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A b s t r a c t

The work presents the results of studies on the diversity 
of weed communities in tuber crops as well as in winter and 
spring cereals under similar climatic and soil conditions. We 
examined overall species abundance in the groups analysed, the 
average species number per relevé, as well as weed cover of the 
study area. Additionally, species composition, number of indi-
vidual species and their biomass were determined. Dominant 
species in each crop group were distinguished. Species diversity 
was determined based on the following ecological indices: th e 
Shannon-Wiener index of biodiversity H’ and Simpson’s index 
of dominance C. The indices were computed on the biomass 
and number-of-species basis. The objective of the work was 
to compare the structure and diversity of weed communities in 
the crops studied. The communities analysed differed in all the 
characteristics examined. Differences were found between bio-
diversity and dominance indices calculated for individual crop 
groups, but their significance depended on the method applied 
to calculate the indices.

Key words: weeds, number of species, fresh matter, dry matter, 
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INTRODUCTION
Production intensification limits biodiversity 

through changes in the proportions of crops cultivated, 
increased mineral fertilisation and pesticide applica-
tion as well as simplifications of agrotechnology [1–3]. 
Weeds constitute an important element of agricultural 
ecosystems because they not only compete with crop 
plants but are also a component of trophic chains influ-
encing the occurrence of many fauna and microflora 
species [2, 4, 5]. Many factors, such as habitat, climate 
and agrotechnology, influence the species composition 
of segetal communities. One of the most important 
agrotechnological factors which regulate the occurren-

ce of weeds is the crop plant, as it requires a number 
of cultural practices [6]. The species diversity of an 
agricultural ecosystem depends on the abundance and 
number of species [5, 7–10]. There are more and more 
works in agricultural literature which evaluate com-
munities using biological indices. These works usually 
focus on cereals or one crop species and examine the 
effects of various factors over years.

The aim of this work was to compare the struc-
ture and diversity of weed communities in various crop 
groups using selected ecological indices.

MATERIALS AND METOHODS

Observations of weed infestation were made in 
the years 2011–2012. An experiment was set up in the 
fields of private agricultural holdings in one locality 
in the Siedlecka Upland. The experiment was conduc-
ted under conditions typical of the majority of farms 
in the study area where weeds in tuber and root crops 
are controlled by means of mechanical methods, whe-
reas the application of chemicals is limited. Herbicides 
are applied in winter cereals predominantly to control 
loose silky bent, while in spring cereals they are used 
to reduce the number of dicotyledonous weeds, which 
often results in grass compensation. In order to carry 
out the experiment, fields with the same soil conditions 
were selected to grow 3 groups of crops: winter cere-
als, spring cereals, and tuber crops.

Thirty fields were randomly selected in each 
crop group in order to analyse biodiversity. A phyto-
sociological relevé was taken from each uniform plant 
patch, and then a quadrat (quantitative-gravimetric) 
method was applied to two replications of samples 
which were then used to obtain a composite sample 
from 1 m2. A 0.5 m2 quadrat was used to determine the 
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species composition and number of individual species 
and then fresh and dry matter. Weed infestation was 
evaluated in the period of optimal community develop-
ment: in late June and July in cereals and in mid- and 
late August in potatoes.

The material obtained was used to analyse the 
structure and species abundance of weed communities 
occurring in the examined crop groups. The following 
were determined: total species number in individu-
al crops, average species number per relevé, average 
species number per 1 m2, and fresh and dry matter per 
1 m2. Moreover, dominant species in individual crop 
groups were distinguished – they were the species be-
longing to class V or IV of phytosociological constan-
cy and/or the cover index 100.

Biodiversity was assessed using the following 
ecological indices: the Shannon-Wiener index of bio-
diversity (H’) and Simpson’s index of dominance (C) 
[11]. The values of the indices for each crop plant were 
statistically analysed. As the data were not normally 
distributed, they were transformed using the following 
formula: y=lnx.

A one-way analysis of variance was used to in-
vestigate differences between the indices calculated 
based on the species number, dry matter and fresh mat-
ter depending on the crop group. Significance of diffe-
rences between means was checked using Tukey’s test
at p  0.05. 

RESULTS

The crop groups studied had different structure 
and species composition. The biodiversity analysis of 
the communities examined based on species number de-
monstrated that the greatest total and average numbers 
of species per relevé were found in tuber crops (83 spe-
cies and an average of 17.5 species per relevé) and the 
lowest in spring cereals (56 species and an average of 
12.3 species per relevé) (Table 1). The estimated weed 
cover and fresh and dry matter per 1 m2 were the highest 
in the tuber crop. Winter cereals were characterised by 
the highest average number of species and number of 
individuals of a given species per 1 m2. Spring cere-
als had the lowest average values of these parameters.

Table 1
Description of selected characteristics of weed communities that infest the crops studied

Parameter studied 
Winter cereals Spring cereals Tuber crops 

min - max mean min - max mean min - max mean

Number of species in relevés 10 - 27 16.4 5 - 28 12.3 7 - 34 17.5

Total cover of weeds (%) 10 - 70 25.8 5 - 40 16.7 10 - 100 45.7

Weed species number per m-2 5 - 25 12.3 4 - 19 8.8 4 - 21 9.4

Number of weed individuals, 
plants per m-2 92 - 1066 393.5 34 - 868 259.9 34 - 226 102.1

Weed biomass, g per m-2 41.6 - 516.6 178.1 41.64 - 490.9 150.1 120.5 - 1586 802.5

Dry matter, g per m-2 12.36 - 329.1 66.5 6.96 - 169.6 46.2 26.2 - 395.8 192.9

Total number of species 73 56 83

The highest number of dominant species (12 spe-
cies) was for the tuber crops. The species included: 
Echinochloa crus-galli, Setaria pumila, Chenopodium 
album, Galinsoga parviflora, G. ciliata, Viola arven-
sis, Anthemis arvensis and Polygonum lapathifolium 
subsp. lapathifolium. In turn, in winter crops there 
were 11 dominant species, including: Anthoxanthum 
aristatum, Centaurea cyanus, Apera spica-venti, Viola 
arvensis, Anthemis arvensis and others. In spring crops 
there were 9 dominant species, that is: Setaria pumi-
la, Matricaria maritima subsp. inodora, Avena fatua, 
Galium aparine, Echinochloa crus-galli, Viola arven-
sis, Agrostis stolonifera and Avena strigosa. Species 
such as: Setaria pumila, Matricaria maritima subsp. 
inodora, Anthemis arvensis and Viola arvensis, were 
classified as dominant in all the crop groups.

The analysis of species origin showed a higher 
proportion of archeophytes in cereals compared with 
tuber crops (Fig. 1). The share of apophytes in tuber 
crops and winter cereals was at the same level, where-
as in spring cereals it was lower. By contrast, the share 
of epecophytes was three times as high as in winter 
cereals; in tuber crops they constituted less than 10%.

The highest and lowest average values of the 
biodiversity index were obtained when it was calcula-
ted, respectively, on the number-of-individuals and dry 
matter basis. The opposite tendency was observed for 
the dominance index, but for winter cereals and tuber 
crops only. The highest values of the dominance index 
were also obtained for spring cereals when calculated 
on the number-of-individuals basis. The value of the 
biodiversity index was the lowest for spring cereals 
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DISCUSSION

Phytocenoses of cultivated fields are influen-
ced by human activities such as cultural practices [6]. 
The successful existence of weeds in agroecosystems 
is mainly due to their diversity and enormous abilities 
to produce seeds [12]. The structure of a developing 
biocoenosis is determined by the crop plant selected 
for cultivation, because it requires certain cultural 
practices [13–15]. Also, the sowing date, crop plant 
density and fertilisation markedly influence the bio-
coenosis as they modify the habitat conditions. Me-
teorological conditions during the growing season are 
also very important [9], in addition to many other less 
recognized factors. According to K r a w c z y k  [16], 
there are many factors which influence the biodiversi-
ty of segetal flora so it is difficult to unambiguously 
determine any trends in changes in weed infestation. 
The aforementioned factors, in addition to many others, 
cause the quantitative and qualitative diversity of phy-
tocoenoses developing in different crop groups. The 
relationships discussed affect the structure and biodi-
versity of communities establishing in different crops, 
which is also supported by the study results presented 
in this paper. Individual crop groups had a different flo-
ristic composition of phytocenoses, the total number of 
species and the average number of species per relevé. 
The most floristically abundant communities were ob-
served in winter cereals. They were usually the most 
stable phytocenoses with the smallest share of epeco-
phytes. Differences observed in the cover or biomass 
amount, in addition to soil fertility, are influenced by 
cultural practices, weed control methods in particular 
[17, 18]. The conditions of the experiment in question, 
in which weed control methods typical of the study area 
were used, had a marked influence on the composition 
and structure of the communities analysed. The weed 
control methods applied substantially increased weed 
infestation of tuber crops and winter cereals. In spring 
cereals, this was reflected in the composition of domi-
nant species which included such expansive species as 
Avena fatua, Setaria pumila, and Echinochloa crus-
-galli. No Raphanus raphanistrum plants were found, 
so it was effectively controlled by herbicides. It indica-
tes that there was an influence of the chemicals applied 
on the composition and biodiversity of phytocenoses. 
The application of herbicides removing dicotyledonous 
weeds leads to the compensation of monocotyledonous 
species [19, 20]. In the experiment in question, it was 
difficult to make comparisons of the effects of chemi-
cals on the indices calculated because in most fields 
similar practices had been applied in a given crop gro-
up. The literature contains conflicting evidence on the 
effect of herbicides on community species diversity. 
S t u p n i c k a - R o d z y n k i e w i c z  et al. [17] have 
reported that there was an influence of herbicides on 

weed number but not diversity. Similarly R o l a  and 
R o l a  [21] have pointed out that crop plants are ac-
companied by relatively species-stable communities 
which are only slightly modified by agriculture in-
tensification, including herbicides. Reverse relations 
were observed by W e s o ł o w s k a - J a n c z a r e k  et 
al. [22], T r z c i ń s k a - T a c i k  [7], and F e l e d y n -
- S z e w c z y k  [5]. 

The value of ecological indices of the crop gro-
ups examined depended on the calculation method. In 
all the study groups, the biodiversity index had the hi-
ghest values when calculated based on the number of 
species; by contrast, they were the lowest for the dry-
-matter approach. Opposite relationships were reported 
by J a s t r z ę b s k a  et al. [18] in their studies on hor-
se bean. They found higher values of the biodiversity 
index when the biomass-based approach was applied. 
In our study, the values of the dominance index for 
winter cereals were similar irrespective of how it was 
estimated, whereas for tuber crops the values of this 
index were the lowest when computed on the number-
-of-individuals basis. Opposite, though less distinct, 
relationships were observed for spring crops. The va-
riation in the indices calculated based on the number 
of individuals and biomass is the result of differences 
in the size of individuals. Even rare weeds often have 
large biomass, which affects the value of the indices, 
the dominance index in particular. From the point of 
view of agriculture, the domination of biomass of one 
or a few species is much more dangerous than a great 
number of small seedlings of other species [18].

In the experiment discussed, the biodiversity in-
dices were lower and dominance was higher in spring 
versus winter cereals. It is to a great extent the effect 
of the application of herbicides which leads to the 
compensation of some species. Moreover, spring cere-
als usually follow potatoes in rotation and then, when 
conditions are favourable, diaspores accumulated in 
the soil after tuber crops are released. Their amount is 
particularly large when no chemicals have been applied 
and there has been massive secondary weed infesta-
tion. The ambiguous results of a study on the effect of 
the previous crop [18], cultivation methods and herbi-
cides applied indicate that the problem is complex and 
there are a few simultaneous effects, of meteorological 
factors in particular, which are mentioned by many re-
searchers [9, 23]. Differences in the community com-
position and structure result from specific agrotechno-
logical conditions associated with the crop plant. Al-
though it is widely believed that the differences betwe-
en communities in winter cereals, spring cereals and 
tuber crops are disappearing [20, 24], there is a group 
of weeds specific to one group of crops, for example 
winter cereals (Nigella arvensis, Agrostemma githa-
go, Veronica triphyllos and others), which are rarely



Zofia Rzymowska, Maria Ługowska, Janina Skrzyczyńska100

© The Author(s) 2013      Published by Polish Botanical Society

found in other crops. In turn, communities developing 
in spring cereals are intermediate between associations 
characteristic for winter cereals and tuber crops due to 
a shorter growing season and better thermal and light 
conditions [25–30], which affects the occurrence in 
these crops of thermophilic species accompanying tu-
ber crops. To sum up, both production intensification 
and the land use structure negatively influence the bio-
diversity of segetal communities.

CONCLUSIONS

1. The communities studied in individual crop groups 
had a different composition and structure, as indi-
cated by an analysis of many characteristics that 
determine them.

2. Community biodiversity in individual crop groups 
was different and the significance of the differences 
depended on the method of index calculation.

3. Intensification of production and simplifications in 
land use structure both limit the biodiversity.
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Różnorodność gatunkowa zbiorowisk
segetalnych w uprawach okopowych,

zbóż ozimych i jarych

 S t r e s z c z e n i e

W pracy przedstawiono wyniki badań dotyczą-
cych zróżnicowania zbiorowisk zachwaszczających 
uprawy okopowych, zbóż ozimych i jarych w zbliżo-
nych warunkach klimatycznych i glebowych. Okre-
ślono ogólne bogactwo gatunkowe w analizowanych 
grupach upraw, średnią liczbę gatunków w zdjęciu 
oraz pokrycie badanej powierzchni przez chwasty. Na 
powierzchni 1 m2 zbadano skład gatunkowy i liczeb-
ność poszczególnych gatunków oraz ich biomasę. 
Wyróżniono gatunki dominujące w poszczególnych 
uprawach. Różnorodność gatunkową określono przy 
użyciu wskaźników ekologicznych: indeksu bioróż-
norodności Shannona-Wienera H’ i dominacji Simp-
sona C. Wskaźniki te liczono w oparciu o biomasę
i liczebność poszczególnych gatunków. Celem pracy 
było porównanie struktury i różnorodności zbiorowisk 
zachwaszczających badane grupy upraw. Analizowane 
zbiorowiska różniły się pod względem wszystkich ba-
danych cech. Stwierdzono różnice w grupie gatunków 
dominujących w zachwaszczeniu analizowanych grup 
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upraw. Jedynie Setaria pumila, Viola arvensis i Ma-
tricaria maritima subsp. inodora miały duże pokrycie 
we wszystkich badanych uprawach. Najbardziej bogate 
florystycznie i najbardziej stabilne zbiorowiska noto-

wano w zasiewach zbóż ozimych. Stwierdzono różnice 
wielkości wyliczonych wskaźników bioróżnorodności 
i dominacji dla badanych grup upraw, jednak ich istot-
ność zależała od zastosowanej metody ich liczenia. 
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