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A b s t r a c t

The research on segetal flora and agricultural ecosys-
tems has gained special importance in recent years, since they 
are an important element in biodiversity conservation. An eva-
luation of the status of the segetal flora was made on the basis 
of a study conducted in the period 1998–2002 in crop fields of 
four municipalities located in the Strug River valley in Podkar-
packie Voivodeship. This research was carried out in root and 
cereal crops. Total species richness and the average number of 
species per relevé were determined in this study. In determi-
ning species diversity of the communities, the Shannon-Wiener 
diversity index (H’) was used. In cereal crops, the community 
Vicietum tetraspermae typicum was characterized by the gre-
atest species richness (109 species), while Vicietum tetrasper-
mae consolidetosum showed the lowest richness (57 species). In 
root crops, the association Oxalido-Chenopodietum polyspermi 
exhibited the greatest richness (78 species), whereas Galinso-
go-Setarietum typicum the lowest richness (53 species). In the 
cereal communities, a total 149 of weed species were recorded, 
while in the root communities their total number was 97. The 
values of the Shannon-Wiener diversity index (H’) ranged from 
3.10 to 2.42. The phytocoenoses Oxalido-Chenopodietum poly-
spermi, Vicietum tetraspermae typicum, and Vicietum tetrasper-
mae, the variant with Vicia grandiflora, were characterized by 
the highest values of the Shannon-Wiener diversity index (H’), 
whereas the association Galinsogo-Setarietum typicum and the 
impoverished communities from the alliance Aperion spicae-
-venti showed the lowest values.

Key words: segetal communities, floristic diversity, Shannon-
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INTRODUCTION

As part of biodiversity conservation efforts un-
dertaken in Poland [1], segetal weed communities are 
interesting sites due to their role in ecosystems. Changes 

in weed communities are a continuous process, as they 
undergo transformations and develop influenced by 
different abiotic and biotic factors. The threat to Polish 
segetal flora is constantly increasing and the process of 
species extinction is intensifying [2, 3]. Tillage and weed 
control methods [4] as well as agriculture intensification 
and the devastation of the natural environment [3] have 
a particularly important impact on species biodiversity 
and the occurrence of different weed ecotypes. The cha-
racteristic and indicator species of weed associations are 
disappearing; this leads to the impoverishment of arable 
weed communities and the development of impoveri-
shed and species-poor fragmentary patches in which one 
or two weed species clearly dominate and have signifi-
cant cover in them. Such dominance, described as the 
so-called compensation, has been reported by, among 
others, S i c i ń s k i  [5], T r z c i ń s k a - T a c i k  [6], 
S t u p n i c k a - R o d z y n k i e w i c z  et al. [7] as well 
as T r ą b a  and Z i e m i ń s k a - S m y k  [8].

Agricultural land is considered to be one of key 
sanctuaries of biodiversity strongly threatened both 
in Europe and in Poland as a result of, inter alia, the 
changes in farming practices, hence there is an urgent 
need to provide protection to this type of rare agricul-
tural ecosystems [5,9]. The development and propaga-
tion of sustainable agriculture as well as the introduc-
tion of cultivation methods recommended in integrated 
and ecological production into farming practice can 
prevent the disappearance of some weeds and have
a beneficial effect on environmental biodiversity [4].

Lately, not only the numbers of weeds and their 
cover have been evaluated in the research on weed in-
festation of crops, but species diversity and dominance 
have also been determined using the ecological indi-
cators. The problem of species diversity can be consi-
dered both at the global scale and at the local scale by 
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estimating the number of species in a smaller area. The 
measure of local species diversity can be the number 
of species in a particular area as well as the Shannon-
-Wiener index (H’) which, in addition to the number 
of species, takes into account their percentage contri-
bution to a phytocoenosis [6].

The aim of the present study was to determine 
the floristic diversity of plant communities of cereal 
and root crops found in the Strug River valley on the 
basis of the Shannon-Wiener diversity index (H’) and 
species richness. 

MATERIALS AND METHODS

A field study was conducted in the period 1998–
2002 in crop fields in 43 villages situated in four muni-
cipalities located in the Strug River valley in Podkarpac-
kie Voivodeship [10]. Relevés made during the growing 
season from June to September, using the commonly 
applied Braun-Blanquet method [11], were the basis for 
characterizing the floristic diversity of the communities. 
The study covered cereal crops, in which 126 relevés 
were made, and root crops, in which 60 relevés were 
made. The soils and soil complexes were identified 
based on agricultural soil maps at a scale of 1:5000. 

The study area is characterized by diverse to-
pography, with ranges of hills running from the north 
west to the south east predominant in the landscape. Its 
northern part is a flat area, not higher than 207 m a.s.l., 
whereas the southern part is steeper, reaching even
395 m a.s.l. Leached and acidic brown soils derived 
from loess, silts and silt loams are predominant in the 
study area. Podzolic and pseudopodzolic soils derived 
from loess and flysch deposits with the composition of 
silt occur in the northern part of this area, whereas al-
luvial soils formed as a result of accumulation of allu-
vium are found in the river valley itself. The following 
soil complexes occur most frequently in the study area: 
the mountain wheat soil complex – 10 and good wheat 
soil complex – 2, while the defective wheat soil com-
plex – 3 and strong cereal-fodder soil complex – 8 are 
found sporadically. 

The collected material was used to determine 
species richness in the studied area. Species diversity 
at the level of communities was evaluated based on the 
Shannon-Wiener diversity index (H’) using the follo-
wing formula: H = - Σ(Pi × lnPi), where Pi means the 
ratio of i-individuals of a particular species in a com-
munity to the number of all individuals in this com-
munity [12], whereas species richness was determined 
based on the number of species in a community and the 
average number of species per relevé. The botanical 
nomenclature followed M i r e k  et al. [13], while the 
nomenclature for communities was based on the sys-
tem developed by M a t u s z k i e w i c z  [14].

RESULTS

This paper presents an evaluation of species 
richness and floristic diversity of cereal and root com-
munities located in four municipalities in the Strug Ri-
ver valley.

In cereal crops within the study area, 6 phyto-
coenoses at the rank of association and subassociation 
as well as 2 impoverished communities were distingu-
ished, while in root crops 4 phytocoenoses (Table 1). 
Vicietum tetraspermae and impoverished communities 
from the alliance Aperion spicae-venti were the most 
widespread association in cereal crops. The associa-
tion Galinsogo-Setarietum was predominant in root 
crops; it occurred in its typical form and with a large 
proportion of Gnaphalium uliginosum. 

The plant species diversity differed significan-
tly between communities. A total of 149 weed species 
were found in all cereal crops; the community Vicietum 
tetraspermae consolidetosum had the lowest number 
of species (57), whereas the highest number of species 
(109) was found in Vicietum tetraspermae typicum. 
The highest number of taxa per relevé was recorded 
in Vicietum tetraspermae, the form with Vicia grandi-
flora (27.9 species), while the lowest number in both 
impoverished communities from the alliance Aperion 
spicae-venti (16.7 and 17.7 species, respectively). In 
the case of the root communities, a total of 97 species 
were found; the lowest number was in the community 
Galinsogo-Setarietum typicum (53 species) and the hi-
ghest number in the association Oxalido-Chenopodie-
tum polyspermi (78 species). This was the same for the 
average number of species per relevé (Table 1).

The value of the Shannon-Wiener diversity index 
(H’) in the communities in the study area ranged from 
2.42 to 3.10 (Table 1). Similarly as in the case of spe-
cies richness, in the cereal communities patches of Vi-
cietum tetraspermae typicum reached the highest values 
of this index (H’ = 2.95), while Vicietum tetraspermae, 
the form with Vicia grandiflora, showed a slightly lower 
value (H’ = 2.91). The lowest index H’ was found for the 
impoverished communities from the alliance Aperion 
spicae-venti: for the typical form H’ = 2.42 and for the 
form with Matricaria maritima ssp inodora H’ = 2.48, 
while at the same time the lowest average number of spe-
cies per relevé was recorded in them. In the root com-
munities, the phytocoenoses Oxalido-Chenopodietum 
polyspermi reached the highest values of the diversity 
index (H’= 3.10), whereas the community Galinsogo-
-Setarietum typicum was the least diverse (H’ = 2.45). In 
the case of the root communities, the index H’ increased 
with the number of species in the community, while its 
value was different for cereal crops. This phytocoenosis 
was characterized by the lowest index H’ (the impove-
rished community from the alliance Aperion spicae-ven-
ti) and had a rather high total number of species – 92. 
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The absence of many species characteristic for 
the associations was translated into a relatively low 
average number of species per relevé and thus a low 

value of the diversity index H’ in the impoverished 
communities belonging to the alliance Aperion spicae-
-venti. 

Table 1
The species diversity indices for the segetal communities and soil properties

Phytocoenosis Soil Soil
complex

Number of 
relevés

Average
number of
species per

relevé

Total 
number of 

species

Diversity 
index

H’

Cereal crops 149

Vicietum tetraspermae typicum
Bw płi, płz

A płz, ls
F 

2, 3, 8, 10 29 23.5 109 2.95

Vicietum tetraspermae with Vicia grandiflora
Bw płi, płz, ls

F 2, 10 12 27.9 95 2.91

Vicietum tetraspermae impoverished
Bw płi, płz

F 
A płz

2, 10 23 19.9 80 2.87

Vicietum tetraspermae consolidetosum
Bw płz

A ls 2, 10 5 25.0 57 2.61

Aphano – Matricarietum typicum
Bw płi, płz

F 2, 10 12 21.2 61 2.72

Aphano – Matricarietum with Vicia grandiflora
Bw płi, płz

A płz 10 9 20.8 59 2.54

Impoverished communities from the alliance 
Aperion spicae-venti

Bw płi, płz, ls
F 2, 3, 10 24 16.7 92 2.42

Impoverished communities from the alliance 
Aperion spicae-venti, the form with Matricaria 
maritima ssp inodora

Bw płi, płz
A płz

F 
2, 10 12 17.7 77 2.48

Root crops 97

Echinochloo-Setarietum 
Bw płi, płz, ls

A płz 2, 10 18 21.6 68 2.75

Oxalido-Chenopodietum polyspermi
Bw płi, płz, ls

A płz
F 

2, 10 15 23.4 78 3.10

Galinsogo-Setarietum typicum
Bw płi, płz

A płz
F 

2, 10 16 18.2 53 2.45

Galinsogo-Setarietum with
Gnaphalium uliginosum

Bw płi, płz, ls
A płz 2, 10 11 22.7 70 2.84

Explanations: Soil: Bw – leached and acidic brown soils; A – pseudopodzolic soil; F – alluvial soils; płz – silts; płi- silt loams; 
ls- loess. Soil complex: 2 – good wheat soil complex; 3 – defective wheat soil complex; 8 – strong cereal-fodder soil complex;
10 – mountain wheat soil complex. 

DISCUSSION

In recent years in Poland, as in the whole Europe, 
field communities have undergone transformations cau-
sed by, among others, the changes in farming practices, 
which results in their reduced biological diversity [6, 7]. 

Weed communities accompanying cereal crops 
in the study area were strongly transformed and sim-
plified; they lacked species characteristics for the asso-
ciations and this sometimes enabled the determination 

of only phytosociological units at the rank of commu-
nity from the alliance Aperion spicae-venti. Such phy-
tocenoses were represented by the highest number of 
relevés from the study area.

The dominance of one or two species causes hi-
gher weed infestation, increased harmful competition, 
and at the same time decreased diversity of agricultural 
ecosystems [7]. As reported by T r z c i ń s k a - T a c i k 
[6], in cereals it is generally Apera spica-venti, whe-
reas S t u p n i c k a - R o d z y n k i e w i c z  et al. [7]
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include it in expansive species. This is also confirmed 
by the data obtained from the study area where a com-
munity from the alliance Aperion spicae-venti was 
identified, characterized by the lowest diversity index 
H’ and a significant dominance of one species, while 
a large number of relevés is evidence of the expansion 
of Apera spica-venti. 

Some studies have shown that the harmfulness 
of a weed community with a simplified composition 
can be even greater than that of more diverse commu-
nities [7, 15–17]. In the opinion of some researchers 
[4,6], greater species diversity of segetal weeds, with 
their small numbers, promotes better and more stable 
yields – therefore it is very beneficial. It is a proven 
fact that a large number of weed species in a field is 
not tantamount to reduced yield, since quite often their 
total cover is small [18]. 

Ever greater importance is now attached to the 
maintenance of biodiversity, since the presence of we-
eds in an agricultural ecosystem affects the quantita-
tive relations between plant species and the diversity 
of other living organisms, among others, insects and 
birds. Rich agrophytocenoses are a manifestation of 
biodiversity that has now become a highly valued qu-
ality of agricultural areas [4].

Production intensification, changes in agri-
cultural technology, inter alia, the widespread use of 
herbicides, changes in grain cleaning technology and 
sowing technology all cause a simplification of the 
floristic composition and structure of companion ve-
getation as well as the loss of archaeophytes from the-
se communities [19]. According to R o l a  and R o l a 
[20], the use of herbicides significantly reduces the 
numbers of weeds but not their diversity, although the 
long-term use of the same herbicides at high rates can 
lead to complete elimination of certain species from a 
particular ecosystem. 

The present study shows that there are relation-
ships between the biological diversity index and the 
number of species in a weed community. This study 
found that the biodiversity of the segetal flora incre-
ased with the number of species. Similar results have 
been obtained by W a n i c  et al. [17], T r ą b a  and 
Z i e m i ń s k a - S m y k  [8], S k r z y c z y ń s k a  and 
Ł u g o w s k a  [21]. Worth noting are the lower valu-
es of the index H’ for the impoverished communities 
compared to the well-developed ones, which is confir-
med by the results of the study of T r ą b a  and Z i e -
m i ń s k a - S m y k  [8]. The present study also confir-
med this.

The association Galinsogo-Setarietum predo-
minated in root crops of the study area; it is widespread 
in Poland and develops most frequently in allotment 
gardens and in garden crops [14]. Patches of the com-
munity Gnaphalium uliginosum deserve attention. The 

change in the species composition of the flora towards 
a higher proportion of hygrophilous species can per-
haps be explained by the location of some fields near 
the river valley and the high level of groundwater. The 
phytocoenosis Galinsogo-Setarietum from the buffer 
zone area in the Roztocze National Park has also been 
described by T r ą b a  and Z i e m i ń s k a - S m y k 
[8], while A n i o ł - K w i a t k o w s k a  and D a j d o k 
[22] have characterized it as the ruderal form of the 
association Echinochloo-Setarietum. 

CONCLUSIONS

1. The value of the Shannon-Wiener diversity index 
H’ ranged between 3.10 and 2.42. In cereal crops, 
the association Vicietum tetraspermae typicum re-
ached the highest value (H’=2.95) and the impove-
rished community from the alliance Aperion-spicae 
venti the lowest value (H’=2.42), whereas in root 
crops these were respectively Oxalido-Chenopo-
dietum polyspermi (H’=3.10) and Galinsogo-Seta-
rietum typicum (H’=2.45).

2. A total of 149 species were found in all cereal crops; 
the highest number was recorded in the community 
Vicietum tetraspermae typicum (109 species), whi-
le the lowest one in Vicietum tetraspermae consoli-
detosum (57 species). 97 species were found in root 
crops; the largest number in Oxalido-Chenopodie-
tum polyspermi (78 species) and the lowest number 
in Galinsogo-Setarietum typicum (53 species).

3. Worth noting are the much lower values of the 
Shannon-Wiener index H’ for the impoverished 
communities compared to the well-developed ones. 
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Różnorodność gatunkowa zbiorowisk
upraw zbożowych i okopowych

w gminach położonych w dolinie rzeki Strug
w województwie podkarpackim

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

W ostatnich latach szczególnego znaczenia 
nabrały badania flory segetalnej i agrocenoz, gdyż są 
ważnym elementem w ochronie bioróżnorodności. 
Ocenę stanu flory segetalnej wykonano na podstawie 
badań prowadzonych w latach 1998–2002 na polach 
uprawnych czterech gmin położonych w dolinie rze-
ki Strug, w woj. podkarpackim. Badania wykonano
w uprawach okopowych oraz zbożowych. W pracy 
określono ogólne bogactwo gatunkowe oraz średnią 
liczbę gatunków w zdjęciu fitosocjologicznym. Przy 
określaniu różnorodności gatunkowej zbiorowisk po-
służono się wskaźnikiem różnorodności Shannona-
-Wienera (H’). W obrębie upraw zbożowych najwięk-
szym bogactwem gatunkowym odznaczało się zbioro-
wisko Vicietum tetraspermae typicum – 109 gatunków, 
a najmniejszym Vicietum tetraspermae consolidetosum 
– 57 gatunków, zaś w uprawach okopowych największą 
różnorodność osiągnął zespół Oxalido-Chenopodietum 
polyspermi – 78 gatunków, najmniejszą Galinsogo-
-Setarietum typicum – 53 gatunki. W zbiorowiskach 
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zbożowych zanotowano łącznie 149 gatunków chwa-
stów, zaś w okopowych 97. Wartości indeksu ogólnej 
różnorodności Shannona-Wienera (H’) mieściły się 
w granicach od 3,10 do 2,42. Największą wartością 
wskaźnika Shannona-Wienera (H’) wyróżniały się fito-

cenozy Oxalido-Chenopodietum polyspermi, Vicietum 
tetraspermae typicum, Vicietum tetraspermae wariant 
z Vicia grandiflora, a najmniejszą zespół Galinsogo-
-Setarietum typicum oraz zbiorowiska kadłubowe ze 
związku Aperion spicae-venti.
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