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Abstract

The aim of the study was to analyze segetal weeds present in spring barley against the background of changes in pluvio-
thermal conditions observed over the last 20 years (1993-2012) at the Field Experimental Station of the Institute of Plant
Protection - National Research Institute in Winna Gora, Poland. Based on the mean value of the Sielianinov hydrothermal
coeflicient for the three months of spring vegetation, i.e., April, May, and June, three classes of pluvio-thermal conditions
(very dry, moderately dry, humid) were distinguished. The phytosociological stability of weed species analyzed during
the study period was assessed and the Shannon-Wiener index of species diversity in the communities and the Simpson
dominance index were calculated for segetal weeds present in spring barley.

In the 20-year period analyzed, Chenopodium album and Viola arvensis exhibited the highest phytosociological stabil-
ity and the highest abundance in the spring barley crop. Over the years analyzed, the dry spring vegetation periods were
characterized by significant precipitation deficiency between late April and mid-June. In the years with favorable meteo-
rological conditions, the weed species diversity measured by the Shannon-Wiener diversity index was higher than in the
years with precipitation deficiency. In the very dry years, the species dominance index in the spring vegetation period was
higher than in the wet years. The yield loss caused by weed infestation in the very dry years was higher by 6% as compared

to moderately dry and wet years.
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Introduction

The area of spring barley cultivation in Poland is more
than 900 thousand ha, which accounts for over 14% of the
cereal structure [1]. Thus, this species covers the greatest
area of all spring cereals grown. Early-sown spring barley is
highly tolerant to adverse weather conditions, in particular
to precipitation deficiency [2]. Yields and growth of this crop
plant are markedly influenced by the abundance and species
composition of weeds [3]. Approximately 200 among the
hundreds of weed species may infest agricultural crops [4].
In the sixties of the last century, the basic agricultural crops
were infested by an average of 40 weed species, whereas a
phenomenon of a widespread increase in field infestation
rates was observed worldwide in the eighties. Currently,
spring cereals, including barley, are infested by a few to
several dozen species, whose number seldom exceeds 20
[5]. Changes in the quantities and species composition in
segetal flora caused by production globalization processes,
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a reduction in crop rotation and agronomic treatments as
well as application of mineral fertilizers and weed control
agents lead to the dominance of one or a few weed species
[6-14]. Herbicides do not impoverish the agrophytocoe-
nosis, as they limit the abundance rather than the diversity
of weeds [15,16]. As reported by Sienkiewicz [17], besides
anthropopressure, climate changes contribute to the disap-
pearance of weed species and reduced weed species diversity.
Meteorological conditions have an impact on the efficacy
of herbicide treatments [18,19]. The rate of weed infesta-
tion is influenced by soil moisture [20-23]. The climate in
Poland is characterized by high variability of the individual
climate elements, including air temperature and precipita-
tion [24,25]. In several-year investigations, it is difficult to
identify trends in changes in the biodiversity of segetal flora
due to the complexity of the multiple factors affecting the
process [26]. However, the determination of the tendencies
of weed changes occurring in agrocenoses is possible in
multi-year research.

The aim of the study was to analyze segetal weeds pres-
ent in spring barley against the background of agronomic
management and changes in pluvio-thermal conditions
observed over the last 20 years (1993-2012).
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Material and methods

Data concerning weed infestation were obtained from
field experiments conducted over the period 1993-2012
at the Field Experimental Station (FES) in Winna Géra
(52°12'N; 17°27'E) managed by the Institute of Plant Protec-
tion - National Research Institute, Poland. The experiment
was established on lessive soil formed of loamy sand or
sandy loam assigned to quality class IITla-IVa. The results of
temperature and precipitation measurements were provided
by the meteorological station located in Winna Goéra FES.
Assessment of pluvio-thermal conditions for the analyzed
period of 1993-2012 (April, May, and June) was carried
out using the Sielianinov hydrothermal coefficient: k = (P
x 10) / T, where: P - monthly precipitation sum in mm,
T - monthly sum of mean air temperatures

Based on the mean value of the coeflicient k for the three
months of spring vegetation, i.e., April, May, and June, three
classes of coefficient k values differing in terms of pluvio-
thermal conditions were distinguished. These comprised
the following ranges of the coeflicient k: A - dry: k < 0.7;
B - moderately dry: 0.7 < k < 1.3; C - humid: k > 1.3.

Spring barley was cultivated in the plough-based system.
In the experiment, balanced mineral fertilization as well as
pest and pathogen control agents were applied as a standard.
Every year, two experimental treatments with an area from
400 to 1000 m? were randomly established: 1 — without
herbicide weed control; 2 - with herbicide weed control.

Each treatment comprised four 16.5 m? experimental
plots. The species composition and number of weeds in
the herbicide-untreated plots were determined using the
frame method. The weeds were counted in a 0.25 m? area
in four randomly chosen sites in each plot (16 replicates in
each treatment) in the period from stem elongation to the
heading stage of spring barley (BBCH 39/59). The plant
nomenclature was adopted after Mirek et al. [27].

In terms of phytosociological stability (S¥) of the species
analyzed in the study years [28], five classes were distin-
guished according to the Braun-Blanquet scale [29]: V - very
frequent species (80.1-100% frequency in the study years);
IV - frequent species (60.1-80% frequency in the study
years); IIT - medium-frequent species (40.1-60% frequency
in the study years); II - infrequent species (20.1-40% fre-
quency in the study years); I - sporadic species (up to 20%
in the study years). The Shannon-Wiener index of species
diversity in the communities and the Simpson dominance
index were calculated from the collected data [30,31]. The
index of species dominance in the weed community were
derived on the basis of the highest values calculated from
the square ratio of their number to the total number of all
individuals in the weed community (p?). The ecological
indices were calculated using the following equations: Shan-
non-Wiener’s diversity index: H' = -Z (p; Inp;); Simpson’s
dominance index: A = X p?, where: p; - number of individuals
of the i-th species in the community to the total number of
all individuals in the community

The values of Simpson’s index of species dominance range
from 0 to 1, with higher values indicating the dominance of
one or several species in the community [32]. Spring barley
grain was harvested using a Wintersteiger plot combine. The

yield collected from the plots was converted to 14% grain
moisture. The results obtained were shown in relative values
as a percentage of the yield from the plot untreated with
herbicides to that from the treated plot (without weeds).
Principal component analysis (PCA) was used to assess
the variation of weed species composition [33]. The influ-
ence of environmental variables (pluvio-thermal conditions)
on the weed community was evaluated using canonical
correspondence analysis (CCA) [34]. Pearson’s correlation
coefficients were used to establish relationship between
selected variables. The significance level was a = 0.05.

Results

In the analyzed period, 25 weed species were identified in
the spring barley crop, including 23 species of the class Mag-
noliopsida, one species of the class Liliopsida (Echinochloa
crus-galli), and one species within the class Sphenopsida
(Equisetum arvense). In the analyzed period (1993-2012), the
most frequent were two species, Chenopodium album (43.8
pcs/m?) and Viola arvensis (20.7 pcs/m?), with the highest
degree of phytosociological constancy (Tab. 1).

The pluvio-thermal conditions during the early growing
season impacted spring barley infestation by weeds. Over
the period 1993-2012, dry weather conditions prevailed in
April, while extremely dry and very dry conditions were
usually reported in May. In accordance with the classifica-
tion of pluvio-thermal conditions adopted in the present
study, the analyzed period comprised six years with a dry
(k <0.7) spring vegetation period (1993, 1998, 2000, 2003,
2008, 2011), eight moderately dry years (0.7 < k < 1.3) in
April-June (1994, 1995, 1997, 2002, 2004, 2006, 2007, 2012),
and five years with a wet vegetation period (1996, 1999, 2001,
2009, 2010). Despite the higher number of weed species in
the very dry years, the species diversity measured by the
Shannon-Wiener diversity index (H) was lower than in the
moderately dry and humid years (Fig. 1). The lower values
calculated for the Shannon-Wiener diversity index in the dry
years resulted from a smaller number of individuals within
a species with the lowest degree of phytosociological con-
stancy. Pluvio-thermal conditions affected the quantitative
structure of weed species composition in spring barley. In
the very dry years, the Simpson index of species dominance
(1) was higher as compared to the moderately dry and dry
vegetation periods (0.47, 0.43 and 0.39, respectively; Fig. 2).

The dominant species Chenopodium album and Viola
arvensis exhibited a significantly positive correlation to
share in spring barley crop (46%; Fig. 3). Viola arvensis was
strongly associated with Myosotis arvensis, Lamium amplexi-
caule (both at a level of 93%) and Geranium pusillum (62%).
Galium aparine was significantly correlated with poll (51%)
and Brassica napus volunteer (48%). A significant correlation
was found between Cirsium arvense and Polygonum aviculare
(83%) and C. arvense and Geranium pusillum (47%). The
highest positive correlation was observed between Sonchus
arvensis and Equisetum arvense as well as between Lamium
amplexicaule and Myosotis arvensis.

The present study demonstrates varying dynamics of weed
infestation depending on the pluvio-thermal conditions
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Tab. 1 Phytosociological stability of species and the average number of weeds (plants m?)

noted in 1993-2012 in spring barley crops.

Average number of

Phytosociological ~ weeds during the study
No. Species stability (S¥) period (plants m2)
1 Chenopodium album L. \% 43.8
2 Viola arvensis Murray A4 20.7
3 Galium aparine L. 111 5.5
4 Matricaria maritima subsp. inodora (L.) 111 52
Dostal
5  Thlaspi arvense L. I 6.0
6  Stellaria media (L.) Vill. 11 39
7 Fallopia convolvulus (L.) A. Love 1I 3.6
8  Polygonum lapathifolium L. I 35
9 Capsella bursa-pastoris (L.) Medik. I 3.1
10 Anthemis arvensis L. I 7.5
11 Veronica hederifolia (L.) s.s. I 5.5
12 Brassica napus L. subsp. napus I 5.3
13 Centaurea cyanus L. I 53
14 Echinochloa crus-galli (L.) P. Beauv. 1 4.0
15 Lamium amplexicaule L. I 3.8
16  Veronica arvensis L. I 3.1
17 Cirsium arvense (L.) Scop. I 2.9
18  Myosotis arvensis (L.) Hill I 2.8
19 Sonchus arvensis L. I 2.3
20  Anchusa arvensis (L.) M. Bieb. I 2.0
21 Polygonum aviculare L. I 1.5
22 Amaranthus retroflexus L. I 1.4
23 Geranium pusillum Burm. f. ex L. I 1.4
24 Papaver rhoeas L. I 1.0
25  Equisetum arvense L. I 0.3

S*: V - very frequent species; IV - frequent species; III - medium-frequent species; II - infre-

quent species; I - sporadic species.

Shannon—Wiener's diversity index (H")

1.12

0.5 1

0.0 -

Moderately dry Humid
Vegetation season

Fig.1 The Shannon-Wiener diversity index (H') calculated
for weed species in spring barley crops depending on pluvio-
thermal conditions (April-June) in Winna Goéra (the means from
1993-2012).

prevailing during the spring vegetation period. The weather
conditions had less effect on the occurrence of the fol-
lowing species: Chenopodium album, Viola arvensis and
Galium aparine (Fig. 4). In dry conditions, the occurrence

Simpson's dominance index (1)

1.0
0.8
0.6 047 043
' 0.39

04 1
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Dry Moderately dry Humid

Vegetation season

Fig.2 Simpsons dominance index (1) calculated for weed species
in spring barley crops depending on pluvio-thermal conditions
(April-June) in Winna Goéra (the means from 1993-2012).

of Equisetum arvense, Sonchus arvensis and Papaver rhoeas
was noted. The occurrence of Polygonum aviculare, Cirsium
arvense, Anthemis arvensis, Veronica hederifolia, and Fallopia
convolvulus was more associated with humid conditions.
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Variables (axes F1 and F2: 31.43%)
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Fig. 3 Relationship between weed species in spring barley in Winna Goéra based on the means for 1993-2012
as described by principal component analysis (PCA). Weed codes: AMARE —-Amaranthus retroflexus, LYCAR
- Anchusa arvensis, ANTAR - Anthemis arvensis, BRSNN - Brassica napus volunteer, CAPBP - Capsella bursa
pastoris, CENCY - Centaurea cyanus, CHEAL - Chenopodium album, CIRAR - Cirsium arvense, ECHCG
— Echinochloa crus-galli, EQUAR - Equisetum arvense, POLCO - Fallopia convolvulus, GALAP - Galium
aparine, GERPU - Geranium pusillum, LAMAM - Lamium amplexicaule, MATIN - Matricaria maritima
spp. inodora, MYOAR - Myosotis arvensis, PAPRH - Papaver rhoeas, POLAV - Polygonum aviculare, POLLA
- P, lapathifolium, SONAR - Sonchus arvensis, STEME - Stellaria media, THLAR - Thlaspi arvense, VERHE
— Veronica arvensis, VERAR - V. hederifolia, VIOAR - Viola arvensis.

During the spring vegetation periods in the dry years, the
yield loss caused by weed infestation was highest (Fig. 5).
On average, the grain yield was lower by 21.6% than that
obtained from the herbicide-treated area. In the very dry
years, the yield loss was higher by 6.0% than that in the
moderately dry and wet years when the yield loss reached
15.5% and 15.9%, respectively, as compared with the weed
controlled area.

Discussion

The total precipitation and mean air temperature highly
varied during the spring vegetation periods of the study
years. In the analysis of meteorological conditions prevailing
in Poland in the years 1971-2000, Skowera and Puta [35]
demonstrated considerable variability of pluvio-thermal

conditions during the spring vegetation periods, where the
number of extremely wet and extremely dry months was
similar.

The highest phytosociological stability (V) and the most
abundant occurrence were noted for Chenopodium album
and Viola arvensis. These species are characterized by low
soil moisture requirements, hence they grow well during wet
and dry years [36,37]. They represent segetal plants of the
highest frequency in all regions of Poland [38]. Medium-
frequent species (III) were represented by Galium aparine
and Matricaria maritima ssp. inodora. Infrequent species
(II) included Capsella bursa-pastoris, Fallopia convolvulus,
Polygonum lapathifolium, and Stellaria media. The other
species occurred sporadically.

In the study, the occurrence of segetal weeds in the spring
barley crop was analyzed in relation to different temperature
and humidity conditions prevailing over the last twenty
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Fig. 4 The distribution of 19 weed species in spring barley depending on pluvio-thermal conditions (April-
June) in Winna Géra in the years 1993-2012. Canonical correspondence analysis (CCA) ordination diagram
with weed species (white square) and vegetation season (red triangle). Weed codes see explanation for Fig. 3.

years. During the last decade of the 20th century and the
first decade of the 21st century, a clear systematic increase
in air temperature and highly varied precipitation rates
were reported. Especially over the last 20 years, distinct
warming and large fluctuations in precipitation trends were
noted during the periods of spring cereal vegetation, which
is undoubtedly reflected in the dynamics of the species
composition and species biodiversity of weed communities.
Thermal-humidity conditions exert an impact on weed
infestation rates in crops. In the investigations carried out

Seed yield reduction (%)

40

21.6
%
20

10

Dry Moderately dry Humid

Vegetation season

Fig. 5 Effect of weed infestation on the reduction in spring barley
yield depending on pluvio-thermal conditions (April-June) in
Winna Gora (the means for 1993-2012).

by Wanic et al. [29], the abundance of weeds in spring barley
was significantly positively correlated with the precipitation
rates during the spring months. In our study, the calculated
ecological indices exhibited variability depending on the
pluvio-thermal conditions. In the years characterized by
more favorable meteorological conditions (as assessed by
the Sielianinov hydrothermal coefficient), during the spring
vegetation period the highest species diversity and the lowest
species dominance were noted. Evaluation of biodiversity is
prompted by both research and economic needs [17]. The
lower values of the Shannon-Wiener index and the higher
values of the Simpson index reported under less favorable
pluvio-thermal conditions should be explained by the lower
ability of crop plants to compete with weeds. Dominant spe-
cies (p?) in the weed community were shown on the basis
of the highest values. In the wet and moderately dry years,
two species, i.e., Chenopodium album and Viola arvensis,
dominated among the infesting species, while in the very
dry years they were accompanied by Matricaria maritima
spp. inodora and Galium aparine (Tab. 2).

Multivariate statistical analysis based on the method
of weighted averaging of indicator species was proposed
by the ecologists, i.e., Gause (1930) and Ellenberg (1948)
[39-41]. In this paper, statistical tools (PCA, CCA) were
used to make graphic maps of the relationship between the
weed community in spring barley and weather conditions.
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Tab. 2 Index of weed species dominance calculated for particular weeds noted in spring barley
depending on pluvio-thermal conditions (April-June) in Winna Gora (the means from 1993-2012).

Index of weed species dominance (p?)

No. Species k<0.7 0.7<k<1.3 k>1.3
1 Chenopodium album L. 0.27 0.34 0.30
2 Viola arvensis Murray 0.08 0.06 0.05
3 Galium aparine L. 0.02 + 0.01
4 Matricaria maritima L. subsp. inodora (L.) Dostal 0.08 0.01 +
5  Thiaspi arvense L. + + 0.01
6  Stellaria media (L.) Vill. + + -
7 Fallopia convolvulus (L.) A. Léve + +
8  Polygonum lapathifolium L. 0.01 + -
9 Capsella bursa-pastoris (L.) Medik. + + +

10 Anthemis arvensis L. - +

11 Veronica hederifolia L. s.s. - - +

12 Brassica napus L. subsp. napus + + -

13 Centaurea cyanus L. + - +

14 Echinochloa crus-galli (L.) P. Beauv. + -

15 Lamium amplexicaule L. + - -

16 Veronica arvensis L. + + -

17 Cirsium arvense (L.) Scop. - + +

18  Myosotis arvensis (L.) Hill + - -

19 Sonchus arvensis L. + - -

20  Anchusa arvensis (L.) M. Bieb. + - +

21 Polygonum aviculare L. + + +

22 Amaranthus retroflexus L. - + -

23 Geranium pusillum Burm. f. ex L. + - +

24 Papaver rhoeas L. - + -

25  Equisetum arvense L. + - -

« »

+” - sporadically occurring species, value <0.01;

« »

- the species did not occur.

CCA describes the relationships between species and the
environment by assuming a response model that is common
to all species and the existence of a single set of underlying
environmental gradients to which all the species respond
[34]. The results showed that the occurrence of Chenopodium
album and Viola arvensis was not dependent on weather
conditions. Many data in the literature indicate that these
weed species most infest spring cereals [38,42-48].

The presence of large numbers of weeds in cultivated
fields is not desirable [49], but negligible quantities do not
cause a significant yield reduction [50]. Weed control should
be applied with consideration of not only yield loss but also
ecological aspects and conservation of biodiversity of the
environment so that the adverse impact of anthropopres-
sure on the environment can be limited [36]. In unfavor-
able conditions for spring barley growth (precipitation
deficiency in spring), the competitiveness of barley plants
towards weeds is reduced. Therefore, one should expect a
greater threat to crops of spring cereals (including barley)
through competitive interaction of dominant weed species,
particularly during a prolonged dry spring period.

Conclusions

In the 20-year period analyzed, Chenopodium album and
Viola arvensis exhibited the highest phytosociological stabil-
ity and the highest abundance in spring barley regardless of
weather conditions.

In the years with favorable meteorological conditions, the
species diversity of weeds in the spring vegetation period
was higher than in the years with precipitation deficiency.

In the dry years, the species dominance index in the
spring vegetation period was higher than in the wet years.

Chenopodium album and Viola arvensis, were the domi-
nant weed species infesting the spring barley crop; they
were accompanied by Matricaria maritima spp. inodora and
Galium aparine in the dry years.

The yield loss caused by weed infestation in the very dry
years was higher by 6% compared with the moderately dry
and wet years.

In the 20-year period analyzed, dry spring vegetation pe-
riods dominated and they were characterized by substantial
precipitation deficiency between late April and mid-June.
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Zmiany stanu zachwaszczenia jeczmienia
jarego w zaleznosci od zmiennych
warunkéw pluwiotermicznych

Streszczenie

Celem pracy byta analiza zbiorowiska chwastéw segetalnych w uprawie
jeczmienia jarego na tle zmian warunkéw pluwiotermicznych w okresie
dwudziestoletnim (1993-2012) na terenie Polowej Stacji Doswiadczalnej
Instytutu Ochrony Roslin - Panistwowego Instytutu Badawczego w Winnej
Goérze. W analizowanych latach dla trzech miesiecy wiosennej wegetacji
(kwiecien, maj i czerwiec) dokonano oceny warunkéw pluwiotermicznych
z zastosowaniem wspoéltczynnika hydrotermicznego Sielianinowa, co
pozwolilo na wyznaczenie trzech okreséw (bardzo suchy, umiarkowanie
suchy, wilgotny). Ocene skladu florystycznego w uprawie jeczmienia jarego
przeprowadzono wg skali Braun-Blanqueta. Zgromadzone dane postuzyty
do wyliczenia wskaznikéw: réznorodnosci gatunkowej Shannona-Wienera
i dominacji Simpsona. W badanym dwudziestoleciu Chenopodium album
i Viola arvensis charakteryzowaly si¢ najwyzszym stopniem statosci fito-
socjologicznej oraz wystepowaly najliczniej w uprawie jeczmienia jarego.
W tym okresie na obszarze prowadzonych obserwacji w okresie wegetacji
wiosennej wystepowata przewaga lat suchych, ze znacznym niedoborem
opadéw w okresie od konca kwietnia do polowy czerwca. W latach
o korzystnym przebiegu warunkéw meteorologicznych notowano wigksza
réznorodnosé¢ gatunkowa chwastéw niz w latach z niedoborem opadéw.
W latach bardzo suchych wartos¢ indeksu dominacji gatunkowej Simpsona
byla wyzsza niz w latach wilgotnych. W zachwaszczeniu jeczmienia jarego
dominowaty Chenopodium album i Viola arvensis, a w latach bardzo suchych
réwniez Matricaria maritima spp. inodora. Utrata plonu jeczmienia jarego,
w skutek zachwaszczenia, w latach bardzo suchych byta wieksza o 6%
w poréwnaniu do lat umiarkowanie suchych i lat wilgotnych.
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