site (Čanak et al. 1978), floristic 
elements (Gajić, 1980), and ecological indices (Landolt 1977; 
Knežević 1994). 

RESULTS AND DISCUSSION 
Rocket salad - Eruca vesicaria (L.) Cav. (syn. Eruca sativa 

Miller) is a plant which belongs to the family Brassicaceae, 
which is used as a leaf vegetable in salads or as a component for 
enhancing the flavour and aroma in mixed salads. Although it is 
most frequently characterised as an annual Mediterranean plant 
(Kovačević 1976; Ciocirlan 1990; Tutin, 1993; Marković, 
2006), according to Landolt, rocket salad grows also as thero-
phytes/hemicryptophytes (Wu) in moderately continental regions 
(Knežević et al, 2010). 

In the vicinity of the village of Kisač, rocket salad was 
planted in organic production in the open area in the first half of 
September 2009, after a semi-dry period in August. Since it is 
ready for harvest around 40 days after the sowing (Marković, 
2006), rocket salad was already harvested in autumn of the same 
year until June 2010. 

Shortly before ploughing in of the rocket salad crops (in June 
2010), the abundance and groundcover of rocket salad was low, 
while abundance and groundcover of the weed was considerable. 
During this period, 31 weed species were determined in the 
rocket salad crop (Tab. 1). 

 

Table 1. Weed flora in rocket salad crop (with life form, time of flowering, characterization according to the site, floral elements 
and ecological indices) 

 

Legend:  
T- therophyte;  
G – geophyte,  
H – hemicriptophyte;  
K – weed;  
KR weed -ruderal;  
R – ruderal;  
S – segetal weed;  
LK – meadow weed; 
 ŠK – forest weed;  
 Adv. – Adventive;  
Evr.- Eurasian,  
 Kosm. – Cosmopolitian; 
 Cirk.- Cirkumpolare; 
 Subevr. – Subeurasian;  
Subcirk. – Subcirkumpo-
lar;  
Subse. – Submiddle 
European; 
 Pont.-subm. – Pontic 
Submediterranean;  
Pont.-is. – subm. – Pontic 
East Submediterranean;  
Subpont-subm. – Sub-
pontic- Submediterra-
nean 
 

 
 
 
 
 
 

 

Ecological index 
Plant species Life 

form 
Time of 

flowering 

Category
according 
to the site

Floral 
element 

F R N H D S L T K 
Adonis flamea Jacq. T4 V-VIII S Subpont-subm. 2 4 2 3 4 - 3 5 3 
Amaranthus retroflexus L. T4 VI-IX KR Adv. 2 3 4 3 3 - 4 4 3 
Ambrosia artemisifolia  L. T4 VIII-IX R Adv. 2 3 4 2 2 + 4 5 3 
Anagallis arvensis L. T4 V-X KR Kosm. 3 3 3 3 4 - 4 4 3 
Arenaria serpilifolia L. T4 V-VIII KR Evr. 2 3 3 3 3 - 4 4 3 
Artemisia vulgaris L. H5 VII-IX R,LK,ŠK Cirk. 3 3 4 3 4 - 4 4 3 
Bilderdykia convolvulus (L.) Dum. T4 VI-IX S Subevr. 2 3 3 3 4 - 4 4 3 
Capsella bursa-pastoris (L.) Med. T1 IV-XI KR Kosm. 2 3 4 3 4 - 4 4 3 
Cirsium arvense (L.) Scop. G3 VI-VIII KR Subevr. 3 3 4 3 4 + 3 4 3 
Consolida regalis S. F. Gray T2 V-IX KR Subse. 2 5 3 3 3 - 3 4 4 
Convolvulus arvensis L. G3 VI-IX KR Kosm. 2 4 3 3 4 - 4 4 3 
Datura stramonium L. T4 VI-IX R Kosm. 3 3 4 4 4 + 4 5 2 
Erodium cicutarium (L.) L Her. T4 III-VII R Evr. 2 3 3 3 3 - 4 4 3 
Fumaria officinalis  L. T4 V-IX KR Subevr. 2 4 4 3 4 - 4 4 3 
Geranium dissectum Jusl. T2-3 V-IX KR Evr. 3 3 3 3 4 - 4 4 3 
Glechoma hederacea H2 IV-VII LK Evr. 3 3 3 3 4 - 3 4 3 
Lathyrus tuberosus L. G1 VI-VII-(IX) KR Subj.sib. 2 4 3 3 5 - 4 4 4 
Lamium purpureum L. T1 III-VII KR Subevr. 3 4 4 3 4 - 4 3 3 
Matricaria inodora L. T4 VI-X KR Evr. 3 3 4 4 4 + 4 3 3 
Papaver rhoeas L. T2 V-VI KR Subevr. 2 4 3 3 4 - 3 4 3 
Polygonum aviculare L. T4 V-X R, KR Kosm. 3 3 4 3 5 - 4 3 3 
Polygonum lapathifolium  L. T4 VI-IX KR Subcirk. 3 3 4 3 3 - 5 3 3 
Reseda lutea L. T4 VI-IX-X KR Subse. 2 4 4 3 3 - 4 4 3 
Sorghum halepense (L.) Pers. G1 VI-VII KR Kosm. 1 2 3 3 3 - 4 5 3 
Sinapis arvensis L. T3 V-IX KR Subevr. 3 4 4 3 4 - 4 4 3 
Sonchus asper (L.) Hill. T4 VI-X KR Subevr. 3 3 4 3 4 - 4 4 3 
Stachys annua  L. T4 VI-X KR Subpont-subm. 2 4 2 3 4 - 4 4 4 
Stellaria media ( L.) Vill. T1 I-XII(III-V) KR Kosm. 3 3 4 3 4 - 3 3 3 
Taraxacum officinale L. H3 IV-IX KR Evr. 3 3 4 3 4 + 4 3 3 
Veronica persica Poir. T1 III-VI –(X) KR Adv. 3 4 4 3 4 - 4 4 3 
Viola tricolor L. T2 V-VIII KR Evr. 3 3 3 3 4 - 3 3 3 
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Out of the total number of the identified taxa, 23 were weed-
ruderal, 5 were ruderal (while Polygonum aviculare was charac-
terised also as weed-ruderal, and Artemisia vulgaris also as a 
meadow and forest weed), 2 segetal and 1 meadow weed.  

Most of the detected weeds flower from May to September. 
Already in March 3 taxa flower (Erodium cicutarium, Lamium 
purpureum and Veronica persica), in April 3 taxa (Capsella-
bursa-pastoris, Glechoma hederacea and Taraxacum officinale), 
in October 6 taxa (Anagallis arvensis, Matricaria inodora, Poly-
gonum aviculare, Reseda lutea, Sonchus asper and Stachys an-
nua), in November 1 taxon (Capsella bursa-pastoris), while 
Stellaria media flowers throughout the year. 

The analysis of life forms of the rocket salad weed flora in-
dicates that therophytes are predominant (24 taxa, 77.42%). The 
most numerous of them are T4  which germinate in spring, and 
whose seeds mature in late summer (15 taxa, 48.39%). Thero-
phytes T2 (4 taxa , 12.9%), T1 (1 taxa, 3.23%) and T3 (1 taxa, 
3.23%) are present to a much lesser extent. Geophytes are repre-
sented by 12.9% (4 taxa), and these are G1 and G3 geophytes 
with 6.45% each (2 taxa). Hemicryptophytes account for 9.68% 
(3 taxa), and these are H2, H3 and H5 with 3.23% each (1 taxon). 

The analysis of the ecological index for humidity points to 
the dominance of mesophytes, adapted to a moderately humid 
site F3 (51.61%, 16 taxa) and subxerophyte, adapted to a rela-
tively humid site - F2 (45.16%, 14 taxa) - Fig. 1. Only one taxon 
is adapted to dry sites - F1 (3.23%). The mean value of the eco-
logical index for humidity is (F-2.48), which is also an indica-
tion of moderate humidity of the site. 

The analysis of the ecological index for chemical reaction of 
the site indicated that neutrophilic plants - R3 (61.29%, 19 taxa) 
are predominant. These are followed by the indicators of neutral 
to slightly alkaline R4 (32.25%, 10 taxa) and one taxon adapted 
to acid - R2 (3.23%) and one to base R5 (3.23%) site conditions. 
The mean value of the ecological index for the chemical reaction 
of the site (R - 3.35) indicates a neutral to slightly alkaline site. 

The analysis of the ecological index for the content of nitro-
gen and nitrogen-containing compounds indicates that there is 
the predominance of the indicators of eutrophic sites N4 
(54.84%, 17 taxa) and the sites which are moderately rich in 
these substances N3 (38.71%, 12 taxa). Relatively low content of 
nitrogen substances is indicated by 2 taxa N2 (6.45%). The share 
of indicators of eutrophic sites (N4) and the sites moderately rich 
in nitrogen substances (N3) of 93.55%, as well as the mean value 
of N - 3.48, point to meso-eutrophic conditions in the examined 
agroecosystem. 

The analysis of the ecological index for the content of or-
gano-mineral compounds shows that the plants with the medium 
requirements regarding humus content H3 (90.32%, 28) are pre-
dominant. The indicators of the substrates rich in humus are sig-
nificantly less present - H4 (6.45%, 2 taxa) as well as the indica-
tors of the substrates with low humus content H2 (3.23%, 1 taxa). 
The mean value of this index also confirms the medium content 
of humus for the analyzed agroecosystem (H - 3.03). 

The analysis of the ecological index for dispersion (aeration) 
of the ground points to the predominance of indicators of sub-
strates which are well aerated - D4 (67.74%, 21 taxa). The indi-
cators of very well aerated soil substrates are significantly less 
present - D3 (22.58%, 7 taxa), as well as exceptionally poorly 
aerated soil substrates D5 (6.45%, 2 taxa) and exceptionally well 
aerated soil substrates D2 (3.23%, 1 taxa). The fact that the soil 
substrate is well aerated is also confirmed by the mean value (D 
- 3.77). 
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Fig. 1. Percentage values of ecological indices of weed flora of 
rocket salad 

 

The analysis of the ecological index for salinity indicates that 
the site is not saline - S- (83.87%, 26 taxa). The taxa adapted to a 
greater content of Na+  ions – S+ (16.13%, 5 taxa), are sporadic. 

The analysis of the ecological index for light shows that the 
indicators of the sites with high light intensity– L4 (74.19%, 23 
taxa) are predominant. They are followed by the indicators of 
semi-shade L3 (22.58%, 7 taxa) and the indicators of very sunny 
sites – L5 (3.23%, 1 taxon). The predominance of the sites with 
high light intensity is confirmed also by the mean value of the 
ecological index for light L - 3.81. 

The analysis of the ecological index for temperature shows 
the predominance of the indicators of warm sites – T4 (64.52%, 
20 taxa). The taxa which are indicators of a moderately warm 
site T3 (22.58%, 7 taxa) and the indicators of extremely warm 
sites T5 (12.9%, 4 taxa) are considerably less present. The mean 
value of the ecological index of T - 3.9 confirms the favourable 
thermal regime of this agroecosystem. 

The analysis of the ecological index for continentality points 
to the predominance of the indicators of moderately continental 
conditions of the site – K3 (87.10%, 27 taxa). The indicators of 
more continental site conditions – K4 (9.67%, 3 taxa) and the 
indicators of suboceanic climate K2 (3.23%, 1 taxon) are consid-
erably less present. The predominance of moderately continental 
climatic conditions is confirmed by the mean value for continen-
tality of K - 3.06. 

The plant-geographic analysis of weed flora of rocket salad 
points to the predominance of the taxa of wide distribution 
(cosmopolitan 22.58% - 7 taxa; Eurasian 22.58% - 7 taxa; sub-
Eurasian 22.58% - 7 taxa; adventive 9.68% - 3 taxa; circumpolar 
and sub-circumpolar with 1 taxon each - 3.23%. The share of the 
taxa of the narrower distribution is considerably lower (sub-mid-
European 6.45% - 2 taxa; sub-Pontic–sub-Mediterranean 6.45% 
- 2 taxa and sub-southern-Siberian 3.23% - 1 taxon) (Table 1). 

CONCLUSION 
In the organic production of rocket salad - Eruca vesicaria 

(L.) Cav. (syn. Eruca sativa Miller) in the open area in the vicin-
ity of the village of Kisač during the vegetative season 2010, 31 
weed taxa were identified. Out of the total number of taxa found, 
23 were weed-ruderal, 5 were ruderal, 2 segetal and 1 meadow 
weed. Most of the identified weeds flowered from May to Sep-
tember. The analysis of life forms in the weed flora of rocket 
salad points to the predominance of therophytes (24 taxa, 
77.42%), thus the insufficient attention paid to weeds results in 
formation of numerous seeds. Geophytes account for 12.9% (4 
taxa), while helicryptophytes account for 9.68% (3 taxa) of the 
weed flora. 
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The ecological analysis of the weed flora indicates that the 
site of the analysed agroecosystem is, in average: moderately 
humid (F - 2.48), neutral to slightly alkaline (R - 3.35), meso-
eutrophic (N - 3.48), with the medium content of humus (H - 
3.03), well aerated (D - 3.77) and non saline (S- - 83.87%). The 
plants in the weed flora of rocket salad which are adapted to the 
full light, but also to some shade, are predominant (L - 3.81), as 
well as thermophilic plants (T - 3.9) adapted to moderately con-
tinental climatic conditions (K - 3.06). 

The plant-geographic analysis of weed flora of rocket salad 
showed that the taxa of wide distribution (83.87%, 26 taxa) are 
predominant, which is characteristic for weed flora. In organic 
agriculture one of the major problems is the technology of weed 
control, thus knowing weed flora and its biological and ecologi-
cal characteristics is a necessary prerequisite for adequate selec-
tion of the method for its control. 
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