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Abstract. The aim of the research was to analyse potential financial gains and losses in agricultural produc-
tion calculated on the basis of the nitrogen balance sheet structure. In the study, data from 130 agricultural
farms situated in the following four provinces of Poland (Wielkopolskie, Lubuskie, Dolnoslaskie and Opol-
skie) were used. Some of the analysed farms are situated in nitrate vulnerable zones (NVZ’s). All farms
selected for investigation had different sizes, specialisation, livestock density and production system. There
were mid-sized farms ranging 10-200 ha, and large-area farms ranging from >200 ha. Production on the sur-
veyed farms was carried out in a traditional and integrated way. The performed investigation extended from
2002 to 2006 and focused on three full vegetation seasons for each farm. Nitrogen balance was calculated
on the basis of “the field surface” methodology. Ecosystem services in the balance sheet primarily involve
natural processes such as deposition or N, fixation from atmosphere on the input, and gaseous losses on the
output. In the case of large-scale farms, the estimated value of such services in the average is on the input
167 €-ha'! and on the output 116 €-ha’'. In the other two groups the input was lower than the output (mid-sized
farms of Wielkopolskie and Dolnoslaskie provinces - input: 154 €-ha’!, output: 182 €-ha'; mid-sized farms of
Opolskie province - input: 114 €-ha’!, output: 136 €-ha™). Studies have shown the possibility of large nitrogen
losses in crop production ranging on average from 342 to 623 € per 1 ha.

Key words: financial losses, sustainable development, nitrogen balance, non-point pollution, field surface
balance

INTRODUCTION

The concept of ecosystem services was created for the valuation of elements of the envi-
ronment, which allows for the assessment of society’s dependence on nature in the context
of sustainable development. It enables us to show the links between ecological and economic
aspects and assess the consequences of different scenarios of spatial development as well as
conservation, revitalization and renaturation. The value of services provided by ecosystems is
estimated at more than $ 33 trillion. It is higher than the value of services and goods produced
throughout the year by human beings. This value is estimated at about $ 15 trillion [Costanza
et al. 1997]. Since 2007, the annual demand of the global economy for natural resources has
exceeded the Earth’s capacity by half. In 1976 it was still in balance [Brown 2012]. The quantity
of used means of production has also increased [Miksch et al. 2016]. In the period 1950-2013,
the consumption of fertilisers increased almost 13 times (from 14 to 180 million tons) [Brown
2014]. In the years 1961-1999 pesticide production increased by 854% [Balmford et al. 2005].
There are also unfavorable changes in the elements of the agricultural production space. The
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annual cost of biodiversity loss in the EU-25 is 50 billion € and soil degradation 39 billion €
[Bowyer et al. 2009]. Natural resources used by agriculture are limited, including macronutri-
ents in the soil such as nitrogen, phosphorus and potassium. In order to achieve a balance be-
tween environmental protection and economic efficiency, nutrients should be used rationally, as
farm profitability depends on it [Sassenrath et al. 2012]. Farm accounting is the primary source
of information in the analysis of economic activity. This analysis includes all activities leading
to the critical evaluation of economic and production performance on the farm. Economic ac-
counts in agriculture are carried out on the basis of several European legislative acts which are
mainly intended to monitor agricultural income [Regulation UE 2013]. Nutrient balance is one
of the nutrient turnover control tools employed in agriculture to help estimate nutrient losses
derived from non-point sources and to assess environmental hazards, especially from the point
of view of the agricultural impact on the quality of surface and ground water. Nutrient balance
also makes it possible to evaluate the level of potential nutrient losses in agricultural production.
More than 45 different nutrient balances are applied in Europe, making it very difficult to com-
pare them [Gourley et al. 2007, Kupiec and Zbierska 2012]. The absence of a standardisation
method, hierarchy assessment, and the degree of importance of individual elements means that
obtained results cannot be compared and are not fully reliable Europe-wide. Incorrect diagno-
sis can result in reduced economical profitability of production and degradation of the natural
environment. Due to the Nitrogen Directive (91/676/EU) it is obligatory to control and monitor
nitrogen turnover in agricultural farms in the European Union on the basis of balance. In Poland,
a regulation was implemented by the Ministry of the Environment in 2002 [O. J. No. 4, pos. 44]
which introduced the field surface balance method as obligatory.

The aim of the research was to analyse potential financial gains and losses in different
groups of farms of various production profile, calculated on the basis of the nitrogen balance
sheet structure.

MATERIAL AND METHODS

A total of 130 farms in the four provinces were selected for detailed investigation (Fig. 1,
2 and 3). There were mid-sized farms ranging 10-200 ha, and large-area farms ranging from
>200 ha. Data were obtained either from direct interviews or were acquired from local admin-
istrative and agricultural advisory centres. Ninety-one farms were situated in nitrate vulnerable
zones (NVZ’s) in Wielkopolskie, Lubuskie and Dolnoslaskie provinces, of which 65 farms were
mid-sized and were 26 large-area farms (Fig. 2). The remaining 39 units were mid-sized farms
located in Opolskie province (Fig. 3). All farms selected for investigation had different sizes
and management and production systems. Production on the surveyed farms was carried out
traditional and integrated way. The performed investigation extended from 2002 to 2006 and
focused on three full vegetation seasons for each farm.

Nitrogen balance was calculated on the basis of “the field surface” methodology according
to the following formula [Parris 1998, Rae and Strutt 2003]:

Ngp+ Nep+ Np+ Ny + Nyt Noyg + Npg = Nop = Nyatanee(Npr + Nap + Ny + No)

where:

FF — N, fixation by free-living microorganisms

FP — N, fixation by fabaceae plants

D — deposition from atmosphere

MF — mineral fertilisers

M — manures
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Fig. 1. Location of the large-area farms

SM — sowing material

PR — ploughed crop residues

PP — plant products (main crop and by-product)

DF — denitrification from fertilisers

AF — ammonia emission from fertilisers

AM — ammonia emission from manures

O — others

The content of nitrogen in bought and applied mineral fertilisers (MF) was estimated with
information supplied by producers. The nitrogen contained in self-produced and purchased ma-
nures (M) was calculated in accordance with the coefficients and directives of The Regula-
tion of the Council of Ministers as of May 18", 2005 [Regulation... 2005]. Manure quantities
were calculated on the basis of estimated average-annual animal state according to guidelines
from Regulation of Ministry of the Environment dated from 2005 [Regulation... 2005]. Sow-
ing material (SM) used on fields was analysed according to information obtained from tables
of food chemical composition and recommendations for practice [Furgal-Dzierzuk et al. 2003,
Kunachowicz et al. 2005] or our own analyses. Biological N, fixation (FP) by various species
of Rhizobium bacteria living in symbiosis with fabaceae plants was calculated on the basis of
symbiotic nitrogen binding coefficients obtained from Gorlach and Mazur [2002]. The amount
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of nitrogen bound by free-living microorganisms (FF) in the soil was assumed at the level of
10 kg N-ha' AL (Agricultural Land) [Fotyma and Mercik 1995]. The amount of atmospheric
nitrogen deposition (D) for the examined regions was adopted on the basis of the total nitrogen
fallout (oxidised and reduced) [Environmental Protection 2006, Report... 2005a, 2005b, 2005c,
2005d]. Nitrogen in crop residues (PR) remaining in ploughed fields was calculated according
to Gorlach and Mazur [2002] and Fotyma and Mercik [1995]. The content of nitrogen in the
main crops, by-products and catch crops (PP) was calculated from information obtained from
farms, literature data, tables of food chemical composition and recommendations for practice
[Furgal-Dzierzuk et al. 2003, Kunachowicz et al. 2005] or our own analyses.

Calculations of ammonia emission (AM) from animal production is assumed to be 40% N
for solid manure and 28% loss for liquid manure [Zbierska et al. 2002]. Emissions of N,O fol-
lowing denitrification (DF) as well as NH; release from mineral fertilisers (AF) was calculated
using coefficients supplied by Polish researchers [Fotyma and Mercik 1995, Skiba et al. 1997].
Nitrogen in other products (O) purchased and used as forage (e.g. distillery grain or pulps) or
fertilisers (e.g. waste soil from mushroom production, sewage sludge) was calculated by Furgal-
Dzierzuk et al. [2003], Gorlach and Mazur [2002] as well as Fotyma and Mercik [1995].

The value of each 1 kg of nitrogen from natural and anthropogenic sources was calculated by
averaging the price of the 32 most popular nitrogen mineral fertilisers used in farms. The aver-
age value of 1 kg N was 5.3 € (22.4 PLN). A conversion rate of 1 z1 =4.20 € in 2016 was used.

RESULTS AND DISCUSSION

Large-sized farms were situated in 33 local communes. 26 of the farms were located on 7
NVZ’s in the Wielkopolskie, Lubuskie and Dolnolaskie provinces. The area of the 26 large-area
farms selected for investigation was in the range 209.0-11391.5 ha (on average — 1680.3 ha).
The proportion of arable land in the total area of agricultural land (AL) amounted to 86.5%.
Levels of mineral fertilisation in the examined large-area farms were high. On average, these
farms applied 110.2 kg N per hectare of AL, with differences ranging from 0 to 169.1 kg N-ha'!
agricultural land [Statistical ... 2005]. This is considerably more than both the national aver-
age and the average for individual regions, for which fertilisation averages 54.8 N-ha' across
the country and 66.9 kg N-ha'! in Wielkopolska. Nitrogen constituted more than half of the
purchased mineral fertilisers. Cattle were reared in all the examined large-area farms and con-
stituted 81.4% of the livestock species structure. The number of livestock units (1 LSU = one
head of milking cow or a group of animals with mass of 500 kg) in individual farms varied from
0.25 to 1.23 LSUha' of AL (on average 0.64 LSU-ha' AL).

The group of 65 mid-sized farms belonged administratively to 22 local communes, 21 of
which were partially or completely situated in 6 NVZ’s. The agricultural land area of the select-
ed mid-sized farms ranged from 10.5 to 115.0 ha (on average — 24.7 ha). Arable land dominated
(87.4%) in the agricultural land structure of this group of farms. The average mineral fertiliser
application in the examined mid-sized farms was considerably higher than the domestic and re-
gional average [Statistical ... 2005]. The average amount of mineral fertilisers used under crop
cultivation was 106.5 kg N-ha! of AL and varied from 0 to 340.4 kg N-ha! AL. In the group of
65 examined farms, 53.8% specialised in dairy cattle rearing and 43.9% in pig fattening. Some
of farms in this group were without livestock.

The number of animals in farms specialising in dairy cattle ranged from 0.5 to 3.1 LSU-ha"!
AL (on average — 1.7 LSU-ha' AL). In the case of farms specialising in pig breeding, the stock-
ing rate was lower and amounted to 1.0 LSU-ha' AL.
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Mid-sized farms in Opole province were situated in 38 communes. Selected 39 of the farms
in this region were integrated farms ranging from 13.9 to 248.2 ha (on average — 68.4 ha). The
farms were characterised by a very high proportion of arable land (93.4%). Average mineral
fertilisation calculated per 1 ha AL was 116.4 kg N. Cereals dominated (75.3%) in the cropping
system in the examined farms. Animal production was carried out in 82.1% of the 39 farms,
and the remaining farms did not contain any animals. Pig production (56.1%) was the dominant
livestock production system, whereas cattle were kept in 43.9% of the examined farms. On av-
erage, 0.7 LSU-ha"! was raised per farm. Analysed farms from Opole province were constantly
monitored by the Opole Agricultural Advisory Center in Losiow.

Nitrogen sources in fields are varied and can be divided into two types: natural and anthro-
pogenic. Natural sources include processes which are fully or mostly independent of farmers,
such as biological atmospheric nitrogen fixation by free living microorganisms or symbiotic
fixation and deposition from the atmosphere. This is a nitrogen source which is practically free.
The amount provided by fabaceae plants can be partially modified by the cultivation of various
plant species from this family, and increasing their acreage, however the binding process is in-
dependent of the farmer. Anthropogenic sources are dependent on the farmer, meaning they can
be substantially modified. These include the use of mineral or organic fertilisers and manures
and the sowing of seed on the field. Ploughed catch-crops and crop residues also belong to this
group. This is a secondary element of the balance sheet, because crop residues are not brought in
from outside the farm, but supplement the soil in necessary nutrients. The real cost to the farmer
is mainly the purchase of mineral fertilisers. Natural sources of nitrogen do not cost anything.
Manures are often produced on the farm where they are used, and are therefore rarely purchased.
Nitrogen balance elements which entail costs include some organic fertilisers, such as peat.
However, these fertilisers constitute a marginal nitrogen income. There was no manufacture or
purchase of any organic fertilisers in any of the analysed groups of farms. Some costs may be
related to seed materials. Many farmers use their own seed, only supplementing it every few
years by purchasing certified seed, primarily due to its high price.

The results of the field surface balance, taking into account elements other than fertilisation,
show the potential gains and losses of payment methods related to revenue and the use of nitro-
gen. Annual nitrogen revenue fixation by free living microorganisms stands at 54 €-ha' (Table
1). Nitrogen from symbiotic fixation allowed a saving of up to 120 €-ha!. However, small acre-
ages of these plants crops produce marginal quantities ranging from 2 to 24 €-ha’'. Deposition
from atmosphere introduces nitrogen up to 91 €-ha’!. Seed material had almost no significant
impact in the economic calculation. Ploughed crop residues offer significant savings which are
equivalent to the combined amount from atmospheric fixation and nitrogen deposition. The
financial value of nitrogen from manure is an important portion of income. There are real finan-
cial savings as a result of the fact that farmers from the surveyed farms do not buy manures.

Ecosystem services in the balance sheet primarily involve natural processes such as deposi-
tion or N, fixation from atmosphere on the input, and gaseous losses (denitrification and ammonia
emission) on the output. In the case of large-scale farms, the estimated value of such services in
the average is on the input 167 €-ha™! and on the output 116 €-ha’'. In the other two groups the input
was lower than the output (mid-sized farms of Wielkopolskie and Dolnoslaskie provinces - input:
154 €-ha’!, output: 182 €-ha’'; mid-sized farms of Opolskie province - input: 114 €-ha’!, output: 136
€-ha') (Tables 1 and 2). The total amount of fertilisers (mineral + manure) in all analysed farm
groups was higher than uptake by crops. The difference ranged from 57 to 321 €-ha’!.

The value of produced in analysed farms manure per 1 ha was a maximum of 1710 €-ha’!
(Table 1). However, only some of these resources may be used in individual farms due to envi-
ronmental standards in Poland (170 kg N from manures per 1 ha). Mineral fertilisers incur real
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Table 1.  Structure of nitrogen balance input and the value of individual elements and surplus based in

euro
Large-area farms of Dolnoslaskie, Lubuskie and Wielkopolskie provinces
Specification Elements of input Value

min. max. mean SD

N, fixation by free-living microorganisms 54 54 54 0

N, fixation by fabaceae plants 0 107 24 22

deposits from the atmosphere 57 92 89 8
l(‘épl‘ll;g' mineral fertilisers 0 853 593 184
manures 84 529 257 114

sowing material 2 23 5 4

ploughed crop residues 44 251 153 45
Summary input 660 1549 1174 231

Mid-sized farms of Wielkopolskie and Dolnoslaskie provinces

N, fixation by free-living microorganisms 54 54 54 0

N, fixation by fabaceae plants 0 120 9 22

deposits from the atmosphere 75 92 91 4
l(rép;‘g mineral fertilisers 0 1825 565 325
manures 0 1710 476 363

sowing material 0 63 11 9

ploughed crop residues 5 541 137 111
Summary input 459 2728 1342 493

Mid-sized farms of Opolskie province

N, fixation by free-living microorganisms 54 54 54 0

N, fixation by fabaceae plants 0 17 2 4

deposits from the atmosphere 46 74 58 8
I(Iép}‘:g mineral fertilisers 97 992 624 197
manures 0 1622 297 271

sowing material 4 29 14 5
ploughed crop residues 12 404 157 104
Summary input 731 2144 1207 252

SD — standard deviation

cost. Some farmers annually bought nitrogen fertilisers to the value of 1825 €-ha’'. In Europe,
as in all OECD (Organisation for Economic Co-operation and Development) countries, there
is a two-speed agriculture. Due to incomplete payments which are received by some countries
and delays in development caused by system policies, the economic situation is not stable eve-
rywhere [Agricultural... 2014]. Poland is one such country, so rational management of nutrients
largely determines the level of income.
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Table 2. Structure of nitrogen balance output and the value of individual elements and surplus in euro

Large-area farms of Dolnoslaskie, Lubuskie and Wielkopolskie provinces

Value min. max. mean SD
Output N (€-ha) Crops 340 960 611 135
Summary output 340 960 611 135
Surplus (€-ha'') 79 896 563 184
Der?lFrlﬁcatlon from mineral 0 14 9 3
fertilisers
Losses N Am‘rr-10ma emission from mineral 0 55 38 D
(€-ha") fertilisers
Ammonia emission from manures 23 127 69 27
Others 40 748 450 169
Mid-sized farms of Wielkopolskie and Dolno$laskie provinces
Output N
(€-ha”) Crops 230 1719 720 356
Summary output 230 1719 720 356
Surplus (€-ha') -308 1663 623 455
Der‘nFrlﬁcatlon from mineral 0 29 9 5
fertilisers
Losses N Am.rr'loma emission from mineral 0 17 36 2]
[€-ha'] fertilisers
Ammonia emission from manures 0 504 137 106
Others 4 1273 493 318
Mid-sized farms of Opolskie province
Output N (€-ha) Crops 383 1587 865 291
Summary output 383 1587 865 291
Surplus (€-ha'') -450 1067 342 370
Der}l?rlﬁcatlon from mineral ) 16 10 3
fertilisers
Losses N Am.n?oma emission from mineral 6 63 20 13
(€-ha™) fertilisers
Ammonia emission from manures 0 477 86 81
Others 15 877 325 216

SD — standard deviation

Financial losses due to nitrogen balance in the analysed farms ranges on average from 342
to 623 €-ha! (Table 2). The excess of nitrogen in the balance is the potential amount that can be
dispersed into the environment, thus incurring financial losses.

Some authors claim that an economic calculation consisting of two components is important
in order to rationalise activities. Firstly, the effect of given inputs should be maximised. Sec-
ondly, the effort required to achieve a particular purpose should be minimised [Zegar 2010].
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The damage caused by emissions should be identified among the nutrient losses. The greatest
losses occur through ammonia emissions from manure (Table 2). The phenomenon of emission
cannot be eliminated from livestock production, but the level can be reduced by the farmer by
proper storing manure, applying it at the recommended intervals, and mixing it with the soil
immediately after applying it on the fields [Kuczynski 2002]. Among the studied farm groups,
the medium-area farms of the Wielkopolskie and Dolno$laskie regions which are located in vul-
nerable areas display the least efficient nitrogen management. About 35% of these farms could
lose more than 800 €-ha' a year, due to potential surplus nutrient dispersal in the environment
(Table 3).

Table 3.  The range of losses results expressed in euro

Range of results (€-ha™')

Group of farms -600--301 | -300-0 | 0-300 | 301-600 | 601-800 | >800
Share of results in different ranges (%)
Large-area farms of Dolnoslaskie,
Lubuskie and Wielkopolskie provinces 0 0 4 38 27 12
Mid-sized Vfann.s of nglkopolskle 5 3 17 29 17 35
and Dolno$laskie provinces
Mid-sized farms of Opolskie province 8 8 26 31 18 10

Some authors say that farms are thriving businesses, however, the environment in which
villagers live is as important as the economic aspects [Gietema 2006]. The integrated farms of
Opolskie province have the best balances. The number of farms with balances above 600 €-ha™!
was 28%, while in large-scale farms it was 39%, and in farms located in NVZ’s this was as
high as 52%. The group of integrated farms has cooperated for many years with the Opole Ag-
ricultural Advisory Center in Losiéw for the implementation of new technologies. These farms
are constantly monitored and the production process is optimized, which, as demonstrated by
the research, gives positive results. Integrated farms also apply more stringent environmental
and production requirements for the use of fertilisers. Their use should be more precise than in
conventional farms.

CONCLUSIONS

1. The study shows that the financial value of loss of nitrogen in field crops can be considerable
(up to 1663 €-ha'). This is probably due to poorly balanced plant cultivation, not only in
terms of production and economic aspects, but also due to poor knowledge about the value
of nitrogen from other sources.

2. By analysing the effectiveness of ecosystem services, it can be seen that intensity finan-
cial benefits from natural processes outweigh the losses in integrated farms from Opolskie
province. This was mainly due to the lower nitrogen deposition from the atmosphere in the
region, but also lower by 51 €-ha! ammonia emission from manures than in the other groups
of farms. The intensity of animal production and the species structure of herd were of great
importance.
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3. Manures does not fully provide the nitrogen required by plants. Nitrogen ratios from ma-
nures to the harvested nutrient with plant yields averaged 0.48:1 in the examined farms.
Manures are a free source of nitrogen and should be supplemented with this nutrient from
fertilisers in order to reach the optimum level which does not cause financial losses and en-
vironmental problems.

4. The total amount of fertilisers (mineral + manure) in all analysed farm groups was higher
than uptake by crops. The difference ranged from 57 to 321 €-ha'. This amount can be
saved, for example, by the purchase of mineral fertilisers. Loss of mineral fertilisers to the
environment equate to financial losses. The purchase of mineral fertilisers should be reduced
to avoid these losses. The nitrogen sources in the soil are numerous and some of them allow
on limitation purchase of mineral fertilisers and substantial financial savings up to a few
hundred euros per 1 ha.

REFERENCES

Agricultural policy monitoring and evaluation. OECD Countries. OECD Publishing. 2014 (http://dx.doi.
org).

Balmford A., Green R.E., Scharlemann J.P.W. 2005. Sparing land for nature: exploring the potential im-
pact of changes in agricultural yield on the area needed for crop production. Glob. Chang. Biol. 10:
1594-1605.

Bowyer C., Withana S., Fenn 1., Bassi S., Lewis M., Cooper T., Benito P., Mudgal S. 2009. Land degra-
dation and desertification. European Parliament study IP/A/ENVI/ST/2008-23 (http://www.europarl.
europa.eu).

Brown L.R. 2014. Many Countries Reaching Diminishing Returns in Fertiliser Use. EPI data highlights
(http://www.earth-policy.org/).

Brown L.R., 2012. Full, planet. Empty Plates: The New Geopolitics of Food Scarcity. W. W. Norton &
Company. pp. 160.

Costanza R., d’Arge R., de Groot R., Farber S., Grasso M., Hannon B., Limburg K., Nacem S., O’Neill
R. V., Paruelo J., Raskin R. G., Sutton P., van den Belt M. 1997. The value of the world’s ecosystem
services and natural capital. Nature 387: 253—-260.

Environmental Protection. Statistical information and reports. 2006. GUS, Warszawa, pp. 522. (In Po-
lish)

Fotyma M. Mercik S. 1995. Agricultural chemistry. Wyd. Nauk. PWN, Warszawa, pp. 356 (in Polish).

Furgal-Dzierzuk I., Kanski J. Kosmala I. 2003. Tables of chemical composition and nutritive value of
feeds. Wyd. 1Z, Krakow, pp. 88 (in Polish).

Gietema B. (Ed.) 2006. Farm accounting. AgroSource 4. Agromisa Foundation, Wageningen, pp. 50.

Gorlach E., Mazur T. 2002. Agricultural chemistry. Wyd. Nauk. PWN, Warszawa, pp. 347 (in Polish)

Gourley C.J P, Powell J.M., Dougherty W.J., Weaver D.M. 2007. Nutrient budgeting as an approach to
improving nutrient management on Australia dairy farms. Aust. J. Exp. Agric. 47: 1064—1074.

Kuczynski T. 2002. Ammonia emission from livestock buildings and the environment. RWNT, pp. 242
(in Polish).

Kunachowicz H., Nadolna 1., Przygoda B., Iwanow K. 2005. Tables of composition and nutritional value
of food. Wyd. Lek. PZWL, Warszawa, pp. 671 (in Polish).

Kupiec, J. Zbierska J. 2012. Comparison of results obtained on the basis of selected types of nitrogen
balance in the scale of a field and a farm. Pol. J. Environ. Stud. 21: 165—-174.

Miksch K., Felis E., Kalka J., Sochacki A., Drzymata J. 2016. Micropollutants in the environment: occur-
rence, interactions and elimination. Rocz. Ochr. Srod. 3: 1-84

Parris K. 1998. Agricultural nutrient balances as agri-environmental indicators: an OECD perspective.
Environ. Pollut. 102, S1: 219-225.



Ecosystem services based on nitrogen management in farms in selected region of Poland 103

Rae A.N., Strutt A. 2003. Agricultural trade reform and environmental pollution from livestock in OECD
countries. the 6™ Annual Conference on Global Economic Analysis, The Hague, 12-14 June 2003, pp.
21.

Regulation of Minister for Environment with day 23 December 2002 r. in matter of detailed requirements,
with what they should answer the programs of workings having on aim the reduced of nitrogen outflow
from agricultural sources. Jo. of Law from 2003, No 4, pos. 44 (in Polish).

Regulation of the European Parliament and Council Regulation (EU) No 549/2013 dated. 21 May 2013 on
the European system of national and regional accounts. EUR-Lex- 32013R0549. L 174/1.

Regulation on the Council of Ministers of 18 may 2005 y. changing regulation concerning detail of condi-
tion and procedure of providing of financial help of development of rural area plan for farms conform
to standards of European Union. Jo. of Law No. 93, item 778, 779 and 780 (in Polish).

Report on the state of the environment in Dolnoslaskie province in 2004. 2005¢. Biblioteka Monitoringu
Srodowiska WIOS, Wroctaw, pp. 221 (in Polish).

Report on the state of the environment in Lubuskie province in 2004. 2005d. Biblioteka Monitoringu Sro-
dowiska WIOS, Zielona Gora, pp. 222 (in Polish).

Report on the state of the environment in Opolskie province in 2004. 2005a. Biblioteka Monitoringu Sro-
dowiska WIOS, Opole, pp. 184 (in Polish).

Report on the state of the environment in Wielkopolskie province in 2004. 2005b. Biblioteka Monitoringu
Srodowiska WIOS, Poznan, pp. 202 (in Polish).

Sassenrath G.F., Schneider J.M., Gaj R., Grzebisz W., Halloran J.M. 2013. Nitrogen balance as an indi-
cator of environmental impact: Toward sustainable agricultural production. Renew. Agric. Food Syst.
28:276-289.

Skiba U., Fowler D., Smith K.A. 1997. Nitric oxide emissions from agricultural soils in temperate and
tropical climates: Sources, controls and mitigation options. Nutr Cycl. Agroecosys. 48: 75—90.

Statistical Yearbook of agriculture and rural areas. 2005. GUS, Warszawa, pp. 485 (in Polish).

Zbierska J., Murat-Blazejewska S., Szoszkiewicz K., Lawniczak A.E. 2002. Nutrients balance in agroeco-
systems of Wielkopolska region in terms of water quality protection for example of Samica Stgszew-
ska catchment area. Wyd. AR Poznan, pp. 133 (in Polish).

Zegar J.S. 2010. Rationality in economic agricultural calculus. Annales UMCS, 44: 249262 (in Polish).

J.M. KupIEC

USLUGI EKOSYSTEMOWE NA PODSTAWIE ZARZADZANIAAZOTEM
W GOSPODARSTWACH WYBRANYCH REGIONOW POLSKI

Synopsis. Celem przeprowadzonych badan byla analiza potencjalnych korzysci i strat finansowych
w produkcji rolniczej obliczonych na podstawie struktury bilansu azotu. Do badan wytypowano 130
konwencjonalnych gospodarstw rolnych o réznej powierzchni i specjalizacji produkcji, zlokalizowanych
w 4 wojewodztwach Polski (Wielkopolskie, Lubuskie, Dolnoslaskie and Opolskie). Cze$¢ gospodarstw
zlokalizowana byta na obszarach szczegodlnie narazonych na azotany pochodzenia rolniczego i objeta
byta Programem dziatan. Wszystkie analizowane gospodarstwa ro6znily si¢ pod wzgledem wielkosci, spe-
cjalizacji, obsady zwierzat, oraz systemu produkcji. Do analiz wybrano gospodarstwa $rednioobszarowe
z przedziatu 10-200 ha i wielkoobszarowe przekraczajgce powierzchnie 200 ha. Prowadzity one produk-
cj¢ konwencjonalng i zintegrowang. Dane obejmowaty okres od 2002 do 2006 roku i obejmowaty trzy
sezony wegetacyjne dla kazdego z gospodarstw. Bilans azotu zostal obliczony metoda ,,na powierzchni
pola”. Ushugi ekosystemowe w bilansie obejmuja przede wszystkim procesy naturalne, takie jak depozycja
lub wigzanie N, z atmosfery po stronie przychodu oraz straty gazowe po stronie rozchodu. W przypad-
ku gospodarstw wielkoobszarowych obliczone wartoséci ustug ekosystemowych w przychodzie wyniosty
$rednio 167 €-ha! a w rozchodzie 116 €-ha!. W pozostatych dwoch grupach warto$¢ ustug w przychodzie
byta nizsza niz w rozchodzie (Srednioobszarowe wojewddztw wielkopolskiego i dolnos$laskiego — przy-
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chod: 154 €-ha’', rozchod: 182 €-ha''; $rednioobszarowe wojewodztwa Opolskiego — przychdd: 114 €:ha'!,
rozchod: 136 €ha'). Analizy wykazaty mozliwosé generowania bardzo duzych strat finansowych w pro-
dukcji polowej wahajacych si¢ od 342 do 623 € w przeliczeniu na 1 ha.

Slowa kluczowe: straty finansowe, zréwnowazony rozwdj, bilans azotu, zanieczyszczenia obszarowe,
bilans na powierzchni pola
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