
Introduction

Biodiversity in agriculture can be considered on two
levels. The first is the biological diversity of wild plants and
animals in rural agricultural production areas, as well as in
natural habitats. The second level concerns the diversity of
species and varieties of plants cultivated by man and also
the species and breeds of domesticated animals. Protection
of agro-diversity has become a priority in many countries
around the world. Humans have cultivated approximately
7,000 species of plants over the last 12,000 years, although
currently there are far fewer. Only 15 species of plants and
nine species of animals provide about 90% of the total food
production in the world [1]. Nearly half of the world's food
derived from plants is provided by only four species: rice,

corn, wheat, and potatoes. FAO data indicate that half of the
breeds occurring in Europe at the beginning of the 20th cen-
tury have died out, and now approx. 30% are endangered.
According to The State of the World's Animal Genetic
Resources for Food and Agriculture [2], 1,491 of 7,616
species of domestic animals may be completely extinct in
the near future. Conventional industrialized agriculture
affects the impoverishment of biodiversity agrocenosis [3]. 

In 1992, to protect the biodiversity of natural and agri-
cultural ecosystems, the Convention on Biological
Diversity (CBD) was drawn up [4]. The importance of bio-
diversity, the scale of its impact on the environment, and its
social ramifications are evidenced by the fact that in 2010
the List of Parties (list of parties to the convention) num-
bered over 193 participants. On the basis of the convention,
ratified by Poland in 1996, the Ministry of Environment
developed the National Strategy for the Conservation and
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Sustainable Use of Biodiversity [5]. According to the strat-
egy it is necessary to protect the planet’s ecosystems at all
levels, including those elements that have so far been
neglected or even destroyed, such as pests or weeds. The
provisions of the convention also pay attention to the value
of areas used commercially, including the diversity of old,
traditional varieties of crops and breeds and species of live-
stock, and the need to treat them so as to ensure their sta-
bility and reproducibility. 

On par with natural ecosystems and agrocenosis should
also be the protection of traditional folk knowledge and

practices conducive to the conservation and sustainable use
of biological diversity [6, 7]. Even the Copa-Cogeca joined
in order to protect biodiversity and represent European
farmers in terms of diversification of agricultural produc-
tion.

The aim of this study is to evaluate the species diversi-
ty of crops and livestock in selected farms in a Natura 2000
area, in terms of variety of agricultural production and land.

Material and Methods

The 75 chosen farms are located in Dabrowy
Krotoszyńskie, within a zone with a direct effect on this
Natura 2000 area. Dąbrowy Krotoszyńskie is in southern
Wielkopolska Province (Figs. 1, 2). The degree to which
the selected farms have implemented the requirements of
‘greening’ was rated. Data from 2004-11 were used in the
research. Details about land structure and plant and animal
production were obtained directly from farms, based on a
special questionnaire. Some of the data came from farms’
identify cards at the community office. These cards are pre-
pared for implementing the Nitrates Directive
(91/676/EEC) [8] and action program in nitrogen-vulnera-
ble zones (NVZs). The chosen farms varied in size, pro-
duction, and specialization. Farms were located in 23
places and 9 communes (Dobrzyca, Kobylin, Koźmin
Wielkopolski, Krotoszyn, Ostrów Wielkopolski, Raszków,
Rozdrażew, Sulmierzyce, and Zduny).

For the purposes of this research the species of crops
cultivated in each of the investigated farms on arable land
were counted. The species distinguished on farms included
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Fig. 1. Location of the NATURA 2000 Dąbrowy Krotoszyńskie
area in Poland.

Fig. 2. The analyzed area of NATURA 2000 Dąbrowy Krotoszyńskie with farm locations.



basic cereals (rye, triticale, wheat, oats, and barley) and
plants with colourful perianth which improve the aesthetics
of the landscape, break up the monotonous monoculture of
cereals, and benefit nectar for bees and other pollinators.
Plants with colourful perianth included thick and smallseed
legumes (Fabaceae), Brassicaceae, Boraginaceae,
Solanaceae, Asteraceae, Apocynaceae, Amaranthaceae,
and some herbs. (Among plants with colourful flowers,
only those whose cultivation allowed flower production
were counted; biennial species that were grown only for a
year were not included in this group as they do not produce
flowers in the first year of cultivation). The occurrence of
different species of livestock was also counted for the
selected farms.

Species diversity was assessed using a Shannon-Wiener
index – H’ [9] on the basis of the plant and livestock species
diversity:

...where:
S – number of species
pi –the ratio of the number of individuals of a given species

to the total number of individuals of all species: 

ni –number of individuals i-this species
N –number of all individuals from all species

The number of animals used in the calculation of the
Shannon-Wiener index was based on a previously calculat-
ed state annual average inventory [10, 11].

For the assessment of species diversity two synthetic
indicators were calculated: species diversity and so-called
marginal species. Species diversity was calculated by
assigning one point to each species of crops and animals.
This was used for the purpose of the following formula:

SD = CS + LS

...where:
SD – species diversity
CS – total points for number of crop species
LS – total points for number of livestock species

The indicator of marginal species was based on a scale
of valuation. Each species of crop and livestock was
assigned one point. Then the indicator was calculated
according to the following formula:

MS = (CS – BS) + (LS – LP – LC)

...where:
MS– indicator of margin of species
CS – total points for number of crop species
BS – points for number of species of basic cereals
LS – total points for number of livestock species
LP – point for pigs
LC – point for cattle

In addition, the area ratio of crop rotation was calculat-
ed by defining the average area per plant species on the
farm, for which the following formula was used:

...where:
CA – indicator of crop rotation area
NS – number of crop species
SA – sown area

Results and Discussion

The NATURA 2000 Dąbrowy Krotoszyńskie area
(PLB 300007) has been under the regulation of the Minister
of the Environment since 12 January 2011 for the Special
Protection of Bird Areas [12], in accordance with Directive
2009/147/EC [13]. The area covers 34,245.3 ha and is one
of the biggest and best-known oak forest complexes in
Europe. A further 88% of the area is taken by the Dąbrowy
Krotoszyńskie Baszków-Rochy protected landscape area
(55,800 ha). The NATURA 2000 Dąbrowy Krotoszyńskie
area is covered almost completely by the NATURA 2000
Dąbrowy Krotoszyńskie Special Area of Conservation
(PLH300002), which is a very important area for the
European Community as a Site of Community Importance
(SCI). This zone was approved in 2007, has an area of
34,225.2 ha, and contains 12 habitat types from Appendix I
of Council Directive 92/43/EEC [14], three of which are
priority. Dąbrowy Krotoszyńskie is located in two NVZ

A

S

S
N

CA

i

S

i
i ppH ln'

1

N
ni

Assessment of Biodiversity in the Context... 1105

Parameter Unit Range Average

Farm area [ha] 2.8-650.0 37.8

Till lands
[ha] 2.3-525.0 32.6

[%] 50.0-100.0 86.9

Grassland
[ha] 0.0-87.0 4.0

[%] 0.0-45.8 10.3

Woods
[ha] 0.0-14.0 0.5

[%] 0.0-25.0 1.5

Other lands
[ha] 0.0-24.0 0.5

[%] 0.0-6.7 0.6

Livestock
summary

[LSU] 4.4-505.6 41.8

[LSU·ha-1] 0.1-7.7 1.5

Cattle
[LSU] 0.0-332.2 26.0

[LSU·ha-1] 0.0-4.6 0.9

Pigs
[LSU] 0.0-173.4 15.3

[LSU·ha-1] 0.0-3.4 0.5

Other animals
[LSU] 0.0-13.1 0.5

[LSU·ha-1] 0.0-2.1 0.04

Table 1. The chosen parameters of the analyzed farms.
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areas, which contain the Orla, Czarna Woda, and Kuroch
river catchment areas.

The main threats to the analyzed NATURA 2000 zone
are changes in water quality and regime, incorrect forest
management, and intensive and irrational agri-manage-
ment. In the 15 km zone southeast of Dąbrowy
Krotoszyńskie there is the Chłodnia Cieszków NATURA
2000 area (PLH020001). This covers an area of 18.7
hectares and is a large, underground brick ice cellar, locat-
ed in the forest.

Characteristics of Farms

The average size of the chosen farms was 37.8 ha.
Regarding land use, attention needs to be paid to the large
proportion of arable ground, which is usually around 86.9%
(Table 1). According to Havranek et al. [15] and
Drzewiecki [16] it is very important to diversify land use in
order to create exceptionally favorable conditions for recre-
ation in rural areas. A significant share of forests, water,
wasteland, trees, shrubs, and grassland allows the mixing of
semi-natural ecosystems with typical agricultural ecosys-
tems. Grassland covered about 10% of the analyzed farms.
According to the cross-compliance recommendations,
approx. 17% of farms should be grassland. According to
Drzewiecki [16], ecological areas, including grassland,
should constitute a minimum of 12+15% of farms. The
diversity of cultivated plants on farmland is also very
important. In the analyzed region farmers mostly sow cere-
al plants on their land, amounting to 96% of the sown area.
Apart from cereals and cereal mixes, also cultivated were
industrial plants (2%), fodder plants (1%) and others,
including roots, legumes, and vegetables.

Animal production was characterized by the low diver-
sity in animal species. The average density of livestock was
1.4 LSU (livestock unit). Among the species studied, cattle
(62.1%) was highest, swine accounted for 36.6%,  horses
(1.0%), and hens, goats, turkeys, ducks, sheep, and pigeons
totalled around 0.3%. These farms represent a significant
threat to the environment – especially water quality [17] –
due to their manure storage infrastructure and the manage-
ment of certain macronutrients .

Agro-Biodiversity

In developing the requirements of ‘greening’ under
Pillar I of the Common Agricultural Policy (CAP), great
attention was paid to the variety of agricultural production
in terms of the structure of the land and the crops cultivat-
ed. The introduction of these requirements was intended to
improve the environmental performance of the CAP by
supporting environmental measures applicable throughout
the EU in order to introduce a mandatory ‘ecological’ com-
ponent in future direct payments. The obligations arising
from the planned requirements of ‘greening’ are primarily
to maintain the existing areas of grassland on farms, plan a
minimum of three crops in crop rotation (or a minimum of
two crops if the holding is less than 10 hectares), but a sin-

gle species should not exceed 75% of the sowing structure
and should not be less than 5%. The two main crops cannot
exceed 95% of arable land. In addition, 5% of agricultural
land should be allocated to a so-called area of ecological
compensation (ecological focus area) for the majority of
farms larger than 15 hectares, e.g. balk, hedges, trees, fal-
low land, landscape, habitats, buffer zones, and forested
areas. This percentage may rise to 7% after the presentation
by the commission in 2017 of a report and legislative pro-
posal [18]. In the analyzed farms forested areas accounted
for only 1.5% of land use. Other land accounted for a mar-
ginal proportion (Table 1). ‘Greening’ is intended to pro-
vide environmental benefits by keeping carbon in the soil,
species protection on permanent grassland, water conserva-
tion, ecological compensation, and improving the regener-
ative capacity of ecosystems through crop diversification.
The requirements of ‘greening’ will be mandatory for
organic farms, including those located partially or com-
pletely in NATURA 2000 areas.

Analysis of species diversity of crops in the investigat-
ed farms showed that a total of only 13 species of plants
were cultivated in different combinations on different
farms. The number of species on individual farms amount-
ed to an average of seven (Table 2). Ninety-five percent of
the farms studied meet the requirements of ‘greening’ as
they have a minimum of three species of arable crop. As
many as 51% cultivated 6-8 species (Table 3). Of the sur-
veyed farms and five had an area of less than 10 hectares.
In such farms the number of species in crop rotation should
not be less than two. However, one of the small farms did
not meet this standard. Basic cereals were found to be
grown by many farms, with four species cultivated by the

Table 2. The results of agro-biodiversity in the analyzed farms.

Specification Value H’
Number of

species

Biodiversity of
crops H'

range 0.00-2.21 1-13

average 1.52 7

Biodiversity of
livestock H'

range 0.00-1.35 1-5

average 0.59 2

Specification Unit

Range specifies the number of
species

<3 3-5 6-8 >8

Farms with total 
number of species

Share
[%]

5 23 51 21

Farms with basic 
cereals

8 92 0 0

Farms with plants 
with colourful flowers

64 5 0 0

Table 3. The share of farms with determined number of species.
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Farm number

Indicator

Farm number

Indicator

Crop rotation
area CA

Species 
diversity SD

Marginal
species MS

Crop rotation
area CA

Species 
diversity SD

Marginal
species MS

1 24.7 7 1 39 1.3 10 5

2 9.2 7 2 40 1.7 10 6

3 11.3 7 3 41 6.4 9 4

4 2.3 7 2 42 4.4 9 2

5 24.8 4 3 43 2.6 12 6

6 3.3 7 9 44 1.6 10 7

7 7.3 5 0 45 1.8 10 4

8 3.7 10 3 46 0.9 13 8

9 1.8 5 2 47 1.8 13 8

10 2.3 8 4 48 0.7 14 9

11 6.0 5 1 49 2.7 15 10

12 1.0 8 3 50 1.1 12 7

13 0.4 6 2 51 3.2 10 7

14 8.8 6 0 52 1.4 12 7

15 5.2 6 1 53 1.5 10 3

16 3.0 4 0 54 2.2 9 6

17 5.0 3 0 55 4.3 10 3

18 6.0 6 0 56 3.8 11 5

19 2.7 7 5 57 1.6 11 5

20 3.8 9 5 58 3.4 5 2

21 3.6 11 6 59 1.2 11 6

22 4.2 10 3 60 1.7 12 6

23 4.3 4 0 61 1.4 11 7

24 3.6 6 2 62 1.3 14 9

25 11.1 4 0 63 0.9 12 7

26 7.3 6 4 64 1.7 13 7

27 3.9 8 6 65 1.8 14 8

28 1.2 8 6 66 1.3 12 6

29 2.3 13 8 67 5.8 7 2

30 2.6 11 6 68 5.9 5 4

31 2.7 12 7 69 2.1 11 7

32 2.2 13 8 70 2.7 12 8

33 14.6 9 4 71 2.2 13 8

34 3.3 10 6 72 14.6 9 4

35 4.0 9 4 73 5.4 12 7

36 40.4 15 12 74 3.3 10 6

37 0.7 6 3 75 4.0 9 4

38 4.7 9 3 Average 4.7 9 5

Table 4. The indicators of diversity in analyzed farms.



average farm. A special role in the development of agro-
ecosystems and the appearance of the landscape is played
by plants with colourful flowers, which also are of use to
many beneficial insects such as hymenoptera, lepidoptera,
dipterans, and coleopteran [19-21]. Cereals may look aes-
thetically pleasing in ribbon systems, which occur almost
exclusively in the mountains [22]. In the studied farms this
was a small group represented mainly by rape, mustard,
agrimonia, potatoes, alfalfa, clover, peas, and pumpkin,
with one species per farm. The ratio of the total number of
plant species for basic cereals and plants with colourful
flowers was 1:0.6:0.2. The surface area taken by crops
other than cereal was small, amounting to only 4%. As
shown by the results obtained from the studied farms, a
very simple sowing structure was used. According to Kuś
[23], an increase in specialization and simplification of crop
rotation, consisting of reducing the number of plants, leads
to increased usage of means of production, especially fer-
tilizers, in terms of the inefficient use of nutrients.
Intensification of agricultural production can lead to signif-
icant degradation of the environment and increase the risk
of agroecosystem instability, thus reducing the production
potential of agrocenosis [24, 25].

Some authors argue that in order to develop the recre-
ational functions of villages, attention should be paid to all
features and components of the landscape [16, 26, 27]. One
of the characteristics described by these authors is the size of
crop rotation fields. According to Drzewiecki [16], they
should not be larger than 10 ha and should contain different
crop species every 300-400 m. Drzewiecki’s [16] analysis
showed that for one species there is an average of 4.7
hectares of arable land. These areas were larger than 10 ha
in only 7 farms. The calculated species diversity index, tak-
ing into account the number of crops and livestock, was
SD=9. On the other hand, the margin species indicator spec-
ifying the number of marginal plants and animals on farms,
with the exception of the most popular crops and livestock,
averaged MS=5 (Table 4). The margin therefore constituted
56% of all species of plants and animals on the farms.

The biodiversity H' crops amounted to an average of
1.52 (Table 2). According to some authors, the most com-

mon range for biodiversity of natural ecosystems is H' from
1.5 to 3.5. The index rarely exceeds 4.0 [28]. The distribu-
tion results of the biodiversity of crops and livestock are
shown in Table 5. In terms of plant biodiversity, a lower rate
was observed in the small farms and farms with an area of
over 50 hectares. Livestock species diversity decreased as
farm size increased (Fig. 3). This could be caused by nar-
row specialization. Large farms are most often like corpo-
rations, involving no domestic consumption. Small farms
are family businesses, maintaining additional animals for
their own needs.

Regarding animals in the group of analyzed farms, a
total of nine species were reported, but the dominant
species were cattle and pigs – found in 65% of farms. These
are species which give fast and reliable capital turnover. Up
to 5 species were found on any one farm, but on average
there were just two species per farm (Table 2). Less than 3
species of farm animals are kept by 51% of farmers (Table
6). The proportion of animals other than cattle and pigs was
only 1.3%. These animals are commonly kept for domestic
use. Many of these marginal animals perform very impor-
tant ecological functions. Sheep, mainly indigenous breeds,
play a special role in protecting the environment and land-
scape. These animals graze in marginal or less-favoured
areas (mountains, floodplains) and help to maintain agri-
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Table 5. The range of results for biodiversity in the analyzed farms.

Type of biodiversity H’
Range of H’

0.00-0.50 0.51-1.00 1.01-1.50 1.51-2.00 >2.01

Crops in the different ranges [%] 2.7 6.7 33.3 48.0 9.3

Livestock in the different ranges [%] 40.0 33.3 26.7 - -

Table 6. The share of farms with a determined number of livestock species.

Specification Unit
Range specifies the number of species

<3 3-5 6-8 >8

Farms with a total number of species Share [%] 51 49 0 0

Fig. 3. The biodiversity in area groups of the analyzed farms. 
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culture and production potential while preserving biodiver-
sity. Sheep are relatively small and active, move easily in
areas with highly varied terrain, cut the grass short, and
massage it with their hooves. Animal manure also plays an
important role in maintaining biodiversity. The excreta of
these animals are a rich source of nutrients for plants, as
well as a dietary component of many species of inverte-
brates, birds, and mammals [29].

The biodiversity of crops and livestock affects the bio-
diversity of species inhabiting wild agrocoenosis. The types
of crops grown affect not only the formation of soil habitat,
but also the associated environment and ecosystems [30].
Some authors say that a mosaic-like cultivation structure
increases the number of insect species by 20%, and their
biomass by 50% [31, 32]. The Dąbrowy Krotoszyńskie
area contains not only forests, but also peatmosses, peat
bogs, meadows, pastures, and arable land. The diversity of
these habitats depends to some extent on the structure of the
crops sown in the surrounding areas as cereal cultivation
can cause environmental indicators in the region to deterio-
rate. As shown by some authors, monoculture cultivation of
cereals entails the consumption of large quantities of pesti-
cides and fertilizers, which often spread into the environ-
ment. Nitrogen from fertilizers and manures adversely
affects forest ecosystems, making them weaker and more
susceptible to degradation. The excess of nitrogen in wet
meadows and wetlands reduces biodiversity and affects
species composition. Moreover, fewer insects inhabiting
farmland, mostly as a result of the increased use of plant
protection products, may adversely affect the avifauna of
the region. This may in turn result in an impaired trophic
chain and biocenotic homeostasis. The low diversity of cul-
tivated species found in the analyzed farms can therefore
potentially interfere with the functioning of the Dąbrowy
Krotoszyńskie NATURA 2000 area, due to the deteriora-
tion of the landscape, tourism development, the deteriora-
tion of environmental indicators, and the functioning of nat-
ural ecosystems in the region.

Conclusions

1. The number of species of plants grown in the analyzed
farms in relation to the requirements of ‘greening’ was
correct. However, cereals are grown on 96% of the area.
Other species, including those with colourful flowers,
accounted for only 4% of the crop.

2. Diversity of animals in the surveyed farms was low.
Farmers mostly kept cattle and sheep. A few other
species were kept for domestic use.

3. Diversity of plants was highest in the mid-sized farms.
Animal biodiversity decreased with increasing farm
size, probably due to greater specialization of produc-
tion in larger farms.

4. Diversification of land use in analyzed farms was low,
mainly dominated by arable land. Other categories of
land use, important from the point of view of increasing
biodiversity, were few and insufficient in terms of the
requirements of ‘greening’.
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