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List of key abbreviations

LU Livestock Unit
AECM Agri-Environment-Climate Measures
MJ Megajoule
RDP Rural Development Plan/Programme
AEP Agri-Environmental Programme
CAP Common Agricultural Policy

Definitions of key terms

Adjuvant – an excipient present in plant protection products alongside their active substance or 
added to a working fluid, which enhances its biological effectiveness by modifying its physical 
properties.

Agri-environment-climate measures – agri-environmental programme included in the Rural 
Development Programme (RDP) for 2014–2020 in Poland. It includes 7 packages and 28 
variants.

Agri-environmental package – a component of the agri-environmental programme comprising 
a set of requirements that a farmer or manager is obliged to fulfil when takes on an agri- 
-environmental obligation. A package can consist of variants.

Agri-environmental payment – a payment for the implementation of the agri-environmental 
programme on a farm and the fulfilment of the requirements specified in the programme.

Agri-environmental programme – a common term for the agri-environmental programme for 
2004–2006, the agri-environmental programme for 2007–2013 and the agri-environment- 
-climate measures for 2014–2020. It is one of financial aid instruments of the Euro-
pean Union for agriculture that consists of specific measures aimed at achieving greater  
biodiversity by reconstructing, maintaining and improving the state of high-nature- 
-value habitats and, promoting sustainable farming systems, the appropriate use of soil 
and protection of water, conservation of local endangered breeds of livestock and local  
varieties of crop plants, etc. The agri-environmental programme consists of agri- 
-environmental packages, whereas the packages can include a number of agri-environmental 
variants.

Agri-environmental programme for 2004–2006 – the agri-environmental programme included 
in the Rural Development Programme (RDP) for 2004–2006 in Poland. It included 7 packages  
and 40 variants.
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Agri-environmental programme for 2007–2013 – the agri-environmental programme included 
in the Rural Development Programme (RDP) for 2007–2013 in Poland. It includes 9 packages  
and 49 variants.

Agri-environmental variant – a component of an agri-environmental package comprising  
a set of requirements that a farmer or manager is obliged to fulfil when takes on an  
agri-environmental obligation.

Agrobionts – organisms that reach high dominance in agroecosystems. They are associated 
with highly disturbed habitats and their life cycle is adapted to the changing conditions of 
agroecosystems.

Agrocoenosis (agrobiocoenosis, agricultural biocoenosis) – a specific type of biocoenosis 
found on agricultural lands, generally characterised by significant simplification of species 
composition, in comparison to a natural biocoenosis, and limited possibilities of self-regulation.

Agroecosystem (agricultural ecosystem) – an ecological system such as, e.g., arable field or 
meadow, being under constant human action including, e.g., fertilisation, use of pesticides, 
irrigation, etc. It differs from natural ecosystems in that the main producers are crop plants 
and the main consumers are humans and livestock, whereas other consumers are limited or 
eliminated.

Allelopathy – the influence of chemical substances produced by certain species of plants 
or fungi or as a result of their decomposition. It refers mainly to substances secreted to soil 
that influence other organisms, mainly plants and bacteria. They can stimulate or inhibit plant 
germination, as well as the growth and development of other species in the immediate vicinity.

Arable land – land cultivated for crop production or areas available for crop production but 
fallowed. Land farmed without soil tillage for up to 4 years is also considered as arable land. 
Arable land constitutes approx. 45% of the area of Poland.

Araneofauna – an assemblage of spider species in a given geographic region, type of 
environment (biotope) or living in a particular geologic period.

Archaeophyte – a non-native plant species introduced to a given area from other geographic 
regions prior to the end of the 15th century. It is usually found in habitats strongly transformed 
by man.

Beetle bank – a strip of uncultivated land, approx. 2 m wide and 0.5 m high. A beetle bank is 
planted with grasses (often bunch grasses) and/or other perennial plants. It differs from field 
margin in that it does not constitute a boundary between fields.
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Bern Convention (The Bern Convention on the Conservation of European Wildlife and 
Natural Habitats) – an international legislative act concerned mainly with common European 
conservation of vulnerable and endangered species and their natural habitats. It was signed 
in Bern (Switzerland) on 19 September 1979. The Bern Convention was ratified by Poland  
on 13 September 1995 and it came into force on 1 January 1996.

Biocoenosis – an assemblage of plant and animal populations and microorganisms sharing  
a given environment, which belong to different species that are interrelated by various ecological 
factors and trophic interactions.

Biological diversity (biodiversity) – diversification of all living organisms found on Earth in 
terrestrial, marine and freshwater ecosystems, and as part of ecological communities. It may 
refer to diversity within a species (genetic diversity), between species (species diversity) and to 
the diversity of ecosystems.

Biotope – the environment of a biocoenosis. Originally, this term was used to refer only to 
abiotic components of a habitat. At present, it is often understood as an abiotic component of 
a habitat transformed by a biocoenosis. Biotope and its biocoenosis constitute an ecosystem.

Birds Directive (Council Directive 2009/147/EC of 30 November 2009 on the conservation of 
wild birds) – a European Union legislative act whose main aim is the protection from extinction 
of the currently existing populations of birds occurring in the wild state in the European Union.

Buffer strip – a strip of land covered with vegetation along streams, rivers or other forms of 
surface water. Buffer strips are designated to reduce the run-off of dangerous contaminants 
from arable fields, especially nitrogen compounds. 

Calorific value – the quantity of energy produced in the form of heat during the combustion 
of a mass unit or a fuel volume unit. It is assumed that combustion is complete and perfect and 
water vapour in the combustion gas does not condense, even though the temperature of the 
combustion gas drops to the fuel initial temperature.

Carnivore – an animal or plant species that feeds on live or dead animal tissue.

Catch crop – a plant grown between two main crops for green fodder, hay, silage or to be 
ploughed under as a green manure.

CHP unit – specialised equipment for combined heat and power generation. Generally,  
CHP units are fuelled by natural gas. In the recent years, however, an increasing number of 
such units are fuelled by biogas, landfill gas, gas from wastewater treatment plants or by other 
alternative fuels.
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Conservation Measures Plan – a planning document prepared and implemented for a Natura 
2000 area.

Conservation (no-till) agriculture – a system of ploughless tillage consisting in scarifying and 
mixing the soil without the need to turn it. The plough is replaced by other tillage equipment, 
such as disc harrows, stubble cultivators or rotary tillers.

Diaspore – a plant or fungus reproduction and dispersal unit. A diaspore can be either a whole 
organism or its part which in appropriate conditions is capable of becoming a new organism. 
Diaspores are divided into generative diaspores (e.g., seeds, spores, fruit) and vegetative 
diaspores (e.g, bulbs, tubers, stolons, rhizomes).

Ecological focus areas – areas specified by CAP which are beneficial to the environment and 
contribute to the enhancement of biological diversity and the conservation of the landscape 
values. Since 2015, the following types of ecological focus areas can be found in Poland: 
landscape components, buffer strips, afforested areas, fallow land, nitrogen-fixing crops, catch 
crops and green cover, short rotation coppices and strips of vegetation along the margins  
of a forest. Since 2015, every farmer in the European Union who applies for a direct payment 
and has more than 15 ha of arable land is obliged to ensure that at least 5% of his arable land 
constitutes of ecological focus areas.

Ecological package – an agri-environmental package included in the agri-environmental 
programme for 2007–2013 or agri-environment-climate measures for 2014–2020 whose 
main aim is the protection of environmentally valuable habitats or rare species of birds.

Ecological succession – a directional and orderly process by which a biocoenosis, biotope and 
an entire ecosystem undergo changes. These changes consist in a succession of ecosystems 
which differ in their structure and species composition. The succession begins with an initial 
phase followed by transition phases, until it reaches its final, the most steady phase suitable 
for specific habitat conditions, a so-called climax. The succession can be primary or secondary.

Economic injury level – the density of a pathogen population at which the losses resulting from 
the reduction of crop yields of the affected plants are equal to the cost of pest management.

Ecotone – an ecosystem that constitutes a transition zone between at least two other 
ecosystems.

Epigeic species – a species living on the soil surface.

Eurytopic (eurybiontic) species – a species with a wide range of ecological preferences 
(generalist), capable of withstanding significant changes of environmental conditions, e.g., 
temperature, humidity.
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Expansive species – a species that spreads and expands its territorial range or takes over new 
habitats within its current range.

Fallow – a field excluded from agricultural use for a period of one or two years, which undergoes 
appropriate mechanical treatments (bare fallow), chemical treatments (herbicide fallow)  
or is left uncultivated and is spontaneously overgrown with weeds and previously cultivated 
crops (green fallow).

Grazing pressure on a pasture – total body mass of all grazing animals that at a given moment 
is allocated to a unit of the pasture area. Grazing pressure is usually given in t/ha or LU/ha.

Green fields – arable lands with plant cover during autumn and winter. It can be, e.g.: winter 
crops, winter catch crops, unploughed stubble fields, perennial plants on arable lands.

Greening – an instrument of the Common Agricultural Policy implemented since 2015 with 
the aim of promoting sustainable management of agricultural lands. This instrument includes 
green payments, among other things. Greening in Poland is threefold: crop diversification, 
preservation of permanent grasslands and ecological focus areas.

Habitat – an environment inhabited by a species, comprising all biotic and abiotic factors that 
affect this species. A site occupied by the population of a given species or a biocoenosis.

Habitat eutrophication – a process of excessive fertilisation of a habitat, addition of nutrients, 
especially nitrogen and phosphorus, at a rate exceeding their assimilation rate. Eutrophication 
can be a natural process or can be caused by human activities.

Habitat fragmentation – a process whereby the size of a habitat is reduced and it is divided 
into two or more fragments (patches), separated with other areas.

Habitats Directive (Council Directive 92/43/EEC of 21 May 1992 on the conservation of 
natural habitats and of wild fauna and flora) – a European Union legislative act specifying the 
principles of the establishment and functioning of the Natura 2000 network of areas and the 
rules of the conservation of natural habitats and plant and animal species in the European 
Union.

Herbivore – an organism feeding on plants or parts of plants.

Honey plant (nectar plant, pollen plant) – a plant, usually entomophilous, which provides bees 
with nectar (energy resource used for the production of honey) and pollen (source of protein 
for larvae).
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Imago (mature, adult insect) – the last stage of the ontogeny of insects during which they are 
capable of reproduction.

Insect hotel – a structure made by man from natural materials aimed at providing shelter 
for insects. Depending on the group of insects they are made for and on their location, such 
hotels have different sizes and types of construction (usually they consist of several parts made 
from different materials). Hotels substitute for or supplement natural shelters, nesting and 
overwintering sites of insects or, as in the case of ladybirds and butterflies, they are the main 
overwintering site.

Integrated pest management – a method of protection of crop plants against pests with 
priority given to non-chemical methods, which minimises risks to human and animal health and 
to the environment. Integrated pest management makes it possible to limit the use of chemical 
plant protection products to the necessary minimum and, hence, to reduce their impact on 
the surrounding environment. The obligation to implement the principles of integrated pest 
management by all users of plant protection products from 1 January 2014 follows from 
the provisions of Article 14 of Directive 2009/128/EC (Directive 2009) and Regulation  
No 1107/2009 (Rozporządzenie 2009).

Invasive species – an expansive alien species that quickly spreads beyond its natural range in  
a way that is detrimental to the fauna and flora of a given ecosystem.

Legumes – a family of plants capable of living in symbiosis with Rhizobia, which allows them 
to use atmospheric nitrogen and, as such, they contribute to enriching the soil with nitrogen.  
In a temperate climate, they are mainly herbaceous plants, e.g., clovers, peas, vetches, etc.

Lepidopterofauna – an assemblage of butterfly species in a given geographic region, type of 
environment (biotope) or living in a particular geologic period.

Litter – an accumulation of dead organic matter.

Livestock Unit (LU) – a reference unit used to determine the stock of livestock or grazing 
intensity. 1 LU is an equivalent of a livestock animal of a total weight of 500 kg. For instance, 
one adult cow corresponds to 1 LU, one adult horse – 1.2 LU, heifer (1–2 years old) – 0.8 LU.

Marginal habitat – a habitat with features different from those preferred by particular species 
or assemblages of organisms, which is inhabited by such organisms if there is no access to 
the optimum habitats or if they are overpopulated. Examples of marginal habitats are, e.g., 
small ponds and in-field trees if inhabited by species preferring wetland or forest habitats, 
respectively. They play an important role in enhancing biodiversity in the agriculture landscape.
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Marginal land – land of low productivity or land that cannot be used for agricultural production 
due to its natural or anthropogenic determinants. In Poland, there are approx. 2.3 million ha  
of marginal land, which constitutes 12% of agricultural land.

Methane fermentation – a process of decomposition of organic substances carried out by 
microorganisms under anaerobic conditions, resulting in methane emission.

Monitoring of species and natural habitats – one of the components of the State Environmental 
Monitoring in Poland implemented since 2006 and commissioned by the Chief Inspector of 
Environmental Protection. One of its main objectives is the development of the methodologies 
of monitoring of natural habitats and plant and animal species listed in the annexes to the 
Habitats Directive. The aim of the conducted monitoring is providing information for the 
assessment of the state of the conservation of species and natural habitats on the level of 
biogeographical regions and on the level of the Natura 2000 special areas of conservation.

Monitoring of the environmental impacts of the agri-environmental programme – monitoring 
aimed at assessing the effectiveness of agri-environmental packages on the territory of 
Poland, focused in particular on the assessment of the response of habitats and species to the 
agricultural practices specified in the packages. The necessity of its implementation follows 
from the requirements of the European Commission which, pursuant to the Council Regulation 
No 1698/2005 of 20 September 2005 (Rozporządzenie 2005), imposes on the member 
states an obligation to ensure an effective monitoring of the implementation of operational 
programmes aimed at the development of rural areas. The responsibility for the implementation 
of the programmes and their supervision rests with the Minister of Agriculture and Rural 
Development and the units subordinate to the Minister. The monitoring of the environmental 
impacts of the agri-environmental programme was carried out in 2011–2015 by the Institute 
of Technology and Life Sciences in Falenty.

Monophagy – the highest degree of trophic specialisation of organisms at every or at least 
at one stage of their ontogeny, which consists in eating organisms of one species or several 
related species.

Mulch – fragmented plant biomass abandoned on the agricultural soil.

Natura 2000 area – an area included in the European network of Natura 2000 protection 
areas. Its main function is conservation of specific types of natural habitats and plant and 
animal species, so-called Natura 2000 habitats and species, which on the European scale are 
considered as valuable and at risk of extinction. There are two types of areas: special areas 
of conservation (SAC) and special protection areas (SPA). In 2015, the Natura 2000 areas in 
Poland constituted approx. 20% of the country’s land area.

Natural habitat – a terrestrial or aquatic area, whether entirely natural or semi-natural, 
distinguished by geographic, abiotic and biotic features. The concept of natural habitats has 
been introduced to the European Union in the Habitats Directive. A list of natural habitats of 
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European importance, the so-called Natura 2000 habitats, comprises Annex I to the Habitats 
Directive.

Environmental expert (botanist or ornithologist) – a person authorised to develop 
documentation on natural habitats (botanist) or ornithological documentation (ornithologist), 
including environmental characteristics and requirements for the usage of meadows. Preparation 
of environmental documentation by an authorised expert is a condition for granting an agri- 
-environment payment to a farmer for the implementation of variants aimed at the protection 
of valuable natural habitats or habitats of farmland birds included in the agri-environmental 
programme as part of the Rural Development Programme (RDP) for 2007–2013 and 2014– 
–2020.

Oligophag – a species with a very narrow trophic specialisation that feeds on a very limited 
range of species, often found among insects.

Oligotrophic habitat – a low-productivity habitat with low levels of nutrients.

PASTWA – technology and equipment for selective, large-scale eradication of unwanted, 
mainly invasive plants during vegetation. The method includes direct injection of a herbicide 
usually into the root collar. It is recommended especially for the eradication of Sosnowsky’s 
hogweed.

Pathogen (pathogenic factor) – a foreign body that produces disease in a given organism.

Permanent grasslands – land used for the cultivation of grasses or other herbaceous plants 
that self-seed (self-seeders) or are cultivated (sown), with no crop rotation for a period of five 
or more years.

Pest – an undesirable organism (pathogen, weed), harmful to crop plants, agricultural products 
and animals.

Phytocoenosis – a plant community (patch of plants) that is a part of a given biocoenosis and 
whose species composition and structure are relatively uniform and distinguishable from the 
neighbouring plants.

Pielou’s evenness index – an index representing the ratio of the actual species diversity to the 
maximum diversity.

Pratotechnic treatments – agricultural treatments carried out on permanent grasslands.
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Poliphag (myxophage, hemizoophage) – an organism that has no strict trophic requirements 
and can utilise various sources of food.

Pyrethroids – natural and synthetic plant protection products used to eradicate harmful insects. 
They are considered as third-generation insecticides. Pyrethroids affect different organisms in 
different ways. They are poisonous to insects and arachnids but harmless to human beings and 
other higher-order organisms.

Refugium (refuge) – an area important, in terms of the environment, for the conservation 
of biological diversity, where plants and animals find shelter, including rare and endangered 
species.

Repeller – a device attached to agricultural equipment and used to repel animals, mainly birds. 
It is used especially during mowing.

Riffle – a strengthened (e.g., with stones, fascine and stones) section of a stream characterised 
by a sharp longitudinal decline of the bottom.

Rope-wick applicator – a tool for hand application of a herbicide used to apply the substance 
directly to individual plants. It is used where spraying is impossible or unfounded.

Rotational grazing – a livestock grazing system consisting in a rotational use of fenced off parts 
of a pasture.

Ruderal plant – a plant that grows in areas strongly transformed by man, especially in an urban 
environment, on roads and roadsides, near railways, on slag heaps and in industrial areas.

Rural Development Plan/Programme (RDP) – a programme spanning several years, developed 
by each member state of the European Union. The following programmes have been 
implemented in Poland so far: RDP for 2004–2006, RDP for 2007–2013. RDP for 2014–2020 
has been implemented since 2014. A dozen or so measures are being implemented as part of 
RDP for 2014–2020, such as the agri-environment-climate measures.

Secondary succession – a succession whose starting point is an ecosystem transformed by 
man. In Poland, this type of succession is usually observed on previously arable lands, especially 
on fields and set-aside meadows. Secondary succession leads to a reconstruction of a natural 
community characteristic of the local environmental conditions.

Segetal plants (segetal weeds, field weeds) – a group of weeds growing on arable fields. 
Segetal plants form their own communities associated with specific habitats and a particular 
species of crop plants.
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Semi-natural habitat – a habitat created through constant interaction of the forces of nature 
and man, although human activity is not intensive.

Set-aside land – previously arable land not affected by human intervention for many years, 
which is initially overgrown with herbaceous plants and then with species of shrubs and trees.

Shannon-Wiener diversity index – a biological diversity index that calculates the probability of 
two individuals taken at random from a sample being of different species.

Soil seed bank – seeds stored in soil, capable of germination under optimum conditions for  
a given species. The size of a seed bank depends on, e.g., the duration of the seed dormancy 
period and seed viability. Seeds of various species differ in respect to the duration of the period 
during which they are capable of germination – in many species it can be several dozen years.

Spinnerets – organs specific to spiders located at the rear of the abdomen (10th and 11th 
segment), composed of several hundred to up to twenty thousand orifices of silk glands that 
secrete a liquid substance which hardens into spider silk on contact with air. Most spiders 
have 3 pairs of spinnerets and only some of them have 2 or 1 pair. Spider silk glands form 
functional groups that produce silk threads of different composition and for different use.  
Some of them are used for building webs for capturing prey, for draglines or for so-called 
ballooning, and others for building cocoons.

State Environmental Monitoring – a system of measurements, assessments and outlooks for 
the state of the environment as well as a system of collecting, processing and disseminating 
the results of the research and assessment of the components of the environment. The aim of 
the State Environmental Monitoring (SEM) is providing administrative bodies and society with 
systematic information on the quality of the components of the environment, on sustaining 
quality standards of the environment in accordance with the regulations and on the areas in 
contravention of these standards, as well as on the changes in the quality of the components 
of the environment and the causes of such changes, including cause and effect relationships 
between emissions and the state of the components of the environment. The monitoring of 
species and natural habitats is one of the elements of SEM in Poland. The Chief Inspector of 
Environmental Protection is the coordinator of SEM.

Stenophage – an animal with a narrow trophic specialisation limited either to one source of 
food (monophage) or to a small number of food sources (oligophage).

Stenotopic species – a highly specialised species with a narrow ecological tolerance, found 
in a clearly defined (specific) habitat with minimal changes of environmental conditions, e.g., 
temperature, humidity.

Stock of livestock – the number of animals expressed in Livestock Units per 1 ha of agricultural 
land.
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Stubble catch crop – a catch crop sown in the second half of summer after the harvest of an 
early main crop and used in autumn of the same year for feed or ploughed under as green 
manure.

Synanthropic species – a species adapted to live in an environment strongly transformed by 
man, associated with human dwellings or human activity.

Trophic network – a network of trophic interactions between organisms of different 
species sharing one ecosystem. Trophic networks are created by intertwined food chains.  
Such networks can be less or more complex, which is mostly due to the presence of organisms 
on different trophic levels in a given biocoenosis (i.e., herbivores, predators, saprophages, etc.) 
and organisms that came from adjacent environments.

Uncultivated landscape components that constitute nature refuges (refuges for biodiversity) 
– uncultivated components of the agricultural landscape which are particularly valuable in 
terms of their natural values, e.g., natural water bodies, hollows with marsh plants, single old 
trees, clusters of trees and shrubs, baulks, mires, groups of springs, piles of fieldstones, etc.

Weed compensation – a phenomenon whereby the population of one or more species of 
weeds in a given field is gradually growing. It is a result of using the same herbicides every year 
(containing the same active substance), which leads to the growth of the population of species 
of weeds resistant to the used herbicide.

Wildlife corridor – a stretch of natural or semi-natural vegetation (e.g., forests, meadows), 
sodded strips of land along roads or streams, as well as uncultivated margins of fields that are 
connected with other strips of vegetation, forming a network or areas providing shelter for 
animals and a migration route for many plant and animal species.

Winter catch crop – a catch crop sown in autumn after the harvest of the main crop and 
harvested the following year in spring.
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1. Introduction

Effective conservation of biological diversity in the agricultural landscape has become a serious 
challenge for many member states of the European Union in the recent years, including 
Poland. It stems from a gradual deterioration of the state of this diversity on the one hand 
and from the complex nature of protective measures on the other hand, which often require 
active participation of many owners of arable lands, as well as the support of a number of 
public institutions, such as, e.g., regional directorates for environmental protection, agricultural 
advisory centres, etc.

At present, there are two main approaches to the conservation of biological diversity. One of 
them focuses predominantly on the protection of rare plant and animal species and has a longer 
history. In this case, protective measures consist in the development and implementation of 
detailed programmes of conservation of particular species or natural habitats. A good example 
of the implementation of such measures, whose scope includes not only protection as such but 
also legal and educational issues, is the protection of the aquatic warbler, a rare bird species 
of the Passeriformes order that inhabits marshy meadows, mainly mud sedges but also fertile 
mires. In order to protect this species, a number of measures have been undertaken in Poland 
since the beginning of the 1990s and considerable funds have been expended on this effort. 
These measures have produced appreciable results and the population of this rare bird species 
in Poland has been stable over the past years.

The other approach, which has become increasingly popular in the recent years, concentrates 
on direct economic profits resulting from the conservation of biological diversity. Such profits 
are referred to as ecosystem services. In this case, the emphasis is mainly on the protection 
of common species and their habitats, which can be an important source of said services.  
An illustrative example is the establishment of strips of flowering plants along arable fields that 
attract insects which pollinate rapeseed or buckwheat.

Special programmes aimed at the conservation of biological diversity on agricultural lands have 
been implemented in Poland since 2004 and in some other member states of the European 
Union such programmes are being implemented since the beginning of the 1990s. They include 
the agri-environmental programme and organic farming, among others. The effectiveness 
of such instruments in the protection and enhancement of biodiversity has been, and still 
continues to be, widely disputed. The majority of publications on the subject argue that these 
programmes have none or limited environmental impacts (Kleijn et al. 2003). On the other 
hand, however, the need for the improvement of these instruments is emphasized, both on  
the level of specific requirements and on the level of the scale of their implementation.  
For instance, in the Netherlands, a community (collective) approach to the implementation of 
the agri-environmental programme has been strongly supported for over ten years. Since 2016, 
the community approach is now the only possibility for farmers in this country to become part 
of this programme.
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In order to be able to meet the challenge of improving the conservation of biological diversity 
in the agricultural landscape, a code of good agricultural practices supporting this biodiversity 
has been developed. The code is an organised collection of the available knowledge on the 
impact of agriculture on selected representative groups of living organisms and it contains  
a catalogue of good agricultural practices that have a positive influence on the diversity of 
these groups of organisms.

The code discusses good agricultural practices that are concerned not only with meadows 
and pastures, which are characterised by the richest diversity of habitats and an abundance 
of plant and animal species, but also with arable lands. Although these lands are inhabited by 
a smaller amount of species, due to their considerable predominance in Poland in comparison 
to permanent grasslands, they have an immense significance with respect to the ecosystem 
services provided by biodiversity, such as, e.g., maintaining soil fertility or pollination of plants.

The code focuses on the discussion of agricultural practices in terms of their impact on 
several groups of living organisms, namely flora (Chapters 2 and 3), spiders, ground beetles, 
Orthoptera, Apidae and butterflies (Chapter 4), as well as birds (Chapter 5). Protection of the 
species that belong to these groups is important from the perspective of the conservation of 
species richness and the maintenance of the high quality of ecosystem services of social and 
economic significance.

The code also puts strong emphasis on good agricultural practices aimed at the conservation of 
environmentally valuable habitats on permanent grasslands (Chapter 3). Their protection in the 
areas of the Natura 2000 network follows mainly from the provisions of the Habitats Directive 
which is binding in all member states of the European Union. The key habitats discussed in the 
code are hay meadows, humid meadows and meadows with fluctuating water levels, as well as 
semi-natural dry grasslands, Nardus grasslands, sand grasslands and heaths.

Chapter 3 is concerned with a very important and topical issue relevant for many farmers, 
mainly an effective eradication of invasive plants.

Another important and a relatively novel issue raised in the code is that of alternative methods 
of the meadow biomass management (Chapter 6). Its significance stems from the considerable 
changes that have taken place in agriculture during the last several dozen years, which resulted 
in the concentration of animal production in certain regions (e.g., Podlasie) and its disappearance 
or substantial reduction in others.

This code is intended for different groups of readers. An important group are farmers who 
manage agroecosystems and implement programmes aimed at the conservation of biological 
diversity in the agricultural landscape. This book should also prove to be a source of valuable 
guidelines for institutions responsible for shaping policies of the environmental protection of 
rural areas in Poland. Finally, this code and the information it provides about the impact of 
different agricultural practices on biodiversity can be a valuable source of knowledge for a great 
number of readers interested in this subject.
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2.  Agricultural practices  
supporting the diversity of flora  
on arable lands

Rural areas in Poland are characterised by rich and unique biological and landscape diversity 
in Europe. What is particularly characteristic of a large area of the agricultural landscape  
of Poland, especially in its south-east part, is a close system of small-scale fields. A dense 
network of baulks and field tracks is associated with environmentally valuable patches of trees 
and shrubs, as well as sites of segetal flora commonly referred to as weeds (Tyburski et al. 
2000; Andrzejewski, Weigle 2003).

The natural richness of rural areas is evidenced by the fact that they are inhabited by about  
a half of over 485 types of plant associations found in Poland. A large number of communities are 
used as meadows and pastures. Out of several hundred plant species found in phytocoenoses 
on agricultural lands in Poland, about 70 are under legal protection and over 80 are considered 
endangered (Dembek et al. 2004).

Poland is unique in Europe in that, due to the traditional agriculture, a lot of local species and 
varieties of crop plants have been preserved (Podyma 2003). Over 900 native varieties of 
plants are cultivated on arable lands. Traditional home orchards with widely spaced high fruit 
trees growing on strong rootstocks are of particular importance to genetic resources of crop 
plants.

The natural richness of rural areas is conditioned by agricultural lands with a rich diversity of plants and animals.  
(Photo: B. Feledyn-Szewczyk, M. Staniak)
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2.1. The importance of the diversity of crop species and varieties  
and wild flora species in agroecosystems

The biological diversity of agricultural lands is shaped by crop plants, as well as by wild plants 
and animals. It is also influenced by microflora, microfauna and soil mesofauna, which is an 
important factor conditioning soil fertility.

Although there are 20 to 200 thousand edible species of plants in the world, depending on the 
estimates, only three of them – rice, corn and wheat – satisfy most of humanity’s demand for 
energy (FAO 1997). An extensive use of such a small number of plant species is associated with 
the risk of mass occurrence of pests and pathogens harmful to crop plants. Intensive cultivation 
of high-yielding species, often in monocultures, is also associated with environmental risks. 
They arise from the use of large doses of mineral fertilisers and chemical plant protection 
products, often based on the same active substance, which contributes to the development 
of resistance in pests (Marczewska, Rola 2006). Therefore, cultivation of diverse species and 
varieties of plants guarantees not only the availability of a wide range of products but can also 
ensure food security and, at the same time, reduce risks to the natural environment.

Crop plants share their agroecosystems with species of wild plants, commonly referred 
to as weeds. Since the very beginning of agriculture, these plants have been considered as 
undesirable and, as such, they have been intentionally eradicated. The negative role they play 
in an agroecosystem consists in competing with crop plants for all environmental resources 
(light, water, nutrients, space), which leads to the reduction of crop yields. Studies carried 
out in Sweden revealed that an average of 31% of crop losses were attributable to weeds 
(Milberg, Hallgren 2004). Some species of weeds have poisonous properties, e.g., common 
corn-cockle, while others hinder the harvesting of plants, e.g., different species of vetches or 
cleavers, or play a role in transmitting diseases or pests harmful to crop plants (Wisler, Norris 
2005; Bond et al. 2007; Bacler-Żbikowska 2012). Although the negative role that weeds play 
in agroecosystems is well-known, farmers’ knowledge of their beneficial functions is scarce. 
Many common species of weeds are very important to the conservation of the populations 
of invertebrates, whereas their harmfulness as competitors of crop plants or hosts of pests is 
minimal (Marshall et al. 2003; Hole et al. 2005).

Segetal plants that function as producers in an agroecosystem are decisive of the richness of 
the species of higher-order organisms, including birds. The availability of seeds of weeds is 
particularly important for wintering birds. Agricultural intensification accompanied by chemical 
eradication of weeds causes a decrease in the population of many species of birds associated 
with the agricultural landscape (Donald et al. 2006). Particularly important to birds’ diet are 
weeds from the Polygonaceae family, the goosefoot family and the Panicoideae subfamily,  
e.g.: lamb’s quarters, common knotgrass, cockspur, bitter dock or chickweed.

The competitiveness of weeds against crop plants is varied. There are some species whose 
competitive ability is limited and, hence, their presence in a field of crop plants poses no 
risks to yielding. However, such species can be very important to the overall biodiversity of 
agroecosystems. This group includes sun spurge, common fumitory, red dead-nettle, annual 
meadow grass, groundsel, corn spurry and field pansy, among others (Storkey, Westbury 2007).
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2.2. How can farmers benefit from the diversity of segetal flora  
on arable lands? 

The benefits of a rich biological diversity are referred to as “ecosystem services”. It is a set of 
products and functions of an ecosystem used by society (Costanza et al. 1997). Ecosystem 
services can be divided into four groups (Solon 2008):

•	 supply services (production of food, biofuels, wood);
•	 regulation services (maintenance of soil fertility, natural plant protection, pollination);
•	 auxiliary services (circulation of chemical elements and water, provision of habitats);
•	 cultural services (recreational, aesthetic, cultural, educational functions).

These services are provided by different components of an ecosystem, including weeds.  
By using arable lands and implementing appropriate agrotechniques, farmers can influence the 
species diversity of segetal flora to the largest extent possible. Intensive agriculture, where the 
basic method of reducing weed infestation is the use of herbicides, has a negative impact on 
the species diversity of segetal flora (Marshall et al. 2003; Storkey et al. 2012). Seeds of weeds 
are the first to respond to the changes in the soil environment resulting from natural disasters 
(e.g., a fire) or from intentional human activity (e.g., tillage). In this situation, the function of the 
germination of the seeds of weeds is to restore balance to the ecosystem. Soil covered with 
plants is less prone to water and air erosion because roots bind soil and the above-ground parts 
of plants shelter it from the direct impact of wind and water. Segetal flora also plays a role in 
preventing nutrients from permeating to the lower layers of soil. Nutrients are taken up by the 
roots of many species of weeds, such as field mustard, which reach deeper into soil than roots 
of crop plants. Moreover, dead weeds are a source of matter and nutrients and, as such, they 
contribute to soil fertility and support microbiological activity (Jędruszczak et al. 2003).

Another important function of segetal plants from the perspective of farmers is natural 
protection of crop plants (Schonbeck 2013). The presence of weeds contributes to the growth 
of the population of useful insects that support natural eradication of pests (Dąbrowski 2006). 
Some pollinating insects, e.g., flies of the Syrphoidea family, are attracted to crop plants by  
weed flowers because they feed on their nectar, whereas their larvae are predators that 
feed on other insects – pests harmful to crop plants (White et al. 1995). Furthermore, weeds 
provide a habitat and food for ground beetles that feed on ants and plant pests and whose 
larvae can be parasites of pests harmful to crop plants (Kotze et al. 2011). Similarly, insects of 
the Orthoptera order feed on common pests, e.g., aphids (Lupu 2012). Thomas and Marshall 
(1999) identified a positive, linear dependency between the biological diversity of weeds and 
the diversity of arthropods. The following species of weeds are important for the occurrence 
of useful invertebrates: lamb’s quarters, creeping thistle, chickweed, cleavers, annual meadow 
grass, common knotgrass, bitter dock, groundsel, field mustard, common sowthistle and 
scentless mayweed. Landis et al. (2008) estimated the value of the natural protection service 
of soy against pests in four adjacent states in the USA at 239 million dollars. They estimated the 
savings related to the reduced usage of plant protection products at 33 dollars per 1 hectare 
of cultivations of the soya. Many species of weeds, e.g., horseradish, field horsetail, field mint, 
common nettle, chamomile, wormwood and common tansy protect crop plants also against 
pathogens, which is used in organic farming where chemical plant protection products are not 
utilised (Hochół 2003).
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There are also weeds known to secrete chemical substances with allelopathic properties 
stimulating or inhibiting germination of certain species of crop plants. The following species 
have positive allelopathic effects on crop plants: lamb’s quarters and common nettle on 
potatoes; common toadflax, chamomile and field pansy on rye; cornflower and chamomile on 
different species of cereal (Duer 1996).

From the perspective of farmers, a very valuable service provided by the species diversity of 
segetal flora is creating suitable habitats for pollinating insects, mostly different species of bees, 
bumblebees, butterflies and flies. Their presence in an ecosystem depends on the accessibility 
of flowering dicotyledons. The agricultural landscape in Poland is dominated by cereal whose 
share in the structure of the plants sown in 2014 was 73% (GUS 2015). However, they are 
of no particular significance to pollinating insects. A crop plant which is important for this 
group of animals is rapeseed whose share in the structure of the plants sown in 2014 was 
approx. 9%. Insects use rapeseed only for a short period of time in spring. After the flowering 
of rapeseed, the flowering species of weeds that grow on crop stands, baulks, set-aside lands 
and other uncultivated lands are found to be important. Such habitats considerably increase 
the population of pollinating insects and, hence, have a positive impact on the crop yields 
of the adjacent entomophilous plants: rapeseed, mustard, legumes (Feltham et al. 2015).  
Sowing flowering plants on the margins of arable fields is a good practice (Critchley et al. 2004). 
Nectar and pollen plants include corn chamomile, creeping thistle, cornflower, lamb’s quarters, 
forking larkspur, common dandelion, field poppy, field sowthistle, among others. These species 
are usually characterised by an attractive colour of flowers, a large quantity of pollen or nectar 
and a long period of flowering. Majewski (2014) estimated the value of the ecosystem service 
of pollinating orchards in the Lublin Voivodeship at PLN 5,000–40,000 per hectare, depending 
on the plant species and the estimate method. The value of this service can be affected by the 
proximity of orchards and arable fields with flowering weeds that provide pollen and/or nectar 
to bees and other pollinating insects before and after the flowering of orchards.

Apart from the benefits listed above, some species of weeds, such as chamomile, field horsetail, 
and cornflower, are a valuable herbal resource and can be an additional source of income for  
a farm (Dobrzański, Adamczewski 2009).

Landscape diversity is also increasingly appreciated by farmers and urban population visiting 
the countryside. In the case of organic and agritourism farms, increasing the aesthetic values of 
the surrounding areas (fields with flowering cornflowers, poppies or chamomiles) contributes 
to improving the attractiveness of a farm. It can lead to the improvement of the farm’s financial 
situation and at least partially compensate the loss of crops due to weed infestation.

Since the end of the previous century, views on the significance of weeds have evolved due to 
the popularisation of the concept of sustainable agriculture and promoting environmentally- 
-friendly production methods, such as organic and integrated farming. Weeds have started to 
be considered not only as competitors of crop plants, but also as an element that enhances 
biodiversity in agrocoenoses (Hochół 2003; Marshall et al. 2003). At present, instead of complete 
eradication of weeds, efforts are being made to reduce their population to the level that does 
not cause a significant decrease of crop yields, taking account of the so-called economic 
injury levels (Table 1). Therefore, weeds should not be treated only as a factor reducing crop 
yields because their harmfulness is dependent on many biological, habitat and agrotechnical 
factors, such as the species and population of weeds, the crop plant and its competitive ability,  
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the intended use of crops, as well as the type of soil, weather and the agrotechnical measures 
implemented by farmers (Feledyn-Szewczyk 2013; Hochół 2013). On the other hand, however, 
the ecological role of weeds in the environment should not justify their excessive occurrence. 
It is difficult to register the benefits arising from the conservation of biodiversity over a short 
period of time and it is even more difficult to produce their estimates (Berbeć 2014). That is 
why the idea of protecting the diversity of weeds growing alongside crop plants is not always 
well-received and appreciated by farmers, although it can generate notable financial benefits 
and become profitable in the long term.

The flowers of field mustard and common dandelion are a source of food for pollinating insects. 
(Photo: B. Feledyn-Szewczyk)
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Table 1. Economic injury levels of selected species of weeds on cereal fields

Species of weeds Population 
(plants/m2) Species of weeds Population 

(plants/m2)

Cornflower 1–5 Common wild oat 0,5–5

Common fumitory 25 Speedwells 25–44

Field pansy 50 Cleavers 0,1–2

Field mustard 2 Pale persicaria 5

Chickweed 26–40 Wild buckwheat 2

Dead-nettles 30–44 Common knotgrass 10

Scarlet pimpernel 45 Corn chamomile 2–5

Field poppy 10–22 Wild radish 3

Scentless mayweed 3–5 Groundsel 15

Loose silky-bent 10–20 Bromes 3

Field sowthistle  
and common sowthistle 15 Annual meadow grass >50

Field forget-me-not 6 Rough bluegrass 5

Creeping thistle 3 Black-grass 8–30

Mid-storey dicotyledonous species with no species domination 30

(Source: Domaradzki 2008)
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2.3. Agricultural practices with positive impact on the diversity  
of flora on arable lands

2.3.1.   Diversified crop rotation, mixed sowing and catch crops

The diversity of crop plants in rotation contributes to the enhancement of the overall 
biodiversity of agricultural ecosystems (Hilbig 1997; Benton et al. 2003). Every species of crop 
plants is associated with a specific weed community. Nowadays, the range of crop plants is in 
general limited to 2–3 technologically similar species, and some plant species are cultivated in 
monocultures (Jaskulski, Jaskulska 2006). Cultivation of a small number of species, a large share 
of cereal in the structure of the sown plants and cultivation in a monoculture may give rise to 
the domination of particular species of weeds which can be troublesome for farmers, e.g., loose 
silky-bent (Feledyn-Szewczyk 2013). Moreover, it often leads to upsetting the microbiological 
balance of soil, degradation and disappearance of environmentally valuable habitats, water 
contamination and soil erosion (Ryszkowski 1996; Kozłowski 2004). In Poland, as many as 60% 
of 165 species of field archaeophyte weeds are at risk of extinction, mainly due to agricultural 
intensification (Zając et al. 2009).

The occurrence of different species of weeds in small populations does not pose a serious risk to 
crop yields and can contribute to the conservation and enhancement of the overall biodiversity 
of agroecosystems and the provision of many ecosystem services, such as pollination, natural 
plant protection, protection of soil from erosion, etc. A more serious risk to crops may be  
a segetal community consisting of one or two species of weeds due to the lack of competition 
between them, in comparison to a multi-species community of these plants (Dobrzański, 
Adamczewski 2009). An appropriate crop rotation that contributes to the conservation of  
a rich species diversity of segetal flora and prevents excessive, troublesome weed infestation 
should consist of rotational spring and winter crops, annual and perennial, cultivated in a dense 
stand and in well-spaced rows. It should be characterised by a diversity of varieties, mixture of 
species, secondary and catch crops and should take account of the allelopathic properties of 
different species of crop plants, as well as the related agrotechnical measures (Liebman, Dyck 
1993; Feledyn-Szewczyk 2014).

Spring crops are of more significance to the conservation of plant and animal diversity in 
agricultural ecosystems than winter crops (Dicks et al. 2013). The changes in the agricultural 
practice in many European countries that led to more frequent sowing of winter crops than 
spring crops had an adverse impact on the biological diversity of agricultural lands, including 
the populations of invertebrates and birds found in the agricultural landscape (Donald, Vickery 
2000). In the study by Hald (1999), the cultivation of spring cereal resulted in the improvement 
of the species diversity of segetal flora in comparison the cultivation of winter cereal, although 
no significant growth of the overall population of weeds was observed. However, another 
study conducted in Great Britain has shown that four out of five species of segetal weeds, 
i.e., round pricklyhead poppy, shepherd’s-needle, corn buttercup and common corn-cockle, 
produced much more seeds in winter crops as compared to spring crops (Sotherton 1998).
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Undersowing combined with pure sowing of crops reduces the population of weeds and has 
no adverse effects on the species diversity of segetal flora (Liebman, Dyck 1993; Staniak et al. 
2013; Staniak et al. 2015). Studies carried out in Great Britain on the comparison of ten different 
measures supporting biodiversity have revealed that undersowing spring cereal enhances the 
species diversity of segetal flora to a greater extent than seven other agricultural practices.  
The average number of weed species in an undersown cereal stand was 5.9; in a mixture of 
sown species of wild plants – 6.7; on baulks – 6.3; in naturally regenerated grasses – 5.5;  
on the margins of unfertilised fields – 4.8; on fallows – 4.5; on the margins of fields sown with 
grasses – 4.4; on an overwinter stubble – 4.2; on special protection strips – 3.5; in annual 
grasses on arable lands – 3.1 (Critchley et al. 2004). On the other hand, a review of the research 
results concerned with the effects of undersowing of, e.g., clover in spring crops, carried out by 
Evans et al. (2002), did not show any positive impacts of the implementation of this measure 
on the diversity of plants and invertebrates. What is also important for the conservation of 
biodiversity is the maintenance of the plant cover of soil in autumn and winter through the 
cultivation of catch crops, especially winter crops and winter plants in the main crop.

2.3.2.   The appropriate selection of species and varieties of crops

The cultivation of old species and varieties of crop plants can contribute to the enhancement of 
the biodiversity of agroecosystems. Such species include spelt, emmer wheat, einkorn wheat, 
wild perennial rye, millet, camelina, bristle oat, lentil, Lathyrus sativus, yellow sweet clover, 
amaranth, among others (Hodun, Podyma 2011). Old species and varieties of crop plants are 
characterised by usually low agrotechnical requirements, better adaptation to environmental 
conditions, resistance to diseases and low rate of crop failure. Most of them can be successfully 
cultivated in small-scale systems of agricultural production and on organic farms. Old varieties 
of crop plants are found mainly in southern Poland where they compete successfully with 
newer, intensive varieties. They can also be found in eastern Poland, mostly in Podlasie and 

Cultivation of legumes in rotation contributes to the improvement of soil fertility and the diversity of segetal flora  
and invertebrates. (Photo: M. Staniak, B. Feledyn-Szewczyk)
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in Sandomierz Basin (Podyma 2003). Cultivation of different species and varieties of plants 
reduces the risk of a mass occurrence of diseases and pests that could lead to a significant 
decrease in crops. Apart from enhancing biodiversity, a lot of these plants also offer health- 
-related benefits.

2.3.3.  Conservation (no-till) agriculture

No-till agriculture is beneficial to biological diversity. On the basis of 34 experiments carried 
out in 9 countries, Dicks et al. (2013) concluded that simplification of agricultural methods 
has a positive impact on the diversity of segetal flora, invertebrates and birds. In 26 cases, 
the effects were adverse or there were no effects at all. In another study, Anderson et al. 
(1998) confirmed that larger populations of weeds are found in simplified agricultural systems 
than in the till system. In the traditional (till) agriculture, weeds produce fewer seeds and the 
population of perennial weeds, which can be troublesome and cause significant crop reduction, 
is less intense (Armengot et al. 2016).

2.3.4.  Mechanical, physical and biological methods of reducing weed infestation

From the agricultural perspective, there is a conflict between the productivity of crop plants 
and weeds which compete with each other for limited environmental resources. According 
to the principles of sustainable agriculture, the population of weeds should be minimised to 
a level that does not significantly affect the yielding of crop plants but which also does not 
put rare species at risk of extinction. In order to achieve this goal, long-term methods can 
be implemented, such as diversified crop rotation, natural fertilisation, the right selection of 
species and varieties of crop plants or direct methods of reducing weed infestation (mechanical, 
physical, biological and chemical); (Feledyn-Szewczyk 2013).

The population of weeds below the economic injury level in crop plants has a limited impact on their yielding. 
(Photo: B. Feledyn-Szewczyk)
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Since 2014, Polish farmers are obliged to follow the principles of integrated pest management 
with priority given to the natural self-regulation processes taking place in the environment and 
non-chemical methods of plant protection. The use of chemical products, preferably selective 
ones, is recommended only when the population of harmful organisms exceeds the economic 
injury level and may result in a significant loss of crop yields (Pruszyński 2009).

Integrated pest management puts a lot of emphasis on providing favourable conditions for the 
development of natural enemies of pests by preserving or creating new uncultivated landscape 
components, such as baulks, patches of trees and shrubs, etc., that constitute refuges for flora 
and fauna biodiversity.

In organic farming, weed infestation is reduced by means of direct and indirect methods.  
The most essential indirect methods are: rotational cultivation with long rotation cycles and 
the use of different plant species, selection of varieties that are more competitive than weeds,  
the use of high-quality seed material, mixed sowing, appropriate time and density of sowing,  
as well as appropriate tillage determining fast and even crop plant emergence. The direct 
methods that are most frequently used by organic farmers are mechanical methods, e.g., 
furrowing, whereas physical and biological methods are less popular (Kolb, Gallandt 2012). 
According to Armengot et al. (2013), furrowing allows to reduce the population of weeds to  
a level that is not harmful to crop yields but which also does not diminish the diversity of flora. 
Van Elsen (2000) argues that intensive furrowing reduces the population of winter annual 
weeds and creates favourable conditions for the occurrence of short-lived spring weeds. 
Mechanical treatment of corn and sorghum in organic farming makes it possible to reduce 
weed infestation by 77% and 74%, respectively, maintaining at the same time rich biodiversity 
and satisfactory crop yields (Staniak et al. 2011; Staniak et al. 2012).

2.3.5.  Use of natural fertilisers and refraining from application 
 of synthetic mineral fertilisers

The use of natural fertilisers also has positive impacts on biological diversity. Pyšek and Lepš 
(1991) showed that both the type of fertiliser (natural and mineral) and its dose (70 and  
140 kg/ha) have a strong influence on the species composition of segetal flora. However,  
the study by Stevenson et al. (1997) does not confirm the effects of the type of fertiliser on 
the species diversity of segetal communities. Tang et al. (2014) showed that individual species 
of weeds differ in their response to fertilisation and have distinct strategies of adaptation to 
varied supplies of nutrients in the soil (N, P, K). Fertilisation only with phosphorus and potassium 
increased the population and biomass of weeds as well as the values of the Shannon-Wiener 
diversity index and Pielou’s evenness index in comparison to the results obtained in the case 
of fertilisation with nitrogen and phosphorus. On the basis of the results of the experiments 
carried out in six countries, Dicks et al. (2013) showed that the species diversity and population 
of weeds and the weed cover of soil on naturally fertilised fields was greater than in the case 
of mineral fertilisation.

2.3.6.  Refraining from use of herbicides

The use of herbicides has a negative impact of the diversity of segetal flora and causes selection 
of resistant biotypes, among other things (Marshall et al. 2003; Marczewska, Rola 2006).  
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In many cases, the use of herbicides does not change the species composition of communities 
but only reduces the population of some species (Derksen et al. 1995; Stupnicka-Rodzynkiewicz 
et al. 2004). According to the principles of integrated pest management, herbicides should 
be used in a way that is safe for human health and the environment and in minimal doses 
which ensure their required effectiveness (Domaradzki 2007). It is achieved by reducing the 
number of herbicide treatments and decreasing the recommended doses which will ensure 
the effectiveness of treatments similar to the treatment with full doses. Abandoning herbicide 
treatments in autumn and reducing the use of selective herbicides to one treatment in spring 
has positive impacts on the species diversity of weeds and arthropods (Jones, Smith 2007). 
Long-term use of substances with the same mechanism can lead to the compensation of certain 
species of weeds in the community and the accumulation of biotypes resistant to herbicides 
in the habitat. Therefore, herbicide rotation is recommended (Murphy, Lemerle 2006).  
Studies conducted in Germany showed that in integrated production systems, where the doses 
of synthetic mineral fertilisers and herbicides were reduced by 50%, and in the organic system, 
the species diversity and the plant cover of soil as well as the quantity of seeds is soil was 
much larger than in the case of the conventional system (Schmidt et al. 1995). According to the 
authors, reduction of the doses of herbicides by 50% can be an effective method of combining 
economic objectives of agriculture (an appropriate level of yields) with the conservation of the 
species diversity of segetal plants. Strips of crops not sprayed with herbicides can also create 
favourable conditions for the occurrence and protection of valuable species of flora (Critchley 
et al. 2004). Moreover, not spraying herbicides on baulks or field margins does not increase 
weed infestation in a way which could significantly affect crop yields but, at the same time,  
it creates valuable refuges for biodiversity (Smith et al. 1999).

Extensive use of herbicides contributes to the reduction of the flora diversity and the 
disappearance of species associated with poorer habitats. It leads to the emergence of segetal 
plant communities of little diversity with the dominance of highly specialised ruderal species. 
They are a potential source of expansive weeds found on arable fields that survive only due to 
large quantities of easily accessible nutrients introduced by mineral fertilisation.

Strips of plants not sprayed with herbicides create favourable conditions for the occurrence of valuable plant species 
such as common Saint John’s wort. (Photo: E. Harasim)
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2.3.7.  Protection of a diversified agricultural landscape

The biological diversity of agroecosystems depends not only on the habitat conditions and 
the farming method but also on the degree of the diversification of the surrounding landscape 
(Feledyn-Szewczyk 2013). Gaba et al. (2010) showed that the species diversity of weeds and 
their population on winter wheat stands increased considerably with the reduction of the size 
of fields and the increase of their number within a 200 m radius. Moreover, it was observed 
that the closer to the centre of an arable field, the bigger the influence of the production 
system on biodiversity, whereas the impact of the landscape was greater near the field margins 
(José-Maria et al. 2010).

Farmers can and should participate in the shaping of the landscape on their farms by preserving 
or introducing uncultivated landscape components, such as baulks, in-field trees and shrubs, 
tree alleys, thickets, hedges, mires, marshes, small ponds, ditches, oxbow lakes, etc. Although 
they have no functions relevant for production, they serve as refuges for many valuable plant 
species and as the site of habitation and development and source of food for valuable animal 
species, including pollinating insects and natural enemies of pests harmful to crop plants (Fuller 
2000; Twardowski, Pastuszko 2008; Dembek 2009).

Uncultivated, set-aside and fallow lands also constitute communities with a large number of 
flora and fauna species in the agricultural landscape. It should be remembered, however, that 
abandoning the agricultural cultivation of fields changes the structure of plant communities 
and leads to the disappearance of species typical of arable lands and the emergence of ruderal 
and forest species. The significance of the presence of different uncultivated landscape 
components for the conservation and enhancement of the diversity of flora and fauna on  
a farm is dependent on their area and the time of functioning, as well as their relationships  
with other components of the landscape.

In-field trees have many ecological functions, e.g., they serve as refuges for useful organisms. 
(Photo: B. Feledyn-Szewczyk)
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The development of intensive agriculture 
is associated with the simplification of 
the landscape and elimination of the 
refuges for biological diversity. It leads 
to the fragmentation of the landscape 
and the reduction of the diversity and 
complex structure of habitats, which is 
critical for the existence of many wild 
species of plants and animals (Dąbrowski, 
Wysocki 2009). Moreover, simplification 
of the structure of agroecosystems lowers 
their ability to store water and chemical 
compounds and increases the variability 
of microclimatic conditions. Fragmentation 
of natural habitats resulting from the 
intensive development of agriculture is the 
main cause of the disappearance of small 
and isolated populations. Furthermore, 
uncontrolled drainage causes an increase 
in soil mineralisation, especially organic 
soil, as well as irreversible disappearance 
of habitats and the marsh species of flora 
and fauna.

However, both the intensification and 
excessive extensification of farming have 
adverse effects on the biological diversity 
of agricultural ecosystems (Tucker, Heath 
1994).

The introduction of alien species may have many biological, ecological and genetic consequences. 
It may change the species composition of a community or cause a complete elimination of 
native plants. In consequence, it leads to the shaping of communities dominated by non-native 
species. It can also reduce the genetic resources of natural plants. Moreover, some alien species 
can cause substantial economic losses (e.g., Japanese knotweed), while others may pose a risk 
to the health of animals and humans (e.g., Sosnowsky’s hogweed); (Tokarska-Guzik et al. 2012).

The absence of agricultural cultivation creates  
favourable conditions for the emergence of ruderal  

and forest species. The photo shows a viper’s bugloss  
on set-aside land. (Photo: E. Harasim)
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2.4. The impact of different agricultural systems  
on the diversity of segetal flora on arable lands

It has been observed that the changes in the European agriculture have entailed transfor- 
mations of the structure of segetal communities. It has been determined that the species 
composition of weed communities in Great Britain changed only slightly between the 15th 
and 19th century. At that time, they were dominated by annual weeds, such as field mustard, 
chickweed, shepherd’s purse, scentless mayweed and chamomile. The popularisation of 
intensive methods of agricultural production in the second half of the 20th century caused 
significant qualitative and quantitative changes in weed communities. The occurrence of weeds 
sensitive to herbicides has diminished and some of these species are now considered at risk 
of extinction. On the other hand, the share of weeds insensitive or resistant to herbicides has 
increased in weed communities (Mc Closkey et al. 1996).

According to Kleijn et al. (2011), there are many species adapted to extensive agricultural 
production, whereas there are no species specific to the intensive agriculture of Western 
Europe. The studies on plant communities in six European countries with different degrees 
of the intensity of agriculture showed that 72% of species growing on intensively cultivated 
fields were found also on fields that were extensively cultivated, where they constituted 30% 
of all species found of such fields. Moreover, five of the most frequent species, that is couch 
grass, common dandelion, rough bluegrass, white clover, common knotgrass, were common to 
both intensive and extensive agriculture. Therefore, agricultural intensification leads to even 
more prominent domination of the most numerous species and gradual disappearance of rare 
species.

Organic farming creates favourable conditions for the occurrence of species of the Vicia genus. 
Left – common vetch; right – hairy vetch. (Photo: E. Harasim)
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According to Storkey et al. (2012), the most endangered species are those that accompany 
now rarely cultivated plants, such as common flax, Cannabis sativa, chickpea and lentil.  
The most endangered species also include species associated with oligotrophic habitats which 
are abandoned or afforested by farmers due to their low fertility. Some authors indicate that 
organic farming contributes to the occurrence of species capable of biological fixation of 
nitrogen, such as those of the Vicia genus (Feledyn-Szewczyk 2013), and to the conservation 
of rare species at risk of extinction (Van Elsen 2000).

Currently, different farming systems are implemented in Poland: conventional (intensive and 
extensive), integrated and organic. They differ in respect to the approach to rotational cultivation, 
the extent of the use of mineral fertilisers and the strategy of reducing the occurrence of 
weeds, pests and pathogens. In the conventional system, which dominates in Polish agriculture,  
the basic method of reducing weed infestation is the use of herbicides. Imposing the obligation 
to implement integrated pest management contributes to limiting the use of herbicides and to  
a better use of agrochechnical and mechanical methods of reducing weed infestation, which  
may have a positive impact on the conservation of the diversity of segetal flora. Some authors 
argue that integrated pest management and integrated production system do not have as 
important an impact on biodiversity as the ecological system (Krawczyk 2005). It is substan- 
tiated by the results of the long-term study by Feledyn-Szewczyk (2013) on the comparison 
of conventional, integrated and organic farming. It was observed that there were on average  
22 species of weeds found in a field of organically cultivated wheat, whereas the average 
number of species on areas treated with herbicides was 3.5 times smaller. The population 
of weeds on a winter wheat stand in an organic system was 112 plants/m2 on average.  
In a monoculture, there were 38 plants/m2, in a conventional system – 27 plants/m2, and in  
an integrated system – 18 plants/m2.

Organically cultivated fields provide refuges for rare species of segetal flora. 
Left – common corn-cockle; middle – summer pheasant’s-eye; right – poor man’s weatherglass. 

(Photo: B. Feledyn-Szewczyk)
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The positive impact of organic farming on the diversity of flora and fauna on arable lands 
has been described in many scientific studies in Poland (Hołdyński et al. 2000; Kapeluszny, 
Haliniarz 2000; Rola et al. 2000; Jastrzębska et al. 2013) and abroad (Van Elsen 2000; Hole 
et al. 2005). The differences in the species diversity of segetal flora between organic and 
conventional farming are dependent on the intensity of agricultural production, especially in the 
conventional system. Kolářová et al. (2015) conducted a study on 30 organic and conventional 
farms and observed the occurrence of 84 species of weeds in winter cereal cultivated under 
conventional conditions, whereas in the organic system they identified 148 species. The results 
of the monitoring studies carried out by IUNG-PIB as part of the project “Protection of species 
diversity of valuable natural habitats on agricultural lands on Natura 2000 areas in the Lublin 
Voivodeship” also indicated greater population and variation of weed species on organic farms, 
as compared to conventional farms (Fig. 1).

Fig. 1. The number of weed species (A) and the population of weeds (B) in winter cereal on organic (ORG) 
and conventional (CONV) farms. (Source: Staniak et al. 2016)

However, the differences in the species variation between organic and extensive conventional 
farms were not as prominent as when compared to intensive conventional systems (Feledyn- 
-Szewczyk 2013, Kolářová et al. 2015). It indicates that traditional farms with extensive 
agricultural production support the species diversity of segetal flora. A review of the research 
results carried out by Dicks et al. (2013) indicates, however, that there is no evidence that 
supporting small-scale agriculture enhances biological diversity of agroecosystems.
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2.5. The measures of the Common Agricultural Policy supporting 
the diversity of flora on arable lands

Since Poland joined the European Union in 2004, farmers can take advantage of the instruments 
supporting activities aimed at the conservation of biological diversity as part of CAP and RDP.  
The activities undertaken as part of the fulfilment of the standards and requirements of cross- 
-compliance contribute to the improvement of the state of the environment on rural areas. 
Since 2015, measures referred to as “greening” are implemented in Poland and other EU 
member states, which include payments for agricultural practices beneficial to the climate 
and the environment, such as crop diversification, conservation of permanent grasslands and 
ecological focus areas. Practices beneficial to biodiversity also include the implementation 
of environmentally-friendly farming systems, such as organic farming which is governed by 
separate regulations, and the implementation of the packages of agri-environment-climate 
measures for which farmers receive financial support. The agri-environment-climate measures 
for 2014−2020 in Poland include 7 different packages and the implementation of package 2  
may be the most beneficial in terms of the conservation of the diversity of segetal flora on 
arable lands. Soil and water conservation (implementation possible only in specific areas)  
and package 6. Conservation of endangered genetic resources of plants used in agriculture.

In Switzerland, the effectiveness of measures analogous to the agri-environmental programmes 
was varied, depending on the examined group of organisms. It was observed that the species 
richness of segetal flora has been improving but the impact on birds and butterflies was less 
prominent (Roth et al. 2008). A dependency has been identified between farmers’ ecological 
awareness, the intensity of agricultural production and biodiversity (Schmitzberger et al. 2005). 
Studies conducted in Denmark showed that between 1967 and 1989 there was a decrease in 
the population of commonly occurring segetal weeds (Andreasen et al. 1996). At the beginning 
of the 21st century, however, a growth of the population and diversity of weed flora on arable 
lands was observed. It could be a consequence of the use of reduced doses of herbicides, 
implementation of the economic injury levels, introduction of farming methods supporting the 
conservation and enhancement of biodiversity (Andersen, Stryhn 2008).
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2.6. Summary

Agricultural practices with a positive impact  
on the diversity of segetal flora on arable lands

•	 Appropriately planned crop rotation with the use of different plant species, 
including legumes, mixtures and catch crops;

•	 The right selection of the species and varieties of crop plants;

•	 Conservation of the existing and the establishment of new refuges  
for biodiversity, such as patches of trees and shrubs, baulks, small ponds,  
etc., that constitute habitation sites for pollinators, useful animals and  
natural enemies of crop pests;

•	 Constant cultivation of marginal lands, preferably extensive;

•	 The use of herbicides to reduce weed infestation after exceeding  
the economic injury levels;

•	 The implementation of mechanical, physical and biological methods;

•	 The use of natural and organic fertilisers and the reduction of the use  
of synthetic mineral fertilisers;

•	 The implementation of conservation (no-till) agriculture;

•	 The implementation of biodiversity-friendly agricultural systems, such as 
organic farming or small-scale conventional agricultural systems.
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3.  Agricultural practices supporting 
conservation of high-nature-value 
habitats and diversity of flora  
on permanent grasslands

Meadows and dry grasslands, as semi-natural ecosystems in our climate zone, are characterised 
by spontaneous species composition, which is a result of interspecific competition modified 
by human activities. Different types of meadows and dry grasslands developed in particular 
conditions of use and types of habitats. Their natural values are primarily shaped by their type 
and the intensity of agricultural use.

One of the features characterising grasslands of major natural value is their species variation. 
However, maintenance of this variation often contradicts the standards of meadow production, 
the priority of which is to obtain large amounts of valuable fodder. The economically optimal 
composition of green growth is characterised by poor species composition. It is dominated 
by noble grasses with legumes and species included in the group of herbs, most of which, 
particularly in the lowland meadows, are treated from the perspective of production as  
a symptom of degradation – weed infestations (Barszczewski et al. 2014; Wróbel et al. 2015). 
The same herb species many a time indicate the natural value of meadows and dry grasslands. 
Maintenance of major species diversity is promoted by extensive mowing and grazing usage,  
as well as limited use of other pratotechnic treatments. The production intensification methods 
developed in the last century and the abandonment of land use resulted in a significant deterioration 
of natural values and a decrease of area of meadow and dry grasslands habitats formed in the 
conditions of traditional, extensive management. The current major hazard for meadows and dry 
grasslands are alien invasive species, which are becoming more and more popular and most of 
all they are entering the habitats that are not utilised and those that are utilised too extensively  
(chapter 3.3). Furthermore, the status and biological diversity of semi-natural habitats are 
influenced by a range of factors that are independent of an individual user, often bearing 
negative impact, such as drainage, nitrogen precipitation or climate change.

Some valuable natural habitats have become protected under the regulations of the European  
Union, which due to the membership of Poland in the Community also translates to 
national legislation (Ustawa 2004). The fundamental documents regulating the protection of 
environmentally valuable habitats and species at risk of extinction are The Habitats Directive 
(Dyrektywa 1992) and The Birds Directive (Dyrektywa 2009). Based on these documents,  
the European Union creates the Natura 2000 network of protected areas, which contain 
valuable environmental habitats, as well as populations of endangered species (referred to as 
the Natura 2000 habitats and species). Apart from the ecosystems forming independently of 
human management, semi-natural habitats, in particular including meadows and dry grasslands, 
are also protected under The Habitats Directive.
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In order to protect biodiversity in the agricultural landscape, each Member State develops  
a system of activities, within the framework of which farmers voluntarily commit to comply with 
the requirements of management conducive to the protection of environment and nature (the 
so-called agri-environmental programme). Agri-environmental packages aimed at the protection 
of meadows have been implemented in Poland from 2004 (PROW 2004; PROW 2014;  
PROW 2016). As of the end of 2014, the aid under the 2007–2013 agri-environmental 
programme covered over 130,000 farms and over 2.7 million ha of lands in Poland. Packages 
aimed at the protection of endangered species of birds and natural habitats were implemented 
in over 30,000 farms on an area exceeding 350,000 ha. The ones drawing major interest were 
the variants related to the protection of habitats farmland of birds – more than 90% of the 
granted payments (Sprawozdanie 2014). The one implemented currently is the third edition 
of the programme in Poland, referred to as the agri-environment-climate measures, within the 
framework of which two packages and a range of variants were created in order to protect 
valuable meadow and dry grassland habitats (Tab. 2, Tab. 3); (Rozporządzenie 2015). Although 
the subsequent editions of the agri-environmental programme differ from one another, the 
requirements in regard to the use of meadows and dry grassland contained in all of them 
indicate the obligation concerning extensive mowing usage or sustainable grazing. Apart from 
applying specific rules for management of environmentally valuable habitats, beneficiaries 
of the programme are bound to maintain the entire area of permanent grasslands and the 
elements of the landscape that are not used for agricultural purposes and constitute nature 
refuges, which are also of major significance to the protection of biodiversity.

Introduction of the system of agri-environmental subsidies on grasslands is not only aimed 
at the protection of valuable ecosystems, but also at their restoration. Therefore, habitats 

Biological diversity is favoured by varied agricultural landscape: extensively used fields and meadows with different 
mowing and grazing times, as well as unmowed fragments with isolated trees, lines and clusters of trees.  
(Photo: M. Rycharski)
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with good, but also unsatisfactory conservation status, are included in the agri-environmental 
programme (Critchley et al. 2007; Jarzombkowski et al. 2015; Kotowska, Topolska 2015). 
Properly selected agricultural use contributes to at least the deceleration or halting of the 
rate of their degradation, which is also a positive effect from the point of view of protection  
of nature. Application of practices specific to a particular habitat is essential to the maintenance 
of natural values of a meadow or a dry grassland, therefore they need to be identified correctly.

3.1. Good agricultural practices on high-nature-value meadows

3.1.1.  High-nature-value semi-natural meadows in Poland

3.1.1.1.  Semi-natural mesic meadows

Mesic meadows are plant communities that are rich in terms of flora and develop in the lowlands 
and in lower mountain locations. They are divided into two basic types: lowland and mountain 
mesic hay meadows used extensively Arrhenatherion elatioris (BR-BL 1925) KOCH 1926  
(Natura 2000 habitat code 6510) and mountain oatgrass meadows used extensively Polygono- 
-Trisetion BR-BL 1948 (6520). Apart from the ones listed, we also identify pasture habitats, 
Cynosurion R.TX 1947. Species-rich mesic meadows are a dominant type of meadows in lower 
mountain locations, whereas in the lowlands they are currently less popular, as a significant  
part of them has been transformed into highly-productive grasslands or arable lands.

Mesic meadows are valuable habitats, both in terms of natural values and in terms of grassland management.  
(Photo: A. Szczepaniuk)
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Mesic meadows are often 
located on mineral soils 
without water inundation, 
both in flat areas and 
inclined areas with different 
exposures.

From the point of view 
of management, they are 
one of the most valuable 
grassy plant communities 
of significant productivity. 
Their green growth is most 
often built by high grasses, 
such as the false oat- 
-grass, orchard grass or soft 
brome, as well as the yellow 
oatgrass in the mountains. 
The species composition 
includes a significant num- 
ber of perennials of the 

Apiaceae family, such as wild carrot, hogweed and legumes, such as for example the common 
bird’s-foot trefoil and clovers. Mesic meadows are the often place of appearance of: meadow 
crane’s-bill, field scabious, spreading bellflower, ox-eye daisy, and in the mountains the 
lady’s mantle, wood cranesbill and other species typical of mountains. Grazing habitats are 
characterised by the presence of, among other things, common daisy and crested dog’s-tail.

Mesic meadows contain many rare and protected plants, i.a. the orchid family, the Gentian 
family, and in the mountains also Crocus scepusiensis, Gladiolus imbricatus, Centaurea oxylepis 
or Meum athamanticum (Zarzycki, Mirek 2006; Rozporządzenie 2014b). In addition, these are 
habitats rich in species flowering in different periods, therefore they are a refuge to many 
species of butterflies. In particular the meadows formed on the southern slopes of elevations 
and escarpments are abundant with rare species thermophilic and xerothermic species, which 
is why they form a habitat for many species of invertebrates.

Regardless of the large area of mesic meadows in Poland, their conservation status is not good. 
Better condition of habitats in mountain regions in comparison to the lowland ones is confirmed 
both by the results of monitoring of grasslands covered by the environmental packages of 
the agri-environmental programme (Jarzombkowski et al. 2015; Kotowska, Topolska 2015), 
as well as the monitoring of species and natural habitats within the framework of the State 
Environmental Monitoring (Monitoring 2009–2011).

On the scale of the European Union this habitat is often preserved in an unsatisfactory or in  
a bad condition (Reporting 2013). The greatest hazards to mesic meadows are: intensification 
of use, often combined with overseeding efficient species of grass, changing meadows into 
arable lands, abandonment of mowing and invasion of undesired species (Monitoring 2009– 
–2011; Jarzombkowski et al. 2015; Kotowska, Topolska 2015).

Field scabious – one of the species characteristic of semi-natural  
mesic meadows. (Photo: K. Brzezińska)



47

3.1.1.2.  Semi-natural wet meadows

Calthion palustris wet meadows R.TX. 1936 em. OBERD. 1957, also called the marsh-marigold 
meadows, can develop nationwide. They are often located in waterlogged depressions, river 
valleys, flood terraces, the partly drained fens and other relatively highly moisturised areas.  
The level of underground water is particularly high here, especially in spring and autumn.

In terms of farming, they belong to extensive, fairly efficient grasslands. They form a diversified 
group of meadows. Large perennials make up for a significant part of their species variation. 
Except for the community with dominant wood club-rush, appearing in the locations of 
water seepages and seepage spring areas, they are multi-species and multi-layer meadows.  
In the lowlands in the western and middle part of the country the predominant meadows  
are those with a significant share of cabbage thistle, whereas in the eastern part of the lowlands 
and in the mountain and the piedmont areas the more frequent communities contain massive 
occurrences of plume thistle.

In the Sudetes and the eastern Poland, specific types of wet meadows developed, with 
participation of grasses and dominant snakeroot, usually accompanied by wild angelica and 
marsh thistle. Also found in the lowlands are highly moisturised meadows with dominant  
sedges and a significant share of marsh-marigold. The objects of particular interest in the 
mountains are tall-herb phytocoenoses formed on small areas with the participation of 
melancholy thistle and hairy chervil or patches with marsh hawk’s-beard and marsh marigold. 
Also valuable in terms of environment is the form of a wet meadow with the rare and protected 
globeflower, which can be mainly found in the Sudetes and the Western Pomerania.

Mesic mountain meadows are particularly rich in species. (Photo: A. Kazuń)
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Wet meadows are also valuable habitats for the water and marsh birds and butterflies, including 
the species listed in Annex II of The Habitats Directive (Dyrektywa 1992): the violet copper and 
the large copper.

Results of monitoring of species and natural habitats show that the conservation status 
of wet meadows in Poland in the mountain regions is proper, whereas in the lowlands it is 
unsatisfactory (Monitoring 2013–2014). The above results find confirmation in the data 
obtained from monitoring of the environmental effects of the agri-environmental programme 
(Jarzombkowski et al. 2015; Kotowska, Topolska 2015). The conservation status of wet 
meadows is primarily unsatisfactory due to the negative influence of drainage ditches causing 
excessive drying of habitats as well as increasing expansions of undesired species. The often 
recorded threats are also abandonment of mowing usage or too rare usage or the related 
change in species composition being a result of overgrowing of meadows (Monitoring 2013– 
–2014; Jarzombkowski et al. 2015; Kazuń 2015; Kotowska, Topolska 2015).

Wet meadows are characterised by a high level of underground waters. The picture presents a wet meadow  
with snakeroot and plume thistle. (Photo: J. Kamiński)

Some species treated as weeds from the production 
point of view, determine the natural value of the 
meadows. The picture presents a wet meadow with 
dominant cabbage thistle. (Photo: K. Brzezińska)
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3.1.1.3.  Semi-natural wet meadows with fluctuating water levels

Meadows with fluctuating water levels are divided into two types: Molinion meadows (Natura 
2000 habitat code 6410) and Cnidion meadows (6440). They differ in the way they are fed with 
water and their type of soil. The range of Molinion meadows covers almost all of the lowlands 
in Poland. These meadows form in locations characterised by clear fluctuations in the level 
of underground waters throughout the year – a high level in the spring and a low level in the 
summer. They can appear on mineral or organic soils, usually in habitats that are relatively 
poor in terms of nutrients, particularly potassium and phosphorus. Cnidion meadows are on 
the other hand connected mainly with the valleys of large rivers, especially with depressions 
and elevations subject to cyclic inundations. They are formed on more on rich soils, usually in 
locations fertilised by fecund river alluvia. Molinion meadows are not valued in economic terms, 
as they constitute a source of low-quality fodder. They were formerly used to source litter for 
farm animals. Hay from Cnidion meadows is more valuable in economic terms, especially when 
it is characterised by a major content of grasses.

Molinion meadows are among the most valuable and most diversified natural habitats as far as 
meadows are concerned. Most often the dominant species here is a grass – the purple moor- 
-grass. Some forms appearing on the dried, post-peat sour soils are relatively poor in terms of 
species.

Apart from purple moor-grass and different species of rush, participation of other meadow 
plants there is small. In the more fertile habitats, often wet and abundant with calcium, one 
can find species-rich Molinion meadows, where apart from plants typical of meadows with 
fluctuating water levels, presence of hygrophilous species from Calthion wet meadows, reed 
beds or calcicole moss fens. On mineral soil, in drier habitats, species-rich forms of Molinion 
meadows with the participation of species from mesic meadow and thermophilic dry grasslands 

Marsh marigold, also referred to as the kingcup, is a typical species in well-preserved wet meadows.  
(Photo: A. Kazuń)
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Molinion meadows are habitats that are very diversified 
and species-rich. A patch with participation  
of devil’s-bit scabious. (Photo: K. Brzezińska)

A patch of a Molinion meadow with flowering  
Siberian iris and Veratrum lobelianum.  

(Photo: A. Gutkowska)

Cnidion meadows are formed on the floodplains in the valleys of large rivers. The picture presents the summer aspect 
with a field of flowering mouse garlic. (Photo: K. Brzezińska)
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can be found. The typical plants of the 
Molinion meadows are such plants as the 
common hedgenettle, Cambridge Milk 
Parsley, dyer’s plumeless saw-wort or the 
devil’s-bit scabious. The species variation 
also includes many rare and protected 
species, such as: Siberian iris, fringed pink or 
the marsh gentian (Rozporządzenie 2014b). 
The distinctive feature is that particular 
species flower at different times, starting 
with spring (e.g. Siberian iris), in summer (e.g. 
common hedgenettle), ending with autumn 
(e.g. marsh gentian).

The vegetation of Cnidion meadows is resi- 
stant both to being abundantly inundated 
with water, as well as to major drying of 
the soil. Grasses are significant participants 
in the green growth, most often the 
field meadow foxtail, the narrow-leaved  
meadow-grass or the tufted hairgrass. 
The species often appearing here are 
the ones related in general with habitats 
with fluctuating water levels, such as the 
northern bedstraw or the great burnet.  
On the other hand, the plants typical of 
Cnidion meadows are such plants as Kadenia  
dubia and the mouse garlic, which usually 
appear on them in fairly large numbers.

Meadows with fluctuating water levels, in particular the Molinion meadows, are a refuge to 
many rare animal species, particularly the butterflies protected under The Habitats Directive 
(Directive 1992): the scarce, the dusky and the Alcon large blues.

The conservation status of meadows with fluctuating water levels, both the Molinion meadows 
and the Cnidion meadows, is in a majority of cases unsatisfactory or bad (Monitoring 2009–2011; 
Jarzombkowski et al. 2015; Kotowska, Topolska 2015). On the scale of the European Union 
the status of these meadows is bad in all the studied regions (Reporting 2013). Approximately 
1/3 of the Cnidion meadows resources in the European Union is located in Poland. Thus, the 
conservation status of this habitat in the country is significant to its protection in Europe 
(Jarzombkowski et al. 2015). The main threats to the above-mentioned ecosystems is neglect 
of mowing, the spread of expansive species or the intensification of farming (Monitoring  
2009–2011; Jarzombkowski et al. 2015; Kazuń 2015). The factors additionally threatening 
the Cnidion meadows are river regulations and embankments preventing flooding (Monitoring 
2009–2011; Jarzombkowski et al. 2015).

The marsh gentian, a plant usually flowering as late as 
in August or September, which is connected with one  

of the rare butterflies – the Alcon large blue.  
(Photo: K. Brzezińska)
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3.1.2.  Meadow treatment for the benefit of the environment

3.1.2.1. Extensive mowing

Mowing is a fundamental treatment necessary to create and maintain semi-natural meadows, 
affecting the light and trophic conditions, as well as the time and the length of the period of 
growth and development of plants (e.g. Benstead et al. 1997; Ausden 2007; Kryszak et al. 2007; 
Matuszkiewicz 2008; Kołos 2012). It is also necessary for the conservation of the populations 
of rare species and species at risk of extinction present in the meadows (Schrautzer et al. 
2011; Kulik 2013). The species composition of meadows, and therefore their environmental 
values, are not only formed by soil and climate conditions, but most of all the time of the first 
mowing and the number of mowing (Benstead et al. 1997; Ausden 2007; Kryszak et al. 2007; 
Humbert et al. 2012). The intensification of use (increase in the number of mowing and early 
time of mowing (Ausden 2007), as well as its excessive extensification and, in the worst case, 
abandonment of use, bear negative influence on the floral diversity of meadows (Peintinger, 
Bergamini 2006; Kryszak et al. 2006; Kryszak et al. 2007; Myśliwy, Bosiacka 2009; Trąba, 
Wolański 2012).

In order to maintain the environmental values of most of the semi-natural meadows do not 
need to be mowed more often than once per year (Ausden 2007; Myśliwy, Bosiacka 2009), 
although in the case of habitats formed on fecund soil and fertilised (mesic meadows, some 
of the Cnidion meadows and wet meadows), two mowings could be recommended. Continued 
or periodic introduction of the second mowing can also be justified when expansive plants 
entering the meadow (e.g. saplings of trees and shrubs, tall-herb species) and in particular the 
invasive species that are geographically alien (Kazuń 2015). The studies conducted on the 
vegetation and flora of environmentally valuable meadows show that the most beneficial to 

Extensive mowing is the most important treatment maintaining species variation of environmentally valuable meadow 
habitats. (Photo: K. Brzezińska)
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the indicators of their floral biodiversity is one-time mowing in the period between June and 
August (Ausden 2007), optimally at the end of June or in July (Critchley et al. 2007; Moora et 
al. 2007; Pywell et al. 2007; Humbert et al. 2012; Kołos, Banaszuk 2013; Dicks et al. 2013 
after Younger, Smith 1994). In England, on some of the meadows that have been traditionally 
mowed in July, mowing in that period contained the largest amount of seeds (Dicks et al. 
2013 after Smith et al. 1996). However, the time of mowing in July can be detrimental to the 
seed setting of certain species (Benstead et al. 1997; Lepš 1999; Krasicka-Korczyńska 2008). 
Therefore, regular mowing in July limits the possibility of generative reproduction of at least 
some of the species, which in the long run can lead to their weakening and withdrawal from 
the green growth.

On the other hand, annual delay of mowing until August or an even later time, although in the 
short run it is conducive to the size of the population of invertebrates, birds and small mammals 
(Buri et al. 2013), in the long run it leads to impoverishment of the meadow flora (Humbert et 
al. 2012), entering of undesired species (Kryszak, Kryszak 2007; Jarzombkowski et al. 2015) 
and degradation of natural habitats. It seems that it is most conducive to the protection of 
species diversity to apply different times of mowing in consecutive years or mosaic mowing – 
particular sections of a meadow are mowed at different times. In the case of second mowing it 
should not occur earlier than after 7–8 weeks from the first mowing.

From an economic point of view, meadows used for fodder, in the lowlands should be mowed 
two or even three or four times per year (Barszczewski et al. 2014; Wróbel et al. 2015).  
On the other hand, in the mountain regions, two mowings are regarded as optimal (Twardy 
et al. 2015). The best nutritive value of hay is obtained as a result of mowing green growth 
in the early development phases of plants. For this reason, it is recommended that the first 
mowing is performed in the beginning or in the phase of full heading of dominant species of 
grasses (Wróbel et al. 2015; Twardy et al. 2015). However, as far as the conservation of natural 

July mowing is not conducive to the formation 
of mature seeds by marsh angelica of the 
Apiaceae, protected as a Natura 2000 species.  
(Photo: K. Brzezińska)



54

values of the meadows is concerned, regular annual mowing performed several times per year 
is not conducive. It leads to the limitation of generative development of plants, particularly 
the dicotyledons, commonly referred to as herbs, as well as to the decrease in the number of 
species distinguishing and characteristic of environmentally valuable meadows (Kryszak 2007; 
Kulik 2014).

Mowing mesic meadows several times per year with the early time of the first mowing 
leads to an increase in the share of grasses in the green growth, which are capable of quick 
regeneration. On the other hand, the too frequent and the too early, as well as too late time of 
mowing is conducive to an increase in the participation of synanthropes (associated with places 
transformed by humans in a major way) and a decrease in biological diversity of these meadows 
(Kryszak, Kryszak 2007; Humbert et al. 2012).

Wet meadows should be mowed with different frequency, depending on the water level, but 
not less often than once per several years (Monitoring 2013–2014). Regular, annual use is 
usually recommended (Kazuń 2015; Kotowska, Topolska 2015). Too extensive mowing of these 
habitats does not stop the expansion of undesired, tall alien species (e.g. Canada goldenrod 
and late goldenrod) as well as native: tall herbs (e.g. meadowsweet, purple loosestrife), sedges 
(e.g. Carex brizoides) or grasses (e.g. reed canary grass and the common reed), which limit the 
presence of low-turf species and lead to impoverishment in species of the meadows (Kotańska 
1993; Kołos, Banaszuk 2013; Monitoring 2013−2014; Jarzombkowski et al. 2015; Kazuń 
2015). On highly swampy meadows with domination of sedges, regular, annual mowing usage 
leads to an increase in the participation of meadow, species, it is also conducive to the orchid 
family plants of the Dactylorhiza genus (Kołos 2012; Kołos, Banaszuk 2013).

Too infrequent mowing of wet meadows results that they become overgrown with wet tall herbs.  
The picture presents purple loosestrife, one of the tall-herb species. (Photo: A. Szczepaniuk)
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Major diversity in the Molinion meadows (Kącki 2007; Trąba, Wolański 2012) exerts an impact 
on the forms of usage recommended for them (Kulik 2013). Most of the authors recommend 
for these meadows to be mowed once every two years (alternatively once per year) in the 
autumn period (the end of August–October), i.a. because the presence of late-blooming species.  
Also as a result of a belief that traditionally the Molinion meadows have been mowed irregularly, 
not every year and late, and that hay was used as litter for animals (Kącki, Załuski 2004; 
Matuszkiewicz 2008; Michalska-Hejduk, Kopeć 2012).

However, recent studies prove that this frequency of mowing is too low, as the meadows used 
in this way show an expansion of trees and shrubs (Kulik 2013), as well as other undesired 
species of herbaceous plants, including excessive development of purple moor-grass and 
invasion of alien species of goldenrods (Jarzombkowski et al. 2015; Kotowska, Topolska 2015; 
Kazuń 2015). Therefore, the requirements of agri-environment-climate measures take into 
account the possibility of mowing Molinion meadows each year, in the second half of June.  
On the one hand, it limits the growth of undesired species, on the other, the time remaining to 
the end of the growing season is sufficient for the development of the late-blooming meadow 
species (Krasicka-Korczyńska 2008; Rozporządzenie 2015). The neglect of use of Molinion 
meadows for several years results in a simplification of the species composition, elimination 
of annual, biennial and low perennial plants (Trąba, Wolański 2012). However, excessive 
intensification of their use leads to the impoverishment of flora in the case of these meadows 
(Kulik 2014). Therefore, mowing two times per year is not recommended, and neither is the 
mowing-grazing usage (Kulik 2013; Kulik 2014).

In Great Britain, the treatment recommended in the agri-environmental programme is  
a significant delay of mowing on meadows (mowing in August) every few years (Critchley et al.  
2007; Pywell et al. 2007). In Poland, in the meadow variants of the agri-environmental 
programme 2007–2013 and the agri-environment-climate measures, mowing of meadows 
is allowed no earlier than on 15 June (Rozporządzenie 2013; Rozporządzenie 2015).  
The requirements for the Molinion meadows currently envision a single mowing per year or 
mowing once per two years in the period from 1 September to 31 October and in justified 
cases from 15 to 30 June. In the Cnidion meadows, mesic and wet, one or two mowings are 
allowed in the period from 15 June to 30 September (Tab. 2); (Rozporządzenie 2015). Based on 
the condition and needs of a particular patch of a habitat, an environmental expert, developing 
a set of requirements for a particular plot, can detail the times of the mowing.

In addition, in order to make generative development possible for the species regardless of 
the time of mowing, it is required in both editions of the agri-environmental programme that 
a fragment excluded from use is left on the meadow for one season, on which plants can go 
through entire development completed with full maturity and propagation of seeds (Tab. 2); 
(Zarzycki 1967; Rozporządzenie 2013; Rozporządzenie 2015). Moreover, leaving fragments 
unmowed for a year or two years is conducive to the development of plants that prefer more 
infrequent mowing, with periods between mowing lasting more than a year – e.g. some species 
characteristic of Molinion meadows, such as Siberian iris. The unmowed fragments are very 
important for the biodiversity of fauna, they are, among other things, a place of refuge and 
reproduction for birds and different groups of invertebrates.

Leaving fragments unmowed is primarily meaningful in the areas where most meadows are 
mowed at a similar time (e.g. on plots with large areas) and on meadows mowed two or more 



56

times per year, on which subsequent mowing disturb the release and ripening of seeds.  
It is less significant in meadow complexes, where plots are small and natural usage mosaic 
appears (some farmers mow earlier, other later). This is why in the AECM on such plots (of less 
than 0.5 ha or 1 ha) there is no obligation to leave fragments unmowed. It is highly important 
to mow the green growth and harvest hay from fragments left unmowed in the following years, 
as negligence of use lasting even a few years leads to the invasion of undesired species and 
accumulation of litter, and it significantly limits the development of plant seedlings (Mudrák et 
al. 2013).

The unmowed fragments should not be indicated in the locations of expansion of undesired 
species, especially the alien invasive species, as they are conducive to their further spreading.  
It is inadvisable to leave areas unmowed on the meadows restored to use after a few or several 
years of non-utilisation. First of all, in such areas it is necessary to reduce the participation of 
the remaining litter and tall, quickly-growing undesired species – the tall-herb species, reed 
species, as well as the appearing trees and shrubs, by means of mowing and collection of 
biomass (Kołos, Banaszuk 2013).

Due to the presence of species sensitive to low mowing, Molinion meadows should be mowed 
at the height of no less than 10 cm (Kącki, Załuski 2004). Mowing too low, which deprives 
the plants of leaves close to earth, reduces the regeneration capability of the green growth, 
especially on the meadows mowed many times per year (Ausden 2007 after Binnie et al. 1980; 
Wróbel et al. 2015). It also makes it more difficult to regenerate for some of the more rare 
species, e.g. of the Gentian family (Barabasz 1994 after Kornaś 1990). For the above-mentioned 
reasons on other types of meadows, mowing should be performed at the height of no less than 
5 cm. It is more beneficial to mow the autumn mowing 1–2 cm higher, optimally at the height 
of 6–8 cm, especially in the meadows with a majority of tall grasses and dicotyledons, e.g. the 
Mesic Arrhenatherum grass meadows (Czyż 2009; Barszczewski et al. 2014; Wróbel et al. 
2015). In this period plants accumulate carbohydrates in the bottom parts of the sprouts and 

The unmowed areas, left on a meadow for one year, are a place in which plants can go through the full development 
cycle, ended with ripening and the fall of seeds. (Photo: A. Kazuń)
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mowing too low disturbs this process and results in the weakening of the resistance to frost, 
plus it also makes growing back of the green growth slower in the spring (Czyż 2009). Due to 
the option of mowing meadows at the appropriate height, it is recommended that rotary and 
cylinder mowers or rotary drum mowers are used.

3.1.2.2. Hay harvest

The next step after mowing a meadow is the harvest of the mowed biomass. Prior to the 
harvest, it is recommended that the hay is dried on the meadow, combined with the tedding 
of the mowed green growth. This traditional treatment, implemented on the meadows for 
years, results in the fall of seeds (Zarzycki et al. 2005; Ausden 2007). This allows to supply 
the seed pool in the soil and therefore contributes to the restoration of species-rich meadow 
communities (Stańko-Bródkowa 2008). The increasingly popular harvest of wet hay for 
haylage and its foliation leads to the omission or a strong reduction of this process (Krasicka- 
-Korczyńska 2008).

The accumulated plant litter is one of the main factors influencing the species composition 
of the meadow green growth (Peintinger, Bergamini 2006). Leaving mowed biomass results 
in a decrease in the sod formation of the area and a decrease in the species diversity of semi- 
-natural meadows (Hölzel 2005 after Foster, Gross 1998; Spačkova et al. 1998; Jensen, Meyer 
2001; Zarzycki, Kaźmierczakowa 2006; Wasilewski 2015). This applies both to the hay left in 
mowing and the scattered biomass, the so-called mulch. It has been determined that leaving 
mowed biomass results in the degradation of plant communities in mesic habitats, both the 
lowland ones (Wasilewski 2013a), and the mountain ones (Nadolna 2009), as well as the post- 
-bog soils (Wasilewski 2013a,b; Wasilewski 2015).

Tedding hay when it is being dried on a meadow is conducive to the fall of seeds. 
(Photo: A. Szczepaniuk)
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As a result of accumulation of dead matter, the amount of sunlight reaching the soil decreases, 
which makes the germination of seeds more difficult, bears negative influence on the 
survivability of the seedlings and the growth of heliophytic meadow plants, including many rare 
species (Einarsson, Milberg 1999; Lepš 1999). In addition, a significant part of the falling seeds 
stop at the layer of litter (Guziak, Lubaczewska 2001), and then it atrophies without contact 
with the soil, unable to benefit from the water it contains.

Photo: P. Pech Photo: K. Brzezińska

The harvest and removal of mowed hay from the meadows is very important, in order to preserve their environmental 
and productive values. (Photo: K. Brzezińska)
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The situation is similar in the case of seeds located in scattered green growth. The litter 
layer lingering on the meadow lets the precipitation water through, but also constitutes  
a barrier preventing its evaporation, which results in an increase of humidity of the soil and an 
increase in the participation of the tall-herb species, limiting the presence of photophilic plants 
characterised by low growth type or sort (Wesołowska 2009). Leaving mowed hay also results in  
a decreased participation of grasses in the green growth (Wasilewski 2013b; Wasilewski 2015).

The decomposing biomass also leads to a change in soil conditions, as it is a source of biogenic 
substances. Leaving it results in an increase in the fertility of habitats (Wasilewski 2015)  
and it can contribute to the degradation of environmentally valuable communities, particularly 
those formed naturally in the conditions of low fertility. Decomposing hay acts in a way 
similar to a large dose of nitrogen fertilisers (Wesołowska 2009), the effect of which can be 
the expansion of undesired nitrophilous species (Zarzycki, Kaźmierczakowa 2006), such as 
for example common nettle, cleavers or creeping thistle (Myśliwy, Bosiacka 2009; Wasilewski 
2013a,b). The risk of overfertilisation of the soil as a result of decomposition of plant litter 
applies particularly to wet habitats (Römermann et al. 2009). Leaving biomass every year, 
regardless of its fertilising impact, does not contribute to an increase in the yield from the 
mowed meadows (Wasilewski 2015).

Development of the vegetation is also significantly influenced by the time of mulching. Biomass 
mowed and left in the summer undergoes decomposition much faster. On the other hand, first 
mowing and mulching of hay in the autumn (e.g. in September) results in the remaining of an 
undecomposed litter layer until the next vegetation season, which leads to the distortions in 
the species composition of the meadows (Gaisler et al. 2004).

Litter accumulated as a result of leaving mowed biomass or negligence of use of the meadows impedes  
the development of the heliophytes and contributes to the change in soil conditions. (Photo: P. Kalinowski)
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Leaving shredded hay in mesic or dry habitats, located on shallow soils, is regarded as less 
detrimental in comparison with too extensive use or discontinuation of mowing and grazing 
(Römermann et al. 2009; Mašková et al. 2009). Some authors suggest that leaving shredded 
biomass on low-productive, mountain meadows, allows for the maintenance of their species 
diversity by means of limiting the dominance of the grasses and providing nutrients (Doležal et 
al. 2011). Studies conducted on productive mesic and wet meadows that are poor in terms of 
species show that a change in the species composition and degradation of the green growth 
only occurs after a few years of leaving mulched biomass (Wasilewski 2013a, b).

Hay should not be stored in wet areas, in area depressions and in the patches of valuable natural habitats. 
(Photo: Ł. Krajewski, A. Szczepaniuk)

Requirements of the agri-environment-climate measures allow for hay to be left on the meadow temporarily, 
on piles or traditional stacks or ricks, which have to be removed until 1 March of the following year. 
(Photo: K. Brzezińska)
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For the reasons listed above, in selected habitats, e.g. the mesic meadows mowed twice,  
in particular the ones located in the mountain areas, it may be acceptable to leave shredded 
biomass once per every 3 to 5 years. In this case it plays the role of fertilising. However, 
in the case of most of the environmentally valuable meadows, this treatment should not 
be implemented. It is also prohibited in the requirements of the meadow variants of the  
agri-environment-climate measures (Tab. 2); (Rozporządzenie 2015).

Agricultural practice and the arguments listed above confirm the significance of the fastest 
possible removal of the dried hay from the meadow. If the above is not possible, it is necessary 
to select the place of storage of the biomass properly. For this purpose, waterlogged areas 
and depressions should be avoided, in the case of which due to high humidity it could lead 
to the decay of hay and local eutrophication of the habitat. However, patches valuable in 
environmental terms should be excluded from this, particularly the locations of rare species 
of plants and animals. The agri-environment-climate measures prohibit the storage of biomass 
among the clusters of trees and bushes, as well as in the ditches (Tab. 2); (Rozporządzenie 
2015). Furthermore, they order for the hay to be removed within 2 weeks from the mowing, 
or for it to be put in piles, stacks or ricks, which should be removed from the plot no later than 
until 1 March of the following year. Their removal is necessary, as leaving them in the meadow 
results in the eutrophication of the habitat, they present a fire hazard (Zarzycki et al. 2005 after 
Wróbel 2000) and disturb the development of the green growth in the places in which they 
accumulated. Collection of biomass in the winter months is related to the traditional harvest 
of hay from water-logged areas. At this time, it is possible to bring heavier equipment onto the 
frozen soil, without causing significant damage to the soil and sod layer.

3.1.2.3. Technical aspects of hay mowing and harvesting

The modern agricultural equipment used to mow and harvest biomass are characterised by 
large efficiency and the possibility of use in different conditions. On the one hand, this is 
conducive to the implementation of management that takes into account the environmental 
needs, on the other it carries the risk of irrational intensification of agricultural work.

At the same time, older equipment is still used on many small farms. Regardless of the equipment 
resources, maintenance of the diversity of plant species and habitats requires the consideration 
of a few technical aspects.

Adaptation of agricultural machinery and the method for performing works  
to the soil conditions

Failure to take into account the level of humidity, the inclination, the irregularity of the area 
or the condition of the sod can result in an ineffective implementation of a treatment, and 
in extreme cases in a degradation of the habitat or damage to the equipment. Limitation of 
practices leading to soil destruction is consistent with the requirements of all the variants of 
the packages devoted to protection of valuable habitats and endangered bird species of the 
agri-climate-environmental measures (Tab. 2 and 6); (Rozporządzenie 2015).
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In order to minimise the risk of appearance of negative impacts of pratotechnic treatments,  
it is first of all necessary to refrain from conducting works in the case of a high level of 
underground waters and softened soil, as well as to use equipment with relatively low load 
on the surface. This makes it possible to prevent creating wheel tracks and gaps in the green 
growth, which additionally limit its resistance to loads in the following years (Dembek 2013). 
Meadow habitats at the greatest risk of such damage are wet meadows and meadows with 
fluctuating water levels with a major participation of dicotyledons (weak sod formation).  
In these cases it is recommended to use low-pressure tyres, as well as tyres with large diameter 
and width (Golka, Kamiński 2011). The use of twin wheels, justified on the mire habitats, is most 
often unnecessary on most of the meadows, as the depth of the water level in the summer 
(at the time of mowing and collection of the biomass) is relatively large (usually several dozen 
centimetres).

Adaptation of the type of the mower to the lay of the land also prevents the destruction 
of the sod and it is conducive to efficient mowing. In the case of lowland and mountain 
meadows with small inclinations, sickle bar or rotary mowers are recommended. In the case 
of slopes with inclination exceeding 15°, front-mounted sickle bar mowers perform better.  
In the case of inclinations exceeding 20° and on small, clustered surfaces, petrol strimmers and 
manual scythes should be used. On vast, even, hard meadows and with proper sod formation 
(mainly mesic) mowers with large working width or two joined mowers can be used. In the 
case of meadows with irregular surface, mowers with the smallest possible working width are 
recommended (Barszczewski et al. 2014; Twardy et al. 2014).

Preserving meadow habitats in good condition also requires the minimisation of the number of 
travels on the same route and the number of turns performed. This applies to the mowing itself, 
as well as to tedding, raking and collection of the biomass.

Use of mowers conducive to green growth regeneration

Mowers differ from one another, especially in terms of the construction of the cutting unit 
(Gaworski 2014). The method of cutting influences the state of the plants subjected to this 
treatment, as well as the rate of regrowth and the capability of regeneration of the green growth. 
The best results in this regard are produced by sickle bar mower. Cutting occurs between two 
cutting edges, which allows for faster regrowth (Szolc 2006). Mowing is performed at the level 
of up to a dozen or so centimetres.

Sickle bar equipment, which used to be in common use, are currently being ousted by rotary 
(drum and disc) mowers characterised by greater efficiency. Out of these, only the drum 
mowers can be recognised as the ones conducive to the maintenance of floral diversity of the 
meadows. They are upper-drive machines with the option of adjustment of the level of cutting 
within the range of 3 to 8 cm. Their advantage is major resistance to clogging and the possibility 
of mowing when moving backwards, which facilitates work on small surfaces and in variable 
areas, as well as in the case of frequent turns.

In comparison to disc mowers they are simpler and easier to maintain (Szolc 2006). At the same 
time, they are characterised by worse quality of cutting (it occurs by means of hitting the plant 
quickly with a knife).
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Disc and flail mowers are characterised by much higher rotational speed of the cutting units, 
which bears negative influence on the possibility of regeneration of the green growth (Szolca 
2006). The operation of flail mowers consists in scattering of plants, as an effect of which the 
biomass remains on the plot, which in addition is not conducive to the maintenance of floral 
diversity (chapter 3.1.2.2.). Their use is not recommended for the above-mentioned reasons.

Proper maintenance and repair of the machinery in the field

Operation of the machines should occur in accordance with the intended use, the OHS 
regulations and the principles of environmental protection. Agricultural equipment has to be 
in good technical condition and in the case of a fault or working with fuels, oils, lubricants  
or other fluids, it is necessary to secure the area against deleterious substances from reaching 
the soil (e.g. by means of using absorbing mats).

3.1.2.4. Sustainable grazing

Sustainable grazing is one of the most important factors forming and stabilising valuable, semi- 
-natural lowland and mountain meadow and pasture communities (Michalik 1989; Jermaczek- 
-Sitak 2012; Loch 2012). It is used as a treatment to protect them (Benstead et al. 1997; 
Olff, Ritchie 1998; Piek 1998; Zarzycki 2003; Czylok et al. 2010; Metera et al. 2010; Chabuz 
et al. 2012; Sosin-Bzducha et al. 2012). It restraints the invasion of tall-herb and shrubby 
vegetation. It also significantly influences the floral composition and the structure of meadow 
green growth, contributing to the maintenance of an open pastoral landscape (Sobala 2014) 
and the richness of habitats, including the species of plants and animals appearing in them 
(Molik 2006; Ausden 2007; Chabuz et al. 2012). The grazing animals break the layer of dead, 
undecomposed plants, allowing access of light to the lower part of the green growth and 
the better development of photophilic plants (Bernacka et al. 2011). Moderate treading 

The method of cutting of the sickle bar mowers is conducive to the regrowth of the green growth. 
(Photo: Agro-Partner)
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leads to local breaks in the green growth and appearance of gaps, in which it is possible 
for the seeds to sprout, sometimes they are additionally trodden into the top layer of the 
soil, which increases the probability of their sprouting (Ausden 2007). Furthermore, animals 
carry plant diaspores, facilitating their reproduction and spreading (Faliński, Pawlaczyk 1993).  
They selectively bite species of plants, leaving some of them in form of clusters. Animal 
excrements provide nutrients pointwise in the habitat (Guziak, Lubaczewska 2001; Peco et al. 
2006), which leads to the creation of numerous microhabitats.

Grazing that protects environmental values of meadows should be extensive, properly adjusted 
to the conditions of the habitat: the type of soil and water supply, as well as the character and 
requirements of the vegetation. It should also take into account the local pastoral tradition and 
available knowledge, experience, as well as the results of monitoring of species and habitats 
(Code 2004; Wróbel 2006; Zarzycki, Kaźmierczakowa 2006; Kozak 2007; Monitoring 2009– 
–2011; Jarzombkowski et al. 2013; Jarzombkowski et al. 2014; Jarzombkowski et al. 2015).

Due to the habitat conditions, the communities suitable most for grazing are those on fairly rich 
mineral soils with a low level of underground waters, traditionally used as pastures (Wasilewski 
2003), i.e. primarily mesic meadows. Grazing is a valued form of protection of meadows on 
mineral soils, wet meadows, meadows with fluctuating water levels and marshy meadows in 
Great Britain (Benstead et al. 1997). However, habitats formed on wet organic soils should not be 
grazed systematically (Bartoszuk et al. 2001; Wasilewski 2003), as this leads to faster destruction 
of the green growth and the top layer of the soil than in the case of marshy habitats with 
mineral soils. This is one of the reasons why in the agri-environment-climate measures (Tab. 2);  

Extensive grazing is conducive to the biodiversity of meadows. 
(Photo: A. Gutkowska)
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(Rozporządzenie 2015) pasture usage is possible for the Cnidion and mesic meadows (in the  
dry period between inundations) and on wet and Molinion meadows grazing is only allowed  
after a mowing.

From the point of view of protection of floral diversity of a meadow, introduction of extensive 
grazing after a mowing is conducive in the case of some types of habitats (Benstead et al. 1997; 
Jones, Hayes 1999; Smith et al. 2000; Van Braeckel, Bokdam 2002; Ausden 2007; Metera et 
al. 2010; Żyszkowska et al. 2011). The need of integration of mowing usage with pasture usage 
was also pointed out by Bartoszuk et al. (2001). A periodic change in the method of use may 
be beneficial, which particularly applies to introduction of grazing on certain types of mowed 
meadows every few years. This is reflected in the requirements of the AECM, which allow for 
alternate usage – in some years mowing usage, in other years mowing-grazing or just grazing  
(Tab. 2); (Rozporządzenie 2015).

The introduction of grazing on mowed meadows bears impact on an increase in the sod 
formation. Furthermore, the grazed animals, by means of browsing and treading, are able 
to limit the expansion of undesired species, which did not recede as a result of mowing 
itself (Barszczewski et al. 2015). Grazing is recommended for example in order to limit the 
excessively lush purple moor-grass (Todd et al. 2000; Taylor et al. 2001; Kulik 2014), but it may 
also bear negative influence on other species characteristic of Molinion meadows (Kulik 2014).  
Animal grazing is not recommended on wet meadows formed on peat, due to the intensification 
of decomposition of its surface layer as a result of treading, which leads to the eutrophication 
of the habitat and expansion of undesired species. The requirements for usage of Molinion 
and wet meadows in the agri-environment-climate measures allow for grazing after a mowing, 
in the case of these, with a low stocking of animals, not higher than 0.5 LU/ha. In the case 
of the Cnidion and mesic meadows grazing after a mowing is possible with stocking of up to  
1 LU/ha (Tab. 2); (Rozporządzenie 2015). In the case of pasture usage, appropriate stocking 
is deemed to range, according to the AECM: from 0.5 to 1 LU/ha for the Cnidion and mesic 
meadows.

Mowing and grazing complement each other. In the case of habitats subject to mowing usage, it is beneficial to graze 
animals after a mowing or to introduce grazing once per every few years. On the other hand, in the case of extensive 

pastures it is recommended that the uneaten parts are periodically mowed. 
(Photo: A. Kazuń, Ł. Krajewski)
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The intensity of browsing plants is directly influenced by the body weight of animals grazing 
at a given time on a certain area ‒ the so-called pasture pressure. According to the agri- 
-environmental programme 2007–2013, it cannot exceed 5 t/ha (10 LU/ha); (Rozporządzenie 
2013). Too intensive grazing (too high stocking or pressure), as result of which almost entire sod is 
grazed, leads to the elimination of rare plant species (Kamocki 2014), it causes intensive treading 
of the green growth (Benstead et al. 1997; Jermaczek-Sitak 2011) and the impoverishment of 
the structure of habitats (Wesołowska 2009), as well as strong limitation of plant flowering,  
as well as the impoverishment of fauna. It can also lead to the exposure of the soil, which results 
in its overdrying (Wasilewski 2003; Ausden 2007). On the other hand, excessive extensification 
of grazing contributes to the distortions in the species composition, invasion of expansive 
vegetation, failure to utilise the potential of a pasture. Insufficient stocking and pressure of  
a pasture leads to selective browsing of plants and an increase in the participation of tall herbs 
and in consequence the deterioration of fodder value of the green growth, as well as the 
environmental value of habitats (Wasilewski 2003; Ausden 2007). Total abandonment of grazing 
and lack of use contribute to a change in the habitat conditions, which initiate transformation 
of vegetation, initially in the direction of tall herbs and bushes (Śliwa 2004), and then of a forest 
(Kaźmierczakowa 1990; Mikołajczak 1995; Grygierzec, Radkowski 2004). With time, the plants 
and animals that are valuable and characteristic for meadow habitats withdraw, and expansion 
of competitive species begins – ruderal, tall-herb and forest species (Medwecka-Kornaś, Loster 
1995; Benstead et al. 1997; Zarzycki, Kaźmierczakowa 2006; Wolski 2007; Wesołowska 2009; 
Šarapatka, Urban 2012). Many environmentally valuable meadow and pasture habitats and the 
related species of plants (including the host plants, for example for the rare species of meadow 
butterflies) and animals disappear or are endangered by the results of abandonment of grazing, 
which is confirmed by the results of monitoring of species and natural habitats (Monitoring 

Sustainable, traditional grazing of sheep is used and recommended in order to protect the meadow communities  
that are rich in terms of species, as well as the pastoral landscape in the mountains and the uplands. 
(Photo: Ł. Krajewski)
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2009–2011), monitoring of environmental effects of the AEP (Jarzombkowski et al. 2013; 
Jarzombkowski et al. 2014; Jarzombkowski et al. 2015) and the Conservation Measures Plans 
for the Natura 2000 areas (Zarządzenie 2014a,b). This threat applies in the greatest extent to 
the Cnidion meadows (Zarządzenie 2014b) and mesic Trisetum, Arrhenatherum and Pooideae 
and Festuceae meadows (Zarządzenie 2014a,b,c; Zarządzenie 2015a,b).

Each species of grazing animals behaves and influences the vegetation in a specific way (Bullock 
1996; Bartoszuk et al. 2001; Wasilewski 2003; Ausden 2007). The animals grazing most often 
are cows, horses and sheep, less often goats, geese and other animals. However, cattle is the 
most universal and common, it is known for major tolerance in terms of the consumed green 
fodder, browsing some plants low, and other only in their top parts, as well as the tolerance 
for wet habitats and sticky soils (Bartoszuk et al. 2001). Horses are much more demanding 
than cattle (Piek 1998), but with the passage of the vegetation season they start to reach for 
species that have not been eaten earlier. They tread on the green growth and soil much harder 
than cows (Wasilewski 2003), which can be used in habitats, where it necessary to get rid of 
thick-stem plants. Sheep are animals that take plants selectively and bite them low (Kuźnicka 
2004). Commonly grazing in the mountains, they successfully contribute to the protection of 
habitats and rare and valued species (Zarzycki 2003; Molik 2006; Wróbel 2006; Barańska et al. 
2009; Loch 2012), also owing to the transport of seeds on the hair, even that of small animals 
(Barańska et al. 2009).

Apart from sheep, goats are also used for the purposes of protection of meadow and pasture 
habitats, especially those located in places more difficult to reach for larger ruminants (Sosin- 
-Bzducha et al. 2012). They are recognised as non-choosy, but they prefer legumes as well 
as bark, leaves and shoots of trees and shrubs, therefore they are helping to counteract the 
undesired invasion of trees appearing in the habitat. Simultaneous mixed grazing of several 
animal species can also be used. It is good to select the tested races, traditionally related to  

Breeding and grazing of the Konik is conducive both to the protection of the environment, as well as to the protection 
of the native races of farm animals. (Photo: E. Gutowska)
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a particular region, which are usually not too demanding in terms of nutrition and well adapted 
to unfavourable local conditions (Benstead et al. 1997; Wasilewski 2003). In addition, this is 
a way to protect the genetic pool of the old races of animals. In many regions nationwide, 
grazing of the oldest horse races in Poland is conducted: the Konik (the only fully native 
race, originating from the wild tarpans) and the Hucul pony (a primitive race from the East 
Carpathian Mountains).They are both supremely adapted to the difficult conditions, resilient, 
unfastidious in terms of feed and resistant to diseases and parasites (Jaworski, Tomczyk-Wrona 
2009; Tomczyk-Wrona 2010). They are admitted for full-year, but extensive grazing in some 
variants of the AECM: for the Cnidion and mesic meadows, as well as in the variants protecting 
habitats of farmland birds with the exception of the aquatic warbler and the corn crake (Tab. 2 
and 6); (Rozporządzenie 2015).

Full-year, continuous, so-called free range grazing (on the entire area of the pasture, without 
the necessity of moving fences, pegs) has many advantages. It is conducive to, among other 
things, the formation of green growth with diversified structure. However, in order for it to play 
a protective role in regard to biodiversity, low stocking should be used (Bartoszuk et al. 2001; 
Ausden 2007) – according to the AECM up to 1 LU/ha. Apart from continued grazing, the more 
common and effective is the rotational grazing, consisting in the grazing of the green growth 
in particular parts of the pasture and their change in the pasture season (Wasilewski 2003). 
Rotational grazing includes sectional rotational grazing (fence required) and tying up animals. 
The choice of a proper method should arise from the purpose and the existing conditions, e.g. 
the sectional grazing can aid in the fight against expansive species for the meadows, i.a. the 
common reed (Laskowska, Pruszyński 2008). In this case grazing should begin with sections 
with its major participation (while it is young, non-lignified and eaten more willingly by the 
animals) and it should be more intensive in these parts.

The wild grazing ruminants are also conducive to the biological diversity of the meadows. 
(Photo: K. Brzezińska)
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Another feature of sustainable grazing is the choice of appropriate length and time of grazing. 
These depend, among other things, upon the vegetation period of plants, usually lasting in 
Poland from about 25 March to 10 October (ca. 200 days). It is shorter in the north-eastern 
regions (ca. 190 days) and in the mountains (ca. 140 days up to 1600 m a.s.l.), and longer in 
the Silesian Lowlands (220 days). The pasture season usually covers the period from 1 May to 
15 October (Bartoszuk et al. 2001), 6–7 months on average, but depending on the weather 
and the region this period can vary – in the mountains it usually starts from 20 May and lasts 
at least 90 days (Wasilewski 2003). Apart from that, in the mountains it is possible to find early 
spring erosion-control grazing of small ruminants, which interact with the meadow like a roller. 
They stabilise the soil and weigh down on the old plant shoots, which influences the increase  
of biomass, the diversification and enrichment of the species composition and the restoration  
of plant communities (Mroczkowski 2006). Animals should not be grazed after 15 October, 
as the fertilising ingredients from the excrements can pollute the underground waters  
(Kodeks 2004). According to the AECM in variants devoted to the protection of valuable 
meadow habitats, grazing can start from 1 May for the Cnidion and mesic meadows, whereas in 
the Molinion and wet meadows it can only start after a mowing, respectively after 15 July and  
1 September. It should be ended by 15 October (Tab. 2); (Rozporządzenie 2015).

The animals on the pasture should be provided with access to good-quality drinking water.  
A cow requires 60–80 litres of water per day, a horse requires 50–70 litres (Wasilewski 
2003). Due to the protection of waters, natural watercourses and water reservoirs cannot be 
used for this purpose, therefore it is best to use drinking bowls installed next to a water cart  
(Kodeks 2004). The location of watering places should exclude the valuable fragments of the 
habitat due to the risk of mechanical damage of the green growth and the concentration of 
excrements eutrophying the habitat. It is best to place drinking bowls near the forest patches, 
near which the animals will be able to rest in the shadow, especially on hot days.

The grazing animals collect feed selectively, creating a clustered structure of the green growth. 
In order to level it, but most of all to avoid the expansion of species uneaten by the animals,  
the uneaten parts should be mowed (according to the AECM once per year in the period from 
15 July to 31 October) and this biomass should be removed from the pasture. With regard 
to the protection of diversity of invertebrates, it would, however, be recommended to keep 
some of the patches with uneaten parts through the winter and mow them in the spring of  
the following year.

3.1.2.5. Extensive fertilisation

Fertilisation is one of the more important pratotechnic treatments used on the meadows. 
It should be based mainly on providing nutrients (nitrogen, phosphorus and potassium)  
in appropriate proportions, adjusted to the type and richness of the habitat and the needs of 
the user, the economic goals, etc.

The maintenance of mesic meadows in good condition (both in terms of environment and 
production) consists in mowing usage and sustainable fertilisation (Kucharski, Perzanowska 
2004). The threat to the environmental values of these meadows are both the excessive  
doses of fertilisers and total abandonment of fertilising (especially in the case of the 
Arrhenatherum meadows), therefore the doses of fertilisers should be adjusted to the fertility 
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of a particular habitat. The increased intensity of fertilisation results in floral impoverishment 
manifested usually by the domination of a single species of grass (e.g. the orchard grass), several 
species of the dicotyledons (e.g. the hogweed or the common sorrel) and the withdrawal of 
legumes (Kucharski, Perzanowska 2004).

Fertilisation is not recommended in the case of Molinion meadows, species composition of 
which is formed without this treatment (Matuszkiewicz 2008). They are characterised by low 
content of nutrients in the soil (Kącki, Załuski 2004). This treatment is also not recommended 
for flood Cinidion meadows due to the fact that they are systematically enriched with 
biogenic compounds brought by the river alluvia (Załuski, Kącki 2004; Matuszkiewicz 2008).  
Intensive mowing and use of fertilisation on both of the above-mentioned types of meadows 
increases their economic value, including the participation of pasture grasses, but as a result 
of this the communities are impoverished in floral terms, they downright vanish (Kącki, 
Załuski 2004; Załuski, Kącki 2004). Studies conducted in the Czech Republic confirm that  
the fertilisation of Molinion meadows leads both to the decrease in species variation and 
the number of seedlings (Lepš 1999). Intensification of fertilisation on the Cnidion meadows 
stimulates their transformations into communities with domination of field meadow foxtail or 
reed canary grass (Załuski, Kącki 2004).

Wet meadows are traditionally fertilised communities. However, increasing their yield, by 
the use of large doses of mineral fertilisers, results in significant changes in their structure 
(Matuszkiewicz 2008). In order to protect these habitats, moderate farming should be 
implemented, with limited or entirely abandoned fertilisation (Trąba, Wolański 2012).  
It is pointless to fertilise with nitrogen the meadows located on dewatered peat-muck soils, 
as they contain an excess of this element from peat mineralisation. The additional supply of 
nitrogen does not result in an increase of productivity of a meadow, whereas it contributes to 
the further degradation of its environmental values, among other things by means of invasion 
of undesired nitrophilous species (Kamiński, Szymanowski 2007).

Legumes are valuable feed plants and they improve the properties of the soil owing to the fixation of nitrogen  
in the atmosphere into assimilable forms. The picture on the left presents marsh pea – an uncommon species 
appearing in the reed beds, on the Cnidion and wet meadows, common bird’s-foot trefoil on the right  
– a relatively common species of mesic meadows. (Photo: K. Brzezińska)
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Studies conducted in Wielkopolska show that an increase in the intensity of use and fertilisation 
on the discussed meadows leads to the disappearance of characteristic combinations of 
species, floral simplification, increase in the level of their synanthropisation and a decrease 
of their environmental values (Kryszak, Kryszak 2007). The increase of availability of nutrients 
results in an increase of the height of green growth and intensifies competition for the light, 
which is lost by the species typical of valuable habitats (Lepš 1999), especially the ones with 
low growth habit and slow growth. Excessive fertilisation, especially with mineral nitrogen,  
also leads to the acidification of the soil, which bears negative influence both on the vegetation 
green growth, and the soil structure (Hołubowicz-Kliza 2006).

Recommendations concerning the fertilisation of grasslands (Dicks et al. 2013) generally come 
down to:
•	 a decrease in the use of mineral fertilisers in general;
•	 a more frequent use of natural fertilisers (e.g. manure, slurry) and organic fertilisers (e.g. 

composts, green manure) than the mineral ones.

Studies conducted in Switzerland and Great Britain found that meadows and pastures fertilised 
with manure and slurry maintain greater floral diversity and green growth compactness than 
those fertilised with mineral fertilisers (Koch, Meister 2000; Dicks et al. 2013 after Jones, 
Haggar 1993). Polish studies also indicate the positive effects of using natural fertilisers 
(manure, liquid manure), which by way of improving the structure and increasing the content 
of the organic substance in the soil stimulate the development and tillering of plants, and they 
also protect the green growth. On the other hand, fertilisers such as liquid manure and slurry, 
used in too large doses and without supplementation of phosphorus, lead to the deterioration 
of habitat quality. Grasses and legumes are displaced by numerous nitrophilous and potassium- 
-loving species. Also, rarefaction of sod occurs (Jankowska-Huflejt 2008). The Code of Good 
Agricultural Practices (Kodeks 2004) recommends the use of fertilisers in a way and in times and 
doses allowing to minimise the risk of appearance of threats to the environment. This applies 
in particular to the health of humans and animals, but also to the possibility of movement 
of the ingredients contained in the fertilisers to the surface waters and the groundwaters.  
The best time for fertilising meadows with manure is the turn of October and November.  
Slurry should be used in spring (from April) and summer (until the end of August), within 
two weeks after the first or the second mowing. All types of fertilisers should be distributed 
uniformly on the surface of the meadow (Jankowska-Huflejt 2008). The Act on Fertilisers 
and Fertilisation specifies that the dose of fertilisers used should arise from their content of  
nitrogen. The annual dose cannot exceed 170 kg of total nitrogen per 1 ha of agricultural lands 
(Ustawa 2007). Fertilisation with similar doses is recommended for high-productivity meadows. 
However, such major fertilisation is unacceptable in the case of aiming to maintain the diversity 
and proper species composition of valuable meadow habitats. In the current variants of agri- 
-environment-climate measures in Poland, as well as in the agri-environmental programme 
2007–2013, fertilisation is prohibited in order to preserve the environmental values of the 
Molinion and Cnidion meadows and limited fertilisation with up to 60 kg N/ha/year is allowed 
in the case of wet and mesic meadows, with the exception of areas fertilised by river alluvia  
(Tab. 2); (Rozporządzenie 2013, Rozporządzenie 2015). In accordance with the results of 
monitoring of the environmental impacts of the agri-environmental programme, fertilisation 
is used on 20–30% of mesic meadows on which the programme is implemented (most of the 
fertilisers are organic) and on approximately 25% of wet meadows (mineral, natural, organic or 
mixed); (Jarzombkowski et al. 2015; Szczepaniuk, Kamiński 2015).
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3.1.2.6. Occasional liming

Liming is usually used as supplementation of NPK fertilisation (Twardy, Barszczewski 2015) 
and as a tool regulating the soil pH, preventing its acidification, which eliminates the toxicity 
of aluminium, optimises the assimilability of phosphorus and alkaline ions (Grzebisz et al. 
2006). Soil deacidification increases the availability of nitrogen, improves the soil structure, 
it also indirectly favours the development of legumes (Papilionaceae) and the soil microfauna 
(Hołubowicz-Kliza 2006; Jankowska-Huflejt et al. 2009; Twardy et al. 2015). However, liming 
conducted incorrectly can lead to soil reacidification (Benedycka et al. 2010 after Sapek 1993), 
immobilisation of manganese, boron, copper and zinc (Benedycka et al. 2010). It can also cause 
excessive release of phosphorus, disrupting the development of meadows plants (Guziak, 
Lubaczewska 2001).

Grasslands should not be limed in the plant vegetation period. The most beneficial time of 
its application is early spring or late autumn (Domagała-Świątkiewicz 2005; Hołubowicz-Kliza 
2006). It should not be conducted in the year in which natural or organic fertilisers are used,  
as this results in their unduly rapid decomposition. Calcium carbonate is recommended for 
liming grasslands, as calcium oxide can result in damage to plants (Jadczyszyn et al. 2010). 
Regardless of the type of calcium fertiliser, it should not be used on wet soil, as this may result 
in the destruction of its structure (Domagała-Świątkiewicz 2005).

From the point of view of production it is assumed the pH of mineral soil on the grasslands 
should range from 5.5 to 6.5 (Hołubowicz-Kliza 2006; Wróbel et al. 2015). Mineral soils with 
pH>5.5 and organic and mineral soils with pH>5.0 do not require liming. Organic soils on 
moorshed areas and on fens rich in calcium should not be limed (Jadczyszyn et al. 2010). 
Soil habitat requires systematic monitoring and control of the soil pH. Plant cover remains an 
important indicator for its condition, i.e. the changes in quantity and quality that occur in the 
green growth (Goliński 2006).

The issue of liming on valuable meadow habitats and its influence on the floral wealth has not 
been studied well so far. Therefore, in order to prevent the distortion of species composition, 
use of this treatment should be approached with care. It is optimal to lime meadows sporadically 
(every 5–10 years), those on which plant communities have formed as a result of an earlier 
application of this treatment (Guziak, Lubaczewska 2001; Hołubowicz-Kliza 2006). On meadows 
with mineral soils, especially the mesic ones, this appears justified in particular situations.  
It is unacceptable to use liming on peat soil (a significant part of wet meadows and meadows 
with fluctuating water levels), as a sudden change in the soil pH in the alkaline direction can 
result in accelerated mineralisation of organic matter and the destruction of the structure of soil 
(Domagała-Świątkiewicz 2005) and vegetation. Cnidion meadows located on the floodplains, 
on which significant amounts of calcium are introduced with river alluvia (Hołubowicz-Kliza 
2006), do not require fertilisation with this element. The requirements of the AECM provide for 
the possibility of liming in the variants devoted to the protection of valuable meadow habitats 
only in the case of mesic meadows, but only subject to the performance of soil analyses  
(Tab. 2); (Rozporządzenie 2015).
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3.1.2.7. Other pratotechnic treatments 

Habitats subjected to intensive restoration and cultivation do not retain their environmental 
values, therefore these practices are rarely recorded on environmentally valuable meadows. 
They are only relatively more frequently observed on mesic meadows, which due to soil 
conditions conducive to use are subjected to pratotechnic treatments to the greatest extent 
(Jarzombkowski et al. 2015, Szczepaniuk, Kamiński 2015).

Maintenance of floral diversity and good condition of natural habitats on the grasslands is 
favoured by the following treatments:

Surface levelling

Irregularities caused as a result of feeding of wild boars and moles, less often also voles, as well 
as in places contaminated with excrements, become the points of penetration for undesired 
species and make usage of meadows more difficult (Wróbel et al. 2015). Their cultivation 
consists in area levelling and the scattering of mounds and dung (Barszczewski et al. 2014; 
Twardy et al. 2015). Works are often conducted early in the spring and they are usually not 
conducted on high-mountain meadows (Twardy et al. 2014). The activity that bears no negative 
influence on meadows communities is manual surface levelling, applicable mainly in the case 
of areas with major inclination of slopes (Twardy et al. 2015). Desired results are also produced 
by early spring smoothing. This treatment is most often implemented with the use of beams  
drawn on the land surface, sometimes with an inverted harrow or tyres (Dembek 2008).  
It should be conducted at the time when the molehills are becoming dry and no later than after 
the green growth reaches the height of 10 cm (Twardy et al. 2014). Due to a difference in the 
length of the vegetation season on the lowland, upland and mountain areas, the requirements 

Intensive pratotechnic procedures aimed at an increase in the efficiency of a meadow lead to the destruction  
of its environmental values. (Photo: P. Pech)
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of packages 4. and 5. of the agri-environment-climate measures allow the extension of the 
period of spring smoothing by two weeks for the areas situated at the level above 300 m a.s.l. 
(Tab. 2, 3, 6); (Rozporządzenie 2015).

No rolling

Rolling is mainly performed on the meadows formed on marshy or on moorshed soils.  
It is aimed at the improvement of resistance of the soil to the runs of heavy machinery by 
means of pressing the green growth down to the soil with a roller (Barszczewski et al. 2014).  
It is regarded as necessary in meadow practice, as soil stratification caused by frost phenomena 
results in its loosening (Dembek 2008), but it is prohibited in the environmental packages  
of the agri-environmental programme 2007–2013 and the agri-environment-climate measures 
(Tab. 2, 3, 6); (Rozporządzenie 2013; Rozporządzenie 2015). Rolling changes the properties  
of the soil, resulting in an increase in its compactness (Dembek 2008). This reflects in a negative 
way on the floral wealth of the habitats and contributes to their environmental degradation.

No full tillage

The full-tillage method is mainly used on intensively used lowland meadows (Twardy et al. 
2014). It consists in ploughing and repeated sowing with a mix of grasses. Supplementary tillage 
includes disk harrowing, harrowing and rolling, often combined with fertilising (Barszczewski  
et al. 2015). These tilling methods lead to a complete destruction of the natural habitat, which 
in the case of practices conducive to biological diversity is unacceptable.

No overseeding

Overseeding covers a range of tilling methods aimed at limiting the competitiveness of the old 
green growth (harrowing, rotary tillering, use of selective or total herbicides) and introduction 
of seeds into the soil (Barszczewski et al. 2015). Each of these practices, and in result the 
entire method of restoration by means of overseeding, significantly interferes with the species 
composition of meadow communities, which threatens the presence of species characteristic 
of environmentally valuable meadows, including rare and protected species. In consequence, 
all these tillering methods are prohibited in the variants of the agri-environmental programme 
dedicated to natural habitats (Tab. 2, 3, 6); (Rozporządzenie 2013; Rozporządzenie 2015).

No harrowing or scarification

Meadow harrowing is most often used in order to remove the accumulated layer of dead 
matter or on the surfaces covered with alluvia, in order to crush the surface crust of the 
sediment and allow plant growth (Wróbel et al. 2015; Dembek 2008). However, breaching of 
the green growth and the topsoil presents a threat to the valuable species of plants appearing 
on the meadows. The use of even the lightest harrow results in loosening of the green growth, 
which can contribute to the penetration of undesired species (Dembek 2008). The effect can 
be similar in the case of scarification (furrowing) consisting in cutting two-, three-centimeter 
strips of green growth. It is used on very weed-grown meadows with a thick layer of litter. 
These practices, regardless of the use in the restoration of floral wealth on sown meadows, 
poor in terms of species (Pywell et al. 2007), should not be used on environmentally valuable 
grasslands. This is emphasised by the requirements of all the variants of environmental  
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packages of the agri-environment-climate measures, including harrowing in the prohibited 
mechanical activities destroying soil structure (Tab. 2, 3, 6); (Rozporządzenie 2015).

No chemical plant protection products

Chemical agents used to control undesired species should not be used in the context of 
practices conducive to floral diversity. The exception to this rule is their use for the purpose 
of local control of invasive species, but even in such case these agents should only be used as  
a last resort, as they bear negative influence not only on the controlled species, but also on other 
plants and animals (Tab. 2, 3, 6); (Rozporządzenie 2015). Meadow practice recommends the 
use of herbicides if the participation of the undesired dicotyledons constitutes approximately 
20% of the coverage (Barszczewski et al. 2014). However, these species often belong to the 
typical components of environmentally valuable meadow communities and their elimination 
leads to the degradation of valuable phytocoenoses. Mechanical methods are alternative to 
chemical control of undesired plants, e.g. cutting or uprooting, digging out or modification of 
the current method of use (Ausden 2007).

Removal of shrubs and tree saplings

This tillering method is used in order to restore use of abandoned or neglected meadows 
and pastures. It consists in cutting shrubs and tree saplings and wildings. This prevents the 
transformation of valuable meadow habitats into shrub and forest communities. In order to 
facilitate the later mowing usage, cutting should be conducted at the level of the root collar  
(on the ground level). The obtained biomass should be removed from the meadow. This pra- 
ctice should not include cutting old trees and shrubs of native species, which constitute  
a valuable element of the agricultural landscape. This is also emphasised in the provisions of 
the agri-environmental programme for 2007–2013 prohibiting the removal of trees and shrubs  
that constitute the refuges for biodiversity (Rozporządzenie 2013; Rozporządzenie 2015).

3.1.2.8. Maintenance of appropriate soil moisture

One of the most often listed impact groups, bearing negative impact on the condition of 
waterlogged meadows in Poland is the transformation of water conditions. This particularly 
applies to the Cnidion and wet meadows (Monitoring 2009–2011; Monitoring 2013–2014; 
Jarzombkowski et al. 2013; Jarzombkowski et al. 2014; Jarzombkowski et al. 2015; Kotowska, 
Topolska 2015; Kazuń 2015). The disrupted water conditions contribute to the expansion of 
undesired species, which do not disappear, even in the case of regular mowing usage (Kołos, 
Banaszuk 2013; Kazuń 2015).

Drying meadows located on peat soil is particularly harmful. It leads to advanced degradation 
of the topsoil the so-called moorshification (Wołejko et al. 2004). Moorshified peat loses its 
(moisture) retention properties, which contributes to the loosening of the green growth and 
the withdrawal of species characteristic of wet habitats (Grootjans et al. 2005; Makles et al. 
2014; Kazuń 2015). In addition, decay of the organic matter leads to the over-fertilisation of 
the habitat, which results in the invasion of very competitive, undesired nitrophilous species, 
such as common nettle or creeping thistle (Makles et al 2014; Monitoring 2013–2014).  
As a result, valuable natural habitats are destroyed.
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Excessive and long-term inundation of meadows can also bear negative impact, causing  
a decrease in species variation and a decrease in the number of meadow species (Franczak, 
Czarnecka 2012; Kołos, Banaszuk 2013).

The best methods for maintenance of the proper level of soil moisture of natural habitats 
include:

Abandonment of creation of new drainage and irrigation systems

The increase of usable area by means of implementation of new drainage is not justified in 
terms of farming, nor in environmental terms (Mioduszewski et al. 2013). The agricultural utility 
of lands created in such a way is low and it does not compensate the lost environmental values 
(the reduced floral diversity and the ability to retain water in the habitat). Construction of 
systems allowing to slow down the drainage of waters carries threats as serious as the creation 
of drainage sysytems – lack of maintenance and incorrect handling of devices impounding 
water can result in excessive drying of habitats. The need to limit the construction of new water 
drainage and irrigation facilities and reconstruction of the old ones (including the deepening of 
ditches) is emphasised by the requirements related to the use of environmental packages of the 
agri-environmental programme (Tab. 2, 3, 6); (Rozporządzenie 2013; Rozporządzenie 2015).

Use of existing drainage and irrigation infrastructure to retain water in the habitats

A vast majority of ditches in Poland are unidirectional and can only be used for draining  
(Pierzgalski 2015). Structures used on some ditches, allowing to delay the drainage of 
waters, are to a large extent neglected and they fail to perform their functions (Kowalewski, 
Mioduszewski 2015; Mioduszewski et al. 2013). It is becoming necessary to reconstruct 
them or build new devices, adjusting the amount of drained water to the needs of a natural 
habitat. This is the only way of influencing the water conditions of a habitat accepted by 

Wet meadows formed on peat soils are particularly sensitive to changes in water conditions, particularly drainage. 
The picture on the left presents a highly inundated meadow patch with participation of an orchid ‒ the broad-leaved 
marsh orchid (Photo: K. Brzezińska). On the right a degraded mire, overcome with common nettle as a result  
of drying and over-fertilisation. (Photo: A. Szczepaniuk)
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the requirements of the environmental packages of the agri-environment-climate measures  
(Tab. 2, 3, 6); (Rozporządzenie 2015). In the case of ditches equipped with structures 
impounding water, essential activities include their restoration, on-going maintenance and 
proper handling (Borys, Jędryka 2015). When creating new devices with this function: bars, 
drops, artificial rapids, impounding culverts, weirs – including penstocks (Jędryka 2006;  
Jędryka 2007; Wytyczne CKPŚ 2008), factors considered should include the simplicity 
of construction (Kowalewski, Mioduszewski 2015), use of natural materials (Jędryka 2007)  
and the damming level that is optimal for the needs of the habitat. All the treatments should  
be implemented in accordance with the current legal requirements. The most important 
regulations related to works conducted with the purpose of retaining water in habitats can i.a. 
be found in the best practice guide on wetland conservation (Makles et al. 2014).

Utilisation of beaver activity to retain water in habitats

Beavers bear major influence on the nature of watercourses and their valleys. First of all,  
by means of damming and pounding waters they contribute to the creation of overflow areas 
and natural retention of vast amounts of water. Beaver activity and damming they introduce 
should usually be tolerated, even if they cause certain economic losses (Wołejko et al. 2004; 
Makles et al. 2014). In special cases, for example if the flooding of meadow habitats is excessive 
and unfavourable to the maintenance of their environmental values, a range of solutions has 
been developed to minimise the potential damage, without harm to the beavers themselves 
(Makles et al. 2014 after Czech, Jermaczek 2005).

A penstock on a ditch allows to dam and regulate the water level. Proper technical condition of this device bears 
impact on the water conditions of habitats. (Photo: Z. Kowalewski)
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Limitation of negative impact of maintenance works conducted on drainage 
and irrigation ditches

Upkeep of drainage and irrigation equipment (including their ongoing maintenance) is a duty  
of the owner (Ustawa 2001). Works most often consisting in mowing shores, removing 
obstructions and desludging ditches significantly interfere with the environment (Przybyła 
et al. 2011). They bear direct influence on the flora of watercourses, decreasing its species 
variation (Bondar-Nowakowska, Hachoł 2010; Kiryluk 2013). At the same time, they bear 
indirect influence on the state of the habitats in the vicinity, dependent upon the level of 
water created by the device. Minimisation of the negative impact of maintenance works 
requires the extensification of these works. It is primarily favoured by a decrease in the 
frequency of these treatments (e.g. mowing in a two-year cycle) and limitation of works to 
a part of the system (e.g. desludging 10–20% of the length of the watercourses per year).  
It is also important not to store the extracted material on environmentally valuable areas.  
Delays in regard to mowing are also significant, as the strip of vegetation along the ditch is 
often the only place on a meadow where the plants appearing on the meadow can go through 
a full development cycle. Leaving unmowed vegetation is additionally conducive to retaining 
water during summer droughts. Desludging should be conducted when the water levels are 
lowest. It is also recommended that the use of machinery is limited, e.g. by means of manual 
raking of water vegetation and extraction of sludge (Treweek et al. 1997; Ausden 2007).

Beaver dams built on ditches aid in slowing 
down the drainage of waters from the 
surrounding habitats. (Photo: K. Brzezińska)
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Abandonment of transformation of river beds and valleys

Liquidation of meanders, unification of the bottoms and cross sections of rivers (usually be 
means of forming them in a rectangular shape), as well as desludging or cutting of vegetation 
contribute to the acceleration of drainage of waters from the river basin, which results in the 
dryness of habitats and the deterioration of their conservation status (Mioduszewski 2015). 
Limitation of freshets also bears negative influence on the habitats formed in river valleys.  
Its impact is greatest on Cnidion meadows, which in the case of a lack of regular flooding 
transform into more common plant communities, poorer in terms of species (Załuski, Kącki 
2004).

These negative processes can be prevented by means of implementation of modern concepts  
of flood protection and regulation, e.g.: maintenance of the natural riverbed structure,  
departure from construction of embankments and land development in the valleys for the 
benefit of rising waters on flood grasslands (Żelazo 2015).

The deepening of ditches is a treatment which significantly interferes with the environment. In addition, storage of 
the extracted material along the ditch results in a destruction of natural habitats in this section and contributes  

to the penetration of expansive species on the meadow. (Photo: B. Matowicka)
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3.1.2.9. Maintenance of permanent grasslands

Maintenance of permanent grasslands on a farm is the fundamental activity ensuring the 
existence of environmentally valuable meadow habitats, at the same time preconditioning the 
possibility of benefiting from the subsidies within the framework of the environmental packages 
of the AEP (Rozporządzenie 2013; Rozporządzenie 2015). They should be implemented by 
means of refraining from transforming permanent grasslands into arable lands, giving up on 
afforestation, extraction of minerals and creating ponds on them.

Natural river course and undisturbed valley layout favour the maintenance of biodiversity and periodic retention  
of flooding waters. (Photo: K. Brzezińska)

One of the main threats to mesic meadows in Poland is their transformation into arable lands. 
(Photo: A. Szczepaniuk)
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3.1.2.10.   Requirements of agri-environment-climate measures in the variants aimed 
at the conservation of valuable meadow habitats in Poland

Table 2. Requirements of AECM packages in Poland– package 4. Valuable habitats and endangered 
bird species in the Natura 2000 areas and package 5. Valuable habitats outside the Natura 2000 areas, 
variants aimed at the conservation of valuable meadow habitats (Rozporządzenie 2015)

Variant of agri- 
-environment-climate 

measures
4.1/5.1 4.2/5.2 4.5/5.5 4.4/5.4

Type of habitat
meadows with fluctuating 
water levels 
6410 Molinion

alluvial 
meadows 
6440 Cnidion

semi-natural mesic 
meadows

6510 Arrhenatherion;

6520 Polygono-Trisetion 
and Arrhenatherion,

Cynosurion

semi-natural  
wet meadows 
Calthion

Type of usage
mowing  
or mowing-grazing  
or alternately 

mowing or mowing-grazing  
or grazing or alternately

mowing  
or mowing- 
-grazingor 
alternately

M
ow

in
g 

us
ag

e

frequency  
of mowing

once every year, 
or every two years 
in specific cases

once or twice a year

time  
of mowing

1.09 to 31.10, when 
justified: 15.06 to 30.06 15.06 to 30.09 

leaving 
unmowed 
fragments 

15–20% of the plot

in two consecutive 
mowings with a one- or 
two-year interval, different 
fragments of the meadow 
should be left unmowed, 
for plots smaller than 
0.5 ha, mowing the  
entire plot every year  
is permissible 

in the case of two mowings a year, the same fragments  
of the meadow should be left unmowed, 
in two consecutive years, different fragments should be left 
unmowed; for plots smaller than 1 ha, mowing the entire  
plot every year is permissible 

removal 
of mowed 
biomass

obligation to collect and remove the mowed biomass (including the ban  
on leaving scattered biomass), 
within 2 weeks of mowing, the biomass should be removed from the plot or arranged  
into piles, including bale piles, stacks or ricks; 
if biomass is arranged into piles, stacks or ricks, it should be removed from the plot  
not later than by 1 March the following year

G
ra

zi
ng

 u
sa

ge

time  
of grazing

not applicable 

1.05 to 15.10

not 
applicable 

stock (LU/ha) 0.5–1 LU/ha

mowing 
uneaten 
parts

once a year, from 15.07 to 31.10, 
obligation to collect and remove the mowed 
biomass (as in the case of mowing usage)

mowing 
uneaten 
parts

grazing of Polish koniks and Hucul ponies  
is permissible for a whole year at a stock  
of up to 1 LU/ha
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Rules for the use of a given area are established by an authorised environmental expert.  
The expert is entitled to expand the requirements of the regulation, as well as to issue additional 
recommendations with respect to the use of environmentally valuable habitats. However, they 
cannot be contradictory to the requirements specified in the regulation. Moreover, a farmer 
who undertakes agri-environment-climate measures is obliged to preserve all permanent 
grasslands and uncultivated landscape components on the farm that constitute nature refuges 
such as, e.g., single old trees, avenues of trees and shrubs, small ponds.

Variant of agri- 
-environment-climate 

measures
4.1/5.1 4.2/5.2 4.5/5.5 4.4/5.4

M
ow

in
g-

gr
az

in
g 

us
ag

e

frequency  
of mowing

once every year, or every 
two years in specific cases once every year

time  
of mowing

the same requirements for mowing as in the case of mowing usage

leaving 
unmowed 
fragments 

removal 
of mowed 
biomass

time  
of grazing

after mowing,  
1.09 to 15.10 after mowing, until 15.10 after mowing,  

15.07 to 15.10

stock (LU/ha) up to 0.5 LU/ha up to 1 LU/ha up to 0.5 LU/ha

Ad
di

tio
na

l t
re

at
m

en
ts fertilisation fertilisation forbidden

limited fertilisation of up to 60 kg N/ha/year 
is permissible, 
with the exclusion of areas fertilised by river 
sediments

liming liming forbidden
liming is permissible 
after carrying out the 
necessary analyses

liming 
forbidden

Pr
oh

ib
iti

on
s

1) prohibition on rolling, the use of municipal sewage sediments and overseeding;
2) prohibition on smoothing:

a) from 1 April to 1 September in the lowlands (below 300 m a.s.l.)
b) from 15 April to 1 September in the uplands and highlands (above 300 m a.s.l.);

3) prohibition on the use of plant protection products, except for selective and local 
eradication of disruptive, invasive species by means of appropriate equipment 
(e.g., rope-wick applicators);

4) prohibition on building new, expanding or reconstructing the existing drainage and irrigation 
equipment, except for the construction of new equipment aimed at adjusting water levels to 
the habitat requirements of the species or habitats under protection in a given package;

5) prohibition on storing biomass among trees and thickets, in ditches, ravines and other 
depressions;

6) prohibition on the mechanical destruction of the soil structure, including harrowing  
and ploughing.
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3.1.3.  Summary

Agricultural practices for the conservation of environmentally 
valuable meadow habitats and their flora

Use of the land
•	 conservation of permanent grasslands on a farm, especially environmentally 

valuable habitats, refraining from turning them into arable fields or construction 
lands, afforestations, destruction of habitats by extracting minerals (sand, peat)  
or digging fish ponds;

Mowing
•	 Molinion meadows – once a year or every two years;
•	 mesic, wet, Cnidion meadows – once a year, on fertile habitats two mowings  

per year are permissible;
•	 mosaic mowing, i.e., mowing different fragments of a meadow at different times;
•	 leaving some fragments of a meadow unmowed in a given year;
•	 varying the times of mowing from June to August on a year to year basis;
•	 delaying mowing until August is recommended once every few years;
•	 on meadows mowed twice a year, the second mowing should be done after  

7–8 weeks after the first one;
•	 the height of mowing:

a) Molinion meadows – not less than 10 cm,
b) mesic, wet, Cnidion meadows – not less than 5 cm,

•	 using sickle bar mowers, drum mowers or manual strimmers, avoiding flail mowers  
and disc mowers;

Hay harvest
• collection and removal of the mowed biomass, after it has been dried and tedded 

on the meadow;

Grazing
•	 mesic and Cnidion meadows (during a dry period between floodings) – use as 

pasture or for grazing after mowing is permissible;
•	 wet and Molinion meadows – very extensive grazing is permissible only after mowing 

and only on habitats with non-peaty soil;
•	 rotational grazing with constant supervision of the animals;
•	 pasture season:

a) wet meadows − after mowing, from 15 July to 15 October;
b) Molinion meadows − after mowing, from 1 September to 15 October;
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c) mesic and Cnidion meadows;
•	 in the mountains and north-east lowlands from 20 May to 15 October;
•	 on mountain mesic meadows situated on hillsides at risk of erosion,  

early-spring grazing is permissible;
•	 in the lowlands and the remaining regions from 1 May to 15 October;
•	 all-year-round grazing of Polish koniks and Hucul ponies is permissible;
•	 in alluvial areas, grazing should begin not earlier than 2 weeks after waters 

have receded;
•	 stock of livestock:

a) mesic and Cnidion meadows – as pasture: 0.5 to 1 LU/ha, for grazing after 
    mowing: up to 1 LU/ha;
b) wet and Molinion meadows – up to 0.5 LU/ha;

•	 grazing pressure on a pasture – up to 5 t/ha;
•	 obligatory annual, one-time mowing of uneaten parts and removal of the mowed 

biomass from the pasture;
•	 grazing of old, traditional, native breeds of cattle, horses, sheep and goats;
•	 grazing of horses, especially to eradicate undesirable thick-stem plants;
•	 grazing of goats to eliminate tree wilding;
•	 grazing of sheep and goats on steep-slope areas;

Fertilisation
•	 mesic and wet meadows – fertilisation permissible up to 60 kg N/ha/year, 

recommended especially in the case of two mowings on habitats developed on 
fertile ground;

•	 Molinion and Cnidion meadows – no fertilisation;
•	 the use of natural (e.g., manure, slurry) and organic fertilisers (e.g., compost);
•	 no fertilisation of meadows flooded with river water;
•	 no fertilisation of habitats developed on the soil with low fertility (e.g., Molinion 

meadows);
•	 no fertilisation of meadows on drained mires using nitrogen;
•	 fertilisation on habitats mowed several times a year, which are adapted to high- 

-fertility soil;

Liming
•	 liming is permissible on mineral soils (mainly mesic meadows) in exceptional cases in 

order to reduce soil acidification, after carrying out soil analyses and the assessment 
of the impact on the species composition of the meadow green growth;

•	 liming on peat soils (wet and Molinion meadows) and on alluvial Cnidion meadows 
is prohibited;

•	 sporadic liming every 5–10 years;
•	 liming outside the plant vegetation period (early spring, late autumn).
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Other pratotechnic treatments and technical aspects 
•	 adapting equipment and work methods to the soil conditions:

a) performing works at a low level of underground waters and under favourable 
    weather conditions;
b) using equipment with relatively low load on the soil, low-pressure tyres and 
    wheels with large diameter and width;

•	 minimisation of the number of travels on the same route and the number of turns 
performed;

•	 surface levelling – performed if needed, by hand or by smoothing in early spring 
(before 1 April in the lowlands and before 15 April in the mountains);

•	 refraining from ploughing, rolling, overseeding, harrowing, scarifying;
•	 prohibition on the use of chemical plant protection products; 

Water management
•	 reduction of the frequency, scope and intensity of works performed on drainage 

and irrigation ditches as part of renovations and ongoing maintenance;
•	 refraining from deepening the existing ditches and from creating new ones; 
•	 proper handling of the existing structures impounding water;
•	 storing the material extracted from a ditch outside a valuable habitat;
•	 creating bars, drops, artificial rapids, penstocks, impounding culverts on the existing 

ditches;
•	 tolerating dams built by beavers;
•	 preserving natural river courses and the structure of riverbeds, including meanders, 

overflow areas, diverse bottom;
•	 not disturbing the natural rhythm of freshets onto grasslands in alluvial areas by 

departing from the construction of embankments and land development in the 
valleys.
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3.2. Good agricultural practices on high-nature-value dry grasslands

3.2.1.  High-nature-value dry grasslands in Poland
Dry grasslands are non-forest plant communities characterised by the domination of low- 
-growing species of grass and dicotyledons. The height of their green growth distinguishes 
them from meadow ecosystems. The low-growing plants characteristic of dry grasslands are  
a result of harsh habitat conditions and/or anthropogenic determinants (e.g., extensive grazing). 
The formation of dry grasslands is usually related to extreme habitat conditions. Most of them 
are semi-natural communities which do not need much human intervention to survive.

There are three groups of plant communities in the dry grasslands in Poland. The first are primary 
and secondary grass dry communities occurring on mineral soils, which include Euro-Siberian 
Violetea calaminariae (Br.-Bl. et R.Tx. 1943), sand dry grasslands (Koelerio glaucae-Corynephoretea 
canescentis Klika in Klika et Novak 1941), Polygonion avicularis (Br.-Bl. 1931 ex Aich. 1933), 
alluvial dry grasslands (Agropyro-Rumicion crispi Nordh. 1940 em. R.Tx. 1950), Seslerietea variae  
(Br.-Bl. 1948 em. Oberd. 1978) and xerothermic dry grasslands (Festuco-Brometea Br.-Bl. et 
R.Tx. 1943). The second group are semi-natural and anthropogenic communities of Nardus 
grasslands and heaths of the class Nardo-Callunetea Prsg 1949. Thermophilic forest edge 
communities of the class Trifolio-Geranietea sanguinei Th. Müller 1962 are also considered as 
dry grasslands (Matuszkiewicz 2008).

Due to their key significance for the conservation of biodiversity and being at risk of extinction, 
some dry grasslands have been included in the European list of environmentally valuable 
habitats Natura 2000 and protected under the agri-environment-climate measures. The most 
valuable Natura 2000 habitats are xerotermic dry grasslands on calcareous substrates (6210), 
thermophilic inland psammophilous dry grasslands (6120), inland dunes with psammophilous 
dry grasslands (2230), highland and lowland Nardus grasslands (6230), dry heaths (4030) and 
juniper thickets on xerothermic dry grasslands and heaths (5130).

3.2.1.1. Xerothermic dry grasslands

Xerothermic dry grasslands are non-forest, thermophilic steppe plant communities. Their 
occurrence is dependant on the climate and soil conditions and the lie of the land. These 
communities have the form of colourful dry grasslands with a rich and diverse flora. Xerothermic 
dry grasslands are dispersed throughout Europe and occur on slopes rich in calcium carbonate 
in the valleys of large rivers or calcareous rock outcrops.

However, they are most frequently found in the south-west and south of Europe. In Poland, 
they occur in small patches in areas with specific climate and habitat conditions, which include, 
e.g., Kielce-Sandomierz Upland, Lublin Upland and Lower Oder Valley (Mróz, Bąba 2010).  
In the region of Lublin, these habitats are found on slopes in the valleys of the Vistula, the Bug 
River and the Wieprz and on the local hills. Some of them are protected as nature reserves 
or Natura 2000 areas. The existence of xerothermic dry grasslands is largely dependent on 
the grazing of livestock. Some dry grasslands were also subjected to sporadic, natural or 
anthropogenic fires. Since they are not in use, they easily turn into more complex systems, such 
as thickets or forests, which is why they are one of the most endangered plant communities 
in Europe (Bąba 2003; Barańska et al. 2013; Kulik et al. 2015). Xerothermic dry grasslands  
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in Poland are divided into flowery, needle-grass and rock dry grasslands on the basis of the 
diversity of plants, habitat and structure. Communities that are also often considered as 
dry grasslands are xerothermic thickets, which occur in the ecotone zone between typical 
xerothermic dry grasslands and thicket and forest communities (Barańska et al. 2013).

All xerothermic dry grasslands of the class Festuco-Brometea Br.-Bl. et R.Tx. 1943 are included 
in habitat 6210, however, priority is given to dry grasslands with important orchid sites, such as  
lady’s-slipper orchid or lady orchid. Plants in xerothermic dry grasslands are very unique since 
they are adapted to harsh habitat conditions as a result of evolution and competition for 
resources. Typical xerothermic species include European Michaelmas-daisy, swordleaf inula, 
golden flax, field cow-wheat, yellow pheasant’s eye, cross gentian, oregano, among others 
(Matuszkiewicz 2008).

These habitats are also characterised by a unique richness of fauna. One of more interesting 
species is the mountain Alcon blue, a butterfly species found only on dry grasslands with its 
host plant – cross gentian – which caterpillars feed on. The butterfly is myrmecophilous, which 
means that its existence is dependant also on a particular species of European fire ant of the 
Myrmica genus (Buszko, Masłowski 2008). The main threat to xerothermic dry grasslands and 
their rare plant and animal species is the abandonment of extensive grazing, which leads to 
changes in the flora, especially the encroachment of shrubs and trees (Bąba 2003; Barańska, 
Jermaczek 2009; Bernacka et al. 2011; Barańska et al. 2013; Weiss et al. 2013; Kulik et al. 
2015). Xerothermic dry grasslands are often treated as uncultivated lands, where agricultural 
activities are not carried out, which accelerates the process of overgrowing. Some of these 
habitats are intentionally afforested, which is why their area gradually decreases both in Poland 
and in all of Europe. Xerothermic dry grasslands, which used to be common in Europe, are 
now increasingly rare and endangered habitats, whose area constantly decreases due to the 

Xerothermic dry grasslands are one of the most endangered plant communities in Europe.  
The photo shows a flowery xerothermic dry grasslands with meadow sage (Guzówka PLH060071). 

(Photo: M. Kulik)
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abandonment of grazing, changes in the use of the lands, as well as succession or afforestation. 
Therefore, many European countries, including Poland, implement projects aimed at the 
conservation of these valuable habitats (EEA 2001; Calaciura, Spinelli 2008; Barańska et al. 
2013; Kulik et al. 2015). The state of xerothermic dry grasslands in Poland is determined by 
many factors, such as proper use, among other things. Even those habitats included in the 
scope of the agri-environmental programme are subject to degradation, e.g., as a result of too 
intensive grazing (Kazuń 2015).

3.2.1.2. Sand dry grasslands

The second type of dry grasslands are dry grasslands of the class Koelerio glaucae-Corynephoretea 
canescentis Klika in Klika et Novak 1941, which include several different plant communities,  
such as Spergulo-Corynephoretum, Diantho-Armerietum, denser psammophilous dry grasslands 
with richer flora, continental inland sand dry grasslands, among others. The last communities 
that belong to the alliance Koelerion glaucae (Volk 1931; Klika 1935) are a Natura 2000 habitat 
(6120), similarly to some psammophilous Spergulo-Corynephoretum dry grasslands, but only 
those that developed on dune sands (2330). The above-mentioned dry grasslands usually 
have the form of low-growing, sparse and rather colourful grass communities with a distinctly 
tussock structure, as well as rich and diverse vascular flora, often with species that are rare 
and endangered in Poland. Sand dry grasslands are found in sun-lit and dry locations, most 
frequently in sandy, flat alluvial areas in the valleys of large rivers, on inland dunes, sandy moraine 
areas, dry sand and gravel banks, as well as in anthropogenic habitats, such as embankments 
or gravelling. These dry grasslands in Poland are the northernmost and westernmost dry 
grasslands in Europe. Most of these habitats are located in western, central, southern and 
southeastern Poland in areas with continental climate, namely in the valleys of the Bug,  
the Narew, the Wieprz, the San, the Oder, the Vistula and the Warta (Kujawa-Pawlaczyk  
2004a; Kujawa-Pawlaczyk 2010; Warda et al. 2011).

Sand dry grasslands are found in very poor habitats and are often considered as uncultivated  
lands. Their production potential is very low and large quantities of narrow-leaved grasses 
result in a low quality of hay. One of typical species that bind loose sand and create pioneer  
dry grasslands is tussock grass – grey hair-grass. The other plants also include Carthusian 
Pink, blue hair grass, thrift, Carex praecox and dwarf everlast. Thermophilic psammophilous 
dry grasslands constitute a habitat for many rare and endangered species of invertebrates 
and small vertebrates. There are also species listed in Annex II to the Habitats Directive.  
These valuable habitats are endangered by both the abandonment of land-use and its 
intensification, that is fertilisation and excessive grazing causing mechanical damages to the 
plant cover. In consequence of these processes, sand dry grasslands are disappearing together 
with their valuable species of fauna and flora (Ceynowa-Giełdon 1986; Kujawa-Pawlaczyk 
2004a; Zarzycki, Misztal 2010). The occurrence of plants specific to these dry grasslands is 
dependant on particular habitat conditions and human activity. A serious threat to sand dry 
grasslands is their limited range, considerable dispersion and intensive agricultural use of the 
adjacent areas resulting in fertiliser runoffs from fields (Kujawa-Pawlaczyk 2004a). The results 
of the monitoring of species and natural habitats revealed that psammophilous dry grasslands 
are in an unsatisfactory state mostly caused by the overgrowing with shrubs and tree saplings, 
as well as the encroachment of expansive native species. The state of these habitats could 
be improved by a more extensive implementation of the Natura 2000 network in the areas 
established, e.g., for the conservation of psammophilous dry grasslands (Monitoring 2008a).
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3.2.1.3. Nardus grasslands and heaths

Another type of valuable habitats are Nardus dry grasslands of the class Nardo-Callunetea 
Prsg 1949, also called matgrass dry grasslands. Only patches with a richness of flora are 
considered a Natura 2000 habitat, code 6230. The name of these dry grasslands is derived 
from a low-growing, tussock grass – Nardus stricta, known as matgrass, which dominates the 
green growth and gives them their characteristic appearance. Other typical species occurring 
in those dry grasslands include pill sedge, heath grass, mouse-ear hawkweed, field wood- 
-rush, heath dog-violet, among others. A different composition of plant species characterises 
communities dominated by common heather (Calluno-Nardetum strictae Hrync. 1959), 
where cattle and sheep are usually grazing. Nardus dry grasslands are secondary formations, 
usually resulting from deforestation, on poor or very poor acid soils with varied levels of 
moisture, on grazing but unfertilised sites (Perzanowska 2004). Matgrass dry grasslands 
are found in all of Poland, from the lowlands to the subalpine zone in the Sudetes and the 
Carpathians. They usually form small patches on fields, forest and mire margins or sandy hills.  
These communities are diverse in terms of soil moisture and the location above sea level. 
Nardus dry grasslands develop both in the lowlands and in the mountains, as well as on different 
soils – from dry to wet or periodically flooded soils (Wojtuń et al. 1994; Winnicki 1999; 
Korzeniak 2010). Plant communities in Nardus dry grasslands are semi-natural, which means 
that they developed as a result of different forms of human activity. Conservation of these 
dry grasslands requires active protection consisting in grazing or undertaking other measures 
that limit succession, not causing an increase of the habitat fertility (Perzanowska 2004;  
Korzeniak 2010). The data obtained from monitoring indicate that the conservation status 
of this habitat is inadequate, although its resources are not fully identified. A significant 

Grass typical of sand dry grasslands is grey hair-grass  
– a pioneer plant in this type of plant communities. 
(Photo: M. Kulik)

A male sand lizard (Lacerta agilis) in nuptial colours 
among cup lichens on a psammophilous dry grasslands. 

(Photo: M. Kulik)
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decrease of the area of matgrass dry grasslands is observed both in the mountains and in the 
lowlands, which is a result of the changes that have been taking place in agriculture for the last  
20–30 years (Monitoring 2008b).

A distinctive type of dry grasslands of the discussed class are heaths of the Calluno-Ulicetalia 
order (Quant. 1935) R.Tx. 1937, which include communities of three alliances that constitute 
Natura 2000 habitats (4030). The first group are the Calluno-Genistetum heaths occurring in 
central Europe. In Poland, they reach the eastern boundary of their range. The second type 
are the Calluno-Arctostaphylion heaths dispersed throughout Europe, whereas in Poland they 
occur in the northeastern regions. The third group are the Pohlio-Callunetum heaths found in 
central and western part of Europe and in mostly western Poland. These communities develop 
usually on very poor and acid podzol soils formed from loose or loamy sands with a low level 
of underground water (Kujawa-Pawlaczyk 2004b). Dry heaths are communities characterised 
by the occurrence of heather shrubs dominated by the common heather. The second plant 
layer consists of mouse-ear hawkweed, common bent, sand sedge, among others. A uniquely 
rich moss and lichen flora is represented by, e.g., aloe-moss and cup lichens. Additionally, 
these habitats have a rich diversity of invertebrates, especially beetles, flies, hymenopterans, 
orthopterans, hemipterans and butterflies. Dry heaths are communities that developed as  
a result of a specific type of activity, e.g., the use of military training grounds, harvest cutting  
of forests, natural fires or extensive grazing of livestock (Pawlaczyk 2012; Nienartowicz et al.  
2015; Sewerniak, Jankowski 2015). The state of dry heaths in Poland is in most cases 
unsatisfactory. Only few of them are in an adequate stare. Some of the biggest threats to this 
community are the abandonment of proper land-use and afforestation (Monitoring 2012).

Nardus swards, also called matgrass swards, are found in all of Poland, from the lowlands to the subalpine zone 
in the Sudetes and the Carpathians. (Photo: M. Kulik)
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The overall state of dry grasslands in Poland is unsatisfactory and only some of the properly 
used ones are characterised by adequate parameters. Therefore, mechanisms allowing for their 
improvement or affecting the behaviour of their key components, such as the habitat structure 
or conditions, are necessary. Dry grasslands habitats largely preserve their great environmental 
values only under extensive grazing. Recommending mowing prevents succession but can lead 
to changes in the structure of the plants (Kotowska, Topolska 2015).

3.2.2.  Dry grasslands treatment for the benefit of the environment

3.2.2.1. Sustainable grazing

Sustainable grazing is key in preserving the rich biodiversity of the discussed dry grasslands 
(Pykala 2005; Dahms et al. 2010). As opposed to high-yielding pastures, grazing on dry 
grasslands should be usually extensive since they are habitats characterised by a low 
production potential. The stock of livestock on dry grasslands should not exceed 1 LU/ha. 
However, some authors argue that the stock should not exceed 0.5 LU/ha (Barańska et al. 
2013). Analogously, the grazing pressure on a pasture should not exceed 10 LU. For instance, 
these values are four times higher on high-yielding pastures. Nevertheless, increasing the 
stock of livestock and the grazing pressure on a pasture in excess of the yield potential of 
a dry grasslands is a bad practice that can lead to the degradation of the flora (Korzeniak 
2010) and a decrease in the number of species of many organisms, such as heteropterans, 
beetles, the Auchenorrhyncha or spiders (Dicks et al. 2013). The richness of fauna, especially 
invertebrates, is strongly dependent on the richness of the flora of dry grasslands (Šajna et al. 
2011; Chmura et al. 2013). Grazing on dry grasslands should be extensive in order to make 
it possible for all plant and animal species to survive, including rare species of the orchid 

Świniarka sheep grazing on the heaths in Polesie National Park. 
(Photo: M. Kulik)
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family (Catorci et al. 2013). Taking account of the yield potential is important especially in 
the case of psammophilous dry grasslands characterised by the lowest yield. This type of dry 
grasslands should be grazed by the lowest stock of livestock to avoid damaging very loose 
sod (Kulik et al. 2013). Too low a stock of livestock also does not protect a natural habitat to  
a proper extent since part of the above-ground biomass is only trodden and, when left on the 
surface of a dry grasslands, it decomposes as if not used at all. The best animal breeds to graze 
on dry grasslands are small ruminants, such as sheep and goats, which are better adapted to 
feeding in difficult habitat conditions, in particular to steep-slope xerothermic dry grasslands 
or very loose sod of psammophilous dry grasslands (Wasilewski 1996; Warda et al. 2011;  
Kulik et al. 2013; Pokorna et al. 2013). Sheep eat up the lowest parts of a dry grasslands,  
treading on the accumulated litter and loosening the soil, which significantly improves  
conditions for the germination of the seeds of dry grasslands plants. Moreover, small ruminants 
can carry plant seeds in their fur or digestive system, which is particularly important for the 
regeneration of valuable natural habitats (Riibak et al. 2015).

Some species are perfectly adapted to this type of dispersal, i.e., zoochory. One of such plants 
that reproduces only generatively is Carlina onopordifolia Besser – an endemic species at risk 
of extinction, which occurs in four regions, including the region of Lublin (Warda et al. 2016).  
In addition, sheep inhibit the development of shrubs and tree saplings, although they usually eat 
only young leaves and leave bare twigs up to a certain height (Kulik et al. 2015). Goats, on the 
other hand, eat whole shoots and bark, effectively reducing the development of thickets, even 
in habitats with a lot of trees and shrubs. Both sheep and goats graze on a dry grasslands in  
a selective manner by first choosing those species that they like the most. Cattle and horses 
can be also used to conserve dry grasslands since, due to their large size, they need more 
feed and can manage dense dry grasslands with high-growing herbaceous and/or shrubby 
plants (Barańska, Jermaczek 2009; Barańska et al. 2013; Pokorna et al. 2013). In the case of 
dry grasslands, the use of native animal breeds is recommended, e.g., breeds of sheep such as 
Świniarka, Wrzosówka, Uhruska or Polish lowland sheep. They are perfectly adapted to difficult 
habitat conditions and to feeding on particular plant species. The selection of appropriate 

Carlina onopordifolia Besser and a gossamer-winged 
butterfly. (Photo: M. Kulik)

Polish koniks grazing in Roztocze National Park. 
(Photo: M. Kulik)
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animals for grazing on dry grasslands should be determined by the yield potential, habitat 
conditions, the amount of shrubs and tree saplings in the green growth, as well as the capacity 
for managing pastoral activities (Kulik et al. 2013).

A very important aspect is also the time of grazing. Usually it is carried out during the growing 
season – from May to October. Duration of the pasture period in Poland is from 150 to 180 
days, depending on the region. Some resilient animal breeds, such as Wrzosówka sheep or 
Hucul pony, can stay on dry grasslands for a whole year as they are perfectly adapted to both 
very cold winters and very hot summers. Grazing should begin in May or June before the 
hardening of plant stems because, later, animals do not eat them. Ungrazed green growth is 
trodden, it shoots and quickly lignifies, and the possibility of its use decreases with the delay 
of the beginning of grazing (Kulik et al. 2016). Earlier grazing contributes to a more effective 
reduction of expansive species of grasses and shrubs (Dostálek, Frantík 2012). In the absence 
of another food, animals are forced to eat lignified biomass, however, the digestibility of such 
a feed is very low. Grazing on dry grasslands is usually free, which also contributes to a more 
limited use of the green growth since animals feed on it in a selective manner. If it possible for  
a farmer to fence off a dry grasslands with a traditional or electric fence, rotational grazing is also 
recommended. This type of grazing is implemented if a dry grasslands was not grazed for a long 
time and is characterised by a large quantity of expansive grasses which have not been reduced 
by free grazing. Where justified, grazing of cattle with the use of posts can be implemented 
to intentionally shape a mosaic structure of dry grasslands patches (Perzanowska, Kujawa- 
-Pawlaczyk 2004). In every type of grazing, animals should be provided with an appropriate 
shelter from sun, rain or wind and with constant access to fresh water. To this end, special 
drinking troughs should be installed near the dry grasslands where animals are grazing.

Uhruska sheep grazing on a dry grasslands in Roztocze National Park. 
(Photo: M. Kulik)
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3.2.2.2. Extensive mowing instead of grazing

The mowing of dry grasslands can be a substitute for grazing but only if a farmer has no  
livestock. The mowing of uneaten parts, that is ungrazed above-ground biomass remaining  
after selective feeding on the green growth by animals, should also be carried out as  
a supplement to extensive grazing, especially free grazing. Some dry grasslands, such as 
needle-grass, psammophilous or rock dry grasslands, do not tolerate mowing. Mowing can 
be implemented in the case of more fertile habitats, e.g., flowery dry grasslands resembling 
meadow communities or heaths formed by heather shrubs (Łaska 2015). Mowing contributes 
to increasing the cover made of high-growing grasses, such as false oat-grass, wood small-reed 
or tor grass (Bąba 2003; Süß et al. 2004; Barańska et al. 2013). They are expansive native 
species that have a negative impact on the biodiversity of dry grasslands. Invasive non-native 
species are also a serious threat, although they are less frequent in the green growth of dry 
grasslands. Two of the most dangerous and very expansive species are Canada goldenrod 
and tall goldenrod. Due to a diverse phenology of the described types of dry grasslands, 
determining the appropriate time of mowing is difficult, e.g., flowery dry grasslands should be 
mowed every 2–3 years between mid-August and September, only after seed spillage. It is also 
recommended to leave unmowed strips or to mow different fragments of a dry grasslands in 
consecutive years (Perzanowska, Kujawa-Pawlaczyk 2004). Unmowed patches make it possible 
for the plant species and small animals inhabiting the dry grasslands, especially invertebrates,  
to complete their developmental cycles. The mowed biomass should be removed from the 
surface of a dry grasslands as soon as possible.

Sustainable grazing of livestock is one of the methods of the conservation of dry grasslands. 
(Photo: M. Kulik)
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The same requirement applies to the mowed biomass of uneaten parts after grazing. Dead 
plants cannot be left behind on the surface, neither after mowing nor in bales or piles. Mulching 
also should not be performed since the decomposing organic matter which is left behind 
improves the habitat fertility and leads to significant changes in the flora.

3.2.2.3. Other treatments

Dry grasslands are usually low-yielding communities characterised by a unique species 
composition. Fertilisation of the habitat usually causes changes in the flora and the characteristic 
structure of dry grasslands. Therefore, fertilisation that changes the soil fertility to a large 
extent should not be carried out. For this reason, a very serious threat to dry grasslands, 
especially xerothermic dry grasslands located on slopes below arable fields, are surface runoffs 
which transform the habitat to a large extent. The increase of the habitat fertility can also 
be caused by natural fires or intentional burning which leaves ashes on the soil surface.  
In Scotland, Germany and Spain, controlled burning of designated patches of heaths is carried 
out to conserve these habitats (Krenz et al. 2015; Marcos et al. 2015). Quick regeneration of 
some patches of xerothermic dry grasslands after a fire is also often observed in the case of 
small and unisolated areas. It should be noted that burning is prohibited in Poland since fires 
are a threat to humans and destroy all organisms living in a given habitat.

Exclusion from use results in many environmentally valuable dry grasslands being overgrown 
with shrubs and trees. The most frequent trees and shrubs that encroach on xerothermic 
dry grasslands are common pear, dog-rose or blackthorn and Scots pine, silver birch or 
common juniper on psammophilous and Nardus dry grasslands. It should be remembered 

Mowing a xerothermic dry grasslands in autumn. 
(Photo: M. Kulik)
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that a dry grasslands that loses its structure due to secondary succession and is at the same 
time isolated from typical patches of dry grasslands cannot restore itself to its original state.  
This is caused by the fact that it can only use the soil seed bank and most of the seeds of 
dry grasslands plants are characterised by low viability (Bossuyt et al. 2006). Therefore, in the 
case of very overgrown dry grasslands, cutting down shrubs and tree wilding is necessary. 
Because of the bird breeding season, the best time to remove intrusive thickets is winter, 
however, shrubs removed during that time quickly grow back in the spring (Barańska et al. 
2013). For this reason, the removal of thickets can be carried out at the end of the vegetation 
period, taking into account the breeding season of the animals inhabiting the dry grasslands. 
The most effective but time-consuming method is removing shrubs together with the whole 
root clump, which results in the exposure of the soil and allows for the germination of the 
seeds of dry grasslands plants (Kulik et al. 2015). In the case of very overgrown habitats,  
a combination of annual clearing and the grazing of sheep or goats is recommended (Masson 
et al. 2015). Some authors suggest using chemical products on the main shoot to eradicate 
particularly intrusive shrubs, e.g., blackthorn (Perzanowska, Kujawa-Pawlaczyk 2004).  
Due to the negative impact of such products on the environment and various living organisms 
(both plants and animals), they can only be used as a last resort when other methods of  
eradicating undesirable species fail and only locally on a particular plant. The variants of agri-
-environment-climate measures dedicated to the conservation of dry grasslands permit the 
use of herbicides only to eradicate particularly invasive alien species (Tab. 3). However, this 
programme imposes a complete ban on: rolling, the use of municipal sewage sediments, 
overseeding, fertilisation, liming and mechanical destruction of the soil structure, including 
harrowing and ploughing. Dry grasslands are unique habitats, often very poor, and the use of the 
above-mentioned treatments causes changes in the soil and flora, usually bringing no benefits 
with respect to production or the environment. Environmentally valuable dry grasslands should 
be used in a manner that has allowed for their development over the centuries. Fertilisation, 
liming or overseeding should be used in other, more fertile habitats which can produce feed of 
an appropriate quality for ruminants.

3.2.2.4. Conservation of the surface of dry grasslands

Due to their dispersion and isolation, dry grasslands are now increasingly rare and endangered 
habitats with a gradually decreasing area. Dry grasslands, treated as uncultivated lands, are 
often ploughed and turned into arable lands. The most endangered are valuable habitats 
with a complex structure. The abandonment of grazing causes changes in the flora and the 
overgrowing with shrubs and trees. Sometimes natural processes of succession prompt farmers 
to afforest environmentally valuable dry grasslands. Many dry grasslands are natural habitats 
of European importance and are listed in Annex I to the Habitats Directive, as well as in the 
regulation on the habitats under legal protection in Poland (Rozporządzenie 2001). Due to 
the gradual decrease of their area, all necessary measures should be taken to preserve these 
environmentally valuable habitats.
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3.2.2.5. Requirements of Agri-Environment-Climate Measures in variants  
     for the protection of valuable dry grasslands in Poland

Due to the significant importance of dry grasslands for the conservation of biodiversity, those 
habitats have been protected under Agri-Environment-Climate Measures.

Table 3. Requirements for variants 4.3 and 5.3. Dry grasslands in the Agri-Environment-Climate  
               Measures in Poland (Rozporządzenie 2015).

Habitat type

Class Festuco-Brometea: xerothermic dry grasslands (6210), juniper bushes on 
xerothermic dry grasslands (5130);
Class Koelerio glaucae-Corynephoretea canescentis: xeric sand calcareous grasslands 
(6120), malcolmietalia dune grasslands (2230), thrift dry grasslands (Armerietum 
maritimae);
Klasa Nardo-Callunetea: Species-rich Nardus grasslands, on siliceous substrates 
in mountain areas (6230), European dry heaths (4030), Juniperus communis 
formations on heaths or calcareous grasslands (5130);
Klasa Trifolio-Geranietea: thermophilic fringe communities.
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removal of 
mowed biomass

mowed biomass must be harvested within two weeks after the mowing,  
and if biomass is in piles, including piles of bales, ricks or stacks, it should be 
removed from the farmland plot no later than by 1 March of the following year
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)) grazing season from 1 May to 15 October (grazing approved by an expert)

stock  
of livestock  

(LU/ha)
up to 1.0 (grazing approved by an expert)

mowing season from 1 August to 31 October

mowing 
frequency once a year or once every 2 years

leaving an area 
unmowed

leaving 15–20% of the farmland plot unmowed, and the rest in two consecutive 
mowing (applies to plots >0.5 ha)

removal of 
mowed biomass

harvested biomass must be harvested within two weeks after the mowing,  
and if biomass is in piles, including piles of bales, ricks or stacks, it should be 
removed from the farmland plot no later than by1 March of the following year 

N
o

1) rolling, using municipal sewage sediment, or underplanting;
2) smoothing between 

a) 1 April and 1 September in lowlands (below 300 m), 
b) 15 April and 1 September in uplands and mountain areas (above 300 m);

3) using plant protection products, except for selective, local extermination 
of persistent invasive species, using appropriate equipment (e.g., rope-wick 
applicators);

4) creating new, or expanding or reconstructing any existing drainage and irrigation 
facilities, except for the construction of facilities designed to adjust water levels, 
by using existing drainage and irrigation facilities, to the requirements  
of the habitat species or habitats protected under a specific package;

5) storing of biomass in clusters of trees or bushes, in ditches, ravines  
and other depressions;

6) fertilisation;
7) liming;
8) mechanical destroying of the soil structure, such as harrowing  

or ploughing/furrowing.
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3.2.3.  Summary

Requirements specified in the Agri-Environment-Climate Measures (Table 3) agree with the  
literature, so they are to be considered a good practice. Dry grasslands require grazing usage,  
but if reasonably required, an expert can permit mowing usage. However, it needs to be 
borne in mind that mowing is only a substitute of grazing and it must be recommended only 
if grazing is not possible. Mowing should be carried out between 1 August and 31 October,  
but the optimum date should take into account plant phenology, and especially seed maturity.  
On certain dry grasslands, such as Stipoideae dry grasslands, grazing should be obligatory and 
mowing must not be recommended. In turn, sand dry grasslands, and especially Corynephorus 
dry grasslands, which are characterised by open green growth and low production potential 
should be grazed using minimum stock of livestock (0.3 LU/ha) because if food is scarce, sheep 
might destroy open green growth while looking for food (Kulik et al. 2013). Higher stock of 
livestock is permitted for mosaics of Corynephorus dry grasslands with other dry grasslands 
with lusher green growth. Agri-Environment-Climate Measures permit a stock of livestock up 
to 1 LU/ha. The limit defined in the literature is 0.5 LU/ha. Therefore, it is very important to 
consult an expert botanist, who should specify the stock on the basis of the current production 
potential of the dry grasslands.

Agricultural practices that support the maintenance  
of dry grasslands of natural value

•	 extensive grazing of native livestock species, mainly sheep and goats, with their 
stock adjusted to the yield potential;

•	 maintenance of the habitat mosaicity with bush clusters and small unused patches, 
which facilitate a full life cycle of all plants and small animals;

•	 abandonment of mulching and fertilisation.
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3.3. Good practices in invasive plant control  
in high-nature-value grasslands

Invasive plant species are now widespread in Poland. They constitute one of the greatest 
threats for the native fauna and flora, ecosystem stability and unique characteristics of our 
landscape (Tokarska-Guzik 2005; Pawlaczyk 2009).

An invasive species is a plant that is not native to a specific location, which has been either 
intentionally or accidentally taken outside its natural range, and spreads over the new area in 
a way that poses a risk to its natural diversity (Convention 1992). Many such species are also 
harmful to the economy and human health. In Poland, these are generally plants from North 
America or Asia. As a result of their ability to populate new areas extremely rapidly, they drive 
out native species from their natural habitats. Invasive plants usually expand in the form of 
dense stands or bushes, which replace natural and semi-natural plant communities. This leads 
to the disappearance of not only individual native flora species, but whole ecosystems and 
groups of the associated organisms (Faliński 2004; Rejmánek et al. 2005; Tokarska-Guzik 2005; 
Tokarska-Guzik et al. 2012; Tokarska-Guzik et al. 2015). It is even easier for invasive species 
to penetrate disturbed ecosystems, e.g., overdry wet habitats, overgrown, unused meadows, 
or areas with damaged sod (Rejmánek et al. 2005; Tokarska-Guzik 2005). It is not uncommon 
for them to change the physical and chemical properties of the soil. Some of them also show 
allelopathic properties, i.e., they produce substances that are harmful to other plants or animals 
(Abhilasha et al. 2008; Tokarska-Guzik et al. 2012).

Invasive plants are so successful due to their considerable flexibility in adjusting to habitat 
conditions, fast growth and great reproduction capacity. As a result, when invading new 
locations, they have no natural enemies (pests or pathogens), which would restrict their growth 
in their native territory (Faliński 2004; Rejmánek et al. 2005). During reproduction, they produce 
a large number of seeds that are viable and easily dispersible, or expand vegetatively through 
rhizomes, stolons or tubers. Therefore, when an invasive species appears in an environment, 
it is very difficult to eradicate. Seeds and plant parts (e.g. rhizomes) produce new organisms 
quickly and profusely, and such new organisms are capable of very effective reproduction. 
Consequently, the key to alien invasive species control is early identification of the risk, when 
individual specimens start to appear, as early in their life cycle as possible. There is a real chance 
of stopping the expansion of an invasive species if it is eradicated before it establishes a seed 
bank or the soil is overgrown with underground parts of the plant. However, it is important to 
continue to check if no more specimens appear, especially if the surrounding area is dominated 
by invasive species.

In subsequent stages of invasion, the removal of alien invasive species requires the use of 
very labour-intensive and expensive methods, which often prove ineffective, even if used 
repeatedly. In view of the above, it is crucial to:

•	 identify the most dangerous invasive species;
•	 prepare methods for their elimination;
•	 respond quickly to eradicate them.
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Many dangerous invasive species have been introduced to Europe and Poland on purpose as 
crop plants or ornamental plants (Tokarska-Guzik i in. 2012). Moreover, even though they have 
been identified as invasive, and they continue to affect biological diversity in a more and more 
detrimental way, those species continue to be cultivated. In such cases, it is virtually impossible 
to prevent their penetration of the environment and continued expansion. Therefore, it is 
imperative that plants are carefully selected for cultivation. Relevant guidelines and advice 
can be found in the “Code of good practices in horticulture in relation to invasive alien plants”, 
available from the website of the General Directorate for Environmental Protection (GDOŚ 
2015). Since 2014, the introduction of dangerous invasive species to the crop in the European 
Union is forbidden by law (Rozporządzenie 2011; Rozporządzenie 2014c).

In agricultural areas, invasive species spread mainly along watercourses, roads and embankments, 
invading set-aside land and unmown meadows, and making their way through nearby forests 
and bushes (Tokarska-Guzik 2005). It needs to be noted that mowing or grazing usage of 
grasslands generally prevents the invasion of geographically alien species. A study conducted 
on extensively used meadows, covered by an agri-environmental programme, shows that in 
90% of the studied areas, invasive species are limited to individual specimens or are completely 
absent. Only in 4% of areas such species were abundant, posing a significant risk for the 
native vegetation (Jarzombkowski et al. 2013; Jarzombkowski et al. 2014; Jarzombkowski et 
al. 2015). Therefore, the maintenance of agricultural use is the most basic protective measure 
that prevents the expansion of invasive species on semi-natural habitats.

3.3.1.  The most dangerous invasive species

Below, you can find descriptions of alien invasive species often found in agricultural areas, which 
are dangerous for the grassland flora. Detailed descriptions and more comprehensive lists of 
invasive species, can be found in a number of publications, generally available online (Dajdok 
et al. 2007; Dajdok, Pawlaczyk 2009; Tokarska-Guzik et al. 2012; Dajdok et al. 2015; GDOŚ 
2015). European data is available in online databases, such as DAISIE (2003) and NOBANIS 
(2009). Flowering periods are based on Rutkowski (2008).

Solidago (goldenrod) species

Solidago (goldenrod) species (Solidago gigantea/late goldenrod, Solidago canadensis/Canada 
goldenrod and Solidago graminifolia/grass-leaved goldenrod) come from North America (Zając 
et al. 1998). Solidago gigantea and Solidago canadensis are now widespread across Poland 
(Zając, Zając 2001). They are very commonplace and have expanded into various habitats, 
such as riverbanks, wet forests and bushes, roadsides, causeways, as well as set-aside land and 
meadows (Tokarska-Guzik 2005; Nowak, Kącki 2009). Solidago graminifolia is less widespread 
and it is limited in Poland to Górny Śląsk/Upper Silesia and Śląsk Opolski/Opole Silesia (Zając, 
Zając 2001). However, it poses a serious threat in those regions, dominating over large areas 
and expanding its range (Nowak, Kącki 2009).

Solidago species are extremely expansive, they easily invade new areas thanks to their rapid 
growth and intensive reproduction, both with abundant, light seeds, and thick shoots growing 
from rhizomes (Nowak, Kącki 2009). In addition, they show allelopathic properties, i.e., they 
release substances into soil to hamper the growth of other organisms (Abhilasha et al. 2008; 
Baličević et al. 2015), which puts native flora at even greater risk. Solidago are the most  



101

frequently found invasive species in agricultural areas, reported in all types of valuable meadow 
habitats: (Molinion meadows 6410, alluvial meadows 6440, lowland mesic hay meadows 6510,  
mountain mesic hay meadows 6520, Calthion wet meadows), xeric sand calcareous dry 
grasslands 6120, semi-natural dry grasslands and scrubland facies on calcareous substrates 
6210, European dry heaths 4030, species-rich Nardus grasslands, 6230 and rushes (Korzeniak 
2011; Michalska-Hejduk 2011; Pawlaczyk 2011; Załuski 2011; Tokarska-Guzik et al. 2012; 
Kazuń 2013). Solidago gigantea and Solidago canadensis are in flower between August and 
October and Solidago graminifolia between July and October.

Solidago canadensis in the Warta river valley. 
(Photo: A. Kazuń)

Stands of Solidago gigantea in the Odra (Oder) river valley. 
(Photo: A. Kazuń)

Expansion of Solidago graminifolia into a fen. 
(Photo: Ł. Krajewski)
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Heracleum sosnowskyi (Sosnowsky’s hogweed) and Heracleum mantegazzianum  
(giant hogweed)

Heracleum sosnowskyi and Heracleum mantegazzianum have been brought from the Caucasus, 
the former as a fodder plant, and the latter as an ornamental and honey plant (Śliwiński 2009; 
Dajdok et al. 2015). The locations of both species are scattered all over Poland, but their 
largest concentrations are found in mountainous, upland and lakeland regions (Pergl, Perglová 
2006; Kabuce, Priede 2010a). Those plants can be up to a few metres high and share similar 
morphology and expansion capacity. They spread using seeds produced in great numbers. 
Characterised by rapid growth, their huge leaves block out sunlight, thus driving other species 
out from plant communities. Hogweeds are quite often found in the vicinity of former State 
Agricultural Farms where it used to be cultivated. In addition, it appears on set-aside land 
and wastelands, clear-cuts, unmowed meadows, and spreads along roads, rivers and streams 
(Pergl, Perglová 2006; Śliwiński 2009; Ciosek et al. 2010). They are reported in natural habitat 
patches, such as lowland hay meadows 6510, mountain hay meadows 6520, Calthion palustris 
wet meadows, hydrophilous tall herb fringe communities of plains and of the montane to alpine 
levels 6430 and semi-natural dry grasslands and scrubland facies on calcareous substrates 
6210 (Pergl, Perglová 2006; Śliwiński 2009; Tokarska-Guzik et al. 2012; Kazuń 2013). Difficulty 
in hogweed elimination is due to the fact that after being cut down, it regenerates easily on 
the basis of its underground parts, and its seeds can survive long in soil (Pyšek et al. 2007).  
As a result of strong stinging properties of hogweed sap, full-body personal protective 
equipment must be worn during hogweed removal (Nielsen et al. 2005; Sachajdakiewicz, 
Mędrzycki 2015). Especially on sunny days, contact with this plant can cause severe skin 
inflammations. Moreover, some sap components have carcinogenic properties and might  
affect the development of the foetus (Nielsen et al. 2005). Hogweed flowers in June and July.

The spread of Sosnowsky’s hogweed along a stream  
in Kotlina Kłodzka (Kłodzko Valley). (Photo: A. Kazuń)

Heracleum mantegazzianum 
(Photo: A. Kazuń)
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Lupinus polyphyllus (garden lupin)

Lupinus polyphyllus comes from North America (Zając et al. 1998). Similarly to Caucasian 
hogweeds, it is now found across all regions of Poland, with largest concentrations recorded 
in the mountains, uplands and lakelands (Zając, Zając 2001). It spreads via seeds and rhizome 
parts. It is commonly cultivated as an ornamental plant and from such plantations it spreads 
into various open habitats, such as roadsides, gravel banks, ruderal locations and meadows 
(Fremstad 2010). It can also be found in forest areas, since it was sowed on a large scale 
on hunting grounds as a food source for ungulates (Bierieżnoj-Bazille, Werpachowski 2015).  
It is dangerous especially for lowland hay meadows 6510 and mountain hay meadows 6520. 
However, it can also invade semi-natural dry grasslands and scrubland facies on calcareous 
substrates 6210, xeric sand calcareous grasslands 6120 and European dry heaths 4030 
(Pawlaczyk 2011; Korzeniak 2010; Korzeniak 2011; Tokarska-Guzik et al. 2012; Kazuń 2013). 
It flowers between June and August.

Carpathian meadows covered with Lupinus polyphyllus. 
(Photo: Ł. Krajewski)

Rudbeckia laciniata (cutleaf)

Rudbeckia laciniata is a North-American species that has been cultivated in gardens as an 
ornamental plant for a long time (Zając et al. 1998; Kącki 2009). It reproduces via seeds and 
underground stolons. It can be found all across Poland, but the majority of its concentrations 
are recorded in the southern parts of the country, in upland and mountainous areas, thus it is 
considered as a regionally invasive species (Zając, Zając 2001; Kącki 2009; Tokarska-Guzik et al. 
2012). Rudbeckia laciniata usually spreads along watercourse banks, where it establishes dense 
stands that drive out native riverside plants, and especially tall-herb vegetation. In addition, 
it spreads into riparian forests and outer edges of meadows, roadside verges and ruderal 
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locations (Kącki 2009; Tokarska-Guzik et al. 2012; Radliński et al. 2015). It has been reported 
in patches of valuable habitats, such as Molinion meadows 6410, lowland hay meadows 6510 
and mountain hay meadows 6520 (Kazuń 2013). It flowers between July and September.

Rudbeckia laciniata (Photo: Z. Dajdok) Meadows in Śląsk Opolski (Opole Silesia)  
invaded by Rudbeckia laciniata. (Photo: Z. Dajdok)

Rumex confertus Willd. (Russian Dock)

Rumex confertus Willd. has been introduced from Eastern and Western Europe and Central Asia 
(Zając et al. 1998; Węgrzynek et al. 2009). In Poland, it spreads mainly along river valleys, roads 
and railroads (Tokarska-Guzik 2005). It is considered a regionally invasive species (Tokarska- 
-Guzik et al. 2012).

It is most commonly found in south-eastern and central parts of the country and its largest 
concentrations are located in the valleys of the Vistula and Bug rivers and their tributaries 
(Zając, Zając 2001). It spreads rapidly, producing new specimens both from its abundant seeds 
and rhizomes, and its mowing only causes vegetative reproduction to intensify (Węgrzynek 
et al. 2009). The invasion of Rumex confertus Willd. is observed mainly in riverside areas, 
alluviums, flood meadows and pastures, and ruderal locations, such as roadsides, railroad areas 
and in the vicinity of buildings (Tokarska-Guzik 2005). Of all the valuable semi-natural habitats,  
this species especially affects alluvial meadows of river valleys of the Cnidion dubii 6440 and 
lowland hay meadows 6510 (Korzeniak 2011; Załuski 2011; Kazuń 2013). It flowers between 
July and September.
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Prunus serotina (black cherry)

Prunus serotina is a tree species, which has spread over Europe and Poland from park and 
garden plantations, as well as coniferous and mixed forest plantations. It forms dense thickets, 
very competitive for native species, especially in the process of natural forest regeneration 
(Dajdok et al. 2007; Klotz 2007a). It is found all across the country, except for its southern 
and north-eastern regions (Zając, Zając 2001). It spreads mainly over poor sandy soil, forests, 
forest plantations, tree stands and open areas, such as unmowed meadows (Tokarska-Guzik 
2005; Klotz 2007a). Prunus serotina is dangerous especially for such forest ecosystems as 
Central European lichen Scots pine forests 91T0, Sub-Atlantic and medio-European oak or 
oak-hornbeam forests of the Carpinion betuli 9160 and Galio-Carpinetum oak-hornbeam forests 
9170, old acidophilous oak woods with Quercus robur on sandy plains 9190 and Euro-Siberian 
steppic woods with Quercus spp. 91I0 (Tokarska-Guzik et al. 2012). However, it also invades 
inland dunes with open Corynephorus and Agrostis grasslands 2330 and xeric sand calcareous 
grasslands 6120, European dry heaths 4030 and meadow habitats: Molinion meadows on 
calcareous, peaty or clayey-silt-laden soils 6410, alluvial meadows of river valleys of the Cnidion 
dubii 6440 and lowland hay meadows 6510 (Korzeniak 2011; Kulpiński 2011; Michalska- 
-Hejduk 2011; Pawlaczyk 2011; Załuski 2011; Kazuń 2013). It flowers between May and June.

Clusters of Rumex confertus Willd. in the Narew 
floodplains. (Photo: A. Kazuń)

Cnidion meadow patch overgrown with  
Rumex confertus Willd. (Photo: A. Kazuń)
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Rosa rugosa (rugosa rose)

Rosa rugosa, as an East-Asian species (Zając et al. 1998), has been commonly planted in 
Europe as an ornamental bush, and for the reinforcement of slopes and sand dunes by the sea.  
It generally invades sandy habitats, driving out the native dry grasslands vegetation (Essl 2006; 
Dajdok et al. 2007). Its wild locations can now be found all over Poland, but they are the most 
abundant in south-western regions (Zając, Zając 2001). It is dangerous for such habitats as fixed 
coastal dunes with herbaceous vegetation 2130, Inland dunes with open Corynephorus and 

Prunus serotina in fruit. (Photo: P. Dzierża)

Rosa rugosa (Photo: A. Kazuń) The slope of a sand dune by the sea invaded  
by Rosa rugosa. (Photo: Ł. Krajewski)
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Agrostis grasslands 2330, wooded dunes of the Atlantic, Continental and Boreal region 2180,  
Semi-natural dry grasslands and scrubland facies on calcareous substrates 6210 and xeric sand 
calcareous grasslands 6120 (Tokarska-Guzik et al. 2012; Kazuń 2013). It flowers between May 
and August.

Reynoutria sachalinensis (Sakhalin knotweed), Reynoutria japonica (Japanese knotweed)  
and Reynoutria × bohemica (Bohemian knotweed)

Knotweeds come from Eastern Asia and have been introduced to Europe as ornamental plants 
(Zając et al. 1998; Tokarska-Guzik et al. 2009). They are perennial plants, similar to bushes 
in their habits. They are found all over Poland, with smaller concentrations recorded only in 
north-eastern regions (Zając, Zając 2001). Due to their exceptional regeneration capacity  
(the plant is able to regrow even from a several-gram rhizome part), knotweeds are very  
difficult to eradicate (Tokarska-Guzik et al. 2015). They spread along watercourses and ditches, 
roads and forest edges, invading bushes and wastelands (Pyšek 2006; Tokarska-Guzik et al.  
2009). In agricultural areas, they can be found on wet and mesic meadows, e.g., on lowland  
hay meadows 6510 (Pyšek 2006; Korzeniak 2011; Kazuń 2013). They flower between August 
and October.

The Nysa Łużycka river bank overgrown with  
Fallopia japonica. (Photo: A. Kazuń)

 
Fallopia sachalinensis bushes on the Bystrzyca Dusznicka. 

(Photo: A. Kazuń)

Spiraea tomentosa (steeplebush)

Spiraea tomentosa is a small shrub brought from North America as an ornamental plant, planted 
in gardens, parks and forests. It is an invasive plant in south-western and western Poland.  
It spreads mainly over dried mires and roadsides, clear-cuts, forests and unmowed meadows.  
It produces large amounts of small seeds and numerous underground stolons, which grow dense 
shoots that blanket the soil (Kujawa-Pawlaczyk 2009; Dajdok et al. 2011). Spiraea tomentosa is 
dangerous for mire habitats, such as transition mires and quaking bogs 7140, depressions on 
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peat substrates of the Rhynchosporion 7150 and degraded raised bogs still capable of natural 
regeneration 7120. In addition, it invades Northern Atlantic wet heaths with Erica tetralix 
4010, Molinion meadows on calcareous, peaty or clayey-silt-laden soils 6410, lowland hay 
meadows 6510, bog woodlands 91D0 and Alluvial forests with Alnus glutinosa and Fraxinus 
excelsior 91E0 (Koczur 2011; Tokarska-Guzik et al. 2012; Dajdok et al. 2015). Its shoots are 
highly flammable, so its propagation over forest areas creates a fire hazard (Dajdok et al. 2011).  
It flowers between June and August.

Echinocystis lobata (prickly cucumber)

Echinocystis lobata is an American climbing plant species, in Europe often used as an ornamental 
plant. It has spread from plantations into riverside areas, where it has been invading exposed 
banks, reed beds, tall-herb communities and forest edges. It is also found in parks and in 

Spiraea tomentosa (Photo: A. Kazuń) A stand of Spiraea tomentosa in Bory Dolnośląskie  
(Lower Silesian Wilderness). (Photo: A. Kazuń)

Echinocystis lobata (Photo: A. Kazuń) Echinocystis lobata invading the Oder river valley.  
(Photo: A. Kazuń)
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the vicinity of buildings (Klotz 2007b; Dajdok, Kącki 2009). It grows in river valleys across 
Poland, with the largest populations in its central and south-eastern parts (Zając, Zając 2001). 
It creates thick “veils” that coil around and choke other plants, thus outcompeting them 
for light and nutrients (Dajdok et al. 2015). The invasion of Echinocystis lobata is observed 
in hydrophilous tall herb fringe communities of plains and of the montane to alpine levels 
6430 and Alluvial forests with Alnus glutinosa and Fraxinus excelsior 91E0 (Dajdok, Kącki 2009).  
In agricultural areas, it invades reed bed communities (Kazuń 2013) and outer edges of flood 
meadows. It flowers between June and August.

Robinia pseudoacacia (black locust) 

Robinia pseudoacacia is a North-American tree species cultivated in Europe as an ornamental 
and honey plant. Moreover, since its ground requirements are not very demanding, it is often 
used for degraded land reclamation or sandy soil conservation (Başnou 2006; Rahmonov, 
Parusel 2012). Robinia pseudoacacia is now commonplace all over Poland, except for its north- 
-eastern regions (Zając, Zając 2001). It has exceptional capability to reproduce vegetatively 
through root suckers and stump sprouts, which allow it to spread rapidly and make it very hard 
to eradicate (Başnou 2006; Danielewicz, Wiatrowska 2014). As a result of its symbiosis with 
bacteria, it significantly enriches the soil with nitrogen, which is very dangerous for habitats 
established on grounds that show poor fertility, and especially semi-natural dry grasslands 
and scrubland facies on calcareous substrates 6210 (Dajdok et al. 2015). It is widespread on 
reclaimed land and urban and forest areas (Başnou 2006; Tokarska-Guzik 2005; Tokarska- 
-Guzik et al. 2012). It is dangerous for a number of natural habitats, such as inland dunes with 
open Corynephorus and Agrostis grasslands 2330, alpine rivers and the herbaceous vegetation 
along their banks 3220, European dry heaths 4030, xeric sand calcareous grasslands 6120 
and semi-natural dry grasslands and scrubland facies on calcareous substrates 6210, lowland 
hay meadows 6510, siliceous rocky slopes with chasmophytic vegetation 8220, sub-Atlantic 

Robinia pseudoacacia in flower. 
(Photo: Z. Dajdok)

Robinia pseudoacacia in fruit. 
(Photo: A.Kazuń)
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and medio-European oak or oak-hornbeam forests of the Carpinion betuli 9160 and Galio- 
-Carpinetum oak-hornbeam forests 9170, old acidophilous oak woods with Quercus robur on 
sandy plains 9190 and Euro-Siberian steppic woods with Quercus spp. 91I0 (Korzeniak 2011; 
Pawlaczyk 2011; Tokarska-Guzik et al. 2012; Kazuń 2013). It flowers between May and June.

3.3.2.  Invasive species control

Invasive species control should effectively eliminate alien invasive species, while not destroying 
the habitat in the process. If alien invasive species, such as goldenrods, Caucasian hogweeds 
and knotweeds, appear outside valuable natural habitat patches – by the roads, at the edges 
of forest or fields, or on set-aside land – more drastic methods are allowed, such as multiple 
mowing throughout the year (Nowak, Kącki 2009; Barańska et al. 2013; Sachajdakiewicz et al. 
2014; Tokarska-Guzik et al. 2015), deep ploughing (Krzysztofiak 2009; Sachajdakiewicz et al. 
2014) and a combination of chemical and mechanical weed control (Tokarska-Guzik et al. 2009; 
Pastwa, Sachajdakiewicz 2015; Tokarska-Guzik et al. 2015).

Agricultural use

For the invasion of alien invasive species on grass lands to be prevented and limited, it is 
essential and key that they be regularly used for agricultural purposes each year. Regular 
mowing hampers the spread of the majority of invasive perennial and biennial species and 
eliminates annual species, such as Echinocystis lobata and Impatiens glandulifera. If there are 
large populations of an invasive species grows on a meadow or in its vicinity, it is advisable that 
the area is mowed twice a year (Weber, Jakobs 2005; Nielsen et al. 2005; Kącki 2009; Nowak, 
Kącki 2009; Fremstad 2010). The first mowing should take place prior to the flowering season 
of the invasive species or during its early stage (in most cases, the period between mid-June 
and early July is the most favourable) and the second before the next inflorescence (Fremstad 
2010; Kazuń 2013; Sachajdakiewicz et al. 2014; Łuczaj 2015).

For the invasion of alien invasive species on grass lands to be prevented, it is prerequisite that they be regularly used 
for agricultural purposes. (Photo: A. Kazuń)



111

It is recommended that meadows invaded by goldenrods are mowed twice, in May and in 
August (Kabuce, Priede 2010b).

For grazing usage, it is necessary to mow the uneaten parts, also before the invasive species 
are in flower. Grazing should be carried out especially during the development of young shoots, 
which are more likely to be eaten by animals (Nielsen et al. 2005; Sachajdakiewicz et al. 2014). 
Grazing is recommended for the restriction of the expansion of, e.g., Caucasian hogweeds.  
Dark-coloured animals should be used for grazing, since light-coloured animals tend to get 
burnt (Nielsen et al. 2005). Goat and sheep grazing effectively restricts the development of 
Rosa rugosa (Essl 2006). On the other hand, species such as Rumex confertus Willd., goldenrods 
and knotweeds are resistant to browsing due to their woody stems and intensive regeneration 
of underground parts (Piesik 2001; Tokarska-Guzik et al. 2009; Podlaska 2010).

Digging out or pulling out whole plants with roots

If plants are sparse, digging out or pulling out whole plants with roots is a very effective method, 
especially during the initial stages of invasion. Since plants usually regrow from diaspores left 
in the soil or coming from the environment, the treatment needs to be repeated several times 
throughout the year, and the field needs to be inspected against new specimens over the 
next years. This method is used, e.g., for Lupinus polyphyllus, Rudbeckia laciniata, goldenrods,  
Spiraea tomentosa, Echinocystis lobata, young specimens of Heracleum sosnovskyi and  
H. mantegazzianum and, whenever possible, also other species, such as seedlings and young 
specimens of trees and bushes (Dajdok, Kącki 2009; Kącki 2009; Kujawa-Pawlaczyk 2009; 
Nowak, Kącki 2009; Fremstad 2010; Sachajdakiewicz et al. 2014; Lewczuk, Grygoruk 2015; 
Namura-Ochalska, Borowa 2015; Tittenbrun, Radliński 2015). It its very difficult to dig out 
knotweeds, as it might also damage the surrounding vegetation. This is because the whole 
clods of soil overgrown with rhizomes need to be dug out and carefully sifted to remove all 
plant fragments; otherwise, knotweeds will regrow in even greater numbers (Tokarska-Guzik et 
al. 2009; Krzysztofiak, Krzysztofiak 2015; Tokarska-Guzik et al. 2015). Removed plants need 
to be composted outside naturally valuable areas or burnt. Exposed soil can easily become the 
habitat of alien invasive species, so diaspores of native plants need to be introduced there.  
The best option is to cover it with hay from local meadows, where no invasive species are 
found. Alternatively, a mixture of meadow species or native plants, such as Festuca rubra, 
Dactylis glomerata and Poa pratensis, can be sown (Sachajdakiewicz, Mędrzycki 2015). 

Grubbing out of trees and bushes

Grubbing out is a method used for the removal of such plants as Prunus serotina, Robinia 
pseudoacacia and Rosa rugosa. It is important to remove both the parts above and under the 
ground and then eliminate tree regrowth and new seedlings (Essl 2006; Namura-Ochalska, 
Borowa 2015; Tittenbrun, Radliński 2015). This is rather expensive and destroys the layer of 
flora in the grabbing-out location and its vicinity, so it should be used with caution in naturally 
valuable grasslands.
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Cutting down of trees and bushes

Cutting down of trees and bushes prevents the spread of the seeds of invasive species,  
but it contributes to the development of numerous tree regrowth. In order to eliminate them, 
it is necessary to repeat the treatment several times a year for a few consecutive years.  
Prunus serotina and Robinia pseudoacacia need to be cut down at 50–80 cm above the ground, 
not immediately above it. This reduces the number of tree regrowth and causes the stump  
to decompose over time (Namura-Ochalska, Borowa 2015; Tittenbrun, Radliński 2015; 
Barańska et al. 2013).

Root pruning

Root pruning is a method recommended for the elimination of caucasian hogweeds,  
as it causes the plant to die. The plant is to be pruned approx. 15 cm below the ground, using, 
e.g., a sharp spade. This treatment is to be carried out 2–3 times a year for several seasons 
(Nielsen et al. 2005; Pyšek et al. 2007; Sachajdakiewicz et al. 2014).

Inflorescence removal

Inflorescence removal is used for the elimination of caucasian hogweeds, which, as a biennial 
plant, wither after bearing fruit. Umbels are to be cut right before flowers bloom, but not earlier, 
as the plant would develop new ones (Sachajdakiewicz et al. 2014). This way, seeds are not 
produced and disseminated, which effectively limits the invasion of this plant, as it propagates 
only through generative reproduction. Since fruit can develop even after the inflorescence 
is cut down, the removed umbels must be burnt (Pyšek et al. 2007). The remaining part of 
the plant and especially its large leaves, shadow the ground, which prevents the germination 
of new specimens from the seeds left in the soil (Nielsen et al. 2005). This method is rather 
effective, yet labourious, and creates a risk of burning.

Chemical weed control

The removal of particularly dangerous species, such as knotweeds, Heracleum sosnowskyi, 
Heracleum mantegazzianum and Spiraea tomentosa, might require the use of herbicides, e.g., 
with glyphosate (Nielsen et al. 2005; Tokarska-Guzik et al. 2009; Pawlaczyk, Karaśkiewicz 
2009). Such herbicides show negative effects also on other organisms, including plants and 
animals (e.g., pollinating insects), as well as on human health, so they must be used only as  
a last resort (Sachajdakiewicz et al. 2014; Tokarska-Guzik et al. 2015). Chemical weed control 
is forbidden in river valleys and protected areas, in order not to contaminate water or destroy 
valuable biodiversity components. In addition, no herbicide spraying can be used in valuable 
natural habitat patches, as it would destroy the whole plant community. It is necessary to 
use equipment that facilitates chemical application through point spraying methods, such as  
rope-wick applicators or injection devices, such as PASTWA, a device that makes it possible 
to inject the herbicide directly into the root collar. Compared to other chemical weed control 
methods, PASTWA is more effective, safe for the environment, and efficient, so it can be used on 
greater areas invaded by invasive species (Sachajdakiewicz et al. 2014; Pastwa, Sachajdakiewicz 
2015; Sachajdakiewicz, Mędrzycki 2015). When plants dry up, they have to be dug out and 
disposed of to prevent their regeneration.
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Biological methods 

Biological methods are based on using natural enemies of invasive species, such as fungal 
pathogens or insects that feed on the leaves or other parts of the plant. Such organisms are 
usually brought from the natural habitat of the invasive species (Tokarska-Guzik et al. 2012). 
Biological methods are used, e.g., for Rumex confertus Willd., and are based on the use of insects 
that feed on its leaves and inflorescence. Such insects include Phytonomus rumicis, Aphis fabae 
and Apion miniatur. This weakens the plant and limits the production of seeds (Piesik 2001; 
Piesik 2004). In addition, studies are conducted on biological control of knotweeds (Shaw et al. 
2011). What makes this method difficult is the search for the appropriate organism, which will 
eliminate the invasive species, while not becoming a threat for native species itself (Tokarska- 
-Guzik et al. 2012).

Preventing the invasion of alien species

Given the extreme harmfulness of invasive species and their arduous eradication, best efforts 
should be made to prevent their invasion. Such efforts include:
•	 not introducing alien invasive species into gardens, stands and other plantations;
•	 no allowing the layer of flora on grasslands to be destroyed (e.g., by ploughing, harrowing, 

making ruts, storing biomass on meadows) and not allowing habitats which require 
considerable dampness (mires, reed beds, wet meadows, meadows with fluctuating water 
levels) to be dried, since disturbed ecosystems are the easiest to invade for alien species;

•	 mowing or grazing of permanent grasslands, or using arable land for agricultural purposes.

3.3.3.  Invasive species control in habitats covered by  
  Agri-Environment-Climate Measures in Poland

Requirements of Packages 4. and 5. of the Agri-Environment-Climate Measures (Rozporządzenie 
2015) provide for efforts intended to reduce the occurrence of invasive species, adjusted to 
the characteristics of individual natural habitats. Land covered by the AECM must not undergo 
any treatments that would violate the requirements of individual variants, as specified in the 
Regulation. Therefore, the elimination of alien invasive species is rather limited, especially in the 
case of variants 4.3/5.3, 4.6/5.6 and 4.9 due to their late-mowing requirements.
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Table 4. Recommendations for limiting the invasion of alien species in areas covered by variants for  
the protection of valuable meadow and dry grasslands habitats, or for the protection of 
breeding habitats of birds, as part of the Agri-Environment-Climate Measures in Poland

Variant Measures recommended for invasive species

All variants

–  not leaving any areas unmowed in locations where invasive species occur;
–  not leaving any areas unmowed on plots below 1 ha (variants 4.2/5.2, 4.4/5.4, 4.5/5.5, 

4.7, 4.8, 4.10 and 4.11.) or below 0.5 ha (variants 4.4, 5.1 and 4.3/5.3);
–  pulling or digging out invasive species specimens that occur individually or are resistant 

to mowing (caucasian hogweeds, knotweeds, Spiraea tomentosa,  
Rumex confertus Willd., goldenrods);

–  the soil exposed after plant removal is to be covered with hay from surrounding areas 
without invasive species or their seeds;

–  for particularly dangerous species (caucasian hogweeds, knotweeds, Spiraea tomentosa), 
herbicides can be applied using point spraying (forbidden in protected  
areas and river valleys);

4.1/5.1. Molinion 
meadows with 
fluctuating water levels 

–  annual mowing between 15 and 30 June;
–  grazing after mowing, from 1 September, in line with the dates specified in relevant 

variant requirements;

4.2/5.2. Alluvial 
meadows of river 
valleys of the Cnidion 
dubii and salt marshes,
4.4/5.4. Semi-natural 
wet meadows,
4.5/5.5. Semi-natural 
mesic meadows and
4.7. Extensive use 
in special protection 
areas
4.8. Protection of 
breeding habitats of 
birds: black-tailed 
godwit, common snipe, 
redshank or northern 
lapwing 
4.10. Protection of 
breeding habitats of 
birds: the great snipe 
or the Eurasian curlew

–  first mowing by 20 July, recommended second mowing or grazing after first mowing,  
in line with the dates specified in the requirements for relevant variants;

–  for grazing usage (does not apply to variants 4.4/5.4), grazing especially during the 
development of young shoots and when invasive species are in flower, and mowing the 
uneaten parts before the flowering period of those species or during its initial stages,  
if this is consistent with the dates specified in the variant requirements;

4.3/5.3. Dry grasslands

–  preferred grazing usage or mowing and grazing usage, grazing especially during the 
development of young shoots and flowering of invasive species;

–  mowing (including the mowing of the uneaten parts, if used for grazing)  
once a year, before the flowering period of those species or during its initial stages,  
if this is consistent with the dates specified in the variant requirements;

4.9. Protection of 
breeding habitats of 
birds: aquatic warbler

–  annual mowing before the flowering period of those species or during its initial stages, 
if this is consistent with the dates specified in the variant requirements;

–  leaving as smallest an area unmowed as possible, in line with the relevant variant 
requirements;

–  recommended grazing usage, especially during the development of young shoots  
of invasive species;

4.11. Protection of 
nesting habitats of 
birds: corn crake

–  annual mowing, recommended grazing after mowing;
–  mowing before the flowering period of invasive species or during its initial stages,  

if this is consistent with the dates specified in the variant requirements;
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3.3.4.  Summary

Agricultural practices that contribute to the elimination of alien 
invasive species in valuable meadow and dry grasslands habitats

•	 eradicating alien species during the initial stages of their invasion (individual 
specimens, young specimens, seedlings of trees and bushes);

•	 maintaining extensive mowing or grazing of grasslands;

•	 annual mowing before or during the initial stages of the flowering of invasive 
species;

•	 repeating the treatments multiple times, as invasive species regenerate or return;

•	 leaving areas unmowed in locations where invasive species do not occur;

•	 mowing the uneaten parts if the area is used for grazing;

•	 disposing of the biomass obtained from the removed invasive species: composting 
or burning;

•	 populating the soil exposed after the removal of alien species by native species: 
covering them with hay from the surrounding meadows, or sowing native plants; 

•	 not damaging the green growth – abandonment of ploughing, harrowing,  
and making ruts; 

•	 not disturbing the water conditions of wet meadows, meadows with fluctuating 
water levels and mires;

•	 cultivating native plants or alien plants that do not show invasive properties.
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4.  Agricultural practices supporting 
the diversity of selected groups  
of invertebrates

The agrocoeneses contain a very rich group of invertebrate animals, which are connected 
with each other in a network of mutual ecological relationships (Jeanneret et al. 2003; Batáry 
et al. 2012). One of the most well-represented groups are arthropods, including insects and 
arachnids.

Many species of insects and arachnids are regarded as bioindicators of the condition of habitats 
and changes in the environment (Maelfait, Hendrickx 1998; Celli, Maccagnani 2003; Pearce, 
Venier 2006; Marcjanek et al. 2014). These animals are used in bioindication due to huge 
diversity in habitat preferences, the wealth of relationships linking them with other organisms,  
as well as presence in all types of land environments. Changes in the environment cause 
reactions of populations of particular species and entire groups of organisms. By transforming 
different types of environments we are first of all losing the so-called specialists (strictly 
adapted to the given habitat), which lose the competition with eurytopic species, i.e. those 
which tolerate a wide range of fluctuations in environmental factors.

Among the insects there are also many species that play a very significant role in the provision 
of ecosystem services. They include insects pollinating crop plants (e.g. the Apidae and the 
Lepidoptera) and predatory insects feeding on crop plant pests (e.g. the Carabidae family 
beetles); (Holland 2007; Kremen et al. 2007). As far as elimination of invertebrates regarded 
as pests, an important role is also played by polyphagous predators, such as spiders (Nyffeler, 
Sunderland 2003). Incorrect farming of agricultural lands lead to the removal of many organisms 
that are ecologically important and often useful to humans, which results in the disruptions of 
functioning in agro-ecosystems and a decrease in biodiversity of invertebrates.

The spiders belong to the Arthropoda phylum and form the Arachnida class along with 
harvestmen, mites, pseudoscorpions and other closely related groups. There are currently 
approximately 45 thousand species of spiders in the world (World Spider Catalog 2016), 
whereas more than 800 species have been recorded in Poland so far (Kupryjanowicz 2008; 
Nentwig et al. 2016).

Most of the spiders are animals with elongated or cylindrical body shape reaching small sizes 
— from 1 to 10 mm of length (Foelix 1996). It consists of two parts — the cephalothorax and 
the abdomen, connected by a pedicel. On the cephalothorax (the front part of the body) there 
are four pairs of legs and two pairs of mouthparts — chelicerae ended with a venom fang as 
well as the pedipalps. At the end of a venom fang there is an orifice of the gland producing 
venom, used by the spiders to paralyse their prey. The front part of the cephalothorax contains 
the eyes — their number ranges from six to eight in the species found in our country. Spiders 
have simple eyes and their arrangement, size and anatomy are related to the daily activity 



118

and the hunting strategy, and they are an important diagnostic feature. In general, the eyes in 
spiders hunting actively have more supreme, more complex construction (e.g. the Salticidae 
or the Lycosidae); (Land 1985; Clemente et al. 2010), whereas in the case of net-casting and 
nocturnal species they create an image of much worse quality.

Located in the back part of the spider abdomen are the spinnerets with spigots, through which 
the silk thread is spinned. The ability to produce silk and use it in many different ways is the 
feature distinguishing spiders from other invertebrates. This silk is used, among other things,  
to construct webs used for hunting, building cocoons, flosses, retreats or aerial dispersion,  
i.e. movement with the use of threads, also called ballooning (Foelix 1996).

Spiders are predators, their diet primarily consists of insects (e.g.: dipterans, true bugs, 
springtails, orthopterans), but also other arthropods, including spiders (Pekár et al. 2012).  
Most of the spiders belong to the polyphagous group feeding on a wide range of prey.  
However, there are also oligophagous species among them, diet of which is based on  
a particular group of organisms, and only supplemented with prey of other types  
(e.g. Portia sp. hunting other spiders, but including other insects in the diet from time  
to time). Stenophagous species are a small group, specialised in hunting one type of prey,  
e.g. Zodarion sp. hunting ants (Pekár 2004).

Spiders developed various hunting strategies: catching in sticky webs, pursuit of prey and 
ambushing (Foelix 1996). Prey-catching webs may have various sizes and shapes, they 
can be typical for a particular group, e.g.: orb webs typical for example for the spiders of  
Araneidae and Tetragnathidae families; sheet webs constructed for example by the spiders of  

Pardosa palustris L., an actively hunting spider of the Lycosidae family. 
(Photo: M. Stańska)
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sheet-weaver family; tangled three-dimensional webs observed for example for the repre- 
sentatives of tangle-web spiders or funnel-like webs constructed by the funnel web spiders.

As polyphagous predators, spiders are a very important part of many trophic networks, and they 
are an important element of natural protection against crop plant pests (Nyffeler, Benz 1987; 
Nyffeler, Sunderland 2003). A significant part of the diet of spiders appearing in agrocoeneses 
is formed by various species of aphids, dipterans (e.g. Oscinella frit, Mayetiola destructor)  
or other insects detrimental to crop plants. As a result, spiders contribute not only to the 
limitation of their presence, but they also prevent the sudden increases in their population.

Up to this point, spiders have managed to colonise almost all the continents (excluding  
Antarctic) and almost all the environments and climate zones on Earth. They can be usually 
found on the land, but they can be also observed while in the air, travelling on long thin spun 
threads, often over long distances. There are also known species living in water, such as diving 
bell spider and ones that can move on the surface of water (e.g. spiders belonging to genera 
Pirata and Dolomedes).

Factors bearing impact on the presence of spiders in a particular environment can be divided 
into two groups: physical factors, such as temperature, humidity, wind, insolation and 
biological factors, which include vegetation structure, food supplies, presence of competitors  
and enemies (Foelix 1996).

Wasp spider building prey-catching orb webs with a captured representative of the Caelifera. 
(Photo: Ł. Trębicki)
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Spiders are animals exhibiting major sensitivity to different kinds of modifications in the 
environment (Platen 1993; Neet 1996). As a result, all kinds of changes in vegetation structure  
or humidity are reflected in the domination structure and species composition of the  
assemblages. For this reason, spiders are often used as bioindicators of changes in the  
environment (Maelfait, Hendrickx 1998; Rypstra et al. 1999; Pearce, Venier 2006; Diehl et 
al. 2013). Distortions caused by humans can therefore significantly influence the presence of 
spiders and their diversity in habitats, especially in agrocoeneses, where regular agrotechnic 
and pratotechnic treatments are implemented.

The Carabidae family beetles are included in the Adephaga suborder. Their diversity on 
the global scale is estimated at the level of 30–40 thousand species. So far, approximately  
520 species of the Carabidae family have been identified in Poland. Due to the changes 
introduced in the environment by humans, many species of the Carabidae family are recognised 
as being at risk of extinction. In Poland, total and partial protection covered species of the 
Calosoma genus and some of the Carabus genus (Rozporządzenie 2014a).

Morphological diversity of beetles is relatively large. Their body is usually elongated, slightly 
elliptic, sometimes roundish (Fig. 2). 

Fig. 2. The Carabidae family beetles found on arable fields and grasslands: a. Calosoma auropunctatum (F.) – average body 
length 25 mm, b. Carabus cancellatus (Ill.) – 25 mm, c. Carabus auratus (L.) – 24 mm, d. Pterostichus melanarius (Ill.) – 15 mm,  
e. Poecilus lepidus (Leske) – 12 mm, f. Harpalus rufipes (Deg.) – 14 mm, g. Harpalus affinis (Schrk.) – 11 mm, h. Zabrus 
tenebrionodes (Gze.) – 14 mm, i. Anchomenus dorsalis (Pont.) – 7 mm, j. Panagaeus bipustulatus (F.) – 7 mm, k. Bembidion 
quadrimaculatum (L.) – 3 mm, l. Lebia cruxminor (L.) – 6 mm, m. Dyschirus globosus (Herbst) – 2.5 mm, n. Clivina fossor (L.)  
– 6 mm, o. Broscus cephalotes (L.) – 20 mm, p. Calathus melanocephalus (L.) – 7 mm, r. Amara aenea (Deg.) – 7 mm. 
(Photo: L. Borowiec)
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The sizes of bodies of Polish species are within the range of 1.2–40.0 mm. The Carabidae 
family beetles are most often black or russet, quite often with metallic shine. The exceptions  
to this rule are for example multicoloured species of the Lebia, Panagaeus and Omophron 
genera. In species with metallic shine one can observe the variability of colouring, as for 
example in the case of the common Carabus granulatus, which creates copper, gold and green, 
to nearly black forms.

The Carabidae family beetles live in land environments around the globe. From marshy areas, 
to moderately moist environments, to dry and desert biotopes. They appear in the lowlands 
all the way up to the alpine level. Most species are epigeic. Some of the Carabidae family 
beetles are identified as phytophilous, as they live on the herbaceous vegetation or in the 
treetops, e.g. the predatory species of the Calosoma genus searching for their prey climb the 
trees, representatives of the Dromius genus live their entire life in the treetops, on shrubs and 
herbaceous plants. Certain species living near all kinds of waters can periodically stay in water, 
e.g. the Oodes helopioides.

The Carabidae family beetles are also diversified in terms of mobility. Most of the species living 
in arable fields and grasslands are well-flying insects. Owing to this, in the case of unfavourable 
conditions, they can retreat quickly, in order to continue to colonise the area when the threat 
disappears. Flightless species (with reduced wings or lacking them) live mainly in the forests.  
As far as activity during the day is concerned, nocturnal and diurnal beetles of the Carabidae 
family are identified (the latter being the case for the majority of species). The species with bright 
or metallic colouring usually belong to the second group. Seasonal activity of the Carabidae 
family beetles is related to the reproduction period. Based on field observations and the peak 
appearance of IMAGINES, two main types of activity have been identified, called development 
types (Larsson 1939). The first groups includes the so-called species of the spring development 
type (larvae and sexually immature beetles pass the winter). The second group are the species 
of the autumn development type (larvae or eggs pass the winter).

The Carabidae family beetles usually live for a year, although a part of the population survives 
and participates in the reproduction in the following year. In the species of the Calosoma, 
Carabus and Calathus genera, a generation can live longer than a year (Tischler 1971).

Food preferences of the Carabidae family beetles are varied. Three basic groups can be 
identified here: carnivores, herbivores and mixophages (Kryzhanovskij 1983). Predation is the 
primary feeding method of these beetles. They hunt different prey they are capable of dealing 
with, sometimes they feed on carrion. Specialisation has been identified in only some of the 
species. Most of the representatives of Cychrus and Licinus feed mainly on snails, whereas the 
imago and larvae of the Calosoma genus — butterfly larvae and pupae (Kryzhanovskij 1983).  
The Notiophilus genus species prey on springtails (Davies 1959). The choice of prey depends on 
the size of the predator, therefore small beetles of the Bembidion, Tachys, Microlestes and other 
genera feed mainly on eggs and the younger larval stages of insects, small oligochaetes, etc. 
Mixophages (hemizoophages) are a group with the widest range of food, as they feed on animal 
and plant food in different proportions. This subgroup includes some of the representatives of 
the species common on the fields and grasslands (e.g.: Pterostichus, Poecilus, Harpalus and 
Calathus). Harpalus rufipes for example prefers plant food, but it has been found to also feed 
on the larvae of the Colorado potato beetle. Another species – Amara communis – eats unripe 
seeds as an imago and is a predator as a larva. Herbivores feeding solely on plant food are 
relatively rare. In the Polish fauna they are mainly grouped in the Zabrus and Ophonus genera. 
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The most important pests from the point of view of farming is Zabrus gibbus, which can be 
common in the crops (mainly in the south of Poland). Larvae feed on the leaves of grasses and 
grains, the adult beetles eat seeds from the ears. Some damage can also be caused by some 
species in the Amara genus (Luka et al. 1998a) and the Herpalus genus (Scherney 1959), but 
usually below the economic damage threshold. These are most often species that came from 
the steppe areas of Europe as a result of development of agriculture (Tischler 1971). The most 
common species in this group of the Carabidae family beetles is Harpalus rufipes. For instance, 
it eats the seeds of cereals that are in the milky stage. Its harmfulness has not been estimated 
yet in Poland, but for example in some countries it is recognised as a strawberry pest.

Insects of the Orthoptera order belong to one of the more significant groups of invertebrates 
in open areas. These are insects with fairly large body size, with significant impact on the 
habitats in which they live. In the meadows they make up for over 50% of the invertebrates and 
consume approximately 3.5% of green biomass produced during the year (Gardiner et al. 2005). 
During massive outbreaks they are capable of consuming a major part of the vegetation cover 
within a short time, causing significant losses. They are also conducive to agroecosystems. 
They stimulate growth of grasses by means of fretting on blades and their excrement is  
a valuable fertiliser enriching the soil, by means of which they accelerate the circulation of  
matter (Averensky et al. 2010). Many species of orthopterans in the families Tettigonidae, 
Gryllidae and Gryllotalpidae are predators or polyphagous organisms with a major share of  
animal food (Lupu 2007). Orthopterans serve as food to many other animals. They are 
particularly important to predatory birds. In the eastern Poland, 75% of the prey of Montagu’s 
harrier (9% of all the food by weight) were the orthopterans (Mirski et al. 2009). As large and 
protein-rich insects, they can also become an important part of the diet of humans, as well 
as domestic animals. Breeding of these insects is a very efficient, alternative source of a large 
amount of protein (Das et al. 2012). There are 82 species of the orthopterans in our country, 
most of them thermophilic, and for many of them Poland is where the northern boundary 
of their range is (Banaszak et al. 2004). The dignificance of this group of insects is going to 
increase with climate warming. One can also expect an increase in the number of species in 
the territory of Poland. Intensification of agricultural production, unfavourable to biological 
diversity can turn out to be a factor limiting this process.

A tawny mining bee on barberry flowers. 
(Photo: D. Teper)

A mining bee on a sour cherry flower. 
(Photo: D. Teper)
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A highly essential group of invertebrates in all the agrocoeneses and in natural ecosystems are 
insect pollinators. The most commonly known representative of insect pollinators is honey bee. 
Apart from honey bee, presence of approximately 450 species of wild Apidae family insects 
classified into 7 taxonomic families have been observed in Poland. A vast majority of the Apidae 
family insect species are solitary bees.

The following families can be identified in the group of the Apoidea superfamily insects:
•	 the Colletidae – 41 species,
•	 the Halictidae – 102 species,
•	 the Andrenidae – 90 species,
•	 the Melittidae – 11 species,
•	 the Megachilidae – 89 species, including red mason bee (important in terms of farming)  

and worldwide valued alfalfa pollinator – the alfalfa leafcutter bee,
•	 the Anthophoridae – 84 species,
•	 the Apidae – 37 species, including: the honey bee, bumblebees and cuckoo bumblebees – 

inquilines in the colonies of bumblebees.

As a result of evolution lasting millions of years, close symbiosis evolved between the bees and 
the group of insect-pollinated (entomophylous) plants. Their purpose is to pollinate flowers, 
which leads to fertilisation, and fertilisation is a condition for producing seeds. Plants created 
specific forms of adaptation attracting insects. These adaptive traits include the production of 
flowers attracting insects not only with the colour of the corolla, but also with the scent and 
by means of secreting sweet nectar, which is a source of food rich in carbohydrates for the 
insects, as well as the production of pollen, a high-protein food for larvae. Some plant species 
are pollinated by specific groups or species of insects. One such example is aconite, mainly 
pollinated by bumblebees (Dylewska 1996).

A female red mason bee on a strawberry flower. 
(Photo: D. Teper)

A female alfalfa leafcutter bee cutting a fragment  
of a leaf to be used for nest building. (Photo: D. Teper)
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Pollination of crop plant flowers is one of the most important and simultaneously the cheapest 
yield-forming factor. Approximately 35% of the crop area and 87 main crop plants are pollinated 
by insects (Klein et al. 2007) and the value of this ecosystem service is estimated on a global 
scale at 200 bn dollars per year (Smolis et al. 2014).

Size of the yield of many species of plants is to a greater or lesser extent dependant upon 
pollination of flowers (Fig. 3), for some species in more than 90% of the cases. This means 
that without the presence of bees cultivation of these plants would be totally unprofitable 
or impossible. For selected species the increase in yield as an effect of pollination amounts 
to ca. 30%. Pollination also bears significant influence on the quality of yield. If pollination of 
strawberry and raspberry flowers is insufficient, we receive misshapen and small fruits, which 
can only be sold as cheap raw product for food processing, not as attractive dessert fruit 
reaching much higher prices.

In the climate conditions of Poland, the primary pollinating insect is the honey bee. It pollinates 
more than 90% of insect-pollinated plants. However, wild Apidae insects also play an important 
role. They are an important addition to the presence of the honey bee for entomophylous 
crops.

According to Kędziora and Karg (2010) the decrease in species variety is impacted by such 
factors as: transformation of habitats, climate changes, invasive species, overexploitation of 
environment and pollution. These factors seldom occur individually and their combined effects 
cause quick and deep changes, reversal of which is very difficult, costly and often impossible.

Protection of species diversity of insect pollinators is closely related to the maintenance of 
diversity of their forage plants. In the areas without forage plants there are also no bees.  
This relationship also works the other way round. If the Apidae insects die on a large area, 
e.g. as a result of poisoning with plant protection products, the entomophilous annual plants 
will probably not produce seeds in that year, the result being the lack of these plants in the 
following vegetation season.

A hairy-footed flower bee on peach flowers. 
(Photo: D. Teper)

A hairy-footed flower bee on Corydalis. 
(Photo: D. Teper)
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A common carder bee on a blue 
tansy. (Photo: D. Teper)

A large earth bumblebee on a red 
clover. (Photo: D. Teper)

A honey bee on Fagopyrum. 
(Photo: D. Teper)

Even a few dozen years ago the honey bee created wild colonies, mainly located in tree hollows. 
As a result of the Varroa destructor Anderson & Trueman parasite having been dragged to 
Poland in the beginning of the 1980s and its instant expansion on the entire population of 
the honey bee, it turned out that the existence of bee families ceased to be possible without 
chemical control of this parasite. As a result of the invasion of this parasite, natural honey bee 
colonies completely died within a short time.

Wild solitary bees also had much more favourable conditions to exist in the past. They were 
inseparably related to the farm buildings, where numerous places to form colonies were located. 
The insects willingly built nests in the spaces between straws in the thatch, in the cracks and 
holes left by pests in wooden walls of the buildings or in clay joints of the walls. The vicinity 
of farm buildings of that time were abundant with many species of forage plants cultivated 
in home gardens, as well as a rich flora of ruderal vegetation, which was not controlled as 
intensively as it is at the moment.

Due to shortages of wild insects pollinating in nature, the insufficient number of honey bee 
families (there are approximately 1.3 m honey bee families in Poland and it is estimated that 
there should be approximately 2.5 m) and the marginal scale of renting honey bees in order 
to pollinate crop plants, plantation owners are more and more often using alternative insect 
pollinators, such as bumblebees and the red mason bee. Although the entire population of 
the red mason bee bred in Poland is based on the material obtained from nature nationwide,  
90% of the bumblebees used in cultivation under covers and on horticultural plant plantations 
have been imported. Most of the bumblebee families offered on our market belong to the large 
earth bumblebee species. Almost each one of the families used for pollination, at the end of 
its development, produces reproductive specimens, that is the males, which search for young 
mothers in order to fertilise them, and young mothers, which once they are fertilised search 
for safe locations to spend the winter. Two results of import of the bumblebee families are  
a source of greatest concern for the ecologists. One of them is the accidental introduction of 
diseases and parasites from the other regions of the world, which was already confirmed in the 
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studies (Rożej et al. 2008), the other is the potential risk of a decrease in the frost resistance 
of the native populations of bumblebees as a result of fertilisation of bumblebees existing in 
the environment by the males from the imported colonies. The offspring created as a result of 
such cross-breeding can be less resilient to long hibernation, lasting in our climate even as long 
as 9 months.

Diurnal Lepidoptera are a group of insects that includes two superfamilies – Papilionoidea and 
Hesperioidea, characterised by clubbed antennae, wide wings folded vertically over their backs 
while resting and they are active during the day. The listed features differentiate the diurnal 
butterflies from the nocturnal Lepidoptera, together with which they create the Lepidoptera 
order. The diurnal Lepidoptera are represented in our country by 163 species. Although the 

Fig. 3. Impact of insect pollinators on crop yield
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total number of species of diurnal Lepidoptera seems substantial, it is only a fraction, as it 
merely about 5% of all the Lepidoptera species present in Poland (Buszko, Masłowski 2008). 
The vast majority of the Lepidoptera are nocturnal species, commonly referred to as moths. 
Before a Lepidoptera pupates in a well-known flying (adult) form, it lives for a certain time 
as a caterpillar. Larval forms in most Lepidoptera species are herbivores, which feed actively.  
The host plants for Lepidoptera caterpillars are herbaceous plants, grasses, shrubs, trees, as well 
as crop plants. Caterpillars only feed on groups of plants that are strictly specific to them and in 
many cases a particular Lepidoptera species only feeds on one plant species. The Lepidoptera 
are included in the group of insect pollinators. The nocturnal Lepidoptera play a much greater 
role in carrying pollen grains between flowers, as most of the diurnal Lepidoptera only drink the 
flower nectar, and visit flowers occasionally (Sielezniew, Dziekańska 2010). The Lepidoptera 
adapted to living in different places. They can be found in the lowlands, plateaus, all the way 
up to the high mountain parts above 2000 m a.s.l. They live in different habitats, such as:  
dry barrens, grazing dry grasslands, wet meadows, mires or marshes. Each Lepidoptera species 
is usually related to only one type of the listed habitats (Warecki 2010).

Due to the relationship with the range and the availability of host plants, the Lepidoptera are  
a group of insects that is highly sensitive to any changes in the environment. The greatest 
threats to the Polish fauna of the Lepidoptera include the transformation of meadows into 
arable lands. The Lepidoptera are also impacted in a negative way by excessive fertilisation 
of soils, use of pesticides and excessive grazing. Consolidation of fields results in liquidation 
of barrens, baulks, woodlots, depressions, i.e. places serving as refuges to local Lepidoptera.  
Giving up on grazing or mowing on weak soils and areas with difficult access (waterlogged) also 
bears negative influence on the Lepidoptera. It results in the initiation of succession, as well as 
the appearance of invasive plants, such as goldenrod. Drainage in waterlogged areas (e.g. mires) 
disrupt the course of hydrological phenomena. In consequence, these habitats are being left by 
the host plants of a range of European diurnal Lepidoptera (Smolis et al. 2014).
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4.1. Good agricultural practices on arable lands

4.1.1.  Spiders

Spiders are an important group of predators controlling the numbers of the arthropoda on 
arable lands, including many crop plant pests. Due to the hunting strategy and the location they 
appear in the habitat, we distinguish three basic actively hunting groups: epigeic spiders, actively 
hunting epiphytic spiders and web-weaving spiders (Marc et al. 1999; Nyffeler, Sunderland 
2003; Chatterjee et al. 2009). The potential food for epigeic spiders are mainly springtails, 
Brachycera flies, beetles, ants of the Hymenoptera order, spiders and true bugs. On the other 
hand, the most available to the actively hunting epiphytic spiders are flies, beetles, spiders, 
springtails and parasitic hymenopterans. The potential prey of web-weaving spiders caught 
in the air in turn includes the Nematocera flies, aphids and hoppers, parasitic hymenopterans, 
beetles and, to a much lesser extent, springtails and spiders. Research conducted in Europe 
proves that spiders feed mainly on the most numerous insects – aphids and hoppers, flies 
and beetles, including organisms harmful to crop plants (Nentwig 1987). Furthermore, it has 
been stated that on arable fields in the USA the most numerous group of prey also includes 
heteropterans, their major share in the food of butterflies (Lepidoptera) was also recorded. 
Heteropterans excrete substances with intense, unpleasant scent and taste, the purpose of 
which is to scare off the potential predators, therefore in the past they were not considered 
to be food for spiders (Foelix 1996). The prey-catching webs of large spiders also catch small 
harmful insects, such as thrips, small flies and aphids. These insects are consumed by the 
spiders together with the web during its reconstruction (Nentwig 1987). Actively hunting 
spiders can also feed on the less mobile larval stages of beetles, butterflies and flies (Nyffeler, 
Sunderland 2003).

Laboratory research techniques, such as isotope studies of spider bodies allow to identify the 
groups of their prey and specify the role of spiders in limiting the number of insects, and 
the spiders themselves (Oelbermann, Scheu 2002; Rickers et al. 2006; Haubert et al. 2009).  
On the other hand, precise genetic studies allowed to confirm the role of spiders in limiting the 
abundance of heteropterans of the Miridae family – rice crop pests in Japan (Kobayashi et al. 
2011). Biochemical studies of food in turn confirmed the vast significance of epigeic spiders:  
of the Linyphiidae family, the Pardosa genus of the Lycosidae family and the Pachygnatha of the 
Tetragnathidae family in controlling the population of aphids on cereals (Nyffeler, Sunderland 
2003; Harwood et al. 2004; Harwood et al. 2005; Kuusk et al. 2008). In Europe these were:  
the rose-grain aphid, the bird cherry-oat aphid and the english grain aphid (Alderweireldt 1994; 
Nyffeler, Sunderland 2003). Furthermore, it was proven that the second group of insects after 
aphids, number of which is significantly reduced by spiders, is harmful flies group: the Oscinella 
frit of the Chloropidae family and of the Cecidomyiidae family – Mayetiola destructor, Sitodiplosis 
mosellana and Contarinia tritici.

Depending on the intensity of agricultural farming, spiders can reach great numbers on the 
fields. In Europe, the density of spiders on crop plants on arable lands amounted on average 
to 90 specimens per square metre and a maximum of 600 specimens per square metre.  
The number of aphids eaten by epigeic spiders ranges from 20 to 30 per day per square metre, 
which can limit the number of these pests, especially in the period in which their numbers are 
highest, even down to 50%. A much lower density of spiders, on average only 2 specimens per 
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square metre, and a maximum of 10, was recorded in the southern states of the USA, where 
intensive large-scale plantations are dominant (Nyffeler, Sunderland 2003).

Artificial restocking of crop plant plantations with spiders is not popular, as the breeding of 
these predators is difficult and costly, due to their occurrences of cannibalism. However, there 
are known examples of using spiders against pests on rice fields in Japan and the greenhouse 
cultivation of pepper in Hungary (Łuczak 1979; Zrubecz et al. 2008). Although spiders are 
polyphagous predators, they constitute an important element of natural protection of crop 
plants with the adephagan beetles and the parasitic hymenopterans (Łuczak 1979; Nyffeler, 
Sunderland 2003). They play a particularly important role in the limitation of the populations of 
harmful insects at the beginning of the vegetation season, before the appearance of the group 
of predatory insects (Birkhofer et al. 2008).

The most numerous epigeic spiders of the Linyphiidae family on cereal fields – Oedothorax apicatus (Bl.); 
On the left – a female, on the right – a male. (Photo: Jørgen Lissner, www.jorgenlissner.dk)

An epigeic spider of the Lycosidae family, dominant on 
cereal fields – Pardosa agrestis (Westr.), a female.  
(Photo: J. Kupryjanowicz)

The most numerous spider of the Tetragnathidae family 
on agricultural lands – Pachygnatha degeeri (Sund.) 

(Photo: J. Kupryjanowicz)
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Arable lands belong to habitats with most changeable conditions in comparison to other 
agrocoenoses, which makes their indwelling difficult to many organisms. Annual yields, tillage, 
fertilisation, use of plant protection products, lead to interruptions in the life cycle of many 
organisms (Nyffeler, Sunderland 2003). In Europe, spiders appearing on arable lands belong 
in majority to the species of open areas, grasslands and meadows, vicinity of waters, to  
a lesser extent also mire areas, i.e. bushes and forests (Łuczak 1979; Hänggi et al. 1995).  
A group of agrobionts can be distinguished among them, reaching highest populations on arable 
fields. They are characterised by being capable of fast escape, hiding in permanent refugia and 
recolonising the area of the crops, as well as the time of reproduction synchronised with periodic 
disturbances (Wissinger 1997; Samu, Szinetár 2002). The most numerous families of spiders 
appearing on arable lands in Poland are the Linyphiidae, Lycosidae, Araneidae, Tetragnathidae 
and Theridiidae (Łuczak 1979; Topa et al. 2011; Topa et al. 2014). The web-weaving spiders 
include the Araneidae, Theridiidae, Tetragnathidae and Linyphiidae. However, the most 
numerous representative of the Linyphiidae on arable lands – the agrobiont Oedothorax apicatus 
(Bl.) – does not build webs, but it is an active hunter on the ground. Similar behaviour is shown 
by the Pachygnatha degeeri (Sund.) the most numerous representative of the Tetragnathidae 
family on agricultural lands (Foelix 1996; Eichenberger et al. 2009). The Linyphiidae, both the 
web-weaving ones and the active hunters, constitute even 90% of all the groups of spiders on 
arable lands in Europe. A large share of the group is also formed by the representatives of the 
Oedothorax genus as well as Erigone atra (Bl.), Erigone dentipalpis (Wid.) and Tenuiphantes tenuis 
(Bl.) However, these species of the Linyphiidae family have a much greater share in the groups 
of spiders on the meadows and barrens (Łuczak 1979; Nyffeler, Sunderland 2003; Schmidt, 
Tscharntke 2005). The Lycosidae family includes spiders actively hunting on the ground and 
their most numerous representative on arable lands is another agrobiont — Pardosa agrestis 
(Westr.).

Spiders are very mobile organisms, spreading by air or land. Small-size specimens (ca. 3 mm)  
of the Linyphiidae family, as well as young specimens of the other families, have the ability 
to move through the air by releasing lifting silk threads. Larger spiders (ca. 5 mm), being 
representatives of the Lycosidae family, are capable of fast movement on the surface of the  
soil (Roberts 1993; Foelix 1996; Kupryjanowicz 2008).

The abundance, species diversity, and functional diversity of spiders on arable lands depend 
on many factors. The most important include: the geographic location, the kind of crop plant, 
the intensity of the crop and the diversity and size of the area of the neighbouring habitats, 
particularly including semi-natural and natural habitats (Łuczak 1979; Marshall 2002; Schmidt 
et al. 2005; Hendrickx et al. 2007; Oleszczuk et al. 2010; Pekár 2012; Lüscher et al. 2014).

Spiders on arable lands reach a high number of abundance. However, in the case of intensive 
crops, the abundance can be much smaller, even 75% smaller in comparison to perennial 
grasslands, whereas the number of species can be 46% lower (Nyffeler, Sunderland 2003; 
Wolak 2004; Schmidt, Tscharntke 2005). The greater the number of spiders, the greater the 
genetic diversity of particular species, proving their stability and resilience to environmental 
and pathogenic factors. The species composition of groups of spiders on arable lands primarily 
depends on the geographic location (Lüscher et al. 2014). These groups mainly consist of 
common and widespread species, whereas rare species are recorded sporadically (Łuczak 1979; 
Nyffeler, Sunderland 2003; Wolak 2004; as above). Therefore the diversity of spiders in terms 
of species and function is here much lower than in semi-natural and natural habitats (Schmidt, 
Tscharntke 2005; Lüscher et al. 2014).
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The greater the functional diversity of the groups of spiders manifested by means of different 
hunting strategies, the more efficient impact on the crop plant pests. Studies conducted on rice 
plantations proved the limiting influence of web-weaving and actively hunting spiders on the 
harmful heteropterans of the Miridae family. The combined influence of both groups of spiders 
brought better results than in the case of any of the separate groups (Kobayashi et al. 2011).

The greatest direct threat to the spiders on arable lands is the use of chemical plant protec- 
tion products (Łuczak 1979; Łuczak 1980; Mansour 1987; Pekár 2012). These substances, 
apart from limiting the populations of harmful organisms, also affect their natural enemies.  
The pesticides that are most dangerous to the spiders are insecticides – substances used 
to kill insects. In laboratory research (Mansour et al. 1992) it was proven that after the use 
of non-selective insecticides (Dursban – chlorpyrifos, Smash – fenpropathrin, Dimecron – 
Phosphamidon) and two selective pyrethroids (Aqumatrin – fenvalerate, Talstar – bifenthrin), 
the mortality rate for non-web-weaving, epiphytic spiders Cheiracanthium mildei (C. L. K.) 
amounted to 100%. In the case of use of other selective pyrethroids (Cymbush – cypermethrin, 
Mavrik – fluvalinate), the mortality rate for these spiders reached approximately 70%.  
On the other hand, the use of agents used to kill fungi – fungicides (Zidan – zineb, Bayleton – 
triadimefon, Merpan – captan, sulphur) caused deaths of 10–40% of specimens. Weedkillers 
– herbicides (Hyvar X – bromacil, Atranex – atrazine, Roundup – glyphosate) caused death 
in 20–25% of specimens of the Cheiracanthium genus. The toxicity of acaracides was varied. 
Benzilan (chlorobenzyl) and Neoron (bromopropyl) caused death in 15% of specimens, sulphur 
and Smash (fenpropathrin) in 40–70%, and Dimecron (phosphamidon) killed all of the spiders. 
On the other hand, in the studies on the influence of selected pesticides on the Pardosa  
and Erigone genera, large mortality rate of spiders has been identified, from 70 to 100%,  
after the use of the currently prohibited insecticide — endosulfan. Particular pesticides can 
influence different taxons of spiders with different intensity. The Pardosa and Erigone genera,  
in particular the latter one, were more resilient to fenvalerate than Cheiracanthium, because 
5 up to 40% of specimens survived the experiment. The action of a fungicide – pyrazophos 
– did not cause their death. The actively hunting spiders turned out to be more sensitive to 
pesticides due to their life strategy resulting in more frequent contact with toxic substances 
(Mansour 1987; Mansour et al. 1992).

Silk threads produced by spiders are used for aerial dispersion.  
On the left – threads of the young specimens of the Lycosidae family,  
on the right – threads forming a platform and adult specimens  
of the Linyphiidae family of the Erigone genus. (Photo: I. Hajdamowicz)

A female of spider belonging to 
the Lycosidae family moving on the 

ground with an egg sac attached  
to the spinnerets.  

(Photo: J. Kupryjanowicz)
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Plant protection products, apart from fatal effects, also bear negative influence on the behaviours 
of spiders and the functioning of trophic networks, by means of change of habitat or direct 
action of the pesticide on the organism. It has been found that herbicides such as glyphosphate 
eliminating weeds modify the hunting behaviours of the Lycosidae family, facilitating catching 
prey for the larger species of spiders, and making it more difficult to the species with smaller 
body size (Rittman et al. 2013). On the other hand, the non-selective insecticide, malathion, 
apart from a significant decrease in the number of the Oxyopes genus spiders, also resulted in  
a decrease in proficiency at jumping movements, making it more difficult to gain food. Bifenthrin 
(pyrethroid) resulted in an extension of time spent on body cleaning and the carbaryl insecticide 
unexpectedly increased the hunting efficiency in these spiders. These substances also had 
impact on the initiation and the decrease in the period of courtship in the males of the Oxyopes 
genus, limiting their reproductive success (Hanna, Hanna 2013; Hanna, Hanna 2014).

Plant protection products used on many crop plants caused a decrease of spider abundance 
(Mansour 1987; Fountain et al. 2007). However, results for particular substances obtained in 
field experiments did not coincide with the laboratory results (Mansour 1987). In the field the 
spiders had the chance to escape or hide from the dangerous substances. It has also been 
proven that spiders are capable of avoiding fresh remains of the pesticides, although they do 
not identify their dry leftovers (Pekár 2012).

Important data was provided by the studies conducted in the orchards. It has been observed 
that insecticide spraying caused a decrease in the abundance of aphids and their natural 
enemies – the spiders. However, harmful insects recolonised the fruit plants much earlier than 
spiders, which are not capable of such quick dispersion as the flying insects (Olszak et al. 1992).

In order to protect these spiders, it is postulated that the use of synthetic plant protection 
products on arable lands is ceased or limited, especially the dangerous non-selective insecticides.

Studies conducted on the margins of fields sowed with cereals and in their centre show that the 
edge areas are characterised by greater numbers and diversity of spiders (Clough et al. 2005). 

An oak spider of the Araneidae family, 
numerous in cereals and on the meadows.
(Photo: Ł. Trębicki)

A wasp spider of the Araneidae family wrapping the prey 
caught in the web in yarn – a heteropteran. 

(Photo: J. Kupryjanowicz)
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This data suggests that the maintenance of a large mosaic of fields with an extensive network 
of balks can contribute to an increase in the numbers and diversity of spiders and other useful 
organisms.

Breaches in the soil structure in the course of agrotechnical measures influence the populations 
of epigeic organisms. The use of simplified (no-till) agriculture causes an increase in the number 
of spiders (Twardowski 2010), therefore its use is recommended.

The conducted broad analysis of studies on the impact of organic farming on biodiversity proved 
that in most cases, such use increases the numbers of animal organisms on average by 50%, 
and species richness by 30%. However, this effect depended upon the group of organisms and 
the structure of the surrounding landscape. Studies identified greater numbers and species 
richness of natural enemies of pests on organically farmed fields than on intensive conventional 
areas in a simplified landscape (Bengtsson et al. 2005). In the case of spiders, it has been 
found that in the organically farmed cereals their density was 62% higher than on conventional 
fields. However, species richness of spiders in these two agricultural system did not differ in  
a significant way, or it was even greater in the case of conventional crops. However, it should be 
emphasised that many of the studied conventional fields were farmed less intensively, without 
the use of insecticides and fungicides, but with the use of herbicides (Pfiffner, Luka 2003; 
Schmidt et al. 2005; Clough et al. 2007).

It has been stated that the number of species of spiders in the compared systems was primarily 
related to the structure of the landscape and the share of habitats lying outside the arable lands 
(Pfiffner, Luka 2003; Clough et al. 2005; Schmidt et al. 2005; Öberg et al. 2007). These habitats 
serve as a refuge and an overwintering site for organisms, they are also highly important for 
the spring colonisation and recolonisation of arable fields by insects and spiders (Pfiffner, 
Luka 2000; Wolak, Karg 2002; Kajak, Oleszczuk 2004; Öberg et al. 2008). Greater diversity in 
sowing on arable lands also supports the presence of spiders due to the different structure of 
the monocotyledons (e.g. cereals, corn) and the dicotyledons (potato, rape) and the different 
harvesting terms for crop plants.

Results of many local and foreign studies confirm the positive impact of marginal habitats on 
the diversity and numbers of spiders, including the rare species, as well as other groups of 
organisms (Wolak 2001; Wolak 2002; Wolak 2004; Kajak, Oleszczuk 2004; Oleszczuk 2010; 
Marshall 2002; Pfister et al. 2015). In other studies it has been found that the strips of perennial 
plants are characterised by even greater diversity of spiders than annual strips of such plants or 
annual plants. However, these strips do not offset the effect of insecticides used on the fields 
(Huusela-Veistola 1998, Meek et al. 2002).

In order to protect the diversity of spiders on arable lands, it is recommended that marginal 
habitats are maintained in the landscape, especially the perennial semi-natural and natural 
habitats. The greening obligation introduced in 2015 under the Common Agricultural Policy 
covering the diversification of crops, maintenance of permanent areas of grasslands and 
ecological focus areas can contribute to an increase in the numbers and diversity of spiders.
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4.1.2.  Ground beetles

Predatory ground beetles play an important role in the reduction of the number of crop plant 
pests. They support the limitation of the population of aphids, eggs, fly larvae and pupae, 
beetles and the butterflies. They also feed on the adult specimens of these insects. They also 
include slugs (including the slugs of the Limax genus). The larvae of the ground beetles are also 
often characterised by greater voracity than the adult beetles (Holland 2002).

Scherney (1955, 1959, 1961), in the course of estimating the number of pests eaten by the 
species appearing commonly in agrocoeneses, stated that for example the golden ground 
beetle (common on the potato plantations in the north of Poland) can eat four to seven larvae 
of the Colorado potato beetle per day. Carabus cancellatus eats a similar number of larvae and 
Carabus granulatus, more common on the damper fields, eats even up to seven larvae per day. 
The slightly smaller species, such as Calathus fuscipes, of the Nebria genus or Agonum dorsale 
Pont., can, on a daily basis, eat the amount of food corresponding to 70 to 100% of their body 
weight.

It has been found in laboratory conditions that different stages of ontogeny of the Colorado 
potato beetle can be eaten by numerous species of such genera as: Acupalpus, Agonum, Amara, 
Anisodactylus, Bembidion, Brachinus, Calathus, Carabus, Chlaenius, Clivina, Cymindis, Harpalus, 
Platynus, Poecilus, Pterostichus, Stomis, Synuchus. A significant share of these beetles is common 
on extensively used fields and grasslands. More than 200 species of the ground beetles have 
been studied in field conditions. The summary of this research stated that 43% had butterflies 
in their diet, 20% – flies, 12% – true bugs (including aphids), 12% – beetles. They also included 
pests. Studies conducted on experimental fields show that the ground beetles can sometimes 
limit the presence of pests below the economic injury level (Sunderland 2002).

Ground beetles also feed on plant seeds. Once they climb the plants, they eat them out from the 
ears, umbels, etc. However, they mostly feed on seeds that already fell down and constitute the 
soil seed bank. Due to their food preferences, ground beetles are recognised as the organisms 
supporting weed control. Studies on the influence of the ground beetles on the presence of 

Orb webs of the Araneidae family and other types 
of webs among the vegetation of a marginal habitat. 
(Photo: I. Hajdamowicz)

Sheet-like webs of the Linyphiidae family  
and orb webs on a semi-natural meadow. 

(Photo: Ł. Trębicki)
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amaranth and goosefoots show that on the areas where these beetles had been eliminated 
there were 40–50% more of these plants (Tooley, Brust 2002). Therefore, ground beetles also 
influence the species composition and intensity of the presence of weeds.

The influence of agrotechnique elements on ground beetles is diversified, as beetles are 
subjected to different stresses acting in synergy with other ecological factors. These impacts 
are presented schematically against the background of ontogeny of ground beetles on the 
diagram presented below (Fig. 4).

Long-term studies (1970–1985) on invertebrates living in the arable fields in England showed 
a decrease in the number of predators and parasites in the final year of the studies by ca. 43% 
in relation to their initial population (Holland 2007).

The number and species composition of groups are significantly influenced by such factors 
as: tillage, kind of crop plant, rotational cultivation, fertilisation or use of pesticides (Hence 
2002; Holland 2007). Distortions in the soil environment, mainly related to tillage, are key to 

Fig. 4. Ecological and anthropogenic factors influencing the life cycle of ground beetles present in arable fields. 
(According to Holland 2002, modified)
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the diversity of ground beetles on arable lands. The use of deep tillage causes major changes 
in the conditions for invertebrates bound to this environment at different stages of ontogeny. 
These changes can result in flight of large predators, mechanical killing of larvae or exposure of 
ontogeny stages to disadvantageous ecological conditions (drying, temperature, antagonists).  
A large number of invertebrates spend the winter in the soil of arable lands. It is estimated 
that there can be approximately 1.5 million specimens of beetles per hectare (Holland 2007).  
They are very sensitive to the tillage method and the time when the measures are implemented.

The kind of crop plant is not insignificant either. In the case of root crops the density of ground 
beetles is relatively low and it increases with plant maturation, but it does not reach the diversity 
observed for example in cereals. The cover of soil is of major importance to general diversity 
and early activity of ground beetles. For this reason, winter crops are more advantageous,  
as in the spring time soil is already covered with plants.

Rotational cultivation can contribute to lower density of beetles and change in species 
composition of the groups. The kind of crop plant is also significant in this case. For example, 
sunflower and root crops cultivated before wheat have negative impact on ground beetles 
(Hence 2002).

Competently used natural and organic fertilisation usually bears positive influence on ground 
beetles (Hence 2002). Fertilisers are a source of additional food, they also increase the 
number of available hiding places (like, to a certain extent, mulching and overwinter stubbles).  
The influence of mineral fertilisers is, however, not documented well.

The use of pesticides affects the condition of ground beetles in agrocoeneses in a different 
way (Hence 2002). Insecticides (particularly of the old type) usually decrease the number and 
diversity of Carabidae, and recolonisation of crop plants depends on the quality of marginal 
habitats. Selective insecticides definitely do less damage. In this case it is important to use 
them directly in the places where the population of pests really develops. Here it is important 
to diagnose the issue quickly and to apply the measures on an area as small as possible – only 
where it is really required. The preferred insecticides are distributed with the use of more 
adhesive liquids (adjuvants). Distribution of insecticides on non-cultivated parts of the field 
serving as refuge to ground beetles should be avoided.

Herbicides can bear negative influence on ground beetles feeding on the seeds of weeds by 
means of reduction in their food base. In this case the better solution is also the use of selective 
herbicides.

Creating refuge places or areas around arable fields, serving as a source of alternative food for 
ground beetles, should ensure the maintenance of major biological diversity of these insects 
(Holland 2002; Holland 2007). It is also very important to maintain and reconstruct the wildlife 
“microcorridors”, which can for example be: the unmowed patches of plants, ditch escarpments, 
small ponds with surrounding vegetation, watercourse banks and lake shores, any waterlogged 
and marshy areas, lines of trees, hedges, road edges and baulks. The role of wildlife corridors 
can be played by non-cultivated technological beds. Hassall et al. (1992) conducted studies 
on such beds with the width of 6 m and they proved to be a good refuge and overwintering 
site for ground beetles. It also proved advantageous to maintain specific “environmental 
islands” in the structure of large-scale fields, created from strips (beds) of land with a width  
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of 2 m, raised to the height of approximately 40 cm (Thomas et al. 1991; Thomas 2002;  
Wright et al. 2013). In publications on the subject, such sites are referred to as the beetle bank.  
Their introduction into the field structure was highly significant for useful invertebrates in 
integrated agricultural production. They constituted a prey base, an overwintering site and 
a place of refuge for the time of implementation of agrotechnical measures. Thomas (2002) 
also proved in his studies that the density of ground beetles was higher on the beetle banks 
maintained for more than one year. The density of predators was also higher on them, even 
in comparison to the field margins. Such type of areas can be developed quickly and relatively 
cheaply, contrary to hedges, and the results achieved are similar.

A useful solution, favourable to the presence of ground beetles, is sowing seed mixtures of 
flowering plants (Hurej et al. 2015). Such sites are a kind of refuge to ground beetles and 
an alternative food base. However, their liquidation in the year of sowing is of little benefit.  
Frank et al. (2009) proved that the older such small fields are, the more useful arthropoda find 
refuge on them. It is therefore recommended that these sites are kept for two to four years.

4.1.3.  Orthoptera

Orthoptera appear on arable lands in small numbers. These lands, and cereals in particular, create 
a very specific environment to the Orthoptera. The dominant species here are of the Gryllidae 
and Tetrigidae families linked to open, well insolated places, but also with a major participation of 
species choosing tall plants, represented by the Tettigonidae family. Particular attention should 
be paid to species vanishing in Europe, such as Gryllus campestris and the species useful from 
the point of view of natural plant protection, such as Tettigonia viridissima. The main threat to 
the Orthoptera in the environment of arable lands is in the broadly understood intensification 

Tettigonia viridissima var. flava, with rare form of colouring. 
(Photo: Ł. Nicewicz)
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of agricultural production (Isenring 2010). It is related to an increased use of chemical plant 
protection products. Both the insecticides and the herbicides bear negative influence on the 
number and species variation of these insects. The Orthoptera die after insecticides are used 
(Lockwood, Schell 1997), as do most of the invertebrates, whereas herbicides bear indirect 
influence, reducing their food base, constituted by weeds. The more favourable solution for 
these insects may be the use of selective insecticides, not affecting this taxonomic group, 
and selective herbicides, not affecting monocotyledons, which are essential to most of the 
Orthoptera species. The best practice is to totally cease the use of chemical plant protection 
products, in accordance with the requirements of organic farming.

Another significant threat to the Orthoptera is the use of excessive doses of mineral fertilisers, 
especially nitrogen fertilisers (Van Wingerden et al. 1992). Large doses of fertilisers are endured 
by only few of the Orthoptera species (Marini et al. 2008). Additional fertilisation increases the 
density of plants, which results in less light reaching the soil. This creates bad conditions for the 
termophilic species, such as Gryllus campestris. It is more favourable to use mineral fertilisers in 
moderate doses or to replace them with natural or organic fertilisers. Only few species of the 
Orthoptera have adapted to living in plants cultivated on arable lands. The factor distorting the 
continuity of their generations is winter and spring tillage. Most of the species lay eggs shallow 
in the soil or on its surface and tillage prevents hatching of young specimens. Representatives 
of the Tettigonidae and Acridinae families, eggs of which overwinter in the soil, have no major 
opportunities to occupy arable lands permanently. Some species, such as Gryllus campestris or 
Tetrix subulata manage to avoid this problem, as they reproduce during the peak of the growing 
season, when tillage is not a threat to them. Owing to this, they are dominant on arable lands. 
A kind of solution is also to use no-till agriculture or skip-row planting. Most species of the 
Orthoptera on arable lands are determined by close vicinity of other type of habitats, such as: 
mowed meadows, pastures, set-aside and fallow lands, as well as different kinds of marginal 
habitats, on which tillage is not conducted (Rodríguez, Bustamante 2008). Such places also 
serve as a refuge to the Orthoptera during the harvest time. A good practice in this period is to 
harvest with a combine from the centre to the external edge of the field, which allows the flight 
of the Tettigonia and other useful insects. In a situation in which plots on arable lands have large 
area, it is a beneficial practice to introduce strips of seeded grass within arable lands or maintain 
wide baulks and shrubs within the plots (Thomas, Marshall 1999). On arable lands, perennial 
plants have positive impact on the diversity of insects, especially grasses. The most beneficial 
to the Orthoptera are grass mixes with a small amount of bean family plants (Badenhausser, 
Cordeau 2012). Other factors with positive impact on the Orthoptera include: cultivation of 
winter catch crops, leaving stubble catch crops for the winter, as well as cultivation of winter 
cereals instead of the spring ones. One of the significant threats to the less mobile, non-flying 
species of the Orthoptera is a dense road network in the vicinity of their habitats, as well as  
a large number of movements at the time of implementation of agrotechnical measures.
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4.1.4.  Apidae

The decreasing diversity of the Apidae is primarily a consequence of agricultural intensification. 
It is manifested by the creation of large-area monocultures and the increasingly intensive 
chemicalisation of agriculture on the more fertile soils, with simultaneous abandonment or 
afforestation of poor soils (Tryjanowski et al. 2011). Cultivation of cereal and root plants on 
large areas is not useful to the bees and the destruction of flowering weeds without regard to 
the economic injury levels, additionally impoverishes the food base of insects. The destruction 
of ruderal vegetation around the arable fields limits their availability of food.

A good practice beneficial to the Apidae is to seed fragments of fields with forage plants, 
such as: phacelia, buckwheat, alfalfa, clover, serradella, sainfoins, melilot and bird’s-foot trefoils. 
Depending on the needs and possibilities, the attractive species to the Apidae are the annual, 
biennial and perennial species.

Another practice supporting the Apidae is to take into account the economic injury thresholds 
when fighting weeds serving as a food base to them. Unfortunately, herbicide spraying is 
often performed without regard for this threshold. Decisions concerning the use of plant 
protection products by farmers should be made with regard to the principles of integrated 
pest management (Directive 2009; Rozporządzenie 2009). According to these principles,  
non-chemical (agrotechnical, mechanical, physical, biological and other) methods have the 
priority. Chemical protection can be used only when these turn out to be ineffective.

Ignoring the economic injury level is a mistake for several reasons. Farmers incur costs 
of unnecessary measures, which significantly increase the cost of production. However,  
the ecological aspect is more important. Flowering plants are destroyed and other organisms 
die together with them, often useful, such as for example the wild Apidae, existence of which 
is preconditioned by the presence of different species of forage plants. Another negative  
result of unnecessary chemical measures is the accumulation of toxic compounds in the soil.

Temporary roads on a strawberry plantation.  
(Photo on the left: D. Teper, photo on the right: M. Stańczak)
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Thickets and ruderal vegetation in the vicinity of a rapeseed plantation. 
(Photo: D. Teper)

An example of an “insect hotel” with nest material in form of reed cut into sections with a length of approximately 15 cm. 
(Photo: D. Teper)
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On large-area fields it is common to mark up temporary roads, which are often used by many 
species of solitary bees to create ground nests. These bees nest in the soil compacted by 
tractors and agricultural equipment and this is where their offspring overwinters. Tilling these 
roads after harvest and marking them up in the following season results in destruction of the 
created insect colonies. For this reason, it would be best for the roads on the fields to remain 
in the same place for many years.

Another factor limiting the diversity of the Apidae is a lack of place to create nests by the 
species nesting in empty plant stems. Their natural habitat are baulks and in-field patches of 
trees, as well as margins of fields and drainage and irrigation ditches with plants, e.g. of the 
Apiaceae family. The destruction of these refuges by means of tilling baulks, frequent mowing 
of the ditches and use of non-selective herbicides also contributes to the eradication of the 
bee populations living there.

Ruderal vegetation with empty stems can serve as a nesting site only if the stem is broken.  
In order to increase the availability of nesting sites, the so-called “insect hotels” are created for 
the bees, consisting of short sections of plants with empty stems (e.g. plants of the Apiaceae 
family, reed, etc.) bound into bunches of several pieces each. Variable diameter of the cut 
sprouts provides refuge to many species of the Apidae preferring different hole diameters. 
Such bunches are often placed in small open boxes protected with a small roof, and in the 
front with fine-mesh net, in order to protect the nests from being destroyed by the birds.  
Nest boxes should be located near the plantation, but not too close, so that the working fluid 
is not carried in its direction during plant protection measures. The vicinity of wild forage plants 
is also important.

4.1.5.  Butterflies

Butterflies, as the first-order consumers, hold a very important position in the ecosystems. 
From 1970s there has been observed a decrease in the number of butterflies in Europe 
and in particular in the case of the easily observable diurnal butterflies (Van Swaay, Warren 
1999; Buszko, Nowacki 2002). In this group, as many as 12% of butterfly species are at risk 
of extinction, and many others significantly decreased the areas in which they are present  
(Van Swaay, Warren 1999). One of the most important factors causing the decline in the 
number of butterflies is the agricultural intensification, which among other things caused the 
loss of many habitats necessary for the butterflies to go through full ontogeny. Many species 
of diurnal butterflies live in arable lands and the elements of the landscape accompanying 
them (baulks, patches of trees, etc.). Their major diversity is particularly recorded on the 
crops of intensively flowering plants, e.g. on the fields with clover and alfalfa or rapeseed.  
It is also possible to find there species such as: Colias croceus, Colias hyale, Colias erate,  
Cupido argiades, Polyommatus icarus, different species of the Nymphalis genus, as well as many 
species of the nocturnal butterflies. Most of them are species neutral to the crops, but few 
of them, e.g.: of the Pieris genus: brassicae, rapae, napi, as well as Plutella xylostella, Ostrinia  
nubilalis, the Plusiinae subfamily are referred to as the crop plant pests. Also included in this 
group was the black-veined white, which was considered a pest until the latter half of the 
1970s, when it practically vanished from the territory of our country (Buszko, Masłowski 2008; 
Sielezniew, Dziekańska 2010).
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Elimination of undesired organisms, which include the caterpillars of diurnal and nocturnal 
butterflies, is currently mainly based on the use of insecticides.

Although the use of insecticides within the last half-century increased, the percentage of 
crops destroyed by the pests have not decreased (Oerke 2006). Furthermore, the use of 
insecticides causes a range of negative results for biological diversity. These agents, even if 
partially selective, affect the butterflies recognised as pests, as well as the ones that are not 
pests. Moreover, many species among the controlled organisms gain genetically conditioned 
resistance to a particular chemical compound. On the other hand, it is estimated that no use of 
chemical agents would result in a decrease in crops by only 30% (Oerke 2006).

An alternative to chemical plant protection are methods based on the use of natural allies of 
humans (enemies of the pests) in plant protection. Such organisms include the insecticidal 
nematodes, mites, spiders, parasitic insects (parasitoids) and predatory insects (Bereś 2015).

Another example of an ally in the fight against butterflies recognised as pests are hymenopterans 
of the Trichogramma genus. These small insects attack the eggs, for example of Ostrinia  
nubilalis, mainly found in corn. Trichogramma evanescens, one of the species of this genus, can 
parasite on ca. 20% of eggs of the Pieris genus and over 50% of the eggs of the cabbage moth.  
The useful activity of the Trichogramma consist in the adult hymenopterans laying one to 
a dozen or so eggs into the egg of the host – the butterfly. Next, the larvae consume the 
contents of the eggs they feed on. After the eclosion of the larvae, a new generation of the 
Trichogramma flies out of the destroyed eggs. This insect can be introduced on plantations with 
the use of appropriate biopreparations, which is rather inefficient on open spaces. However, 
many parasitoid species naturally reach significant populations, provided that there is no lack 

Large skipper collecting nectar covered in flower pollen. This butterfly, owing to dense bristles and entering inside 
the flowers, is able to pollinate efficiently. (Photo: G. Kaliszewski)
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The Old World swallowtail, one of the largest Polish butterflies, often found on the fields with flowering clover. 
Species listed on the Red List of Threatened and Declining Species in Poland, category: LC. (Photo: G. Kaliszewski)

of habitats where they can develop. Young caterpillars of butterflies are also eaten by ladybirds 
and the insects of the Chrysopidae family (Bereś 2015), which also need marginal habitats, 
where they can find refuge during agrotechnical measures, an overwintering site or a source 
of additional food.

A more frequent phenomenon in natural conditions than direct killing, is indirect contribution 
of parasites to the death of organisms on which they feed. It is known that some parasites 
decrease the condition of the host, as a result of which it becomes an easier prey to the 
predator (Pojmańska, Niewiadomska 2010).

The natural enemies of pests existing in nature do not destroy them in 100%. However, their 
activity limits the population of the undesired species to a significant extent, which results 
in the fight with the pests often becoming unnecessary or easier and cheaper. This is why 
in integrated pest management it is fundamental to create advantageous conditions to the 
development of natural enemies of crop plant pests (Wiech et al. 2005).

An important tool of a farmer in limiting the presence of pests, including harmful butterflies,  
is diversified crop rotation. Alternating cultivation of plant species belonging to different 
families, which are hosts to different organisms, prevents the accumulation of crop plant pests. 
The situation of a significant increase in population of a butterfly often occurs when the same 
plant species is cultivated repeatedly after one another (Pruszyński et al. 2012).

Maintenance of major diversity in diurnal butterflies is not only favoured by appropriate 
agricultural practices on arable lands. It is also important for them to maintain the heterogeneity 
of the landscape (Saarinen 2002; Fahrig et al. 2011; Dembek et al. 2014). It is a result of 
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major requirements of the butterflies with regard to host plants, some of them are oligo- and 
monophages, i.e. species that feed on a narrow range of plant species. The second important 
aspects is the diversity of habitats occupied by particular species. In some cases larvae develop 
in the field-forest ecotone zone, or in patches of trees, and adult specimens collect nectar from 
flowers growing on baulk, semi-natural meadows, etc. It is also important for the plants on 
at least a part of the areas belonging to different elements of the landscape to be able to go 
through full ontogenesis, as butterflies feed on different fragments of plants, and the species 
composition of groups of butterflies also changes during the vegetation season. It is often 
proposed that the arable lands are surrounded with strips sowed with different flowering plants 
attracting butterflies. However, as studies of Haaland and Bersier (2011) showed, this method 
mainly supports common and omnivorous species.

A varied agricultural landscape in the Kuyavian-Pomeranian Voivodeship and the Warmian-Masurian Voivodeship. 
(Photo on the left: A. Szczepaniuk, photo on the right: A. Kazuń)
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4.1.6.  Summary

Agricultural practices supporting the protection of a rich diversity 
of invertebrates on arable lands and in the elements of agricultural 
landscape surrounding them

•	 protection of diversity the elements of agricultural landscape, including patches  
of trees, shrubs, as well as hedges (they should be trimmed at the end of winter, 
best according to a two- three-year cycle, not all of the vegetation should be 
trimmed at the same time);

•	 leaving natural vegetation along the permanent fences, in-field roads, around 
electric poles;

•	 creating strips of vegetation, along large fields or arable field complexes,  
with a width of at least 6 m consisting of bunch grasses, natural herbaceous plants 
or enriched with added honey plants (the soil environment of the patches should 
not be interfered with), mowing them once per 3–5 years;

•	 creating beetle banks on fields larger than 16 ha, i.e. 2 m wide elevated strips; 
the distance between the strips should not be less than 120 m; a freshly founded 
beetle bank should be seeded with bunch grasses and only mowed in the first year 
in order to strengthen the growth of the plants;

•	 alternating mowing of the edges of the drainage and irrigation ditches, so as not 
to completely liquidate the accompanying vegetation and maintain not too steep 
ditch escarpments;

•	 leaving strips of vegetation along natural watercourses and around water 
reservoirs uncultivated;

•	 creating so-called insect hotels near the fields in order to improve the nesting 
base for the Apidae;

•	 creating forage plant strips for bees that ensure flowering from spring until 
autumn as well as refuge and alternative prey base for the invertebrates;

•	 limiting ruderal plant control on the margins of the fields;
•	 decreasing the area of fields in order to increase their marginal area;
•	 avoiding changes in the location of temporary roads on the fields;
•	 applying diversified crop rotation;
•	 implementing tillage methods minimising intervention into the soil, in particular 

the conservation (no-till) agriculture;
•	 abandoning or limiting the use of chemical plant protection products, in particular 

the dangerous non-selective insecticides;
•	 using natural and organic fertilisers and limiting the use of mineral fertilisers;
•	 leaving plant residues, stubbles and green fields over winter.
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4.2. Good agricultural practices on permanent grasslands

4.2.1.  Spiders

Spiders are abundant in all the environments, including permanent grasslands, where they 
sometimes reach significant densities. Studies conducted in Poland indicate that the numbers 
of spiders reach in this type of habitats up to 70 specimens/m2 (Kajak 1978). Studies 
conducted in Belgium by De Keer and Maelfait (1987, 1988) proved that on intensively grazed 
pastures Oedothorax fuscus Bl. reached the density exceeding 150 specimens/m2, whereas 
the density of spiders of the Erigone genus here reached even more than 300 specimens/m2.  
The most numerous families of spiders present in permanent grasslands in Poland include:  
the Linyphiidae, the Lycosidae, the Araneidae, the Thomisidae, the Pisauridae (Kajak 1962; 
Kajak 1981; Staręga 1989).

Intensification of agricultural production, consisting among other things in the increased use of 
mineral fertilisers, chemical plant protection products or the use of modern equipment combined 
with land drainage and irrigation, significantly contributes to a decrease in numbers of many 
groups of organisms (Donald et al. 2001; Kleijn et al. 2009; Stoate et al. 2009; Van Dyck et al. 
2009). This also applies to spiders, which, although present in great numbers on permanent 
grasslands, are a group of invertebrates that is highly sensitive to changes in parameters of the 
habitat they live in, particularly if these changes concern its spatial structure (Duffey 1993; 
Uetz 1991). Therefore many typical pratotechnic treatments on permanent grasslands, such 
as the use of herbicides, fertilisation, grazing or mowing, can significantly decrease the species 
diversity and abundance of spiders (Bell et al. 2001). In areas with a major share of intensively 

Erigone dentipalplis is a species with body size not exceeding 2 mm, which belongs to the Linyphiidae family,  
present in great numbers on the meadows, particularly in the litter layer, feeding on small insects. 
(Photo: J. Kupryjanowicz)
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cultivated lands, species richness and abundance of spiders are usually lower than in the areas 
where agriculture is not as intensive (Batáry et al. 2012). Spider assemblages are particularly 
threatened by the activities which change the structure of the habitat in a very short time,  
as for example in the case of mowing. This measure is commonly used in order to obtain fodder 
for animals, as well as in active protection of grasslands, which prevents their overgrowing and 
succession. In order to evaluate the impact of mowing on invertebrates, many studies have 
been conducted, some of which also concerned spiders. These studies proved that mowing 
usually bears negative influence, causing a decrease in the abundance and species diversity of 
spiders (Nyffeler, Breene 1990; Baines et al. 1998; Polchaninova 2003; Thorbek, Bilde 2004). 
As animals less mobile than for example insects, spiders can suffer much more in a short time 
than for example butterflies or beetles capable of flying (Mazalová et al. 2015).

The decrease in the number and diversity of spiders during mowing is a result of several factors. 
First of all, spiders die directly at the time of this treatment, second of all, some of the ones 
that survived emigrate from this habitat right after the plants are cut. Thorbek and Blide (2004) 
proved in their studies that the number of spiders can decrease by as much as 50% within 
a week from the time the grass is cut as a result of these two factors. The most important 
factor that can affect the decrease in the abundance and species diversity of spiders, is change 
in the structure of the habitat. It is not only a result of vegetation being cut, but also of soil 
being destroyed by equipment at the time of mowing and collection of hay. The structure of 
vegetation is particularly important to the web-weaving spiders (Uetz 1991) and it is obvious 
that its destruction prevents many species of spiders from spinning webs and acquiring food, 
which therefore leads to their emigration from such environments. Furthermore, plants are 
used by spiders as the sites for courtship, laying eggs, refuge, overwintering and as platforms 
from which they can spread on gossamer threads (Robinson 1981; Uetz 1991; Wise 1995).  
A drastic change in the structure of vegetation also bears influence on the change in such  

A female of Araneus quadratus of the Araneidae family,  
a large spider (body size of females up to 20 mm) 
present in great numbers on the meadows.  
This spider is characterised by major variability in 
colouring, from brown, to orange, yellow and white. 
(Photo: Ł. Trębicki)

Spiders of the Araneidae family spin orb prey-catching 
webs among the plants on the meadows. 

(Photo: M. Żabka)
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factors as: temperature, humidity, food availability or predation pressure (Bock et al. 1992; 
Guido, Gianelle 2001; Gardiner, Hassall 2009). All these factors clearly determine the 
composition and abundance of spider assemblages. In order to avoid drying, spiders travel 
to places with higher vegetation, where humidity is higher, and the temperature is lower  
(De Keer et al. 1989). Furthermore, in an open habitat, spiders can become easier prey to the 
predators, mainly birds (Gunnarsson 1996). The food supplies is also decreasing as a result of 
mowing, including the abundance of springtails which constitute basic food for many species 
of spiders (Purvis, Curry 1981).

Wasp spider is one of the most numerous spiders 
of the Araneidae family appearing on permanent 
grasslands spinning their prey-catching webs among 
herbaceous plants. It can be easily identified by the 
characteristic yellow, white and black colouring. 
(Photo: Ł. Trębicki)

Oak spider – a large spider of the Araneidae family  
with a distinctive pattern on the abdomen  

in the shape of an oak leaf. (Photo: M. Pasik)

Microlinyphia pusilla (Sund.) – a small species of a spider of the Linyphiidae family with body length of ca. 4 mm, 
constructing sheet webs among low vegetation on the meadows. 
(Photo: J. Kupryjanowicz)
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Particular families or even species of spiders can react to a different extent to changes 
appearing during mowing. Thorbek and Blide (2004) proved in their studies that the spiders 
of the Linyphiidae family present in great numbers in the meadows reacted differently to 
mowing – for Erigone atra (Bl.) the most severe was mowing itself (it dies at the time of mowing), 
whereas Bathyphantes gracilis (Bl.) emigrated directly after mowing. Studies of Cattin et al. 
(2003) conducted on wet grasslands in western Switzerland proved that mowing reduced the 
abundance of spiders of some of the less mobile families, such as Clubionidae or Hahniidae.  
In the case of spiders of the Clubionidae family this could be related to mowing of reed 
dominant in the studied area, as its dry stems are used by these spiders as overwintering sites. 
On the other hand, the negative influence on the epigeic species of the Hahniidae family can 
be a result of changes in the structure of litter and soil surface. For example, one of the spiders 
of this family, Antistea elegans (Bl.), constructs webs in small cavities in the soil, which are 
destroyed in the course of mowing.

Although mowing usually bears significant influence on the abundance and species diversity of 
spiders, this influence can be decreased. The method of mowing is highly important, including 
the kind of equipment used. However, the key factor is the time of mowing. Mowing or Cuts  
conducted in the middle of summer have a much more negative impact on species diversity 
and abundance of spiders than those conducted in spring or in autumn (Baines et al. 1998).  
Therefore, greater diversity of spiders is favoured by avoiding summer mowing with  
simultaneous keeping their total number to a minimum. Furthermore, it is good to diversify 
the times of mowing locally, as there is no ideal time if protection of many groups of animals 
is taken into account (Cizek et al. 2012). Synchronised mowing on large areas significantly 
decrease species diversity, therefore it is recommended to vary mowing on a particular area, 
both in terms of time and in terms of space (Cizek et al. 2012).

Many groups of invertebrates (including spiders) usually reach greater numbers in the strips of 
unmowed grass (Mazalová et al. 2015), which indicates that specimens that emigrated from 
the mowed areas gather there. Therefore, leaving unmowed fragments until the next growing 
season allows to mitigate the adverse effects of mowing. For practical reasons, the uncut 
vegetation should be left at the border of the mowed area and it can be disposed of every two, 

Ebrechtella tricuspidata (F.) – a spider of the Thomisidae family with body length of ca. 5 mm actively hunting among 
herbaceous plants, numerous on the meadows. Picture on the left: female, on the right: male. 

(Photo: J. Kupryjanowicz)
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three years (Baines et al. 1998). This is additionally supported by the fact that both the structure 
of vegetation and the spider assemblages are much more rich on the margins of grasslands 
than in their centres (Knop et al. 2006). Owing to such permanent and undistorted fragments 
of habitats serving as refuge, spiders can recolonise the mowed areas of the grasslands.  
Studies proved that such refuge can even be grass that is mowed and left to dry, which allows 
the organisms to find refuge right after mowing (Thorbek, Bilde 2004).

Also significant to spiders are such factors as the height of the remaining, unmowed grass,  
as well as the type of equipment used at the time of mowing. Sickle bar mowers are safer to 
many invertebrate groups in comparison to the rotary ones (Humbert et al. 2010). Vegetation 
varied in terms of height also supports the diversity of spiders (Baines et al. 1998).

Another element of agricultural practice on permanent grasslands that can influence the 
abundance and species diversity of spiders is animal grazing and the related browsing, treading 
on plants and destruction of litter (Bell et al. 2001). At the time of grazing, similar as in the 
case of mowing, there occur changes in the structure of vegetation, which entails changes in 
humidity and isolation of a particular habitat. This causes that spiders can move to places that 
are more favourable to them. Grazing animals destroy spiders’ webs and ground spiders are 
even killed by them while they tread on a soil (Duffey 1975). However, the impact of grazing 
on species diversity of spiders still remains ambiguous and it can depend on several factors: 
its intensity, the time in which it is conducted, the type of habitat, and even on the species of 
grazing animals.

Intensive grazing results in the presence of solely low vegetation in the habitat, which can 
therefore be inhabited exclusively by epigeic (ground) spiders, which are highly capable of 
moving (Bonte et al. 2000). On the contrary, extensive grazing, which results in a mosaic 
of varied microhabitats, can result in an increase in species richness of different groups of 
invertebrates, including spiders (Zahn et al. 2007). However, there are studies indicating a lack 

Flower crab spider – a spider of the Thomisidae family living among the plants on the meadows, where it hunts by 
ambushing insects visiting flowers. Females can change their colouring depending on the colour of flowers they are on. 
Picture on the left: a female with yellow colouring (Photo: Ł. Trębicki), a female with white colouring on the right 
(Photo: M. Żabka)
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of clear differences in the number and diversity of spiders on the areas where extensive grazing 
was conducted (0.5 LU/ha) and on areas with intensive grazing (>1 LU/ha); (Batáry et al. 2008). 
Studies of Birkhofer et al. (2015) also did not confirm that the number of species on the areas 
where grazing was very intensive was lower, but they proved that the average body length of 
spiders there was lower.

Lenoir i Lennartsson (2010) proved that the spider assemblages are influenced by the time of 
grazing, which is closely related to the height of the browsed plants. Small spiders were more 
numerous on the areas where grazing was used from May to September, whereas large spiders 
were more numerous where grazing started in mid-July. In the latter case vegetation was on 
average 0.5 to 2 cm higher and moreover there were more places with higher vegetation there. 
In the opinion of the mentioned authors this can correspond, among other things, to more 
resourceful food supplies available in such places. The composition of spider assemblages can 
also be influenced by which animals are grazing in a particular area. For example, grazing of 
sheep has lower impact on web-weaving spiders than that of sheep and cattle (Dennis et al. 
2001).

Similarly to mowing, in order to minimise the negative impact of grazing animals on spiders it 
is crucial to keep places with vegetation that is not browsed. A perfect solution would be to 
conduct grazing so that plants have various height on used lands. A not very intensive grazing 
should also be preferred, so that treading and eradicating litter and browsing vegetation is not 
very destructive for spiders inhabiting this environment.

Apart from mowing and grazing, which mechanically change vegetation structure and 
consequently microclimate conditions of a habitat, using chemical products in the form of 
mineral fertilisers or herbicides can also influence the diversity of spiders. These products are 
generally used on arable lands. In many cases, however, arable lands are close to permanent 

Pisaura mirabilis – a spider of the Pisauridae family with 
body length of ca. 15 mm, numerous on permanent 
grasslands. Mature specimens actively hunt  
the prey and females take care of the cocoons  
and the spiderlings. (Photo: Ł. Nicewicz)

A female spider of Pardosa palustris L. with a cocoon 
containing eggs. These spiders are active hunters living 
in a green growth layer, which do not construct webs. 
Females of many species of this family carefully guard 

their offspring. (Photo: M. Żabka)
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grasslands, whose borders are also exposed to such substances. Both fertilisers and herbicides 
can change the soil structure through accelerating or limiting plant growth or their complete 
eradication. Studies conducted in respect of the influence of these products on araneofauna 
lead to various conclusions. Everts et al. (1989) showed that herbicides had no impact on 
spiders, although they studied only epigeic spiders, which are not as closely linked to plants 
as web spiders. Other studies, conducted in Great Britain, also confirmed lack of influence 
of herbicides on epigeic spiders, while in the case of web spiders, they revealed that when  
a high herbicide dose was used, this influence was very strong (Haughton et al. 1999). Intensive 
fertilisation can also cause the decrease of species diversity of spiders, which was confirmed 
by Birkhofer et al. (2015) in the studies conducted in Germany. Their authors suggest that 
intensive fertilisation makes the environment uniform, i.e. it eliminates fragments of non- 
-uniform vegetation. It had its impact on the elimination of some closely related spider 
species, although the number of endangered spider species has also significantly decreased. 
Moreover, intensive fertilisation can affect the abundance of potential spiders’ preys, which 
influences the composition and abundance of spider assemblages (Birkhofer et al. 2008; 
Garratt et al. 2011). The studies conducted by Kajak (1981) in meadows intensively fertilised 
with mineral fertilisers revealed that after their application the abundance of active species 
with large bodies of the Lycosidae family decreased, but the densities of less active and 
small species from the Linyphiidae family increased. The consequence of this change was 
loss of the average weight of specimen on fertilised grounds and decrease in the degree of 
penetration of an area by spiders. Other studies conducted in Switzerland did not reveal any 
differences between the abundance of invertebrates (including spiders) on fertilised and non- 
-fertilised plots, however the doses of natural fertilisers were average (Andrey et al. 2014).

Pardosa palustris L. – female spider of the Lycosidae family (wolf spiders) with its offspring on the abdomen. 
These epigeic spiders are found in large numbers on meadows where they actively pray mostly on insects. 
(Photo: M. Stańska)
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Since the use of fertilisers and herbicides in large doses can result in the decrease of the 
abundance and diversity of spiders, it is recommended to reduce their doses, especially on 
margins that constitute important refugia (Haughton et al. 1999).

The measures that should be undertaken to maintain or improve the species diversity of spiders 
depend to a large extent on a given habitat. There are, however, some general rules that can 
be implemented on permanent grasslands, contributing to the conservation of the diversity of 
spiders:

1. Extensive land-use, i.e., mowing less frequently, using rather small doses of mineral 
fertilisers and herbicides, not too intensive grazing of animals.

2. Retention of refugia, i.e., unmowed or ungrazed fragments. It would be preferable for these 
places to be diversified with respect to the height and structure of plants.

3. Summer mowing should be avoided because it has a much more negative impact on spiders 
than mowing in the spring or autumn.

4. Synchronised mowing on a large area should be avoided; different fragments should be 
mowed at different times.

Following the above recommendations creates favourable conditions for the establishment  
and conservation of the most diverse habitats. It gives rise to both large- and small-scale mosaic 
of habitats, which contributes to high species diversity of spiders.

The Heriaeus graminicola of the Thomisidae family is a rare spider species included in the “Red List of Threatened 
Animals in Poland” which occurs in large numbers on wet meadows. 

(Photo: J. Kupryjanowicz)
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4.2.2.  Ground beetles

Permanent grasslands are natural refuges for ground beetles in the agricultural landscape. 
The diversity of these insects is higher on grasslands than on arable lands due to a lower 
degree of intervention in their soil environment and the permanent plant cover. Sadly, the 
transformation of meadows and pastures into arable lands and other activities have led to 
the eradication of many environmentally valuable habitats. It has caused significant changes 
in the species compositions of the communities of ground beetles, mainly at the expense of 
specialised species. An apt example are periodically flooded meadows where drainage and 
the simplification of the structure of their plant cover cause gradual disappearance of species 
strongly associated with alluvial areas (Sienkiewicz 2003; Sienkiewicz, Żmihorski 2012).  
The resultant niche is filled with ubiquitous and usually common species (eurytopic).  
The original fauna of a transformed environment loses to their successors when faced with 
new conditions. The species that disappear in such a situation are mainly stenotopic species 
(with narrow specialisation in terms of their habitat), which are often at risk of extinction.  
For instance, 228 species of beetles inhabiting xerothermic ecosystems and dunes are 
endangered (more endangered species are found only among those associated with primary 
forests – 397), in ruderal, segetal and pasture environments – 75, on peatlands and mires – 42,  
on mesic meadows – 33, on salty sites – 31 (Pawłowski et al. 2002). Out of nearly 1000 species 
considered as endangered (excluding species extinct in Poland), over 400 beetle species are 
associated with different types of grasslands.

The basic threats to the ground beetle associated with permanent grasslands include the 
intensification of the methods of land-use (mowing or grazing), changes in the water conditions 
of meadows in alluvial areas, the absence of refuges and prolonged accumulation of mowed 
biomass (Van de Poel, Zehm 2014). Another important factor is a sudden depletion of the 
food supply of those ground beetles that feed on plants (Cizek et al. 2012). From studying 
mesic meadows in Mazovia, Czechowski (1989) concluded that the population of ground 
beetles decreases alongside the increase in the intensification of land-use. This conclusion 
is also confirmed by other researchers who have analysed many different types of meadows 
(Sienkiewicz, Żmihorski 2012).

Pratotechnic treatments change the ecological parameters of the environment and, hence,  
play a role in the reduction of the population of ground beetles inhabiting grasslands, although 
to a much lesser extent than in the case of arable lands. Even mechanical mowing of meadows 
alone has a negative influence on ground beetles. They are flushed out, damaged and killed 
(Classen et al. 1993), although a lot of species inhabiting meadows escape from the danger 
(Siepe 1994; Olejniczak 1998).

According to the literature, populations of herbivorous species on meadows grow alongside 
the increasing intensification of their use (Kondracki 1994; Chudzicka 1989). It seems that this 
principle also applies to communities of ground beetles found on wet and mesic meadows. 
Moreover, the use of periodically flooded meadows eliminates hygrophilous species and 
creates favourable habitat conditions for species with a wide range of preferences in terms of 
humidity (Czechowski 1989; Luka et al. 1998b, Olejniczak 1998). In this situation, species such 
as the Harpalus rufipes and other representatives of the genera of Harpalus and Amara start to 
occur in growing numbers (Tischler 1971; Olejniczak 1998).
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In the case of xerothermic dry grasslands, a large percentage of ground beetles are 
hemizoophagous species endangered by such practices as mowing too early, intensive grazing 
or the removal of uneaten parts, among others.

In the case of grazing cattle, Basset and Fraser (2015) showed that changing the structure 
and composition of the pasture plants, treading and compacting the soil are potential threats 
to ground beetles. However, the observed responses of ground beetles to grazing are varied.  
High biological diversity, not only of ground beetles, was observed in the case of grazing carried 
out from mid-July at the earliest (Lenoir, Lennartsson 2010).

The conservation of ground beetles inhabiting permanent grasslands should be related to 
the conservation of permanent refuges and the minimisation of the negative impact of the 
performance of pratotechnic treatments (Cizek 2012; Van de Poel, Zehm 2014). A desirable 
result can be obtained by delaying mowing and grazing until the second half of July (Lenoir, 
Lennartsson 2010; Mazalova et al. 2015) and using only a part of a meadow in a given year 
to provide arthropods with refugia. What is also important is the method of mowing and,  
as in the case of spiders and orthopterans, good results are obtained by mowing outwards from 
the centre of a meadow with a sickle bar mower at the height of more than 10 cm.

Mosaic mowing, i.e., mowing different fragments at a different time, produces satisfactory 
results when carried out in a three-year rotation and is recommended especially if refugia 
are located more than 50 m away (Cizek 2012; Van de Poel, Zehm 2014). It allows beetles to 
escape the mowing and to recolonise meadows after the mowing.

The literature data also indicate that biomass should be gathered after mowing as soon as 
possible. In order to protect the majority of arthropods from different trophic levels, it should 
be done the next day after mowing (Van de Poel, Zehm 2014).

4.2.3.  Orthoptera

In Europe, orthopterans inhabit mainly open, grassy ecosystems, such as permanent grasslands. 
These insects are an important consumer of grass and have a positive impact on plants by 
browsing and fertilising them with their excrements (Averensky et al. 2010). The population 
and diversity of orthopterans is directly dependant on the type of the habitat. The most diverse 
assemblages of species occur on xerothermic dry grasslands inhabited by many rare and protected 
species, such as the steppe spiny bush-cricket, eastern saddle bush-cricket, eastern cricket, 
longhorn beetle and Italian locust. Another valuable habitat with a variety of these insects are 
wet meadows inhabited by an abundance of species, such as the Chorthippus montanus, short- 
-winged conehead, large marsh grasshopper, Protaetia speciosissima and rare leek grasshopper 
(Bazyluk, Liana 2000). A key element in the conservation of the high diversity of orthopterans 
is maintaining valuable habitats in the best possible state. A serious threat, especially to 
relatively immobile and flightless orthopterans, is habitat fragmentation and excessive mowing 
(Samways, Lockwood 2001; Poniatowski, Fartmann 2010). The most beneficial solution would 
be traditional mowing and haymaking. The conservation of the habitat integrity and the 
presence of wildlife corridors is very important for some species of orthopterans. The rarest 
species of orthopterans are those with limited mobility. Maintenance of appropriately large 
and properly used habitats would ensure the survival of the population of rare species of 
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orthopterans which could colonise adjacent habitats. What is also important is the reduction 
of the number of travels during the performance of pratotechnic treatments which are  
a threat to flightless species such as the large gold grasshopper or bog bush cricket. The time 
and type of mowing also have a major significance (Humbert et al. 2009). Mowing, preferably 
with sickle bar mowers, should begin in the centre of a meadow to allow orthopterans and 
other animals to gradually withdraw from the habitat. The time of mowing should be adjusted 
to the needs of a given habitat, i.e., late for wet meadows and early in the case of mesic 
meadows. The top priority in the conservation of orthopterans is the conservation of their 
habitat, without which species protection will be completely ineffective. In the case of this 
order of insects, especially on wet meadows, it is recommended to leave some fragments 
unmowed over the winter because some species lay eggs not in the soil but on the stems of 
plants. Mowing once every few years is also recommended in some habitats. Moreover, it is 
important to maintain a highly diverse landscape around permanent grasslands, for example,  
in the form of shrubs or small ponds. Some species, such as the dark bush-cricket, are asso-
ciated with shrubs. Most species of orthopterans are sensitive to an excessive use of mineral 
fertilisers. Limiting their application on intensively used meadows allows for a more effective 
conservation of the diversity of orthopterans (Marini et al. 2008). Moderate fertilisation with 
natural fertilisers has a positive influence on the soil pH and contributes to the maintenance 
of diverse lichen, which is an excellent food supply for orthopterans. Many valuable habitats 
and, in consequence, the orthopterans living there are endangered by the transformation of 
these habitats into arable lands, their afforestation or development (Kędziora 2007). Another 
very crucial practice implemented on permanent grasslands is grazing, especially in the case of 
mesic meadows and dry grasslands. The largest populations of some species of orthopterans 
are found in particular on pastures (Bontjer, Plachter 2002). Other species, e.g., the European 
mole cricket, hibernate in horse manure or prey on flies that live around the manure.  
The presence of livestock on a pasture reduces the domination of species associated with  

Large marsh grasshopper. (Photo: P. Radzikowski)
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high-growing grass. In many European countries, including Poland, the number of grazed 
animals is decreasing and permanent grasslands lose their significance as a source of animal 
feed which is replaced with corn silage.

One of the biggest threats to the diversity of orthopterans in Poland is an inverse process 
of intensification, i.e., the abandonment of agricultural land-use (Jankowska-Huflejt 2008). 
It is manifested on permanent grasslands by the accumulation of dead organic matter,  
the encroachment of invasive species and, eventually, by succession that leads to the forma- 
tion of a forest. Orthopterans can survive on uncultivated lands for a relatively long time but 
their species diversity eventually starts to diminish (Fartman et al. 2012). Only few species 
inhabit forest environments. Some of the good practices that contribute to the conservation of 
open habitats are mowing them at least once every few years, removing overly dense patches 
of trees and extensive grazing.

4.2.4.  Apidae

The occurrence of wild bees in every environment, including permanent grasslands,  
is determined by the availability of their food supply and the presence of appropriate places 
for building nests. Flowering plants occur in large numbers on meadows, mainly in the spring, 
and provide insects with forage. Therefore, the basic practice enabling the development of wild 
bees is delaying mowing until the end of the flowering period of most entomophilous plants. 
Farmers can additionally enrich bees’ forage supply on agricultural lands by undersowing 
them with red or white clover. The second factor determining the occurrence of wild bees 
on grasslands is related to soil moisture which depends on the type of soil and the level 
of underground water. In the absence of plants providing places for building nests, most 
bees living in such conditions are species that nest in the ground, hence the importance of 
appropriate soil moisture. Therefore, mesic meadows are particularly valuable to these insects.  

White clover in the green growth on a pasture. (Photo: D. Teper)
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High level of underground water and periodic flooding of waterlogged meadows prevent bees 
from building nests in the ground.

Different conditions are found on pastures where plants are systematically browsed and 
trodden by livestock. Such usage of pastures results in a small number of flowering species. 
Apart from grasses, small-seeded legumes, including the most desirable white clover, are also 
found in these habitats. The bird’s-foot trefoil and medick are also commonly occurring species.

Moreover, a vital component of pasture flora are herbs. They are a beneficial ingredient of 
feed, as well as an excellent forage for Apidae. Especially plants of the mint family are worthy 
of attention, for instance, the red dead-nettle, meadow sage, common self-heal or ground-ivy 
and the Breckland thyme found on dry and poor sites, usually near forests, which is foraged by 
a lot of bees.

The plant species composition of meadows depends on many factors, such as the type and 
fertility of soil and its water level. In order to preserve high diversity of plant species on pastures, 
mineral fertilisation with nitrogen should be reduced because nitrogen accelerates the growth 
of grasses which choke other valuable species and drives out legumes and herbs. Sowing seeds 
of small-seeded legumes on pastures improves the quality of feed and bees’ forage.

The intensity of grazing on pastures is decisive for their usefulness to Apidae. Too much 
grazing pressure on a pasture results in heavy browsing of plants and intensive treading, 
which impoverishes the pasture flora, whereas large doses of nitrogen from animal excrements 
excessively fertilise the soil and cause changes in the plant species composition.

The Breckland thyme is a very attractive plant to bees. (Photo: D. Teper)
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Dry pastures with a sufficient food supply provide favourable nesting conditions for bees living 
in the ground. Species nesting in hollow plant stems usually growing on pasture margins are 
faced with less favourable conditions.

According to Dylewska (1996), there are 28 species of bumblebees found in Poland and the 
most frequent ones are the buff-tailed bumblebee, red-tailed bumblebee, common carder bee 
and white-tailed bumblebee. Individual species are characterised by varied habitat requirements. 
Some of them are typically forest species found on fields, some live on forest margins and fields, 
some inhabit the highlands, and there are also so-called steppe species. Bumblebees inhabiting 
open areas are found on both meadows and pastures. They include the buff-tailed bumblebee, 
northern white-tailed bumblebee, red-tailed bumblebee, large garden bumblebee, great yellow 
bumblebee, Bombus fragrans, shrill carder bee, Bombus veteranus, red-shanked carder bee,  
large carder bee, brown-banded carder bee, common carder bee.

Most bumblebees found in Poland nest in the ground in burrows left behind by moles or 
rodents. However, some of them also choose rubble heaps or piles of stones, tree hollows or 
bird boxes. Other species, such as the common carder bee, often build nests on the ground 
surface in tangles of grass. Meadows and pastures rich in flowering forage plants are attractive 
habitats to bumblebees also because of the availability of sites for building nests.

Due to strict hygiene requirements imposed on milk producers, in many regions in Poland, 
especially those with small-scale farming, the headage of milk cows has dropped drastically.  
In these areas, cows were grazed from spring to autumn usually on pastures owned by rural 
land-sharing communities. In consequence of the decrease of the headage of cattle, these 
pastures are hardly or no longer used. Since the plants growing on them are not eaten by 
animals, the characteristics of their flora undergo changes.

Tall goldenrod (invasive plant) on an unused community pasture. (Photo: D. Teper)
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Unused pastures can be also overgrown with invasive plants, such as the tall goldenrod or 
Canada goldenrod (Moroń et al. 2008). Although these species can be late-summer forage for 
the western honey bee, due to their late flowering (end of July – August), they are not used 
by wild bees in Poland. Since goldenrod seeds are easily carried by wind over long distances, 
they continue to colonise new areas, especially uncultivated lands, as well as neglected 
meadows and pastures. Because they drive out native plants, the food supply of wild Apidae 
which provides them with forage disappears completely along with insects that require the 
availability of flowering plants from early spring to late summer. Wild bees can produce their 
maximum, characteristic for a given species number of descendants or generations only if 
there is a continued availability of forage. In order to improve the quality of pastures on which 
grazing has been abandoned, they should be mowed several times and invasive species should 
be eradicated.

4.2.5.  Butterflies

The species diversity of butterflies is closely related to the plant species diversity which,  
in turn, is related to the diversity of plant habitats. In Poland, there is a domination of common 
butterflies which do not require active protection. They develop in many habitats and their 
caterpillars feed on different common plants, such as the common nettle or English plantain. 
However, some butterfly species are associated only with certain habitats, usually semi-natural 
which have developed and are maintained by means of specific human activities. Until recently, 
wet and mesic meadows, meadows with fluctuating water levels and dry grasslands were 
extensively mowed, grazed or both mowed and grazed. Nowadays, the most serious threat 
to semi-natural plant habitats and, in turn, to many species of butterflies, is intensification or 
abandonment of land-use. Intensive mineral fertilisation, frequent mowing, overseeding with 
high-yielding plant species and changes in water conditions result in the deterioration of the 
quality of habitats and their gradual uniformisation. Although abandonment of land-use can 
initially increase the population and species variation of butterflies, in the long term, it results 
in the degradation of the habitat and leads to a decrease of species diversity (Kadej et al. 2014; 
Kőrösi et al. 2014; Bruppacher et al. 2016).

Overgrown community pastures. Left – curly dock; centre – willows on mesic sites; right – dog-rose,  
common hawthorn, black cherry, blackthorn growing on dry sites. (Photo: D. Teper)
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The reason why the the large copper is an endangered species in many regions in Europe is drainage,  
and the intensification of the use of wet meadows. (Photo: G. Kaliszewski)

The population density of the scarce large blue is more dependent on the size of the population of Myrmica ants  
and their condition than on the population density of their host plant. (Photo: D. Krawczyk)
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The scarce large blue, the dusky large blue and the alcon large blue are three butterfly species 
listed in the Bern Convention and associated with meadow habitats. They prefer similar habitats 
and have comparable developmental requirements. They inhabit rarely mowed Molinion 
meadows or margins of fens, that is habitats with their host plants: the great burnet and the 
marsh gentian (Buszko, Masłowski 2008). The three butterfly species mentioned above can 
sometimes co-exist in the same area. Part of their development from young caterpillars takes 
place in ants’ nests. The first adult butterflies start to emerge at the beginning of July and the 
last in the middle, and at the end of August. The scarce large blue can start flying over meadows 
already at the end of June. They lay eggs in the buds and flowers of their host plants, while the 
Alcon large blue sometimes leaves them on the leaves of gentian. Such behaviour and relatively 
late emergence of butterflies make it necessary to mow Molinion meadow only once, usually in 
the second half of September or in October when all butterfly caterpillars are in the formicary. 
It appears that the optimal solution is mowing once every three years and, in the case of longer 
habitat patches, rotational mowing of 1/3 of the area every three years (Sielezniew 2012a; 
Sielezniew 2012b). Another solution is mowing in the first half of June so that female butterflies 
can lay eggs in the inflorescence of young offsets of burnet or gentian after first mowing, and 
then mowing the same area again in September. The above model of land-use has fared well for 
many years in Hungary where two-time mowing – in June and September – has not impaired 
the living conditions of the scarce large blue and, at the same time, it has prevented invasive 
species, such as the tall goldenrod, from encroaching on the habitat (Kőrösi et al. 2014).  
Mowing has a negative impact only during the flight period of adult butterflies and when 
larvae stay in inflorescences, that is in July and August. The use of mineral fertilisers (causing 
eutrophication and decrease of in species) and chemical plant protection products is also 
detrimental. Regardless of the time when a meadow is used, every year ca. 20% of its area 
should be left unmowed, which creates appropriate conditions for the development of adult 
specimens of the dusky large blue. The population density of the scarce large blue and the dusky 
large blue is more dependent on the size of the population of ants and their condition than 
on the population density of their host plant. In order to provide ants with better conditions, 
strips of the outer parts of meadows should be left unmowed for several years. At present, 
in Poland, the requirements set out in the variants of the agri-environmental programme 
for 2007–2013 (Rozporządzenie 2013) focused on the conservation of Molinion meadows  
and the agri-environment-climate measures (Rozporządzenie 2015) create favourable conditions 
for the development of the scarce large blue (Nowicki et al. 2007; Sielezniew 2012a).

The violet copper can be found in wet meadow communities of the Calthion. The occurrence 
of this species is determined by a high population density of their host plant, i.e., snakeroot, 
and the presence of patches of trees and shrubs that serve as protection from wind.  
The violet copper prefers semi-open sites with the eared willow and grey willow, which in the 
spring can serve as a source of food for newly eclosed adult butterflies. The violet copper is 
endangered by the intensification of the use of meadows and pastures, drainage of habitats,  
as well as by the abandonment of land-use and the overgrowing of meadows. In order to 
protect this species, pratotechnic treatments should not be carried out from mid-April to 
August, which is an important period for the life cycle of butterflies (Buszko, Masłowski 2008; 
Kadej et al. 2014).

Another butterfly species whose life cycle is closely related to a plant specific to semi-natural 
meadows with fluctuating water levels is the marsh fritillary. It develops probably only on the 
devil’s-bit scabious. In the first half of June, females lay a lot of yellow eggs on the underside 
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of the leaves of the devil’s-bit scabious. Caterpillars hatch at the beginning of July and feed en 
masse inside the cocoon shell they built. The observations conducted on several dozen sites 
between 2006 and 2008 indicate that the largest populations of this species are found on 
meadows and pastures three years after the abandonment of their use. One way to maintain 
the habitat in a good condition is rotational mowing of fragments of the area not more than 
once every three years or annually in the autumn, leaving out fragments with a large number of 
cocoon shells with caterpillars (Pałka 2010).

The violet copper is endangered by the intensification of land-use, drainage and succession. 
(Photo: G. Kaliszewski)

The marsh fritillary is associated with wet areas. It reaches the height of its population three years after  
the abandonment of land-use. (Photo: G. Kaliszewski)
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Research conducted in Switzerland on extensively used meadows revealed that delaying 
mowing by one month (from 15 June to 15 July) and leaving 10–20% of the area unmowed 
(different fragments every year) has a positive impact on the population and the number of 
butterfly species. The benefits arising from the practice described above intensified every year 
and after three years the population density of butterflies in a given area was 70% higher 
than on a meadow which was mowed normally after 15 June. Research has shown that most 
species benefit from delayed mowing and, additionally, mono- and oligophagous butterfly 
species (feeding on one species or a family of plants) have better conditions on meadows 
with unmowed fragments which ensure higher diversity of plants and the habitat. The species 
variation of butterflies on meadows mowed after 15 July and on those with unmowed fragments 
was considered as comparable and higher by 32% than the species variation of butterflies on 
meadows mowed after 15 June (Bruppacher et al. 2016).

The large blue is a butterfly species inhabiting dry areas. The factor that has the best influence 
on the condition of dry grasslands and, at the same time, on creating the most favourable 
conditions for the development of the large blue is grazing which, in the recent years, has 
diminished or has been replaced with mowing. Reducing extensive grazing often leads 
to progressive succession and, in consequence, to the degradation of the habitat (Tällea  
et al. 2016). This species is also endangered by intentional afforestation. The optimal degree 
of the intensity of grazing depends on the latitude, local microclimatic conditions and the 
occurrence of host ants. At the northern limits of the range of this species, it is recommended 
to maintain the dry grasslands at a low height (2–5 cm) and to refrain from grazing from the 
beginning of May to the end of July in order to prevent animals from eating inflorescences  
of the host plant. On sand dry grasslands, the ants that the large blue is associated with 
prefer sparse plants with patches of bare soil. The Breckland thyme, i.e., the host plant of the  
large blue, is a pioneer species also found in this type of microhabitats (Sielezniew 2012c).
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4.2.6.  Summary

Agricultural practices supporting the conservation  
of a rich diversity of invertebrates on permanent grasslands  
and in the surrounding components of the agricultural landscape

•	 mowing: optimally once or twice a year, preferably in late summer (September); 
avoiding mowing in July and August; two-time mowing should be done in late 
spring (the second half of June) and late summer (September);

•	 mowing and other pratotechnic treatments should be carried out with the use  
of light agricultural equipment;

•	 mowing outwards from the centre of a meadow;
•	 use of sickle bar rather than rotary mowers, avoiding mulching;
•	 avoiding synchronisation of mowing on a large area, mowing different fragments 

at a different time, i.e., mosaic mowing;
•	 leaving refugia on meadows and pastures, i.e., unmowed or ungrazed fragments; 

their variation in terms of the height and structure of plants is recommended;
•	 mowing at the height of 10 cm or higher;
•	 removing the mowed biomass as soon as possible;
•	 grazing a small number of animals and not on the entire grassland during one 

year (especially on xerothermic dry grasslands); late grazing is preferable (from the 
second half of July);

•	 moderate natural fertilisation and limited mineral fertilisation;
•	 undersowing with small-seeded legumes on meadows and pastures with low 

species diversity;
•	 community (collective) use of meadows and pastures in the case of small-scale 

plots;
•	 reduction of the occurrence of invasive species (e.g., goldenrod) and the 

overgrowing with thickets, shrubs and trees;
•	 conservation of various components of the landscape (patches of shrubs  

and small ponds);
•	 avoiding the eradication of ruderal plants on the margins of meadows  

and pastures.
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5.  Agricultural practices supporting 
the diversity of farmland birds

Agricultural landscape is not uniform. Arable lands, dry grasslands, dry and waterlogged meadows, 
small ponds and oxbow lakes, single trees and old alleys, strips of shrubs and the remains of 
old forest complexes create a unique, environmentally and structurally diverse mosaic. Human 
settlements are also a vital component. The variety of the types of habitats is associated with  
a high diversity of avifauna which includes specialised species closely related to a particular type 
of environment, as well as opportunistic species with low trophic and habitat requirements.

Many species of birds feeding on invertebrates prey on insects considered as pests or on their 
larvae. Therefore, they can contribute to the natural protection of plants, reducing crop losses. 
Other species feed on plants and, by eating seeds of field weeds, they have an indirect positive 
impact on the yielding of plants.

During the bird breeding season, the factors affecting their successful reproduction include the 
availability of places for building nests and the accessibility of a food supply sufficient for feeding 
their offspring. Apart from dangers resulting from the character of breeding habitats and the 
occurrence of predators, a serious threat to the reproductive success of birds is agricultural 
practice, including, e.g., inappropriate timing of agrotechnical treatments. For instance, fields of 
cereal are an excellent nesting site for the Montagu’s harrier, however young birds leave their 
nests quite late, usually after the harvest. Fencing off and securing a small area of the field 
around the nest could effectively protect the clutch of this predatory bird.

Despite the efforts undertaken so far, birds associated with open habitats are still an endangered 
group and the population of many species is diminishing (Donald et al. 2006).

At present, the protection of birds is focused mainly on the conservation of their habitats and, 
to a lesser extent, on the direct protection of particular species. The habitat of a species is  
a unique combination of resources utilised by that species: food, shelter, conditions necessary 
for reproduction and rest.

Plants, especially shrubs and trees, are a very important component of ecosystems because 
they create an above-ground, multilayered and multistorey zone inhabited by large populations 
of different groups of animals. Patches of trees can be an excellent feeding place for birds,  
in particular during autumn and winter, especially if they include species such as the hawthorn, 
black elder or blackthorn. Many species of birds, e.g., the yellowhammer, fieldfare, great tit, 
Eurasian jay or Eurasian tree sparrow, find an excellent shelter among them during winter.  
Also species that do not inhabit this environment during their breeding period, e.g., the bullfinch 
or common redpoll, can be sometimes found in these trees. There is also a group of birds that 
use them as a vantage point, e.g., the common buzzard or the common kestrel.
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The agricultural landscape is characterised by rich habitat diversity which is a result of both the 
features of the natural environment and the way it is used. Elements that enrich the diversity of 
the agricultural landscape include baulks, fallows, field tracks, overgrown ditches and roadsides, 
marshy depressions, bogs, small ponds, streams, rivers, natural banks, single shrubs, hedges, 
groups of shrubs, single trees, tree lanes and alleys, groups of trees, in-field trees, cemeteries 
with trees, etc. They increase the area which can be inhabited by different species of birds 
and provide them with places for nesting, taking shelter and feeding. However, “the more,  
the better” does not always apply to birds. For instance, species such as the skylark or the 
western yellow wagtail prefer places without shrubs or trees. Nevertheless, these species 
demonstrate disparate preferences and their occurrence and population is strongly dependant 
on the diversity of habitats. A detailed description of the features of the environment or the 
elements of the agrotechnique important for breeding birds is presented in Table 5.

Different types of cultivated and uncultivated agricultural lands located within a small area. 
(Photo: M. Jobda)
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Table 5. Features of the environment or the elements of the agrotechnique important for nesting birds  
in the agricultural landscape

TYPE  
OF LAND

FEATURES OF THE ENVIRONMENT AND/OR AGROTECHNIQUE 
IMPORTANT FOR BIRDS

KEY SPECIES  
OF FARMLAND BIRDS

Arable lands 

•	 height and stock of plants;
•	 size of the field;
•	 structure of the field;
•	 proximity of another environment (e.g., baulk, fallow, meadow);
•	 type and time of agrotechnical treatments, mainly sowing  

and harvesting crops;
•	 presence of field residues;
•	 cultivation of catch crops and winter crops;
•	 type of fertilisation and plant protection;

Montagu’s harrier, 
northern lapwing, grey 
partridge, common quail, 
skylark, tawny pipit

Meadows  
and pastures

•	 height of plants and its variation within small areas, pliability 
or stiffness of stalks and shoots, open space between plants, 
presence of clusters of plants;

•	 field structure: holes, furrows, local depressions;
•	 local waterlogged and shallow overflow areas and proximity  

of water;
•	 technique, frequency and time of mowing (applicable only to 

meadows);
•	 patches of exposed soil;
•	 presence of grazing animals, intensity and time of grazing,  

the way animals browse plants;

wheatear, Montagu’s 
harrier, hen harrier, 
northern lapwing, corn 
crake, redshank, common 
snipe, Eurasian curlew, 
grey partridge, western 
yellow wagtail, whinchat, 
common quail,  
black-tailed godwit, 
meadow pipit

Rural 
development

•	 farm buildings providing constant access to their interiors  
and places for building nests (e.g., eaves, alcoves and cracks  
in the wall, roof beams and ridges, chimneys, etc.) and access  
to food (insects, grain);

•	 open-cycle removal of livestock excrements (open manure 
storages), open compost bins;

white stork, barn 
swallow, common house 
martin, black redstart, 
white wagtail, Eurasian 
tree sparrow, barn owl, 
little owl, common 
starling, house sparrow

In-field trees, 
tree lanes and 
alleys, clusters 
of trees, 
orchards, parks 
and cemeteries

•	 height of plants and its variation, density and age of trees 
(presence of tree hollows, windfallen trees);

•	 area/length;
•	 proximity of an open environment (field, meadow, fallow);
•	 proximity of other patches of forest habitats;

white stork, hoopoe, 
Syrian woodpecker, great 
spotted woodpecker, 
European green 
woodpecker, greenfinch, 
rook, common wood 
pigeon, European roller, 
common raven, serin, 
fieldfare, Eurasian tree 
sparrow, common 
buzzard, ortolan, corn 
bunting, little owl, 
common kestrel, tawny 
owl, common magpie, 
goldfinch, common 
starling, yellowhammer, 
European turtle dove, 
oriole, hooded crow, 
chaffinch

Baulks, buffer 
strips along 
fields and 
streams

•	 width and length of a baulk, buffer strip;
•	 height of plants and its variation, pliability or stiffness of stalks 

and shoots, open space between plants, presence of clusters, 
presence of shrubs and trees;

wheatear, corn crake, 
grey partridge, marsh 
warbler, ortolan, western 
yellow wagtail, whinchat, 
corn bunting, common 
quail, skylark, meadow 
pipit, yellowhammer
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Set-aside lands •	 length of the border with a field, meadow or pasture;
•	 height of plants and its variation, presence of shrubs;

wheatear, corn crake, 
red-backed shrike, grey 
partridge, marsh warbler, 
common linnet, common 
whitethroat, ortolan, 
lesser whitethroat, 
western yellow wagtail, 
whinchat, corn bunting, 
common quail, great grey 
shrike, tawny pipit

Bogs, marshes 
and places 
flooded with 
water

•	 height of plants and its variation, presence of clusters and shrubs;
•	 proportion of the dry area to the area covered with water,  

water depth, duration of the period during which water remains 
on the land surface.

northern lapwing, corn 
crake, redshank, common 
snipe, Eurasian curlew, 
marsh warbler, western 
yellow wagtail, whinchat, 
black-tailed godwit, 
meadow pipit

TYPE  
OF LAND

FEATURES OF THE ENVIRONMENT AND/OR AGROTECHNIQUE 
IMPORTANT FOR BIRDS

KEY SPECIES  
OF FARMLAND BIRDS
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5.1. Good agricultural practices on arable lands

Arable lands are the most important component of the agricultural landscape from the economic 
perspective. In different parts of the country, they have distinct characteristics which depend 
on the soil quality and the species of crop plants or the intensity of agrotechnical treatments. 
Fields constitute nesting habitats of such bird species as the skylark, common quail, meadow 
pipit, whinchat, western yellow wagtail, Montagu’s harrier, northern lapwing, etc. For other 
species, e.g., many species of predatory birds, fields are a place where they obtain food. Some 
species, such as the dotterel, make use of fields during migration. Arable lands are also an 
important overwintering site of swans, geese of the Anser genus and other species.

What makes fields a unique bird habitat in comparison to other agricultural lands is their 
variability which depends on the season and the crop plant species. Winter crops, catch 
crops or perennial forage crops create plant cover and provide birds with food during winter.  
Since some fields are ploughed in late summer or in autumn, their soil is devoid of plant cover 
in winter, which gives access to a whole range of field rodents – a source of food mainly for 
predatory birds. Patches of land devoid of plants in winter that are flooded with water can also 
be a good feeding place for migrating birds.

5.1.1.  Important bird species on arable lands (environment and threats)

Skylark

The skylark is the most common bird of the agricultural landscape in Europe which 
inhabits both arable lands and grasslands and prefers habitats where these two landscape 
components are intertwined (Kotowska, Żmihorski 2015). This species is more characteristic 
of dry open areas (Tryjanowski et al. 2009), avoids mesic or periodically flooded areas,  
as well as patches of trees and shrubs (Kuczyński, Chylarecki 2012; Kotowska, Żmihorski 2015).  

Skylark (Photo: M. Jobda)
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Excessive intensification and chemicalisation of agriculture leads to the impoverishment of 
the food supply of the skylark (invertebrates, weeds and other plants providing the skylark 
with food in the form of seeds). What is also important for the conservation of the habitat 
of the skylark is the use of appropriate crop rotation with a lot of spring crops (Donald,  
Vickery 2000). Another threat to this species is the increase of the area where rapeseed is 
cultivated (Donald et al. 2004).

Tawny pipit

According to the data obtained from the national monitoring, for the last dozen years or so,  
the tawny pipit has been one of the fastest disappearing birds in Poland (Chodkiewicz et al. 
2015). It prefers dry and sandy agricultural areas with the poorest soils and dry grasslands 
plants (Gromadzki 2004b; Tryjanowski et al. 2009). The main threats to the tawny pipit are an 
excessive use of psammophilous dry grasslands or the abandonment of their use resulting in 
the encroachment of high-growing plants on these areas. If lands inhabited by the tawny pipit 
are in use, rotational fallowing is recommended (Gromadzki 2004b; Błaszkowska et al. 2008).

Tawny pipit (Photo: M. Jobda)

Western yellow wagtail

In the recent years, this species has been far more frequently found on arable lands than on 
permanent grasslands. It prefers in particular areas where the structure of the sown plants is 
dominated by potatoes and sugar beets. It avoids areas with high-growing plants and a lot of 
waterlogged sites in favour of dry and vast open spaces with a few trees and shrubs (Kuczyński, 
Chylarecki 2012; Kotowska, Żmihorski 2015). The western yellow wagtail benefits greatly from 
the maintenance of a mosaic of arable lands (Błaszkowska et al. 2005) with a predominance 
of root crops and exposed soil, which ensures better accessibility of food (Gilroy et al. 2008).  
A serious threat to this species is the intensification of agricultural production, especially the 
use of chemical plant protection products (Kotowska, Żmihorski 2015).
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Grey partridge

One of the factors that have a positive impact on the population of the grey partridge is high 
diversity of crop plants in the agricultural landscape. Mowing meadows outwards from their 
centre is beneficial to the occurrence of this species by providing flightless chicks with an 
escape route, which is also facilitated by the use of bird repellers. What is also important is the 
conservation of in-field trees and shrubs which provide shelter for these birds. This species 
is endangered by the decrease of the population and diversity of insects that constitute their 
food supply. It results from the intensification of agriculture and, in particular, from the use 
of chemical plant protection products. One of the agricultural practices that have a positive 
impact on the grey partridge is creating strips of plants on arable fields and baulks with herbs 
and weeds (Gromadzki 2004b; Błaszkowska et al. 2008).

5.1.2.  Agricultural practices on arable lands benefiting farmland birds

Conservation of various components of the agricultural landscape

The richness of landscape components contributes to higher biological diversity and the proper 
functioning of the entire ecological system. Although the agricultural landscape is dominated 
by arable lands, they co-occur with smaller elements, such as baulks, single trees, shrubs and 
their clusters, streams with reed beds, small ponds, gravel banks, etc. They are indispensable to 
many bird species because they usually constitute patches of habitats that are richer in food.  
Baulks or strips of fallows which are several meters wide and adjacent to fields are often  
sufficient for birds. Such habitat diversity makes it also possible for many migrating and 
overwintering birds to obtain food. Pursuant to the provisions of the Common Agricultural 
Policy for 2014–2020, payment has been introduced for the so-called “greening” which 
includes a key obligation to maintain so-called ecological focus areas on farms with more than 
15 ha of arable lands. These areas include hedges, isolated trees, tree rows and groups of trees, 
natural small ponds with riparian plants, streams, drainage and irrigation ditches, in-field baulks 
and field margins, clusters of fieldstones, among others.

Western yellow wagtail (Photo: G. Leśniewski)Grey partridge (Photo: M. Jobda)
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Diversified crop rotation

Crop rotation ensures that one field is not used for the cultivation of only one plant for too long. 
Changing the crop plant every year makes it necessary to implement different agrotechnical 
treatments (fertilisation, sowing, plant protection, tillage and harvesting), which allows for the 
conservation of high species diversity of the fauna and flora that is associated with crop plants 
and provides food for birds (field weeds, insects, rodents, etc.). Some species of birds, e.g.,  
the common quail, nest on fields sown with cereal, others use fields with root crops and a lot of 
exposed soil as breeding or feeding sites (e.g., the northern lapwing). Moreover, implementing 
various methods of preparing the field for sowing or planting provides different birds species 
with a possibility to build nests. The time of ploughing and spreading manure or compost is 
optimal for seeking food by birds because exposed soil offers better access to organisms living 
deeper in the ground. What is more, manure and compost is spread on the field together 
with rodents and insects that live in these fertilisers. An important element of the payment 
for “greening” included in the CPA for 2014–2020 is crop diversification. It means that,  
if a farm has more than 10 ha of arable lands, at least 2 different crop plants should be  
cultivated, whereas if there are more than 30 ha – at least three different crop plants.  
In both cases, the dominating plant cannot take up more than 75% of the arable lands.

Maintaining plant cover during winter by cultivating catch crops and spring crops

On some fields, spring plants are undersown with mixtures of forage crops maintained for 
several years; sometimes, after the harvest of the crop plant, the main crop is undersown 
with stubble or winter catch crops which can be used for making feed or as green manure. 
Preferably, these mixtures should be composed of several species of different groups of crop 
plants (e.g., cereal, oil crops, legumes, etc.). These practices are also to the advantage of a large 
group of overwintering birds which are provided with access to an additional source of food. 

Diverse agricultural landscape. (Photo: B. Błaszkowska)
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They benefit native populations of birds that stay in Poland over the winter (e.g., some species 
of the sparrow family or cranes, which overwinter in Poland in growing numbers), as well as 
whooper swans and geese of the Anser genus that come here for the winter from other regions 
of Europe.

Swans overwintering on winter crops. (Photo: B. Błaszkowska)

The most frequently sown catch crop is mustard. (Photo: M. Jobda)
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Leaving field residues after the harvest

When a field is not prepared for the sowing of the succeeding crop immediately after the 
harvest, birds have access to the sown cereal grain and the remaining potatoes and sugar beets 
or residues of other plants. Decomposing organic residues also create favourable conditions  
for the development of insects, their larvae and pupae, which become a source of food  
for birds. Leaving a carefully cleaned (ploughed) field after the harvest greatly diminishes  
food supplies available to birds during autumn and winter.

Cranes on a high-mowed field of corn. (Photo: B. Błaszkowska)

Periodic exclusion of a part of arable lands from use (fallowing)

When crops are no longer cultivated on arable lands, they are overgrown with low-growing 
semi-natural plants. After a year or two, they are again put into use. These plants colonise 
previously cultivated lands in a natural way and provide different groups of birds with a very 
rich feeding ground and nesting sites. The assemblages of birds inhabiting fallows change 
depending on the duration of the fallowing.

Ban on using pesticides

A widespread use of pesticides can have a negative impact on different species of birds.  
Many pesticides undergo a cycle of physical, chemical and biological transformations after  
they are used. However, they still remain in a given environment, they get inside living  
organisms and accumulate there. The fewer chemical protection products are used in the 
cultivation of plants, the more organisms that birds feed on inhabit the fields. A complete ban 
on the use of these products is imposed on organic farming.

Maintaining small sizes of fields

Fields should be small. The larger the fields, the more difficult it is to ensure a diverse structure 
of the sown plants and, in turn, a high diversity of organisms inhabiting the fields, which are  
a source of food for birds. The grey partridge is a species whose occurrence in the agricultural 
landscape is largely dependent on the size of the field. Its requirements in terms of the structure 



177

of the environment have been researched in the Greater Poland (Panek, Kamieniarz 2000).  
The grey partridge was found over twice as frequently on small fields (under 10 ha) than on 
larger fields (over 10 ha). Birds usually occupied the field margins, within 5 meters of its edge, 
they were less frequently found on the fragments located closer to the centre, i.e., within  
5–20 m of the field edges, and they avoided areas located nearest the centre of the field,  
that is more than 20 m of the edge of the field. The most suitable site for the grey partridge is 
the edge of a field adjacent to a baulk, roadside, overgrown edge of a ditch, group of shrubs or 
trees, orchard or uncultivated land. They often build nests outside the field, hidden in grasses, 
thickets or under a shrub or on the field but not further than 5 meters of its edge.

Ban on stubble burning

Burning causes losses not only of the organisms that birds feed on but it also directly damages 
their nests and flightless chicks or the very habitat.

5.1.3.  Summary

•	

Agricultural practices supporting birds living on arable land  
and within its surrounding elements of agricultural landscape

•	 maintenance of a considerable diversity of the agricultural landscape;
•	 diversified crop rotation;
•	 maintenance of plant cover during winter through the cultivation of catch crops  

and winter plants;
•	 leaving crop residues after the harvest of crop plants;
•	 periodical exclusion of some arable land from use (fallow land);
•	 limiting pesticide use;
•	 maintaining small field area;
•	 no stubble burning.
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5.2. Good agricultural practices on permanent grasslands

Meadow and pasture birds represent various taxonomic ranks, but the majority of them 
belong to two groups connected with specific habitats, i.e., birds typical for open meadow 
and pasture landscapes (who hatch and spend most of their lives there), and other species 
connected with other habitats, who find the resources they need, e.g., food, on meadows  
and pastures. Meadows are nesting grounds for a large group of Charadriiformes, such as 
northern lapwing, common snipe, redshank, black-tailed godwit, Eurasian curlew, great snipe, 
ruff, and other meadow birds, such as passerines, represented by such species as: common 
grasshopper warbler, meadow pipit, and whinchat. Some species need specific elements of  
the environment in their habitats. For example, common reed buntings need water holes 
overgrown with reed beds. This habitat is also used by a large group of various species that 
rear their brood outside meadows. Meadows are the primary feeding grounds of the white 
stork and many birds of prey, such as owls, the red kite, and the common kestrel. In spring 
and autumn, permanent grasslands are crucial for migrating birds, which use them to rest and 
regenerate before they move on (geese, ducks, Charadriiformes, starlings, cranes).

5.2.1.  Important bird species on permanent grasslands  
 (the environment and risks)

Bird nesting on permanent grasslands depends on a set of habitat characteristics, such as 
vegetation height and density, plant species composition, presence of patches of trees and 
shrubs, habitat humidity, etc. The size and location of the meadow habitat patch within the 
landscape is important as well.

Corn crake

The habitats preferred by this species include open and semi-open areas used for agricultural 
purposes, crossed by patches of wasteland with high vegetation, which provide perfect shelter 
for the corn crake (Tryjanowski et al. 2009). One of the most serious threats for this species 
is the inappropriate performance of pratotechnic treatments and especially meadow mowing 
done too early. The corn crake is found much more frequently in areas where grasslands are 
more common than fields, it avoids areas with considerable tree and shrub coverage, or flooded 
by surface water. The bird variant of the AEP natural packages for 2007–2013 has been shown 
to have a positive impact on the expansion of the corn crake. Areas with high vegetation 
proved to be much more valuable for this bird. The corn crake prefers locations with mowing 
usage or mowing and grazing usage (Kotowska, Żmihorski 2015). In order to maintain optimum 
habitats for this species, it is important to stop draining permanent grasslands and turning 
them into arable land, as well as to mow meadows from the centre outwards, mow meadows 
late, preferably after 1 August, limit the density of livestock grazing on pastures, and avoid the 
simplification of the vegetation structure (overseeding with noble grass species); (Gromadzki 
2004a; Błaszkowska et al. 2005; Błaszkowska et al. 2008).
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Northern lapwing

The northern lapwing prefers semi-natural, extensively used waterlogged mowed meadows 
and pastures, which constitute flat, open areas with low herbaceous plants, located near 
shallow water basins. The bird is not found in areas with trees, bushes and tall vegetation. 
Its optimum feeding grounds are areas with low vegetation and wet soil, such as depressions 
with shallow stagnant water, or shallow broads. As a result of a decrease in the number 
of optimum habitats, this species is more and more frequently found in arable lands.  

Corn crake (Photo: C. Korkosz)

Northern lapwing (Photo: M. Kowalewski)
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This can be observed especially in areas with a small proportion of pastures – below 25% 
(Kuczyński, Chylarecki 2012). Research conducted by the Institute of Technology and Life 
Sciences on the impact of the AEP natural packages for 2007–2013 on avifauna showed 
that the likelihood of the occurrence of the northern lapwing grows along with an increase  
in the proportion of arable land in the close vicinity of the control point. Contrary to the initial 
expectations, the distribution of the northern lapwing in the monitored locations was not 
connected with the proportion of waterlogged areas, and the presence of trees and shrubs had 
a negative effect on the occurrence of the bird, which provides proof that northern lapwing 
prefers open areas. However, the presence of the northern lapwing was not affected by the 
presence of livestock (Kotowska, Żmihorski 2015). Optimum use of land in areas where this 
species nests should take into account the maintenance of mowing to limit their overgrowing 
by trees and shrubs. Even though this species nests more and more frequently on arable 
land, this does make up for the loss of its optimum habitats, i.e., wet meadows and pastures.  
This is because the successful reproduction of this species on fields is poor, as broods are 
destroyed during agrotechnical measures or as a result of the excessive growth of vegetation  
in the period between the time birds settle in the area and the time their broods hatch.  
Similarly, the survival rate of their broods is often low due to the lack of appropriate feeding 
grounds in the close vicinity of the nest. In the case of breeding grounds on meadows, it is 
important to mow them from the centre outwards and on optimum dates, use repellers, leaving 
out unmowed strips of land, reducing the use of mineral fertilisers, preventing ecological 
succession (removing reed and alder and willow self-seeders) on unused meadows (Gromadzki 
2004b; Błaszkowska et al. 2008).

Common snipe

The common snipe is found on wet meadows, mires and sometimes on waterlogged forest 
areas. The deciding factor that determines its presence is appropriate humidity of the habitat, 
which is required for its preferred food source (mainly invertebrates). All measures intended 

Common snipe (Photo: M. Kowalewski)



181

to dry marshes and related to river engineering pose a serious threat to this bird. It has been 
shown that the use of the variants of AEP bird packages for 2007–2013 has a positive effect 
on the expansion of this species. Research has shown that neither the presence of forests 
in the vicinity, nor the occurrence of livestock within the common snipe habitats, have any 
significant effect on the occurrence of this species (Kotowska, Żmihorski 2015).

Meadow pipit

A moderate decrease in the number and distribution of this species has been recorded in recent 
years. Meadow pipit lives in open areas. It can be found mainly on waterlogged meadows and 
pastures, and mires overgrown with lush vegetation. What negatively affects the occurrence 
of the meadow pipit, even in its optimal habitats, is the high water level. Its habitats are also at 
risk as a result of the transformation of grasslands into arable lands, and drying of mires and 
waterlogged meadows. In addition, it is important for this species that meadows and pastures 
continue to be used (Gromadzki 2004b; Błaszkowska et al. 2008). No impact of the variants of 
the AEP bird packages for 2007–2013 was found for this species (Kotowska, Żmihorski 2015).

Meadow pipit (Photo: M. Jobda)

Black-tailed godwit

This species nests on the ground, mainly on waterlogged meadows and pastures, among patches 
of medium-height vegetation. However, the vegetation must not be too high, as it would make 
it difficult for the bird to observe the surroundings. Black-tailed godwit avoids places near 
trees and shrubs, perhaps because of the fact that this is where predators might be hiding 
(Kotowska, Żmihorski 2015). This species is put at risk by the drainage and discontinuance 
of the use of meadow habitats. In addition, it has been shown that if there is a large stock of 
livestock and grazing begins too early, the bird is negatively affected. It is also important to note 
the loss of habitats due to the abandonment of free range grazing on vast common pastures 
in favour of strip grazing on small plots of land. Habitats are also lost due to the neglecting of 
meadow mowing, especially in river valleys, and the transforming of meadows and pastures 
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into arable lands. Moreover, this species is negatively affected by the increased intensity of 
meadow use, increased use of mineral fertilisation, and overseeding with high-yield grass. 
In addition, if waterlogged land depressions are filled up, or periodic swamps, this hampers 
successful reproduction, as important places where brood feed are eliminated (Gromadzki 
2004b; Błaszkowska et al. 2008).

5.2.2.  Agricultural practices on permanent grasslands benefiting birds

Appropriate mowing season

From the point of view of the conservation of birds, mowing is the most important pratotechnic 
treatment, which affects especially birds that nest on the ground. When mowing is performed 
too early, between late May and early June, it usually destroys the eggs and nests on the 

Black-tailed godwit (Photo: M. Jobda)

Meadow mowing, when performed correctly, contributes to bird conservation. (Photo: Ł. Mucha)
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ground, scares away adult birds who sit in the nest, kills those who hide or run, exposes nests, 
and might reduce the availability of food within the bird habitat. The mowing season is largely 
determined by the geographical region and meadow type. Depending on the bird species found 
in the area, different dates and number of mowing is recommended.

Appropriate mowing technique

Appropriate mowing equipment is important for the conservation of birds that live on meadows. 
When mowing is quick, performed once and covers large meadow areas, it can be expected 
to destroy nests, and kill brood and flightless young birds that are unable to move fast.  
Therefore, it is important to mow in a moderately slow manner, and make sure that meadow 
patches are mowed in a way that allows flightless brood to escape (e.g., by mowing from the 
centre of the meadow towards its edges, mowing meadows located next to one another several 
days apart, so that birds can move to other parts of the meadow). Various repellers also prove 
quite effective, as the noise they make should scare birds away before the mower gets there.

Appropriate mowing height

Short mowing, below 5 cm, leaves the plants without lower foliage that contains chlorophyll, 
required for the regeneration of their above-ground parts. This causes the remaining green 
parts of plants to wither and the plants start a slow regeneration on the basis of their 
underground parts. It takes a long time for meadows to return to the condition that is needed 
by birds, i.e., one where plants are tall enough to provide birds with shelter. On the other hand,  

Repellers can reduce animal death rate during mowing. (Photo: K. Konieczny)
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when plant vegetation is hampered, especially in wet and waterlogged locations, soil is exposed 
for a longer period of time, which makes it easier for birds to access the organisms that live in 
it. Mowing above 15 cm is optimal.

Leaving large patches of meadows unmowed

This practice is recommended especially in locations where meadows form large, dense 
complexes, and are used heavily. When large stretches of meadows are mowed simultaneously, 
birds are deprived of shelter needed for living and brood rearing. Therefore, a good practice 
is to leave unmowed parts of meadows, so that they provide refuge areas not only for birds, 
but also other organisms. In principle, unmowed patches should account for about 1/5 of the 
meadow area, and should be selected in its different parts during the consecutive years of use.

A mowed meadow with its part left unmowed. (Photo: M. Jobda)

Appropriate date and method of biomass harvesting

The storage and retaining of mowed green growth on the meadow for several days contributes 
to the falling of seeds, maintains their local supply, and provides birds with food. A relatively 
new practice is to obtain forage in the form of haylage. This depletes meadow vegetation 
(eliminating natural meadow overseeding) and indirectly reduces birds’ food resources.

Extensive grazing

Grazing is very beneficial for bird habitats, because grazing animals change the character of the 
pasture, and fertilise it with their waste. Green growth browsing makes the area accessible to 
the bird species that require low vegetation. As livestock focuses on preferred spots and wear 
paths across pastures, patches of exposed soil are often created, providing very good places 
for birds to find food.
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Grazing livestock species

The character of the habitat is determined by the diversity of the species on the pasture. 
This is connected with animal food preferences and food consumption techniques.  
Cattle has different needs (heavy demand for proteins) than horses or other animal species. 
Horses browse the grass immediately above the ground, while cows draw clumps of grass into 
their mouth with their tongue, leaving a much taller green growth. When grass is browsed  
right above the ground, it is more difficult for it to regenerate, which might create patches 
without vegetation, which are later penetrated by birds. After livestock grazing, meadows are 
left with uneaten parts. Over time, green growth stamped with hoofs develops a structure 
based on clumps and cavities, which causes appropriate nesting conditions for many bird 
species. Good results are produced by mixed livestock grazing or alternate grazing of different 
species. Livestock presence increases birds’ food resources (insects that feed on animal blood 
or waste). When animals move around the area, they scare away insects, which makes it easier 
for birds to find and catch them. However, excessive grazing pressure on a pasture during 
the breeding season leads to the destruction of nests, eggs and brood and excessively grazed 
vegetation fails to hide nests.

Appropriate start date for grazing and herd size

This is particularly important for the conservation of birds that nest on the ground.  
When livestock is driven into the pasture too early, this can pose a risk to the birds, such as  
northern lapwing, which nest directly on the ground or in short vegetation. When large herds 
move around the pasture, they can destroy nests and brood, and scare away adult birds looking 
for nesting locations. In order to minimise the risk of nest and brood destruction, pasture patches 
with considerable nest concentrations are sometimes protected. However, the fundamental  

Haylage bale piles. (Photo: M. Jobda)
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practice intended to reduce this risk should be to maintain the appropriate grazing pressure 
on a pasture. Therefore, farms that implement Agri-Environment-Climate Measures have 
introduced formal limits on the size of herds grazing on grasslands, and appropriate dates for 
starting grazing. Grazing can start on 1 May in low-lying regions and on 20 May in upland and 
mountainous regions. In addition, some variants provide for a smaller stock of livestock during 
the months when birds nest on the meadows. This applies to the meadows covered by Package 
4 bird variants. Valuable habitats and endangered bird species in the Natura 2000 areas.  
Those dates differ depending on the group of species. Lower stock of livestock is required up to 
15 June in areas with the northern lapwing, common snipe, redshank and black-tailed godwit; 
up to 10 July in areas with the great snipe and the Eurasian curlew; and up to 31 July in areas 
with the aquatic warbler.

Maintaining water-related elements of the agricultural landscape

The diversity of agricultural landscape elements makes an area significantly more attractive to 
birds. Small local water bodies, temporary broads and small watercourses are very important 
for meadow and pasture complexes, as they provide more food for birds. On the other hand, 
increased humidity of the area contributes to the development of meadow vegetation.  
Waterside with exposed soil provide access to food for such birds as the common snipe, 
redshank and curlew.

Mixed cattle and horse grazing on a pasture. (Photo: B. Błaszkowska)
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Abandonment of the transformation of meadows and pastures into arable lands,  
or their intentional afforestation

The recent intensification of agriculture has led, i.a., to the transformation of some grasslands 
into arable lands. In many cases, this is done at the expense of meadows located on organic 
soils, which are ploughed to obtain fertile habitats for agricultural production. This results in  
the depletion of natural resources and the destruction of habitats of meadow and marsh  
species of birds and other animals. As a result of changes in its physical and chemical properties, 
the environment loses its capacity for water storage and local water retention is reduced.  
Due to the lower demand for fodder, some meadows are intentionally afforested, which  
results in a complete withdrawal of meadow birds.

Extensification of meadow use

Intensive fertilisation, rolling or sowing of high-yield grass and other fodder plants on meadows 
makes them change their character and become poor in terms of species living there.  
The intensification of use often covers large meadow areas in river valleys, permanently 
changing the conditions for birds. Similarly to other monocultures, meadows that are poor in 
terms of species, having one or a few dominant sown species, are associated with less food 
resources for birds, less diverse conditions for nesting and brood rearing.

Bird breeding area fenced off on a pasture. (Photo: F. Kowalczuk)
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Abandonment of meadow draining

This is one of the most serious risks for all meadows in Poland. Wet meadows are the 
richest habitats for open area birds. Their drainage causes lower water levels in the habitat 
and results in the decrease in the diversity of birds and other groups of animals and plants.  
Therefore, Agri-Environment-Climate Measures forbid to create new, or expand or recharge 
any existing farmland drainage and irrigation systems, except for the facilities designed to 
maintain or improve natural value.

Meadow afforestation (Photo: M. Jobda)
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Large areas of meadows poor in terms of species. (Photo: B. Błaszkowska)

Deepened watercourse running across a grassland. (Photo: M. Jobda)



190

5.2.3.  The requirements of agri-environment-climate measures in variants  
 dedicated to protect high-nature-value habitats of farmland birds in Poland

Table 6. Requirements of AECM packages in Poland – package 4. Valuable habitats and endangered bird 
species in the Natura 2000 areas and package 5. Valuable habitats outside the Natura 2000 areas,  
variants aimed at the conservation of valuable breeding habitat of birds (Rozporządzenie 2015)

Variant of agri- 
-environment-climate 

measures
4.8 4.9 4.10 4.11

Eligible species 

black-tailed godwit, 
common snipe, 

common redshank, 
northern lapwing

aquatic warbler great snipe,
Eurasian curlew corn crake

Type of usage
mowing, grazing, 

mowing and grazing  
or alternate usage

mowing, 
mowing and 
grazing or 

alternate usage

mowing, grazing,  
mowing and grazing  
or alternate usage

mowing, mowing 
and grazing or 
alternate usage

M
ow

in
g 

us
ag

e

frequency  
of mowing

two mowings a year, 
mires – if approved by 

an expert, then  
one-time mowing

one mowing  
a year or 

mowing of the 
whole plot every 
2 years – to be 

decided by  
an expert

one or two mowing a year – 
to be decided by an expert, 
in special cases – mowing 
of the entire surface every 
2 years – to be decided by 

an expert

one mowing  
a year

mowing  
season

15.06–15.07
and

15.08–31.10

15.08–15.02 
of the following 

year

10.07–31.07
and

15.08–31.10
01.08–31.10

leaving an area 
unmowed

15–20% of the plot,  
if mowing is performed 

two times a year  
– the same fragment, 

and if mowing 
is performed in 

subsequent years  
– other fragments.  
In the case of plots 

with an area of up to  
1 ha one can resign 

from leaving  
an unmowed fragment 

or leave it as above  
– to be decided by  

an expert

in the case of 
annual mowing 

– leaving an 
unmowed 

fragment with 
an area of 

15–85% of 
the plot (to be 

decided by  
an expert). 
Different 
unmowed 
fragments 

should be left 
unmowed in 

two subsequent 
years

15–20% of the plot,  
if mowing is performed 

two times a year  
– the same fragment,  

and if mowing is 
performed in subsequent 

years – other fragments. In 
the case of plots with an 

area of up to 1 ha  
one can resign from 
leaving an unmowed 
fragment or leave it  

as above – to be decided 
by an expert. In special 

cases, in the case of 
mud sedges, especially 

tussock sedges, leaving an 
unmowed fragment  

of 50% of the plot area

15–20% of the 
plot, if mowing is 
performed two 

times a year  
– the same 
fragment,  

and if mowing 
is performed 

in subsequent 
years – other 

fragments.  
In the case of 

plots with an area 
of up to 1 ha  

one can resign 
from leaving 
an unmowed 

fragment or leave 
it as above  

– to be decided 
by an expert.

removal of 
mowed biomass

within 2 weeks, including a ban on leaving scattered biomass, in the case of biomass 
arranged in piles, including bale piles, stacks or ricks, to be removed by 1 March  

of the following year
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Variant of agri- 
-environment-climate 

measures
4.8 4.9 4.10 4.11

G
ra

zi
ng

 u
sa

ge

stock of livestock 
(LU/ha) up to 0.5 from 0.5  

to 1.5 

no
t a

cc
ep

ta
bl

e

up to 0.5 from 0.5 
up to 1.5 

no
t a

cc
ep

ta
bl

e

grazing season 15.05– 
–15.06

15.06– 
–31.10

15.05– 
–10.07 10.07–31.10

mowing uneaten 
parts

from 15.08 to 15.11; 
biomass including 
scattered biomass 
should be removed 
within 2 weeks or 

stacked in hays, which 
should be removed 
by 1 March of the 

following year

from 15.08 to 15.11; 
biomass including 

scattered biomass should 
be removed within  

2 weeks or stacked in 
hays, which should be 

removed by 1 March of 
the following year

Polish koniks and 
Hucul ponies

01.04– 
–15.06

15.06– 
–31.03

01.04– 
–10.07 10.07–31.03

M
ow

in
g 

an
d 

gr
az

in
g 

us
ag

e

frequency of 
mowing once a year

one a year or 
mowing of the 

whole plot 
every 2 years  
as decided by 

an expert

once a year once a year

mowing season 15.06–31.10
15.08–15.02 

of the following 
year

10.07–31.07 15.08–31.10

leaving an area 
unmowed as in the case of mowing usage

removal of 
mowed biomass as in the case of mowing usage

stock of livestock 
(LU/ha) 0.5–1.5 up to 

0.5 up to 1 up to 1

Time of grazing after a mowing,
up to 31.10

15.05– 
-31.07

01.08– 
–31.10

after a mowing,
up to 31.10

Ad
di

tio
na

l t
re

at
m

en
ts

fertilisation

only in the case of 
mowing usage, up to  

60 kg N/ha/year, 
excluding areas 

fertilised by river 
alluvia

fertilisation 
forbidden

only in the case of  
mowing usage, up to  

60 kg N/ha/year,  
excluding areas fertilised 

by river alluvia

fertilisation 
forbidden

liming liming forbidden
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Pr
oh

ib
iti

on
s

Use of agrotechnical 
and cultivation 

treatments from  
1 April to the first 

mowing or to 15 June 
in the case of  
pasture usage

Use of 
agrotechnical 

and cultivation 
treatments from 

1 April to the 
first mowing

Use of agrotechnical and 
cultivation treatments from 
1 April to the first mowing, 
and in the case of pasture 

usage – to 10 July

Use of 
agrotechnical 

and cultivation 
treatments from 

1 April to the first 
mowing

1. Rolling, use of sewage sludge and overseeding;
2. Smoothing from:

a) 1 April to 1 September in lowland areas (below 300 m a.s.l.),
b) 15 April to 1 September in upland and mountain areas (above 300 m a.s.l.);

3. Use of plant protection products, excluding selective and local control of intrusive 
invasive species, using appropriate equipment (e.g. rope-wick applicators);

4. Creation of new drainage and irrigation systems or extension and reconstruction  
of such existing systems, excluding structures used to align the level of water,  
using existing drainage and irrigation systems in relation to the habitat requirements  
of protected species, if such actions are specified in detail by an environmental expert;

5. The storage of biomass among the clusters of trees and bushes, as well as in the 
ditches, ravines and other area depressions.

6. Mechanical destruction of soil structures, including harrowing and ploughing.

Variant of agri- 
-environment-climate 

measures
4.8 4.9 4.10 4.11
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5.2.4.  Summary

Agricultural practices with a positive impact on birds  
on permanent grasslands

A) MEADOWS
•	 Time of mowing adjusted to the species biology. For key meadow species this is:

a) In the case of corn crake, mowing after 1 August, preferably by 31 October;
b) In the case of northern lapwing, common redshank and black-tailed 

godwit it is best to perform two mowing a year – the first from 15 June 
to 15 July and the second from 15 August to 31 October;

c) In the case of aquatic warbler one mowing a year after 15 August, 
preferably by 15 February of the following year or mowing the entire 
area of an agricultural plot every 2 years;

d) In the case of great snipe and Eurasian curlew, one or two mowing.  
The first one from 10 July to 31 July, and the second one from  
15 August to 31 October. In special cases it is acceptable to mow  
the entire surface of an agricultural plot every 2 years;

•	 Mowing differently than from the outside to the centre of the meadow;
•	 Leaving in larger patches of meadows some fragments unmowed in a given 

year, as a rule 15–20% of the plot’s area, and in the case of aquatic warbler 
even up to 85%;

•	 The harvesting and removal of mowed biomass within 2 weeks from  
a mowing;

•	 Mowing best above 15 cm;
•	 Using repellers during mowing;
•	 Mowing neighbouring meadows at several-day intervals.

B) PASTURES
•	 In the case of pasture usage, until 20 July the maximum grazing pressure of  

a pasture can equal up to 10 LU/ha (5t/ha);
•	 The pasture season should last from 1 May to 15 October in areas located 

below 300 m a.s.l. or from 20 May to 1 October in area situated above  
300 m a.s.l.;

•	 Grazing of flocks consisting of different species.
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6.  The utilisation of biomass  
from high-nature-value grasslands

Permanent grasslands are used primarily for animal production and to a lesser extent for energy 
purposes (Wasilewski 2004).

Grasses make up the most important group of vegetables present in meadows and pastures. 
The most important grasses are perennial rye-grass, smooth meadow-grass, orchard 
grass, meadow fescue, timothy grass, black bent and red fescue (Jankowska-Huflejt 2015).  
Then there are bean family plants and herbs. As highlighted by Wasilewski and Barszczewski  
(2011), the production capacity of Polish meadows in terms of hay is 4–5 t/ha and of pastures  
3.5 t/ha.

Biomass from permanent grasslands is used primarily as fodder for ruminants and horses.  
It should be characterised by optimal nutritional value and taste acceptable for animals (Kryszak 
et al. 2003). This is determined by the appropriate amount of protein, saccharides, minerals and 
vitamins. Radkowski and Kuboń (2007) indicate that when maintenance treatments are carried 
out correctly, then it is possible to preserve almost the entire original amount of nutrients  
in fodder.

Despite the substantial potential of biomass from permanent grasslands, its utilisation is not 
easy. This is primarily due to quality requirements and technical, economic and environmental 
obstacles. Losses associated with drying are among the most important technical problems  
in obtaining hay from grasslands. According to Radkowski and Kuboń (2007), too-frequent  
and too-intensive tedding can lead to losing up to 40% of the starting material.
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6.1. Problems with utilisation of biomass from  
high-nature-value grasslands

Recently, one could have observed in Poland a growing problem with the utilisation of biomass 
obtained from meadows. This stems from changes in the animal production sector, primarily 
consisting of a decease in the number of farm animals or their total liquidation (mainly ruminants). 
The problem of biomass utilisation, however, does not apply only to those regions, in which 
the raising of cattle and other ruminants was significantly limited. It turns out that also in 
places with high demand for roughage, e.g. in the Podlaskie Voivodeship, many environmentally 
valuable meadows are not being used or are being used incorrectly. This is primarily due to their 
specificity, e.g. a high level of humidity, which considerably limits their utilisation for fodder 
purposes. A late mowing decreases the fodder value of the obtained biomass due to a decrease 
in carbohydrate and protein content and an increase in the percentage of cellulose and lignin.

In some cases, however, hay obtained from fertile, floristically rich meadows, can constitute 
valuable fodder, despite its production cost being higher than the cost of typical fodder obtained 
from plants cultivated on arable lands.

To maintain environmentally valuable meadows in the right condition, it is crucial to mow them 
within the right time period, and perform the correct number of mowing. Every type of natural 
habitat has its specific, optimal values of these parameters, e.g. to maintain Molinion meadows  
in the right condition, mowing should be usually conducted after 15 September.

Meadow biomass prepared for transportation. (Photo: M. Murawski)
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6.2. The utilisation of biomass from meadows for energy purposes

Among the main tasks of the agri-energy sector is to search for and process biomass, which 
will be relatively inexpensive, and to ensure its good quality (Kołodziej, Matyka 2012; Denisiuk 
2006). Meadows communities are considered potential sources of biomass possible to use 
for energy purposes (Murawski et al. 2015; Grzelak et al. 2010; Niedziółka, Zuchniarz 2006). 
Mikołajczak et al. (2009, as quoted in: Kaca et al. 2008) indicate that the quality of biomass 
from meadows, which can be used for energy purposes, varies and depends on the type  
of grassland.

The most important factor, determining the amount of biomass from meadows eligible for 
processing for energy purposes, is the intensity of use of such an area. The most productive 
are meadows mowed several times a year. Such raw material is successfully used in energy 
generation, which results largely from the fact that it is a relatively cheap material (Denisiuk 
2006; Niedziółka 2013). According to Roszkowski (2013), the yields of meadow green growth 
and perennial grasses depend largely not only on species composition, but also on soil quality.

Hay surplus, which can be used for energy production, depends on the product of surface, 
yield and ratio of use for energy purposes (Kowalczyk-Juśko 2010). It can be calculated using 
the following formula:

Mowing within the right time period ensures the treatment of environmentally valuable meadows. 
(Photo: M. Murawski)
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Psi = Al · wws · Ysi [t/year]

where:
Psi – potential hay surplus,
Al – the surface area of permanent grasslands [ha],
wws – % ratio of use for energy purposes,
Ysi – hay yield [t/ha/year].

As indicated by Kowalczyk-Juśko (2010), on average, at the national level, the wws ratio is 
5–10%.

Biomass from meadows can be directly converted into energy in the combustion process or 
transformed into a biofuel. Biofuels can be classified as solid, liquid and gaseous in terms of 
their physical state. According to data for 2013, solid biofuels enjoyed a 80% share in total 
renewable energy production, liquid biofuels approx. 8% and biogas only 2% (GUS 2014).

Biomass collected from meadows can be used for the production of solid and liquid biofuels 
(Terlikowski 2012). This depends largely on the quality of the obtained material.

Well-dried hay from meadows is an excellent material for the production of solid biofuels.  
This is because in the combustion process, the most desirable are those substrates, whose 
humidity does not exceed 10%. The disadvantages of this process include first and foremost 
combustion emissions, especially of compounds containing chlorine (Williams et al. 2012).

The collection and direct burning of hay is the simplest and cheapest technological solution. 
However, the storage and dosage of the material poses some problems (Niedziółka 2013). 
This is due to the significant volume of the substrate and thus its low bulk density (Cocker-
-Maciejewska 2007). Therefore, its recommended to form concentrated fuel from the 
substrates used for energy production. This will make it possible to obtain material in the 
form of e.g. briquettes or pellets, which will be much easier to store and dose to the furnace,  
when compared with a directly incinerated material (Zajemska, Musiał 2013). It is important to 
select an appropriate technological process and equipment facilitating inexpensive production 
and production of good-quality biofuel.

The process of solid biofuel production consists in the processing of scattered, loose biomass 
(Cocker-Maciejewska 2007). The factors the influence substrate density are high temperatures, 
pressure and content of natural binders.

The most important parameter characterising solid biofuels, similarly to coal, is the calorific 
value. As it depends on humidity, the most objective way of comparing this value for 
different materials is calculated on the dry substrate. Studies by Niedziółka (2013) indicate 
that the calorific value of meadow hay lies within the range from 16.6 MJ/kg to 17.1 MJ/kg.  
Also Murawski et al. (2015) indicate the possibility of using biomass from meadows to produce 
energy. The calorific value of the studied grasses and sedges from 9 plant communities 
(Phalaridetum arundinacea, Phragmitetum australis, Potentillo-Festucetum, Calamagrostietum 
epigeji, Caricetum acutiformis, Caricetum ripariae, Caricetum gracilis, Caricetum distichae, 
Valeriano-Caricetum flavae) was rather similar and within the range from 16.0 MJ/kg (greater 
pond sedge) to 18.7 MJ/kg (lesser pond-sedge) calculated on the dry matter. Another argument 
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in favour of the suitability of these plants for energy purposes, is the relatively low ash content 
and small humidity. Straw and wood have calorific values from 16 MJ/kg to 18 MJ/kg, similar 
to hay (Arseniuk 2010). While these values are lower than in the case of fossil fuels, they can 
be obtained through a much more eco-friendly process.

Biogas is another type of biofuel created from biomass (Goliński, Jokś 2007; Dach et al. 2014). 
It is a mixture of gasses, predominantly composed of methane, which is a flammable chemical 
compound, used for energy purposes, and carbon dioxide. An important advantage of biogas  
is the broad spectrum of its use. It can be combusted in CHP units or pre-treated to biomethane 
and used in transport (Piskowska-Wasiak 2014).

Methane fermentation is an alternative to a more popular sector of solid fuel production.  
As reported by Mikołajczak et al. (2009) for a meadow green growth yield of 20 Mg to 40 t  
of fresh mass per hectare, it is possible to obtain from 1500 to 2100 m3 of biogas.  
The aforementioned authors also mention data obtained by Amon et al. (2005), which indicate 
that a hectare of intensively used meadows can yield in annual terms up to 3459 m3 of methane, 
in comparison to only 649 m3 from an extensively used hectare with one mowing.

Biomass from permanent grasslands can be used for biofuel production in its fresh and ensiled 
forms. The amount of produced biogas and methane from meadow biomass is closely connected 
with the date of obtaining it. This is due to the fact that delayed mowing results in an increase 
in the amount of undegradable compounds (lignin and hemicellulose) in substrates intended for 
biogas production (Goliński et al. 2014).

Research into methane yield of seven grass species (Prochnow et al. 2008; Mikołajczak et al. 
2009) indicates that red fescue is characterised by the highest productivity of 456 dm3 per one 
kilogram of dry matter. On the other hand, the lowest yield (329 dm3 per one kilogram of dry 
matter) was recorded in tall fescue.

An important advantage of using meadow biomass in the production of biogas is the possibility 
of using digestate. It is residue in the methane fermentation process. It is charactersied by 
a substantial content of organic constituents and minerals, which can be used for fertilising 
purposes (Czekała et al. 2012).

Pellets and briquettes produced from  
different substrates. (Photo: W. Czekała)
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As reported by Mikołajczak et al. (2009), biogas production volume is mainly associated with 
the type of use. According to the authors, intensively used areas, mowed 3–4 times a year, 
can yield even 2–3 times more energy than areas subject to extensive usage. Nevertheless, 
extensively used areas can be also successfully used in the production of biofuels (Zajemska, 
Musiał 2013). In other studies it was demonstrated that herbs can also be successfully used in 
biogas production (Lewicki et al. 2013).

There are, however, some problems associated with the use of biomass from permanent 
grasslands in the production of biogas. These are connected primarily with the fact that some 
plant species, when their harvest is delayed, can act as inhibitors, reducing biogas productivity 
(Nielsen, Angelidaki 2008). All the listed drawbacks are not present, however, in the case of 
liquid fuel manufacture, as delays in plant harvest do not impact on the combustion process.

One interesting solution facilitating the use of biomass from semi-natural meadows in energy 
production, is the Integrated Generation of Solid Fuel and Biogas from Biomass (IFBB) technology 
developed under the PROGRASS project. It makes it possible to use biomass simultaneously 
in the production of briquettes and biogas. This technology is based on biomass ensilation  
and its subsequent separation into solid matter, used for biofuel production, and liquid matter 
for biogas (Goliński, Daszkiewicz 2014a; Goliński, Daszkiewicz 2014b).

The use of biomass for energy purposes has many benefits (Niedziółka, Szpryngiel 2014).  
It is first and foremost eco-friendly, improves the condition of meadows, and provides people 
with an inexpensive and local source of heat at prices attractive for producers. Especially this 
last element appears important, as the benefits resulting from lower fuel prices influence not 
only municipal heat suppliers, but also individual consumers.

While utilising biomass from meadows for energy purposes, one should take into account not 
only the technical and economic aspects, but also those related to the environment and legal 
regulations. In addition, only the surplus of meadow biomass should be used to produce energy, 
so it does not compete with fodder production.
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6.3. Production of compost from meadow biomass

Biodegradable substances can be processed in aerobic and anaerobic processes. Methane 
fermentation, resulting in the production of biogas, is an interesting technology; however,  
it requires substantial financial outlays. Its opposite is composting, i.e. the natural decompo- 
sition of substrates rich in organic matter due to the activity of microorganisms under aerobic 
conditions (Czekała et al. 2016). The greatest advantage of this process is the fact that,  
in many cases, it does not require substantial financial outlays and can be carried out in every 
farm. Where there are substantial biomass quantities, composting can take place in open piles  
or using container technologies (Czekała et al. 2013).

As indicated above, in the composting process organic matter undergoes decomposition due 
to microorganism activity. In order for this process to be effective, it is necessary to provide the 
microbes with appropriate developmental conditions. These include mainly access to oxygen, 
appropriate moisture content in the material and the right carbon to nitrogen ratio (Czekała 
et al. 2015a). The latter is especially crucial, as microorganisms need nutrients in appropriate 
proportions to grow. The suitability of meadow biomass for composting is conditioned by the 
development phase of plants, during which they were harvested. It influences differences in 
the properties and chemical composition of plants, including, i.a. a decrease in humidity and 
increase in woodiness with age (Kozłowski 1979). Freshly mown grass is a substrate that can 
be successfully composted. This is primarily due to the substantial humidity of the material and 
the correct carbon to nitrogen ratio. One important problem might be, however, pile sinking 
caused by a too-quick degradation process. It is therefore necessary to ensure an adequately 
porous structure of the composted mix, which should not exceed a bulk density of 550 kg/m3, 
which is critical for the composting process (Czekała et al. 2015b).

Hay, which is a dry material, is also suitable for composting. It is, nevertheless, recommended to 
use it as a co-substrate accompanied by other materials. Its biggest strengths in terms of aerobic 
processes is undoubtedly carbon content and the possibility of improving its porous structure. 
As the content of lignin and other hardly degradable substances increases in dried material, 
it is necessary to extend composting time to facilitate the mineralisation and humification 
processes.

In Poland fresh grass and hay are composted with other substrates. Such solutions are used 
mainly in municipal composting plants and the additional substrates include wood chips, sludge, 
leaves, etc.
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7.  Summary

Agricultural practices with a positive impact on biodiversity on arable lands

Crop rotation
•	 diversified crop rotation including legumes, cereal and cereal-leguminous mixtures,  

and catch crops;
•	 maintaining, in autumn and winter, so-called “green fields” (winter crops, winter catch 

crops, unploughed stubble fields, etc.).

Fertilisation
•	 the use of natural and organic fertilisers;
•	 the reduction of or abandoning the use of synthetic mineral fertilisers.

Agriculture
•	 using such tillage methods which minimise impact on the soil, especially conservation  

(no-till) agriculture;

Weeding and protecting plants against pests and pathogens
•	 the reduction of or completely abandoning the use of synthetic pesticides;
•	 if pesticides are used, the usage of their non-selective forms should be abandoned;
•	 reducing weed infestation, pests and pathogens only after exceeding the economic  

injury levels;
•	 the implementation of mechanical, physical and biological methods of weeding,  

and pest management.

The selection of species and varieties
•	 the right selection of the species and varieties of crop plants, based primarily on native 

species and varieties with no invasive tendencies.

Maintaining and/or intruding landscape components that constitute refuges for biodiversity 
in the vicinity of arable lands
•	 protecting the existing and creating new landscape components, such as small ponds, 

marshes, fens, dunes, clusters and strips of trees and shrubs, baulks, hedges, strips of 
plants, especially around large fields or arable field complexes, best consisting of native 
flora enriched with honey plants (mowing of strips of plants optimally to be done once 
every 3–5 years);

•	 alternating mowing with in strips of plants along the edges of drainage and irrigation 
ditches, natural streams and around water reservoirs;

•	 creating “beetle banks” on fields larger than 16 ha;
•	 avoiding changes in the location of temporary dirt roads;
•	 establishing “insect hotels”;
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Agricultural practices with a positive impact on biodiversity on permanent grasslands

Use of the land
•	 conservation of permanent grasslands on a farm, especially environmentally valuable 

habitats.

Mowing
•	 Molinion meadows – one mowing a year or every two years;
•	 mesic, wet, Cnidion meadows – one mowing a year, twice mowing on fertile habitats are 

also acceptable;
•	 keeping and maintaining in winter fragments that were unmowed that year, best diversified 

in terms of the height and structure of plants, situating them in such places, in which there 
are no invasive plant species;

•	 mosaic mowing, i.e., mowing different fragments of a meadow at different times;
•	 varying the times of mowing on a year-to-year basis;
•	 delaying mowing until August or September is recommended once every few years;
•	 avoiding regular mowing in July and August, the first mowing should be preferably made  

in June and the second one in September;
•	 on meadows mowed twice a year, the second mowing should be done after 7–8 weeks 

after the first one;
•	 high mowing best above 10 cm;
•	 using sickle bar mowers or alternatively rotary drum mowers with the highest possible 

mowing height or (manual) strimmers, avoiding rotary flail mowers and disc mowers;
•	 mowing from the inside out or in another way, but not from the outside in.

Hay harvest
•	 collecting and removing the mowed biomass as quickly as possible, after it has been dried 

and tedded on the meadow;
•	 abandonment of mulching.

Grazing
•	 extensive – best incorporating traditional, native breeds of cattle, horses, sheep and goats;
•	 with stocking adjusted to the yield potential and needs of the habitat (usually up to  

1 LU/ha), lower in the first part of the season, and higher in the second part;
•	 only on habitats with non-peaty soil and during dry periods, on floodplains started no 

earlier than 2 weeks after waters have receded;
•	 pasture season:

a. wet meadows − after mowing, from 15 July to 15 October;
b. Molinion meadows − after mowing, from 1 September to 15 October;
c. dry grasslands, mesic and Cnidion meadows:

‒	 in the mountains and north-east lowlands best from 1 June to 15 October;
‒	 in the lowlands and the remaining regions best from 15 May to 15 October;

•	 grazing pressure on a pasture – best up to 5 t/ha;
•	 mowing of uneaten parts from 15 July to 31 October and removal of the mowed biomass 

from the pasture;
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•	 leaving fragments that are diversified in terms of the height and structure of plants, not 
grazed or mowed in a given year;

•	 grazing of horses, especially to eradicate undesirable thick-stem plants;
•	 grazing of goats to eliminate tree wilding;
•	 grazing of sheep and goats on steep-slope areas.

Fertilisation
•	 mesic and wet meadows – fertilisation permissible up to 60 kg N/ha/year, recommended 

especially in the case of two mowings on habitats developed on fertile ground;
•	 Molinion and Cnidion meadows as well as dry grasslands and heaths − no fertilisation;
•	 no fertilisation of meadows flooded with river water;
•	 no fertilisation of habitats developed on the soil with low fertility (e.g., Molinion meadows);
•	 no fertilisation of meadows on drained mires using nitrogen;
•	 a more frequent use of natural fertilisers (manure, slurry, etc.) and organic fertilisers 

(composts, green manure, etc.) than the mineral ones.

Liming 
•	 sporadic liming (every 5–10 years) is permissible on grasslands formed on mineral soils 

(mainly mesic meadows);
•	 liming on peat soils (wet and Molinion meadows) and on alluvial Cnidion meadows is 

prohibited;
•	 liming outside the plant vegetation period (late autumn).

Invasive plant control
•	 eradicating alien species during the initial stages of their invasion;
•	 annual mowing before or during the initial stages of the flowering of invasive species;
•	 repeating the treatments multiple times, as invasive species regenerate or return;
•	 appropriate disposal of the biomass obtained from the removed invasive species;
•	 populating the soil exposed after the removal of alien species by native species.

Other pratotechnic treatments and technical aspects
•	 adapting equipment type and work methods to the soil conditions and especially:

‒	 performing works at a low level of underground waters and under favourable weather 
conditions;

‒	 using equipment with relatively low load on the soil, low-pressure tyres and wheels 
with large diameter and width;

•	 minimisation of the number of travels on the same route and the number of turns performed;
•	 surface levelling – performed if needed, by hand or by smoothing in early spring (before  

1 April in the lowlands and before 15 April in the mountains);
•	 refraining from ploughing, rolling, overseeding, harrowing, scarifying;
•	 overseeding using small-seeded legumes is permissible only on meadows and pastures that 

are poor in terms of species;
•	 not-using chemical plant protection products, excluding selective and local control of 

intrusive invasive species.
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Water management
•	 actions aiming at keeping water inside habitats:

‒	 reduction of the frequency, scope and intensity of works performed on drainage and 
irrigation ditches as part of renovations and ongoing maintenance;

‒	 refraining from deepening the existing ditches and from creating new ones;
‒	 proper handling of the existing structures impounding water;
‒	 storing the material extracted from a ditch outside a valuable habitat;
‒	 creating bars, drops, artificial rapids, penstocks, impounding culverts on the existing 

ditches;
‒	 tolerating dams built by beavers;

•	 preserving natural river courses and the structure of riverbeds, including meanders, 
overflow areas, diverse bottom;

•	 not disturbing the natural rhythm of freshets onto grasslands in alluvial areas by departing 
from the construction of embankments and land development in the valleys.

Maintenance and/or introduction of landscape components
• maintaining or facilitating landscape diversity with clusters or lines of trees and shrubs, 

isolated trees, natural hollows, small ponds, small unused patches and other landscape 
components constituting the refuges for biodiversity.
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Species in Polish

aster gawędka
babka lancetowata
barszcz Mantegazziego
barszcz Sosnowskiego
barszcz zwyczajny
batalion
białorzytka 
biegacz granulowany
biegacz wręgaty
biegacz złocisty
bielinek bytomkowiec
bielinek kapustnik
bielinek rzepnik
bluszczyk kurdybanek
błotniak łąkowy
błotniak zbożowy
bocian biały
bodziszek leśny
bodziszek łąkowy
bogatka
brzoza brodawkowata
bukwica zwyczajna
burak cukrowy 
bylica piołun
chaber bławatek
chaber ostrołuskowy
chrzan pospolity
chwastnica jednostronna
ciecierzyca pospolita
ciemiężyca zielona
cierniówka
czajka 
czarcikęs łąkowy
czechrzyca grzebieniowa
czeczotka
czeremcha amerykańska
czerwończyk fioletek
czerwończyk nieparek
czosnek kątowaty
darownik przedziwny
derkacz
dubelt
dudek
dymnica pospolita
dymówka
dzier włochaty
dziewięćsił popłocholistny
dzięcioł białoszyi
dzięcioł duży
dzięcioł zielony
dzięgiel leśny
dzika róża
dziurawiec zwyczajny
dzwonek rozpierzchły
dzwoniec
fiołek polny
fiołek psi
gawron
gąsiorek
gil
głowienka pospolita
głóg jednoszyjkowy

Species in Latin

Aster amellus
Plantago lanceolata
Heracleum mantegazzianum
Heracleum sosnowskyi
Heracleum sphondylium
Calidris pugnax
Oenanthe oenanthe
Carabus granulatus
Carabus cancellatus
Carabus auratus
Pieris napi
Pieris brassicae
Pieris rapae
Glechoma hederacea
Circus pygargus
Circus cyaneus
Ciconia ciconia
Geranium sylvaticum
Geranium pratense
Parus major
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Cicer arietinum
Veratrum lobelianum
Curruca communis
Vanellus vanellus
Succisa pratensis
Scandix pecten-veneris
Carduelis flammea
Padus serotina
Lycaena helle
Lycaena dispar
Allium angulosum
Pisaura mirabilis 
Crex crex
Gallinago media
Upupa epops
Fumaria officinalis
Hirundo rustica
Harpalus rufipes
Carlina onopordifolia
Dendrocopos syriacus
Dendrocopos major
Picus viridis
Angelica sylvestris
Rosa canina
Hypericum perforatum
Campanula patula
Chloris chloris
Viola arvensis
Viola canina
Corvus frugilegus
Lanius collurio
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gorczyca polna
goryczka krzyżowa
goryczka wąskolistna
goździk kartuzek
goździk pyszny
groszek błotny
grusza pospolita
grzebienica pospolita
grzywacz
gwiazdnica pospolita
izgrzyca przyziemna
jajuszek
jałowiec pospolity
jaskier polny
jasnota purpurowa
jastrzębiec kosmaczek
jaszczurka zwinka 
kania ruda
karłątek kniejek
kąkol polny
kłosownica pierzasta
knieć błotna
kocanki piaskowe
kolczurka klapowana
kołyśnik wielobarwny
komonica zwyczajna
komosa biała
koniczyna biała
koniczyna łąkowa
konietlica łąkowa
konopie siewne
kopciuszek
kosaciec syberyjski
kosmatka polna
kostrzewa czerwona
kostrzewa łąkowa
kostrzewa trzcinowata
kózka
kraska
krwawodziób
krokus spiski
kruk
kruszynek polny
krwawnica pospolita
krwiściąg lekarski
krzyżak łąkowy
kszyk
kukułka szerokolistna
kulczyk
kulik wielki
kupkówka pospolita
kuropatwa
kurzyślad błękitny
kurzyślad polny
kwiczoł
kwietnik
lebiodka pospolita
len zwyczajny 
len złocisty
lesz
lędźwian siewny
lnica pospolita
lnicznik siewny
łabędź krzykliwy
łokaś garbatek
łozówka
łubin trwały
macierzanka piaskowa
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Gentiana cruciata
Gentiana pneumonanthe
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Dianthus superbus
Lathyrus palustris
Pyrus communis
Cynosurus cristatus
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Danthonia decumbens
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Lamium purpureum
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Milvus milvus
Ochlodes sylvanus
Agrostemma githago
Brachypodium pinnatum
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Turdus pilaris
Misumena vatia
Origanum vulgare
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mak polny
mak pośredni
marchew zwyczajna
maruna bezwonna
mazurek
miecznik łąkowy
mieczyk dachówkowaty
miesiarka lucernówka
mietlica biaława
mietlica pospolita
mięta polna
miłek letni
miłek wiosenny
miotła zbożowa
mlecz polny
mlecz zwyczajny
mniszek pospolity
modraszek alkon
modraszek argiades
modraszek arion
modraszek ikar
modraszek nausitous
modraszek telejus
mszyca burakowa
mszyca czeremchowo-zbożowa
mszyca różano-trawowa
mszyca zbożowa
murarka ogrodowa
myszołów
naboczeń
nadobnik włoski
napierśnik torfowiskowy
nawłoć kanadyjska
nawłoć późna
nawłoć wąskolistna
niestrzęp głogowiec
niezapominajka polna
nostrzyk żółty
obuwik pospolity
oknówka
olszewnik kminkolistny
omacnica prosowianka
oman wąskolistny
ortolan
ostrożeń błotny
ostrożeń dwubarwny
ostrożeń łąkowy
ostrożeń polny
ostrożeń warzywny 
ostróżeczka polna
owies głuchy
owies szorstki
paciornica pszeniczanka
pająk topik
pasikonik zielony
paź królowej
pełnik europejski
perz właściwy
pępawa błotna
piegża
pieszek zbożowiec
piętnówka kapustnica
pliszka siwa
pliszka żółta
ploniarka zbożówka
płomykówka
podłatczyn zielonoplamek
pokląskwa

Papaver rhoeas
Papaver hybridum
Daucus carota
Matricaria maritima
Passer montanus
Conocephalus dorsalis
Gladiolus imbricatus
Megachile rotundata
Agrostis gigantea
Agrostis capillaris
Mentha arvensis
Adonis aestivalis
Adonis vernalis
Apera spica-venti
Sonchus arvensis
Sonchus oleraceus
Taraxacum officinale
Phengaris alcon
Cupido argiades
Phengaris (Maculinea) arion
Polyommatus icarus
Phengaris nausitous
Phengaris teleius
Aphis fabae
Rhopalosiphum padi
Metopolophium dirhodum
Sitobion avenae
Osmia bicornis
Buteo buteo
Mecostethus parapleurus
Calliptamus italicus
Stethophyma grossum
Solidago canadensis
Solidago gigantea
Solidago graminifolia
Aporia crataegi
Myosotis arvensis
Melilotus officinalis
Cypripedium calceolus
Delichon urbicum
Selinum carvifolia
Ostrinia nubilalis
Inula ensifolia
Emberiza hortulana
Cirsium palustre
Cirsium helenioides
Cirsium rivulare
Cirsium arvense
Cirsium oleraceum
Consolida regalis
Avena fatua
Avena strigosa
Contarinia tritici
Argyroneta aquatica
Tettigonia viridissima
Papilio machaon
Trollius europaeus
Elymus repens
Crepis paludosa
Sylvia curruca
Calathus fuscipes
Mamestra brassicae
Motacilla alba
Motacilla flava
Oscinella frit
Tyto alba
Metrioptera brachyptera
Saxicola rubetra
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pokrzywa zwyczajna
porobnica włochatka
potrzeszcz
potrzos
pójdźka
pryszczarek heski
pryszczarek pszeniczny
przepiórka
przeplatka aurinia
przytulia czepna
przytulia północna
pszczolinka ruda
pszczoła miodna
pszenica orkisz
pszenica płaskurka
pszenica samopsza
pszeniec różowy
pustułka
puszczyk
rajgras wyniosły
rdest kolankowy
rdest ptasi
rdest wężownik
rdestowiec ostrokończysty
rdestowiec pośredni
rdestowiec sachaliński
rdestówka powojowata
róża pomarszczona
rudbekia naga
rumian polny
rumianek pospolity
rycyk
rzepak
rzodkiew świrzepa
selernica żyłkowana
sierpik barwierski
siodlarka stepowa
sitowie leśne
skakun szydłówka
skorobieżek pospolity
skowronek
skrzyp polny
soczewica jadalna
sosna zwyczajna
sójka
sparceta siewna
sporek polny
sroka
srokosz
starzec zwyczajny
stepówka
stokłosa miękka
stokrotka pospolita
stonka ziemniaczana
storczyk purpurowy
storczykowate
strzęplica sina
szałwia łąkowa
szczaw kędzierzawy
szczaw omszony
szczaw tępolistny
szczaw zwyczajny 
szczotlicha siwa
szczygieł
szlaczkoń erate
szlaczkoń siarecznik
szlaczkoń sylwetnik
szpak

Urtica dioica
Anthophora plumipes
Emberiza calandra
Emberiza schoeniclus
Athene noctua
Mayetiola destructor
Sitodiplosis mosellana
Coturnix coturnix
Euphydryas aurinia
Galium aparine
Galium boreale
Andrena fulva
Apis mellifera
Triticum spelta
Triticum dicoccon
Triticum monococcum
Melampyrum arvense
Falco tinnunculus
Strix aluco
Arrhenatherum elatius
Polygonum lapathifolium ssp. 
Polygonum aviculare
Polygonum bistorta
Reynoutria japonica
Reynoutria x bohemica
Reynoutria sachalinensis
Fallopia convolvulus
Rosa rugosa
Rudbeckia laciniata
Anthemis arvensis
Matricaria chamomilla
Limosa limosa
Brassica napus
Raphanus raphanistrum
Cnidium dubium
Serratula tinctoria
Ephippiger ephippiger
Scirpus sylvaticus
Tetrix subulata
Amara communis
Alauda arvensis
Equisetum arvense
Lens culinaris
Pinus sylvestris
Garrulus glandarius
Onobrychis  viciifolia
Spergula arvensis
Pica pica
Lanius excubitor
Senecio vulgaris
Gampsocleis glabra
Bromus hordeaceus
Bellis perennis
Leptinotarsa decemlineata
Orchis purpurea
Orchidaceae
Koeleria glauca
Salvia pratensis
Rumex crispus
Rumex confertus
Rumex obtusifolius
Rumex acetosa
Corynephorus canescens
Carduelis carduelis
Colias erate
Colias hyale
Colias croceus
Sturnus vulgaris
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55, 65, 68, 112
107
105, 195
197
127, 128, 135, 138, 139
31, 33
84
107, 108
208
174
174
174
207, 208, 218
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szykoń
śliwa tarnina
śmiałek darniowy
świergotek łąkowy
świergotek polny
świerszcz polny
świerszczak  
świerszczyk szary
świerząbek orzęsiony
świerzbnica polna
tasznik pospolity
tawuła kutnerowata
truskawka
trzcina pospolita
trzcinnik piaskowy
trzęślica modra
trzmiel ciemnopasy
trzmiel gajowy
trzmiel kamiennik
trzmiel kołnierzykowy
trzmiel olbrzymi
trzmiel ozdobny
trzmiel rudonogi
trzmiel rudoszary
trzmiel rudy
trzmiel szary
trzmiel ziemny
trzmiel zmienny
trzmiel żółty
trznadel
turkawka
turzyca błotna
turzyca brzegowa
turzyca drżączkowana
turzyca piaskowa
turzyca pigułkowata
turzyca wczesna
tygrzyk paskowany
tymotka łąkowa
wiązówka błotna
wiechlina łąkowa
wiechlina roczna
wiechlina wąskolistna
wiechlina zwyczajna
wierzba szara
wierzba uszata
wilczomlecz obrotny
wilga
wodniczka
wrona siwa
wrotycz pospolity
wróbel
wrzos pospolity
wszewłoga górska
wyczyniec łąkowy
wyczyniec polny
wyka kosmata
wyka wąskolistna
zawciąg pospolity
ziemniak
zięba
ziołomirek szczawiowiec
złocień właściwy
złotawek nieparek
złotawiec
żmijowiec zwyczajny
żuraw
życica trwała

Pterostichus
Prunus spinosa
Deschampsia caespitosa
Anthus pratensis
Anthus campestris
Gryllus campestris
Locustella naevia
Modicogryllus frontalis
Chaerophyllum hirsutum
Knautia arvensis 
Capsella bursa-pastoris
Spiraea tomentosa
Fragaria x ananassa
Phragmites australis
Calamagrostis epigejos
Molinia caerulea
Bombus ruderatus
Bombus lucorum
Bombus lapidarius
Bombus magnus
Bombus fragrans
Bombus distinguendus
Bombus ruderarius
Bombus sylvarum
Bombus pascuorum
Bombus veteranus
Bombus terrestris
Bombus humilis
Bombus muscorum
Emberiza citrinella
Streptopelia turtur
Carex acutiformis
Carex riparia
Carex brizoides
Carex arenaria
Carex pilulifera
Carex praecox
Argiope bruennichi
Phleum pratense
Filipendula ulmaria
Poa pratensis
Poa annua
Poa angustifolia
Poa trivialis
Salix cinerea
Salix aurita
Euphorbia helioscopia
Oriolus oriolus
Acrocephalus paludicola
Corvus corone
Tanacetum vulgare
Passer domesticus
Calluna vulgaris
Meum athamanicum
Alopecurus pratensis
Alopecurus myosuroides
Vicia villosa
Vicia sativa subsp. nigra
A. maritima subsp. elongata
Solanum tuberosum 
Fringilla coelebs
Hypera rumicis
Leucanthemum vulgare
Chrysochraon dispar
Euthystira brachyptera
Echium vulgare
Grus grus
Lolium perenne

Bon.
L.
(L.) P. Beauv.
L.
L.
L.
Bodd.
Fieb.
L.
(L.) J. M. Coult.
(L.) Medik.
L.
Duch.
(Cav.) Trin. ex Steud.
(L.) Roth
(L.) Moench s. str.
Scop.
L.
L.
Vogt.
Pall.
Mor..
Scop.
L.
Scop.
Fab.
L.
Ill.
L.
L.
L.
L.
Curtis
L.
L.
L.
Schreb.
(Scop.)
L.
(L.) Maxim.
L.
L.
L.
L.
L.
L.
L.
L.
Vieill.
L.
L.
L.
(L.) Hull.
Jacq.
L.
Huds.
Roth.
(L.) Ehrh
(Hoffm.) Bonnier
L.
L.
L.
LAM.
Ger
Ocsk.
L.
L.
L.

147
117, 197
60
207, 208, 209, 218, 221, 222
207, 208, 210
168, 169
218
192
57
55
46
131, 132, 135, 137, 139
147, 149, 151, 152, 170
65, 82, 172, 173, 183, 221
115
59, 60, 66, 79
197
197
197
197
197
197
197
197
151, 197
197
151, 153, 197
197
197
206, 208
208
241
241
65
110
108
107
144, 161, 182
237
65
136, 237
31, 33, 36
60
36, 46
202
202
31
208
25, 82, 140, 228, 232, 235
208
33
207
108, 110
55
60, 85
36
48
48
107
33, 163, 164, 211, 215
208
138
55
193
192
45
215, 218
237
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żyto kszyca Secale montanum
Agonum dorsale
Amara aenea
Anchomenus dorsalis
Antistea Elegans
Apion miniatur
Bathyphantes gracilis
Bembidion quadrimaculatum
Broscus cephalotes
Calathus melanocephalus
Calosoma auropunctatum
Carabus auratus
Carabus cancellatus
Cheiracanthium mildei
Chorthippus montanus
Clivina fossor
Dyschirus globosus
Ebrechtella tricuspidata
Erigone atra
Erigone dentipalpis
Harpalus affinis
Harpalus rufipes
Heriaeus graminicola
Microlinyphia pvsilla
Lebia cruxminor
Oedothorax apicatus
Oedothorax fuscus
Pachygnatha degeeri
Panagaeus bipustulatus
Pardosa agrestis
Pardosa palustris
Poecilus lepidus
Pterostichus melanarius
Tenuiphantes tenuis
Varroa destructor
Zabrus tenebrionodes

Guss.
Pont.
Deg.
Pont.
Bl.
Germ.
Bl.
L.
L.
L.
F.
L.
ILL.
C. L. K.
Charp.
L.
Herbst.
Bl.
Bl.
Wid.
Schrk.
Deg.
F.
Sund.
L.
Bl.
Bl.
Sund.
F.
Westr.
L.
Leske
ILL.
Bl.
Anderson & Trueman
Gze.

39
164
145
145
183
138
183
145
145
145
145
145
145
160
192
145
145
184
158, 183
158
145
145
189
183
145
157, 158
180
157, 158
145
157, 158
142, 188
145
145
158
152
145
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