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Abstract. The results of own research and literature data indi-
cate that the specialization (different production profiles) of
farms may contribute to specific threats to the natural environ-
ment. Each type of farm exerts pressure on the environment to
a greater or lesser extent, which was confirmed by agri-envi-
ronmental indicators. Accordingly to literature data the greatest
threat to the environment (water pollution) pose pig farms due to
the high stocking density that contributes to unfavorable (exces-
sive) balances of minerals and soil organic matter. Large posi-
tive balances indicate the potential losses of these components,
mainly due to their leaching to groundwater and surface waters,
and consequently to their pollution (eutrophication). On the other
hand, farms with field crops had high risk of decrease in soil fer-
tility due to negative balances of nutrients. The smallest threat to
the natural environment and soil fertility were observed for farms
with a mixed plant-animal production as well as cattle farms
specializing in milk production (with optimal livestock density
of about 1 DJP ha'). Under certain conditions, cattle farms may
have too high balances of soil organic matter, and at the same
time negative balances of NPK minerals.

Key words: environmental indicators, directions of farm produc-
tion, effects of specialization, sustainable development

INTRODUCTION

In Poland, special responsibility for environmental pro-
tection is assigned to agriculture, which uses about 60%
of the total area of the country, and through its production
activity causes changes in the properties of water, soil, and
air, and contributes to biodiversity transformation in the
rural landscape (Duer et al., 2004).

In Poland occurs a clear trend towards the specialisa-
tion of farms (Witkowski, 2003; Laczynski, 2012, 2014,
2017; Zigtara, 2014). In 2002, the share of farms special-
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ised in specific agricultural types (separated according to
the FADN typology) was 56.3% (Zigtara, 2014), and in the
following years, it increased, respectively: 2010 — 62.0%,
2013 — 69.4% and 2016 — 75.7% (Laczynski, 2012, 2014,
2017). Specialisation implies a clear orientation of an ag-
ricultural holding towards one branch or activity, and its
level is defined by the gross final or gross commodity pro-
duction structure (Klepacki, 1997). In Polish conditions,
a specialisation (unidirectional) farm is considered to be
one in which the share of one branch constitutes over 40%
in the final production structure and in other units less than
30%. The direction of production (specialisation) comes
from the branch that dominates in a given holding. Spe-
cialisation aims to improve farming efficiency and gain
a competitive advantage through higher productivity or
lower production costs, or higher quality products. A pre-
requisite for specialisation success is correctly adjusting
the production to habitat factors and the economic and or-
ganisational conditions of the farms and the region. Each
type of specialised agricultural holdings is characterised
by a certain peculiarity and impact on the natural environ-
ment. Specialisation may result in at least two negative fea-
tures, i.e., increase the risk of farming (decrease in income)
or increase the environmental threat (Jozwiak, Juzwiak,
2007; Kus, 2012, 2013a). In recent years, an important
issue is the risks generated by agriculture, mainly related
to the emission of greenhouse gases such as nitrous oxide
(N,0), methane (CH,), and carbon dioxide (CO,); (Faber,
Jarosz, 2017, 2020).

The study’s objective was to determine the impact of
farms with different production directions on selected agri-
environmental indicators.

MATERIALS AND METHODS

The source material consisted of the research results
from 2011-2020, conducted in 7 Agricultural Experimen-
tal Stations of [IUNG-PIB, and literature data. Farms were
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Table 1. Reference values of indicators useful for assessing the impact of farms on the environment

Assessment indicators

Reference values

Unfavorable values

Diversity of field crops [number of species] >4 <2
Share of cereals in sown area [% AL] <50 > 75
Intensity of plant protection [number of measures] <3 >8
Livestock density [LU/ha UAA] 0.5-1,5 >2
Balance of mineral elements [kg/ha UAA]:
N 0-50 debit balance or > 50
P,O, 0-25 debit balance or > 25
KO 0-50 debit balance or > 50
Balance of organic matter [t DM/ha AL] 0-0.5 debit balance or > 0.5

grouped according to specialisation (cattle, mixed, plant),
i.e., the leading production direction. In the structure of
gross commodity production of cattle and plant holdings,
the main branch of production was over 40%, while mixed
holdings were bi-directional with plant and animal produc-
tion.

The evaluation of farms’ environmental impact was
carried out on the basis of 8 agri-environmental indicators
with defined reference values and unfavourable values for
the natural environment (Table 1). The means for deter-
mining the values of individual indicators were adopted ac-
cording to the methodology developed by Harasim (2014).
The selection of agri-environmental indicators depended
on the availability of data. Correlations between nutrient
balances and cereal grain yield, and cereal share in sowings
were also studied. A comparative and descriptive method
was used to interpret the results of the study.

RESULTS

The attributes of the farms did not show significant
changes during the study period, so their characteristics are
presented as average values from 2011-2020. Individual
farm types differed in terms of the area, structure of agri-
cultural land, soil quality and agro-meteorological condi-

tions (Table 2). The largest area (over 400 ha UAA) was
distinguished by three farms: cattle (B) and crop (E, G).
The cattle farm (B), oriented towards milk production, was
characterised by a particularly large share of permanent
grassland (48.7% of arable land). Among the investigated
farms, three are located on heavy soils (B, D and G), two
on medium soils (A, F) and two on light soils (C, E). In
terms of total precipitation during the growing season, un-
favourable conditions (drought) prevailed in the area of the
plant farm location (F), as well as in areas with light soils
(farms C, E). The thermal factor was fairly even (14.9—
15.5°C), except for farm G with the lowest air temperature
(14.1°C). The location of the crop farms (E, F and G) suf-
fered the highest water deficits (more than 220 mm) and
the growing season was very dry. Elsewhere, the growing
season was dry, with only farm C with mixed production
profile — fairly dry. The climatic water balance is consid-
ered one of the more common indicators for assessing wa-
ter deficit or surplus for a given period (Doroszewski et al.,
2014; Wierzbicka, 2014).

In the 5-year sub-periods (2011-2015 and 2016-2020),
the variability of agro-ecological indicators related to spe-
cies diversity, share of cereals in sowings, plant protection
intensity and animal density in individual farms was rela-
tively low (Table 3).

Table 2. Characteristic of the studied agricultural farms (means from 2011-2020).

Farm type
Specification cattle | mixed Ccrops
A B C D E F G

Area of farm [ha]:

agricultural land [UAA] 139 476 362 228 401 221 558

arable land [AL] 113 244 341 212 327 158 532

permanent grasslands [PG] 26 232 21 16 74 63 26
Share of PG [% UAA] 18.7 48.7 5.8 7.0 18.5 28.5 4.7
Soil category medium heavy light heavy light medium heavy
Amount of precipitation [mm]* 254 247 220 264 215 184 230
Average daily air temperature [°C]" 15.2 15.4 15.1 15.5 14.9 15.3 14.1
Climatic water balance [mm]* -178 -199 -124 -152 -221 -245 -227

# means from 2012-2020 in growing season (April-July)
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Table 3. Agro-environmental indicators of farms in period 2011-2020.

Farm type
Indicators Years cattle | mixed crops
A B C D E F G
2011-2015 9.2 7.4 5.4 5.0 7.4 4.6 7.2
Number of plant species in sown area 2016-2020 9.6 9.4 4.8 4.6 7.8 4.2 8.4
2011-2020 9.4 8.4 5.1 4.8 7.6 44 7.8
20112015 55 32 90 57 70 65 67
Share of cereals in sown area [% AL] 2016-2020 60 36 81 61 73 63 72
2011-2020 57 34 86 59 72 64 70
20112015 1.3 4.7 1.7 4.8 49 6.1 4.5
Number of plant protection measures 2016-2020 2.2 5.8 1.8 4.0 4.4 7.9 4.7
2011-2020 1.8 5.2 1.7 44 4.7 7.0 4.6
2011-2015 0.81 1.07 0.26 0.08 - - -
Livestock density [LU/ha UAA] 2016-2020 0.80 0.98 0.19 0.09 - - -
2011-2020 0.80 1.02 0.23 0.09 - - -
Balance of mineral elements [kg/ha UAA]:
2011-2015 214 -41.9 35.1 37.1  48.6 31.8 54.8
N 20162020 -0.9 -19.5 45.6 70.5 51.4 42.9 75.2
2011-2020 -11.2 -30.7 40.3 53.8  50.0 37.4 65.0
2011-2015 8.5 -17.6 8.4 2.0 157 -10.8 =253
P,0, 2016-2020 18.0 -6.7 4.1 222  -0.1 -15.2 0.7
2011-2020 14.5 -12.2 6.6 12.1 7.8 -13.0 -12.3
20112015 -25.2 -76.7 317 -12.0 433 -8.0 -12.3
K,0 2016-2020 10.4 -36.0 32.8 7.6 58.1 -15.5 45.0
2011-2020 -7.4 -56.4 322 22 507  -11.7 13.6
2011-2015 0.53 0.65 0.03 0.14  0.30 0.20 0.04
Balance of organic matter [t DM/ha AL] 20162020 0.66 0.61 0.17 024  0.06 0.19 0.47
2011-2020 0.60 0.63 0.10 0.19 0.16 0.20 0.26

A greater number of plant species in the crops of cattle
farms (A, B) is associated with the need to produce fodder
on arable land (Table 3). The natural fodder base (mead-
ows, pastures) was most often supplemented by growing
maize for silage and legume-grass mixtures (lucerne or red
clover with grasses). The structure of sowings in agricul-
tural holdings of IUNG-PIB was generally characterised
by the correct species diversity of plants grown on arable
land (Table 3). According to the principles of good agricul-
tural practice, a rational crop rotation should include 3—4
plant species on light soils and 4-5 species on heavier soils
(Duer et al., 2004). Across the surveyed farms, an average
of 4-10 plant species were present in the crops. The high-
est diversity of cultivated plants was found in cattle hold-
ings (A, B). Moreover, diversity plays an important role in
maintaining a good level of agroecosystem productivity,
soil fertility and plants’ soil-protective function. On the
other hand, specialisation, concentration and intensifica-
tion of agricultural production (plant and animal) limit the
number of plant species cultivated on arable land, leading
in many cases to monoculture crops and monotony of the
landscape (Koc et al., 1994; Kesik, 2008; Feledyn- Szew-
czyk, 2014; Matyka, 2017).

Along with the sowing structure, the structure of ag-
ricultural land is also an essential element of rural biodi-
versity (Pajewski, 2017). A favourable share of cereals in
sowings occurred in single-crop farms with dairy cattle
rearing (A, B), while in planted and mixed farms cere-
als were the dominant plant group in sowings (Table 3).
A particularly large share of cereals (86% of sown area)
was characteristic of the mixed-profile farm C, operating
on light soils. Also, many cereals (64—72%) were grown in
the crop farms (E, F and G).

In the sustainable agriculture system, an urgent role
is attributed to reducing the use of chemical plant pro-
tection products by taking into account the thresholds of
pests’ harmfulness and reducing pesticide doses, as well
as combining different plant protection (Pruszynski,
Mréwcezynski, 2002). The number of treatments performed
is considered a reliable indicator of the intensity of chemi-
cal plant protection (Mierzejewska, 1998; Fotyma, Kus,
2000; Harasim, 2019). In farm A focused on production
by organic methods, and in farm C with a mixed produc-
tion profile on light soils, less than two treatments were
performed per 1 ha of sown arable land (Table 3). In the
remaining agricultural holdings, the intensity of chemical
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plant protection was higher (4—8 treatments), mainly due to
a considerable share of sugar beet and winter rape in crops.
Similar patterns were also found in other studies (Harasim,
2019). Cattle farms with permanent grassland and fod-
der crops for animal feed are generally characterised by
low chemical plant protection intensity (Harasim, 2019).
An evaluation of regional variation in sowing structure
shows that, nationally, the three voivodeships: Opolskie,
Dolnoslaskie and Podlaskie were distinguished by the least
favourable sowing structure (Matyka, 2017). In the case of
Podlaskie voivodeship, the low diversity and uniformity of
the sowing structure result from its adaptation to the con-
centration of breeding dairy cows.

Farms focused on dairy cattle rearing (A, B) were sig-
nificantly more stocked with animals than farms engaged
in mixed production. According to Baum (2011), a live-
stock density in the range of 0.5-1.5 LU ha! is appropri-
ate for proper management. Following the Code of good
agricultural practice, the recommended livestock density in
a holding should not exceed 1.5 LU ha'! (Duer et al., 2004).
An excessive stocking density entails specific threats to the
environment or the necessity of surplus natural fertilisers
(manure, slurry) disposing outside the holding.

Fertiliser balances are critical determinants for as-
sessing the environmental responsibility of agriculture
(Wrzaszcz, Kopinski, 2019). At the farm level, determin-
ing fertilizer nutrient balances is important as indicators
to evaluate their potential environmental risk. A sizeable
positive balance may indicate potential losses of compo-
nents, mainly through movement to ground and surface
waters, and cause their pollution (eutrophication). On the
other hand, a negative balance indicates insufficient doses
of fertilisers to the plants’ nutritional needs, contributing
to the degradation of soil fertility due to the depletion of
nutrient reserves. Unfavourable negative balances of fer-
tilisation components (N, P, K) were generally found in
farm with dairy cattle rearing (B), as well as concerning
phosphorus and potassium in two plant holdings (F, G)
and potassium in the farm D with mixed production pro-
file (Table 3). In farm A (organic production), the level
of phosphorus and potassium fertilisation on arable land
was reduced, and insufficient doses of mineral fertilisers
were applied to permanent grassland. Farm B, on the oth-
er hand, with a fairly high dairy cattle density and about
50% share of permanent grassland in the arable area, re-
lied on natural fertilisation. Under the high soil nutrient
content, mineral fertilisation was quite severely reduced,
which resulted in a very unfavourable negative NPK bal-
ance. Similarly, other studies have shown that a reduction
in the intensity of mineral fertilisation occurs in farms with
a high share of permanent grassland (Harasim, Madej,
2008). The fact that farms without animal production (F,
Q) located on better quality soils hardly achieving positive
phosphorus and potassium balances is also confirmed by
the results of an earlier study (Harasim, 2012). Farm C,

operating on light soils, exhibited quite correct (positive)
balances of fertilizer components. In the case of mineral
nutrient balances, there were significant differences in the
values of these indices in the 5-year sub-periods (Table 3).
In 2016-2020 and the whole research period 2011-2020,
in two farms: mixed farm D and crop farm G, the nitro-
gen balance exceeded the reference value of 50 kg N ha'!
(Table 1).

In the fertilizer management of individual farms in
Poland, increasing consumption of nitrogen is observed
in relation to the other fertilizer macronutrients, i.e., phos-
phorus and potassium (Wrzaszcz, Kopinski, 2019). In the
above situation, the deepening of unfavourable relations
between macronutrients (N, P, K) indicates a limitation
of plant productivity and increased environmental threats
from unused nitrogen. In the case of very low balances of
essential nutrients, fertilizer management in Poland, under
the crop farms conditions (without inventories), generates
environmental pressure by reducing soil resources of the
remaining macronutrients (Wrzaszcz, Kopinski, 2019).

The results of the study indicate (Table 4) that there was
a high correlation (r = 0.71) between N and K,O balances
and, to a significant extent (r = 0.58) also between P,O, and
K,O balances in 2011-2020 in the total number of farms.
A medium correlation (r = 0.42) was shown between N and
P,O, balances. Moreover, it was found that the N and K,O
balances were significantly influenced (r = 0.55 and 0.65)
by the share of cereals in the sowing; an increased percent-
age of cereals contributed to an increase in the value of
NPK mineral nutrient balances. On the other hand, there
was an average negative correlation (r =-0.33) between the
yield of grain of cereals (x,) and cereal share in crops (x,),
as well as a negative correlation between the yield of grain
cereals and the balances of P,0, and K,O (r = -0.29 and
-0.25, respectively). Cereal share in sowing (x,) interacted
significantly with mineral nutrient (NPK) balances; (Table
4). It can be concluded that for small cereal grain yields
under drought conditions, with a reasonably stable level of
mineral fertilisation, there is an increase in mineral nutri-
ent (NPK) balances. Cereals under such conditions did not
fully take up the components applied in fertilizers, increas-
ing N balances in mixed and plant farms (Table 3).

Table 4. Correlation between mineral components balances Y, —

N,Y,-P,0,,Y,-K 0) and cereal yields (x,) and cereal share
in rotation (x,); (n = 70)

Variable Y, Y, Y, X, X,
Y, 1.00 0.42%* 0.71% 0.09 0.55%
Y, 0.42* 1.00 0.58%* -0.29%* 0.24*
Y, 0.71* 0.58%* 1.00 -0.25%* 0.65*
X, 0.09 -0.29* -0.25% 1.00 -0.33%*
X 0.55% 0.24* 0.65* -0.33* 1.00

* correlation significant at a = 0.05
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The balance of soil organic matter, taking into account
the structure of sowings and the use of natural and organic
fertilisers, complements the assessment of the agri-envi-
ronmental sustainability of farms. The correct management
of organic matter, apart from maintaining soil fertility, is
essential in protecting the environment and limiting the
greenhouse effect (Kus, Kopinski, 2012). A decrease of
OM content in the soil (degradation) enhances the emis-
sion of greenhouse gases, whereas an increase of OM con-
tent in the soil (sequestration) contributes to limiting the
GHG effect. In agricultural practice, one should aim to
maintain a positive balance of soil organic matter. All the
farms studied had a positive organic matter balance (Ta-
ble 3). However, positive organic matter balances above
0.50 t DM ha'! (i.e., 300 kg Corg. ha!) pose a potential risk
of groundwater and surface water contamination with ni-
trogen and phosphorus compounds (Korschens, 2004). Ac-
cording to the criterion, cattle farms (A, B) posed a threat
to the environment. Thus, mainly due to unfavourable bal-
ances (excess or deficiency) of mineral nutrients (NPK),
individual farm types posed specific dangers to the natural
environment. The most unbalanced mineral nutrient and
soil organic matter balances were found in cattle farms fo-
cused on milk production.

Many authors studies’ also reveal the farm specialisa-
tion (direction of production) has a tremendous environ-
mental impact:

— plant-oriented farms focused on arable crops pose
a risk of decreasing soil fertility and biological activity
(Kus, 2013b);

— farms with a mixed plant-animal production direction
present a low threat to the environment and soil fertility
(Kus, 2013b; Ulén et al., 2013);

— pig farms are generally exhibiting high animal stock-
ing rates and significant positive fertiliser nutrients (NPK)
balances, posing a risk of groundwater and surface water
pollution by these nutrients (Pietrzak et al., 1997; Kupiec
et al., 2010; Kus, 2013b; Ulén et al., 2013);

— cattle farms specialising in milk production, with
a stocking rate of about 1.0 LU ha’!, do not pose a threat
to the environment with excess NPK components, yet in
our study, they were characterised by too high soil organic
matter balances (Table 3).

Therefore, it may be concluded that arable farms with
field crops and multidirectional farms exert much less pres-
sure on the environment than farms specialising in live-
stock production.

CONCLUSIONS

1. Farms’ specialisation in different production di-
rections may contribute to specific threats to the natural
environment, as each type of farm exerts pressure on the
environment to a greater or lesser extent.

2. Pig farms pose the most severe environmental haz-
ard due to the high livestock density, which contributes to
unfavourable (excessive) balances of mineral nutrients and
soil organic matter.

3. Large positive balances of nitrogen indicate the
potential loss of this nutrient, mainly through leaching to
groundwater and surface water and subsequent pollution
(eutrophication).

4. Arable farms with field crops pose a risk of reduc-
ing soil fertility due to negative nutrient balances.

5. Farms with mixed plant and animal production and
cattle farms specialising in milk production under condi-
tions of optimal livestock density (about 1 LU ha') cause
the lowest threat to the natural environment and soil fertil-
ity.

6. Cattle farms under certain conditions (low mineral
fertilization levels with a predominance of manure and
slurry) can have excessive soil organic matter balances and
negative NPK mineral nutrients balances.
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