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Summary: A whole string of investigations recently described the changes in the arable
weed flora of different German regions during the last five decades. The present paper
summarizes and evaluates the results of these reports.

Most of the publications dealing with the change in the average number of weed species
found a decline of 10 to 70%. Only on barren soils with a sandy texture, which were
formerly characterized by low numbers of weed species, the intensified use of fertilizers
occasionally caused a rise in variety. Of 203 species, the development of which was
mentioned in at least two publications, 115 decreased in occurrence (= 57%), 67 stayed
on a constant level (= 33%) and 21 species (= 10%) were found more often. Most of the
taxa showing an increasing tendency are difficult to control and cause extensive weed
infestation problems in Germany. There are 35 species registered in the present survey
that are mentioned in the Red Data Books of endangered species for the eastern and
western part of Germany (RAUSCHERT et al. 1978, KORNECK & SUKOPP 1988).
From the afore mentioned, 28 decreased, 5 showed no significant change and 2 species
increased in frequency.

The development of the weed flora during the last decades has its roots in far-reaching
changes in arable farming practice. Modifications in the choice of crops, in rotations,
chemical and mechanical weed control, fertilizing, soil management, sowing time and
technique, purification of seed and land consolidation are reasons for this process. Due
to strong interactions between all these components, it is impossible to reconstruct the
influence of every single factor on the change of the weed communities.

Zusammenfassung: FVeranderung der Ackerwildkrautflora in Deutschland wdahrend der
letzten fiinf Jahrzehnte.

Mit der Veranderung der Feldbaumethoden hat sich wihrend der letzten Jahrzehnte auch
die Ackerwildkrautflora grundlegend gewandelt. Dieser Wandel ist inzwischen durch
eine Reihe von Verdffentlichungen dokumentiert, die im Rahmen der vorliegenden Arbeit
zusammengefalit und ausgewertet werden.

Die Auswertung zeigt, dal3 die mittlere Artenzahi in den meisten Untersuchungsgebieten
zwischen 10 und 70% zuriickgegangen ist. Lediglich an einigen besondersbodensauren
und néhrstoffarmen Sandstandorten, deren Wildkrautgemeinschaflen frither sehr arten-
arm waren, kam es durch vermehrten Einsatz von Kalk-, Stickstoff- und Kalidiingern zu
einem Anstieg der Artenzahl. Von insgesamt 203 Arten, die in mindestens zwei Publika-
tionen genannt werden, haben 115 abgenommen (= 57 %), 67 blieben unverindert (=
33%) und 21 zeigen zunehmende Tendenz (= 10%). Die meisten der zunehmenden Arten
sind schwer bekdmpfbar und bereiten in Deutschland grofrdumig Verunkrautungspro-
bleme. 35 der erfaBBten Arten sind in der Roten Liste gefiahrdeter Pflanzenarten von Ost-
und/oder Westdeutschland aufgefithrt. Davon haben 28 abgenommen, 5 zeigen keine
eindeutige Verinderung, und 2 Arten kommen héufiger vor als frither.
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Die Ursachen fiir den Wandel der Ackerwildkrautflora wihrend der letzten Jahrzehnte
sind in den weitreichenden Verinderungen der Feldbewirtschaftung zu suchen. Die Wahl
der Feldfriichte, Fruchtfolge, chemische und mechanische Unkrautbekampfung, Diin-
gung, Bodenbearbeitung, Saatzeitpunkt und -technik, Saatgutreinigung und Flurbereini-
gung sind alles EinzelmaBnahmen, die-zu dem Faktorenkomplex "Feldbewirtschaftung"
beigetragen haben. Aufgrund der engen Wechselwirkungen dieser MaBnahmen unterein-

ander ist es heute unméglich, den EinfluB einzelner Faktoren auf die Entwicklung der
Wildkrautflora zu rekonstruieren.

INTRODUCTION

Parallel to the rapid changes in crop production techniques, the arable weed vegetation of central
Europe has severely changed since 1950. Thus, TUXEN (1962) complained as early as 1962, that
the weed communities were deprived of their characteristic species by the intensification of farming
practice. First, quantitative analyses of this development were presented by MEISEL (1966) from
the Stolzenau Weser marshes in Lower Saxony and by BACHTHALER (1968 a, b) from several
areas in Southern Germany. Since that time a whole string of investigations has described the

changes in the arable weed flora of different German regions. The present paper summarizes and
evaluates the results of these reports.

METHODS

In the present analysis only those investigations were taken into account which provide quantitative
results from the comparison of repeated vegetation sampling. The method all the authors used to
describe the vegetation were relevés according to the Zurich - Montpelier School. The data on the
increase or decline of species in table 1 correspond to the significant calculations given in the original
publications. Where no statistical analysis was carried out, frequency classes are applied to describe
the species development. In this procedure every change of at least one frequency class was
determined as an increase {(+) or decrease (-). The percentage frequency classes were subdivided as
foliows: 0; 0,1-10, 10-20; 20-40; 40-60; 60-80; 80-100. The values given in the trend column are the
mean values of the results from the different authors.

To improve the precision of their analyses most of the authors made their second relevé in the same
crop in which the first one was taken. Thus, the species communities of crops which have been
extensively cultivated in Germany for about two decades now, like e. g. maize, were rarely included
in these comparisons.

The nomenclature of species follows EHRENDORFER (1973).

AVERAGE NUMBER OF SPECIES PER RELEVE

The average number of species found in vegetation relevés is an indicator of the floristic diversity of
the stand. In most publications dealing with the change of this parameter a drop down to between 30
and 90% of the original value was observed (Figure 1). Only on the "Diibener Heide" (LIEBOLD
1977) and in some parts of northern Bavaria (ALBRECHT 1989, PILOTEK 1990) increasing
numbers of species were found. All sites where these rising numbers of species occurred are
characterised by barren soils with a sandy texture which formerly were populated by a few acido-
philic weed species. Corresponding with the opinion of the authors, this increase can be traced back
to an intensified application of lime, nitrogeneous and potash fertilizers. Such a treatment actually
resulted in a decline of species indicating. acid and barren soils. However, that decrease was
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hypercompensated by the spread of nitrophileous and indifferent species. Further intensification of
management on such sites causes the disappearance of taxa characteristic of poor soils (HILBIG &
JAGE 1984, KUTZELNIGG 1984, KULP 1993).

CHANGES IN THE ABUNDANCE OF SINGLE WEED SPECIES

The changes in the abundance of single weed species between the first and the second relevé are
shown in table 1. Of the 203 species, the development of which was mentioned in at least two publi-
cations, 115 decreased in occurrence (= 57%), 67 stayed on a constant level (= 33%) and 21 species
(= 10%) were found more often. From 138 species occurring in central Europe, predominantly in
arable fields, 77 sloped downward (=56%). The life forms, the taxonomical and sociological position
and the ecological behaviour of those species were discussed by various authors (e. 8. KOCK 1984,
KUTZELNIGG 1984, BACHTHALER 1985, ALBRECHT 1989, PILOTEK 1990, HILBIG &
BACHTHALER 1992). Their analyses point out that particularly dicotyledoneous species, winter
annuals, cereal weeds, and indicators of calcareous and acid soils were affected by the decline.
Another group of taxa which today show considerably lower frequency in fields than in the middle of
the century, comprises hemicryptophytic plants mainly occurring in grassland communities. In
contrast, where monocotyledonous and nitropilous plants, as well as root crop weeds are concerned,
a constant to increasing tendency was observed. The group of 21 species showing an increasing
tendency includes Agropyron repens, Amaranthus retroflexus, Avena fatua, Chenepodium
Sficifolium, FEchinochloa crus-galli, Galinsoga ciliata, Galium aparine, Rumex obtusifolius and
Tripleurospermum inodorum, all taxa difficult to control and causing severe weed infestation
problems.

The present investigation also shows that most of the weed species mentioned in the Red Data
Books of West - (KORNECK & SUKOPP 1988) and East-Germany (RAUSCHERT et al. 1978)
were already rare in the fifties and sixties of our century (HANF 1985, MEISEL 1985, ALBRECHT
1989). Thus, only 35 species listed in at least one of those two books could be registered in the
present survey, of which 28 decreased, 5 showed no clear change and only 2 increased in frequency.
These results confirm the entry of those species into the Red Data Books. Table 1 shows in addition
that numerous species which are not as yet admitted to the Red Data Books fulfil the conditions for
the category "endangered": "species which decline on 4 regional scale or at many sites on a local
scale and species which have disappeared on a local scale".

REASONS FOR THE CHANGES OF THE ARABLE WEED FLORA

The development of the weed flora during the last few decades has its roots in far-reaching changes
in arable farming practice. Modifications in the choice of crops, in rotations, chemical and
mechanical weed control, fertilising, soil management, sowing time and technique, purification of
seed and land consolidation are reasons for this process (MITTNACHT 1980, ALBRECHT 1989,
KULP 1993). Due to strong interactions between all these components, it is impossible to
reconstruct the influence of every single factor on the change of the arable weed flora in Germany
that has been occurring during the last few decades (HOLZ 1988).
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Table 1a: Changes in the frequency of weed species in different regions of Germany

Veranderung in der Haufigkeit von Ackerwildkrautarten in verschiedenen Regionen Deutschlands

¥ 2 &
35 _EE
£33 R
R e s g 8 a
5 =3 Z ] F4
. E g% 2 | 2 E E}
Species / Arten -, = Species / Arten > o -+ o+
Achillea millefolium . . . 6 2 1 - Digitaria ischaemum A 51 1 -
Adonis aestivalis A 3 2 4 1 0 - Echinochloa crus-gaili A 0 3 5 +
Aegopodium podagraria § 1 1 0 - Eguisetum arvense A 10 2 0 -
Aethusa cynapium A 2 6 1 =+ Erodium cicutarium A 6 3 0 -
Agropyron repens . . . 1 5 6 + Erophilaverna A 2 4 0 =
Agrostemma githago A 1 1 4 0 0 - Erysimum cheiranthoides A 4 2 1 %
Agrostis gigantea 2 0 0 - FEuphorbia cyparissias . .02 11 %
Agrostis stolonifera 6 2 1 - FEuphorbia exigua A 3 6 2 0 -
Agrostis tenuis .« . 2 2 0 - Euphorbia helioscopa A 5 2 3 %
Ajuga chamaepytis A 3 2 2 0 0 - Euphorbia peplus A .2 1 1 %
Alopecurus myosuroides A 1 3 0 =+ Euphorbia platyphyllos A 31 0 1 =
Amaranthus retroflexus A 0 0 5 + Falcaria vulgaris 4 1 0 -
Anagallis arvensis A . 10 1 0 - Fallopia convelvulus A 4 6 2 =
Anagaliis foemina A 3 3 1 0 - Fumariaofficinalis A . 4 3 2 =
Anchusa arvensis A 5 2 1 - Fumaria vaillantii A3 0 1 1 +
Anthemis arvensis A 5 3 0 - Galeopsis angustifolia . .3 0 0 -
Anthemis cotula A 1 1 0 - Galeopsis segetum A 3 110 -
Anthoxanthum aristatum A 3 1 1 - Galeopsis speciosa A 1 1 0 -
Apera spica-venti A 4 8 2 <+ Galeopsis tetrahit A 2 7 2 %
Aphanes arvensis A . 9 4 0 - Galinsoga ciliata A 0 0 7 +
Aphanes inexpectata A 2 1 1 1 % Galinsogaparviflora A 1 5 2 %
Arabidopsis thaliana A 8 4 0 - Galiumaparine A 3 1 10 +
Arenaria serpyllifolia .. . 9 2 1 -  Galiummollugo . 1 1 0 -
Arnoseris minima A 2 3 5 1 0 - Galiumspurium A . . 1 0 3
Artemisia vulgaris . 1 1 3 + Galiumtricornutum A3 3 3 0 0 -
Atriplex patula A 2 6 2 + Geranium dissectum A 2 2 0 -
Avena fatua A 0 4 5 + Geranium molle . 1 1 0 -
Bidens tripartita . 1 2 0 * Geranium pusillum A 2 2 2 %
Bromus hordeaceus A . 0 1 2 + Glechoma hederacea . 0 2 0 £
Buglossoides arvensis A . 3 7 0 0 - Gnaphalium uliginosum A . . 9 3 0 -
Bupleurum rotundifolium A 2 2 2 0 0 - Gypsophila muralis A3 3 1 2 1 =
Camelina microcarpa A 3 2 0 0 - Holcus lanatus 0 2 0 =
Camelina pilosa A 0 2 0 = Holcus mollis . 2 3 1 =+
Campanula rap loid. . 5 1 0 - Holosteum umbellatum A 4 1 0 -
Capsella bursa-pastoris A . . 4 4 3 =z Hypericum humifusum 2 0 2 =
Caucalis platycarpos A3 2 2 00 Hypericum perforatum .. . 000 2 +
Centaurea cyanus A 3 3 12 2 0 - Hypochoeris glabra A2 3 2 1 0 -
Cenfaurea scabiosa 2 0 0 - Juncus bufonius A .7 4 1 -
Cerastinm arvense 1 1 0 - Kickxia elatine A 31 2 1 %
Cerastium caespitosum 3 0 0 - Kickxiaspuria A 31 2 0 =%
Cerastiunt holosteoides 7 3 1 - Knautia arvensis . 5 0 0 -
Chaenarrhinum minus . 4 3 0 - Laminm amplexicaule A 3 4 4
Chenopodium album A 5 4 3 =+ Lamiumpurpureum A 1 5 6 =
Chenopodium ficifolium A 0 0 2 + Lapsana communis A .2 2 3 *
Chenopodium polyspernum A . 3 4 1 = Lathyrus tuberosus A . 3 4 0 1 -
Chrysanthemum segetum A 3 0 1 1 + Legousiaspeculum-veneris A3 1 510 -
Chrysanthemum vulgare 0 0 2 + Leontodon autumnalis 2 0 0 -
Cichorinm intybus . 2 1 0 - Linaria vuigaris 5 0 0 -
Cirsinm arvense A . . 9 3 2 - Lolium nultiflorum 1 1 2 +
Conringia orientalis A 2 3 2 0 0 - Loliumperenne . 1 0 3 -
Consolida regalis A 3 5 2 0 - Matricaria chamomilla A 2 5 4 =
Convolvulus arvensis A 8 2 0 - Matricaria discoidea . I 0 10 +
Conyza canadensis A 5 2 1 - Medicago lupulina A 4 1 0 -
Coronilla varia 2 1 0 - Medicage sativa A 2 0 0 -
Daucus carota . 5 2 0 - Menthaarvensis A 9 2 0 -
Descurainia sophia A 0 2 3 + Mercurialis annua A 1 1 1 %
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Table 1b: Changes in the frequency of weed species in different regions of Germany

Veriéinderung in der Héufigkeit von Ackerwildkrautarten in verschiedenen Regionen Deutschlands

& =4
2z 2f
E ]
£:1 Y
8 & o s 3
fs3 2 253 z
]
Species / Arten = 3 E - % 4+ E Species / Arten - E -+ 4+ E
Misopates orontium A 3 2 2 0 0 - Sherardia arvensis A 37 0 0 -
Mpyosotis arvensis A 9 2 1 - Silene alba . 2 1 0 -
Myosotis stricta A 2 1 0 Silene noctiflora A 5 1 1
Myosurus minimus A . 3 2 0 - Silene vulgaris . 11 0 -
Neslia paniculata A 3 . 5 0 0 - Sinapisarvensis A 8 2 3
Nigella arvensis A2 2 2 0 0 - Sisymbrium officinale A 1 1 3 3
Odontites verna A 6 2 1 - Solanum nigrum A 0 4 2 2
Ononis repens . 1 1 1 * Sonchus arvensis A 71 0 -
Oxalis fontana A 6 2 0 - Sonchusasper A 72 0 -
Papaver argemone A 8 1 0 - Sonchus oleraceus A 711 -
Papaver dubium A 6 2 0 - Spergulaarvensis A 1m 1 1 -
Papaver rhoeas A 7 1 1 - Spergularia rubra . .2 2 0 -
Phleum pratense . 2 1 1 % Stachys annua A3 2 21 0 -
Plantago intermedia A 6 4 1 =% Stachys arvensis A3 211 0 -
Plantago lanceolata 6 1 1 - Stachys palusiris A 8 3 0 -
Plantago major . 0 5 0 =+ Stellaria graminea . 11 0 -
Poa annua A 3 4 5 =z Stellaria media A 3 8 3 =
Poa pratensis 2 0 2 %+ Taraxacum officinale . 4 4 3 =
Poa trivialis 1 7 0 + Teesdalia nudicaulis A 0 2 2 +
Polygonum amphibium - terr. . 2 4 1 % Thlaspiarvense A 3 6 2 =
Polygonum aviculare A 6 4 1 = Trifolium arvense A 21 0 -
Polygonum hydropiper A 4 6 0 <+ Trifolium campestre 21 0 -
Polygonum lapathifolium A 2 2 3 =+ Trifolium dubium 2 3 0 %
Polygonum persicaria A 4 3 3 + Trifolium pratense 2 2 1 %
Polygonum tomentosum A 3 1 0 - Trifolium repens . 6 2 1 -
Potentilla anserina 2 3 2 = Tripleurospermum inodorum A 1 2 8 +
Potentilla reptans 1 1 0 - Tussilago farfara 3 4 1 =
Prunella vulgaris .« . 2 0 0 - |Uricadioica . 1 2 1 =
Ranunculus arvensis A 2 2 8 1 0 - Uricaurens A 11 3 =
Ranunculus repens A 8 3 0 - Valerianella dentata A 2 0 0 -
Raphanus raphanistrum A . 10 2 3 = Valerianella locusta A 5 1 1 -
Rhinanthus alectorolophus 3 3 1 0 - Veronicaagrestis A 1 2 1 =
Rorippa palustris 0 1 1 + Veronica arvensis A 3 5 2
Rubus caesius . 1 1 0 - Veronica hederifolia A 5 2 1 -
Rumex acetosella A 12 0 0 - Veronicapersica A 1 6 4
Rumex crispus 6 2 0 - Veronicapolita A . 1 2 2 =
Rumex obtusifolius 0 2 3 + Veronicapraecox .3 2 0 0 -
Sagina procumbens .« . 9 1 1 - Veronicatriphylios A 3 0 0 -
Scandix pecten-veneris A 2 2 4 0 0 - Viciaangustifolia A s 2 1 -
Scleranthus annuus A 14 0 0 - Vicia hirsuta A 7 2 1 -
Sedum acre 1 1 0 - Viciasativa A 4 1 1 -
Sedum telephium . 5 S5 0 - Vicia tetrasperma A 3 4 0 -
Senecio vernalis A 1 1 0 - Viciavillosa A 21 0 -
Senecio vulgaris A 3 § 0 =+ Violaarvensis A 5 6 2 %
Setaria glauca A 3 1 1 % Violatricolor A 1 1 1 =
Setaria viridis A . . 5 4 0 -
Main Habitat A Species which mainly occur in arable fields / Arten mit Hauptverbreitung im Acker
Red Data Book BRD  Rote Liste der BRD, alte Bundestiinder (KORNECK & SUKOPP 1988)
Red Data Book DDR  Rote Liste der ehem. DDR (RAUSCHERT et al. 1978)
-1xl+ Number of references which report about decreasing / constant / increasing frequencies;
Anzahl der Angaben {iber abneh Je / gleichbleibende / zunehmende Hiufigkeit;
References: / Quellen: ALBRECHT (1989), BACHTHALER (1968,1982,1985), BRAUN (1988),
HILBIG (1985), HILBIG & JAGE (1984), HOFGEN et al. (1983), KOCK (1984), KULP (1993),
KULP & CORDES (1986), KUTZELNIGG (1984), MEISEL (1979), MITTNACHT (1980),
OESAU (1986), PILOTEK (1990), RANFT (1981)
TREND Mean of the -, 4, + - Values / Mittelwert aus -, +, +
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