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Abstract. The paper presents the diversity of crop species that 
were grown in cattle and pig-raising farms, in mixed crop-li-
vestock farms and in field-crop farms (with no livestock). The 
aim of the study was to access the effect of farm type on crop 
diversity. The data was collected in 2016–2018 in 48 farms lo-
cated in the macroregion of Mazovia and Podlasie. Information 
on farms and crops on arable lands was obtained using a research 
questionnaire. It was found that the indicators of crop species 
diversity depended on the type of farm. The cattle farms had a 
large share of permanent grasslands in the structure of UAA and 
a large diversity of crop species. The crop structure of pig farms 
was dominated by cereals (80%), which significantly affected the 
species diversity of crops. Crop farms had low diversity of crop 
species on arable land. Species diversity in mixed farms reached 
intermediate values between those found in cattle and crop farms.

Keywords: types of farms, diversity indicators, crops on arable 
land

INTRODUCTION

 As commonly understood, biodiversity means diversi-
ty, abundance and changes in the composition of plant and 
animal species in a given area (Jaskulski, Jaskulska, 2006). 
According to Andrzejewski and Weigle (2003), biological 
diversity denotes the intraspecific variability (the richness 
of the gene pool) of all living populations, interspecific di-
versity (species diversity) and supra-specific diversity, i.e. 
that of ecosystems and landscapes. Biodiversity is a fairly 
complex concept and can be considered at various spa-
tial scales and at various levels. Therefore, biodiversity in 
agriculture can be analysed and assessed at spatial scales: 
country, region, farm and arable field (Feledyn-Szewczyk, 
2014). It is most often perceived at three levels: genetic, 
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species and ecosystem level (Sienkiewicz, 2010; Feledyn-
-Szewczyk, 2016; Staniak, Feledyn-Szewczyk, 2016).
 Biodiversity in a given area can be assessed on the ba-
sis of various indicators. The most commonly used measu-
re of biodiversity in a given area is the number of plant 
species (Duelli, Obrist, 2003; Trzcińska-Tacik, 2003; Fa-
lińska, 2004; Piernik, 2012). A more objective measure 
includes the indicators taking into account the number of 
plant species and their richness in the community, i.e. the 
Shannon diversity index and Simpson dominance index 
(Shannon, 1948; Simpson, 1949) and the similarity index 
defined as the Sorensen index (Magurran, 1988; Zanin et 
al., 1997). Moreover, other indicators are used, such as: 
the share of permanent grassland, fallow and wasteland, as 
well as ecological space in the structure of agricultural land 
(Lankoski, Ollikainen, 2003; Pajewski, 2017).
 Diversity plays an important role in maintaining a high 
level of agroecosystem productivity, soil fertility and soil 
protection by plants (Harasim, 2014). On the other hand, 
specialisation, concentration and intensification of agricul-
tural production (crops and livestock) limits the number of 
crop plants on arable land, leading in many cases to single-
-crop farming and landscape monotony (Koc et al., 1994; 
Kęsik, 2008; Feledyn-Szewczyk, 2014; Matyka, 2017; Ha-
rasim, 2018).
 Land use is of particular importance in the human-
-environment relationship. According to Gołębiewska et 
al. (2016) one of the most important factors affecting the 
agroecosystem biodiversity is the method of the agricultu-
ral management and land use. The structure of agricultural 
land may provide information on the biological diversity 
of areas used for farming (Matyka, 2017; Pajewski, 2017). 
Agricultural production space consists of agricultural land, 
which is made up of arable land (used and periodically not 
used for farming), permanent grassland and permanent 
plantations (orchards, fruit shrubs, hop plantations, etc.). 
An important element of the agricultural land structure is 
arable land, on which biodiversity is to a significant extent 
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shaped by farmers, who decide on the structure of sown 
area adapted to the needs of livestock and commodity crop 
production. This biodiversity refers to the diversity of spe-
cies and varietal structure of crops on arable land. It should 
be noted that important elements as far as agroecosystem 
biodiversity is concerned are crop plants, in particular the 
richness of crop species and varieties in sown area (Altieri, 
1999; Jaskulski et al., 2006; Kęsik, 2008; Jaskulska et al., 
2012).
 The aim of the research was to assess the impact of 
farm type on the crop species diversity on arable land. 

MATERIALS AND METHODS 

 The research was carried out in the years 2016–2018 
in 48 farms located in the macroregions of Mazovia and 
Podlasie, identified according to the FADN classification 
(Goraj et al., 2009), in three voivodeships – Lubelskie, Ma-
zowieckie and Podlaskie. The sample selection was purpo-
seful, taking into account commercial farms constituting 
the main source of income for the farming family, diverse 
in terms of specialisation. Four farm types have been iden-
tified:
–  cattle farms that specialise in milk production;
–  pig farms that specialise in pig fattening;
–  mixed farms that specialise in crops and livestock pro-

duction;
–  crop farms, without livestock production.
 The surveyed farms cooperate with the Agricultural 
Advisory Centres in Końskowola, Radom and Szepietów 
as well as with the Institute of Soil Science and Plant Cul-
tivation – State Research Institute in Puławy. Information 
on farms and sown area of crops cultivated on arable land 
was obtained through the survey method, with the use of  
a research questionnaire. A comparative and descriptive 
method was used to interpret the obtained results.
 The diversity of crops was assessed on the basis of three 
indicators: the number of crop species, the share of cere-
als in sown area and the dominance index of crop species. 
The dominance index of crop species (SI) was calculated 
according to the Simpson’s index modified by Jaskulski et 
al. (2006):

statistically significant relationships between the variables 
were described with the use of regression equations. In the 
correlation assessment, the following scale of correlation 
between two variables (rxy) was adopted, according to Ko-
mosa and Musiałkiewicz (1996): 

Correlation 
strenght weak average substantial high very high

Correlation 
level 0<r<0.3 0.3≤r<0.5 0.5≤r<0.7 0.7≤r<0.9 0.9≤r=1.0

RESULTS AND DISCUSSION

 The surveyed farms which specialised in different pro-
duction differed in terms of the size of agricultural land, 
arable land and permanent grassland (Table 1). Crop farms 
(with no livestock) and pig farms were characterised by  
a larger area of agricultural land and arable land than cattle 
farms and mixed farms. The group of farms that specialised 
in milk production was characterised by a large share of 
permanent grassland (26.9% of UAA). It should be noted 
that the large share of permanent grassland in farms limits 
the possibility of choosing the specialisation of agricultu-
ral production. Raising of ruminant animals, mainly dairy 
cattle, is naturally associated with meadows and permanent 
pastures (Harasim, Matyka, 2009).

Table 1. Characteristic of the studied agricultural farm (mean 
from 2016-2018).

Farm 
type

Number
of farms

Area [ha] Share of 
grasslands in 

UAA [%]UAA AL PG

Cattle
Pigs
Mixed
Crops

13
11
11
13

27.9
43.6
29.0
51.3

20.4
41.9
25.7
49.4

7.5
1.7
3.3
1.9

26.9
3.9
11.4
3.7

UAA – agricultural land, AL– arable land, PG – permanent grassland

 The structure of sown area on arable land was conside-
rably different in the compared farm types (Table 2). Cattle 
farms that specialised in milk production, with a 53% share 
of cereals in sown area, had a high percentage of cereal 
mixture and maize (22.0% each). Multi-annual forage crop 
mixtures (20.9%) had a similar share in sown area, and 
among them papilionaceous-grass mixtures (13.6%). Ma-
ize and multi-annual papilionaceous-grass mixtures sup-
plemented the feed base, with permanent grassland as the 
main element. In particular, large share of these two groups 
of forage crops was present on farms located on weaker 
soils in the Podlaskie voivodeship. The research conducted 
by Harasim and Madej (2008) showed that in case of cattle 
farms the share of livestock production in commodity agri-

Uwaga prof. Berbecia: termin „ley” 
oznacza krótkotrwały użytek zielony na 
gruncie ornym. Czy w tej pozycji tabeli 
chodzi wyłącznie o takie użytki?
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𝑁𝑁)

2
 

where:
n – sown area of the crop species (ha), 
N – total sown area of arable land (ha).

 The value of this index ranges between 0 and 1. Values 
close to 1 indicate a clear dominance of one or several crop 
species and at the same time indicate a low diversity of 
crop species. Relations between the values of the domi-
nance index of crop species on arable lands and the number 
of crop species and the share of cereals in sown area was 
assessed on the basis of correlation and regression. Rela-
tions were assessed at the significance level α = 0,05, and 
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cultural production increased along with the percentage of 
permanent grassland. Moreover, it was found that a large 
share of permanent grassland in the structure of agricultu-
ral land contributed to an increased share of forage crops in 
sown area in arable lands (Harasim, Matyka, 2009).
 The basic cereals (79.8%) dominated in the structure 
of sown area of the surveyed pig farms; (Table 2). In the 
remaining part of arable land, maize grown for seeds and 
winter oilseed rape had a significant share. Cereal mixtu-
res and maize were grown mainly in the Podlasie region, 
and oilseed rape in the Lublin voivodeship. On farms with 
a mixed crop-livestock production, cereal crops prevailed 
(64.2%), and they were complemented by the cultivation of 
many other plants. Worth mentioning is the significant sha-
re of sugar beet and winter oilseed rape in sown area (7.0% 
each), especially in case of farms located in the Lublin re-
gion. In the structure of sown area of crop farms (with no 
livestock), cereals covered slightly over 55% of the arable 
land (Table 2). Among the remaining crops, the following 
had a significant share in sown area: winter oilseed rape 
(12.4%), sugar beet (9.8%), leguminous crops grown for 
seeds (7.6%) and other cereals (6.4%). Sown area of the 
above-mentioned crops varied regionally; oilseed rape and 
sugar beet were most often cultivated in the Lublin region, 
buckwheat and leguminous crops were cultivated in Podla-
sie, while leguminous crops, millet and ground vegetables 
were cultivated in Mazovia region. Among leguminous 
crops, field beans, peas, soybean, lupins and serradella 
were most often grown for seeds. In case of ground vege-
tables, beetroot, cauliflower, cabbage, carrot and cucumber 
were quite commonly cultivated. 
 From the point of view of crop biodiversity, mixed so-
wing plays an important role. In case of cattle farms, as well 
as of mixed farms (but to a lesser extent) annual mixtures 

had a significant share in sown area (cereal, legume-cereal 
mixtures) and multi-annual (legume-grass mixtures, grass 
mixtures) (Table 2). According to Jaskulski and Jaskulska 
(2006), as a result of mixed sowing, a greater genetic di-
versity of croplands was obtained. Hence, intergeneric and 
interspecific mixtures, as well as inter-variety mixtures, are 
important elements of biodiversity of crops on arable land. 
Diversified crop rotation, the use of mixed sowing and the 
cultivation of catch crops are among agricultural practices 
with a beneficial effect on the diversity of flora on arable 
land (Stalenga et al., 2016).
 Indicators of crop species diversity in relation to farm 
types and years in which research was conducted are pre-
sented in Table 3. The number of crop species cultivated 
on arable land clearly depended on the type of farm, i.e. 
its specialisation. On average, most of crop species were 
cultivated on cattle farms (7–8 species), less on mixed and 
pig farms, and the smallest number of crop species (4– 
5 species) was cultivated on crop farms. Cattle, pig and 
mixed farms make their crops on arable land dependent to 
a large extent on the needs of livestock production (feed 
production), the remaining area is intended for the cultiva-
tion of commodity crops. Therefore, a greater number of 
crop species was found on these farms than on crop farms 
(with no livestock). Other research also indicates a large 
diversity of crops cultivated on cattle farms (Harasim, 
2018). Farms that specialise only in crop production strive 
to limit the number of crop species to the most profitable 
crops. The diversity of the number of crop species through 
the years turned out to be relatively low, because in 2016 
this diversity index amounted to slightly over 6 species on 
average, and in the next two years it reached the level of 6 
crop species.

Table 2. Cropping system (%) in agricultural farm (mean from 2016–2018).

Crops
Farm type

cattle pigs mixed crops
Cereals* 52.6 79.8 64.2 55.2
– including the mixture of cereals 22.0 8.2 5.2 2.4
Maize 22.0 6.9 5.2 4.2
The other cereals (buckwheat, millet) 0.3 - - 6.4
Sugar beet - 1.9 7.0 9.8
Potato 0.7 0.2 2.0 0.7
Field-grown vegetables 0.1 - 0.5 1.7
Winter oilseed rape 0.7 6.3 7.0 12.4
Pulses for seeds 1.3 4.7 2.9 7.6
Pulse-cereal mixtures 1.4 - 1.2 0.2
Perennial legumes (clover, alfalfa) 0.8 - 1.1 0.4
Legume-cereal mixtures 13.6 - 3.2 -
Grass mixtures and grasses 6.5 0.2 5.3 1.4

* together with mixture of cereals 

 – 
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 The share of basic cereals in sown area showed a gre-
ater dependence on the farm type than on the years when 
the research was conducted (Table 3). Most cereals (ap-
prox. 80% of sown area), with low diversity through the 
years, were cultivated on pig farms. Smaller share of ce-
reals in sown area (on average approx. 64%), with higher 
diversity (58–69%) through the years was cultivated on 
mixed farms. In case of cattle and crop farms the share 
of cereal cultivation was the lowest, with a diversity of 
49–60% through the years. The highest share of cereal pro-
duction was in 2018 (approx. 66%), and the lowest in 2017 
(60%); (Table 3). The diversity of cereal cultivation area 
through the years, in some cases, was associated with reso-
wing of arable land when (due to freezing or drought) other 
crops species were damaged. The share of cereals in sown 
area structure determines the correctness of crop rotation 
and the degree of agrocenose biodiversity. According to 
Jaskulska et al. (2012) a large share of cereals in sown area 
structure limits biodiversity in agroecosystems, so the in-
troduction of different varieties can be one of the ways to 
reduce the negative effects of cereal monocultures. 
 Changes concerning sown area for crops assessed in 
a farm over a longer period of time may be associated 
with production reprofiling. Research conducted by Hara-
sim (2012) showed that on a farm with diverse crop and 
livestock production, crops on arable land of good quali-
ty were characterised by a large diversity (7–11 species), 
while after the elimination of livestock production (due to 
its unprofitability) there was a reduction of crops to 3–4 
species with a large share of cereals. It should be added 

Table 3. Indexes of species diversity of crops on arable lands.

Farm 
type

Year
2016 2017 2018 mean

Number of crop species
Cattle 7.2 7.3 8.0 7.5
Pigs 6.2 5.3 5.4 5.6
Mixed 7.2 6.7 6.6 6.8
Crops 4.9 4.6 4.1 4.5
Mean 6.4 6.0 6.0 -

Share of cereals in sown area [% AL]
Cattle 49.1 52.8 55.9 52.6
Pigs 79.5 80.4 79.4 79.8
Mixed 66.2 57.8 68.6 64.2
Crops 56.8 49.5 59.2 55.2
Mean 62.9 60.1 65.8 -

Dominance index (SI)
Cattle 0.250 0.268 0.234 0.251
Pigs 0.280 0.282 0.280 0.281
Mixed 0.238 0.283 0.290 0.270
Crops 0.334 0.338 0.363 0.345
Mean 0.276 0.293 0.292 -

that, according to the Code of Good Agricultural Practice 
(Duer et al., 2002), rational crop rotation should include 
3–4 species on light soils and 4-5 species on heavier soils. 
 The share of cereals on crop farms depends to a lar-
ge extent on the scale of their production, specialised ma-
chinery and labour resources. In case of larger farms with 
small labour resources, cereal cultivation is rather concen-
trated, while in case of small farms with significant labour 
resources more labour-intensive and at the same time pro-
fitable plants are cultivated, e.g. ground vegetables, fruit 
shrubs, and berries. Some farms mainly engaged in the cul-
tivation of vegetables also carry out their processing and 
preservation (pickled cabbage and cucumbers). In the first 
case, the number of crop species (mainly cereals) cultiva-
ted on the farm is small, and in the second, much higher. 
In the group of surveyed crop farms there were also a few 
cases with a small or large number of crop species. 
 The diversified structure of sown area occurs both in 
case of farms and voivodeships equated with regions of 
the country (NUTS-2 level). Research conducted by Maty-
ka (2017) indicated that the following three voivodeships 
were characterised by the least diverse and even crop struc-
ture: Opolskie, Dolnośląskie and Podlaskie. On the other 
hand, beneficial structure of sown area, both in terms of 
biodiversity and environment, occurs in the following five 
voivodeships: Lubelskie, Świętokrzyskie, Warmińsko-Ma-
zurskie, Wielkopolskie and Lubuskie.
 Diversity of crops is more fully characterised by the 
species dominance index, calculated on the basis of the 
number of crop species and their share in sown area. Its 
scope depended more on the farm type than the year in 
which the research was conducted (Table 3). The highest 
dominance index of crop species (0.345) was found in the 
group of crop farms (with no livestock), and the lowest 
(0.251) was found in case of cattle farms that specialised 
in dairy production. Intermediate values (0.281 and 0.270) 
were achieved by the index referring to pig and mixed 
farms. Diversity of the dominance index of crop species 
through the years was low. 
 Research has shown that the dominance index of crop 
species was significantly negatively correlated with the 
number of crop species cultivated on arable land (Table 4). 
The level of this correlation was high in case of cattle and 
crop farms (r = -0.81 and -0.80), while the correlation for 
groups of pigs and mixed farms was substantial (r = -0.51). 
Thus, the increase in the number of crop species cultivated 
on arable land significantly reduced the level of dominance 
index of crop species. In the group of pig farms, the do-
minance index was considered moderately correlated (but 
positively) with the share of cereals in sown area (r = 0,49), 
and there was also a significant negative correlation betwe-
en the number of crop species and the share of cereals in 
sown area (r = -0.38). According to the research conducted 
by Harasim (2012), the dominance index of crop species in 
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Table 5. Equations of regression of dependence of species dominance 
of crops (Y) on number of crops species (x1) and the share of cereals 
in crop structure (x2).

Farm 
type Regression equation

Coefficient
correlation 

(r)
determination 

(R2)
Cattle Y = 0.486 – 0.031 x1 0.81 0.66
Piges Y = 0.254 – 0.021 x1 + 0.001 x2 0.60 0.36
Mixed Y = 0.398 – 0.019 x1 0.51 0.26
Crops Y = 0.557 – 0.047 x1 0.80 0.64

 2. Pig and crop farms were characterised by  
a larger area of agricultural land and arable land than 
cattle farms and mixed farms.
 3. Cattle farms were distinguished by a large 
share of permanent grassland in the structure of agri-
cultural land and a fairly large diversity of crop spe-
cies, which is confirmed by a large number of plant 
species cultivated on arable land and a low value of 
dominance index of crop species.
 4. The structure of sown area for pig farms was 
dominated by cereals (80%), which significantly in-
fluenced the diversity of crop species.
 5. Crop farms (with no livestock) were charac-
terised by a low diversity of crop species, which is 
associated with a small number of crop species and 
a fairly high value of the dominance index of crop 
species on arable land.
 6. Indicators of crop species diversity on mixed 
farms reached intermediate values between those fo-
und in case of cattle and crop farms.
 7. The set of indicators used can be considered as 
useful to assess the diversity of crop species on farms.

REFERENCES

Altieri M.A., 1999. The ecological role of biodiversity in 
agroecosystems. Agriculture, Ecosystems and Environ-
ment, 74: 19-31, doi: 10.1016/S0167-8809(99)00028-6. 

Andrzejewski R., Weigle A., 2003. Różnorodność biolog-
iczna Polski. Narodowa Fundacja Ochrony Środowi-
ska, Warszawa, 284 ss.

Duelli P., Obrist M.K., 2003. Biodiversity indicators: the 
choice of values and measures. Agriculture, Ecosys-
tems and Environment, 98(1-3): 87-98, doi: 10.1016/
S0167-8809(03)00072-0.

Duer I., Fotyma M., Madej A. (red.), 2002. Kodeks dobrej 
praktyki rolniczej. MRiRW – MŚ, Warszawa, 93 ss.

Falińska K., 2004. Ekologia roślin. Wyd. PWN Warszawa, 
453 pp.

Feledyn-Szewczyk B., 2016. Bioróżnorodność jako wskaź-
nik monitorowania stanu środowiska. Studia i Raporty 
IUNG-PIB, 47(1): 105-124.

Feledyn-Szewczyk B., 2014. Bioróżnorodność roślin jako 
element zrównoważonego rozwoju rolnictwa. Studia  
i Raporty IUNG-PIB, 40(14): 163-177.

Gołębiewska B., Chlebicka A., Maciejczak M., 2016. 
Rolnictwo a środowisko. Bioróżnorodność i innowacje 
środowiskowe w rozwoju rolnictwa. SGGW Warsza-
wa, 123 ss.

Goraj L., Malanowska B., Osuch D., Sierański W., 2009. 
Opis realizacji planu wyboru próby gospodarstw rol-
nych dla Polskiego FADN w 2009 roku. IERiGŻ-PIB 
Warszawa, 18 ss. 

Harasim A., 2012. Crop production on arable lands: a long 
term single-farm case study. Monografie i Rozprawy 
Naukowe, IUNG-PIB Puławy, 34, 63 pp. (in Polish)

Harasim A., 2018. Environmental Consequences of Spe-
cialization of Farms. Roczniki Naukowe SERiA, 20(2): 
65-71. (in Polish)

A. Harasim – Diversity of crop species in various types of farms

Table 4. Relationship between indices of dominance of crop species 
(Y), number of species on arable land (x1) and the share of cereals 
in sown area (x2).

Cattle farms (n = 39) Piges farms (n = 33)
variable x1 x2 x1 x2

Y -0.81* 0.14 -0.51* 0.49*
x1 -0.04 -0.38*

Mixed farms (n = 33) Crops farms (n = 39)
variable x1 x2 x1 x2

Y -0.51* 0.17 -0.80* 0.16
x1 -0.16 -0.11

* correlation significant at α = 0.05

farms was also highly negatively correlated with the number of 
crop species cultivated on arable land (r = - 0.84). 
 Analysis of multiple regression shows that the dominance 
index of crop species in the examined farm types was signifi-
cantly negative affected by the number of crops cultivated on 
arable land. In case of pig farms it was positively related to the 
share of cereals in sown area (Table 4). Variability of index was 
determinated by that traits to a greater extent in case of cattle and 
crop farms (66 and 64%, respectively), and to a much smaller 
extent in case of pig and mixed farms (36 and 26%) (Table 5). 
The results of analysis of correlation and regression indicated 
that on farms that specialised in pig fattening the share of cereals 
in sown area was bigger. 
 Based on the regression equation (Table 5), it can be estima-
ted how the number of plant species cultivated on arable land 
affects the change in the crop dominance index. An increased 
number of plant species resulted in a decreased value of domi-
nance index. The value of the dominance index (Table 3) in crop 
farms corresponded to the dominance of 4–5 species of culti-
vated crops while in other types of farms it corresponded to 5– 
8 species of crops. 

CONCLUSIONS
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