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Abstract. The paper presents trends of nitrogen management intensity changes. The comparative analysis of
nitrogen management in the period 2002-2016 was performed at FADN regions of Poland level. It included
comparisons of balances and efficiency of nitrogen utilization as well as rate and direction of nitrogen input and
output in the agricultural production cycle. The structural and quantitative analysis of both sides of gross nitrogen
balance provides information about the agricultural production as well as the direction and rate of changes .
Although there was a visible, moderate intensification (A= type) of agricultural production in Poland, a significant
differences between four regions of Poland were found. FADN region 785 (Pomorze i Mazury) had positive rating
of agro-environmental aspects and nitrogen management. On the other hand, FADN region 790 (Wielkopolska i
SSlask) was characterized by ineffective intensification of plant production (increased nitrogen inputs with low

effect in nitrogen output).
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Introduction
Modern European agriculture draws more and more attention to the socially useful functions of

the agriculture (reflecting the relationships between the value of the environment as a public good
and the value of agricultural production conducted in this environment) (Fotyma M. et al., 2009;
Prandecki K., Zegar J., 2014). In order to maintain the balance of ecosystems, it is necessary to
optimize the use of nutrients in the agricultural production system, which means the recognition and
control of nutrients inputs and outputs (Hatfield J.L., Douglas L.K., 1994; Kopinski J., 2017a).
Rational management of fertilizer components, including nitrogen, is part of the basic function of the
agricultural objective - getting an income. It is achieved by maximizing the utility of agricultural
activity by maximizing revenues and minimizing costs of involved means of production (Rembisz W,
2010). In terms of value, it has an impact on profitability, productivity, efficiency (economic and
organizational) and competitiveness (Galecka A., 2017; Szymanska E., 2010; Zietara W., Zielinski
M., 2012). In quantitative terms, it also has an impact on productivity assessment (technical
efficiency) and intensity of agricultural production (Klepacki B., 1997), while also having an impact
on environment (Jadczyszyn T., Kopinski J., 2013; Kopinski J., 2002, Pastuszak M. et al. 2014).
Mineral fertilizer consumption, due to close correlation between the use of fertilizers (mainly nitrogen
fertilizers) and the yields, is one of the most important measures of the intensity of agricultural
production (Fotyma M. et al., 2009; Fotyma M. et al., 2012). Another evaluation measure of the
intensity of production is the level of total nitrogen input in relation to the nitrogen output in the
harvested yields and by-products, which takes into account all sources of nitrogen in the agricultural
production system (Kopinski J., 2017b). Tendency and rate of changes in the level of nitrogen inputs
allows to determine the nature of agricultural production (intensification, extensification) in terms of
nitrogen management strategy. Determination of the tendency and rate of changes in the level of
inputs (in terms of quantity) of nitrogen allows to determine the nature of agricultural production
(intensification, extensification), in terms of managing this component (Kopinski J., 2018).
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The basic source of information was the results of IUNG-PIB's (Institute of Soil Science and Plant
Cultivation, State Research Institute in Pulawy) own research (Kopinski J., 2017a; 2017b) based on
statistical data from the Central Statistical Office (GUS) (2002-2013; 2002-2015; 2003-2016; 2015-
2016), Chief Inspectorate of Environmental Protection (CIEP) (2014) and KOBIZE (The National
Centre for Emissions Management) (2016). The comparative analysis was carried out at the level of
4 FADN/RICA regions of Poland (785-Pomorze i Mazury; 790-Wielkopolska I Slask; 795-Mazowsze i
Pomorze; 800-Malopolska i Pogorze)(Goraj L., 2000)(Figure 1). Averages for Poland were used as
reference point. The analysis covered changes in balances (GNB) and efficiency of nitrogen utilization
(EuN) in 2002-2016, based on the gross nitrogen balance in accordance with the standard proposed
by the OECD and Eurostat (Kremer A.M., 2013; Kopinski J., 2017a). The determination of the
character (type) of nitrogen management in regions was made on the basis of the difference in slope
of trend lines (a, b) and gross nitrogen input (TNin) and output (TNout), in accordance to equation
formulas and criteria:

GNB = TNin-TNout; EUN = TNout / TNin x 100;
y (TNin) = ax + m; y (TNout) = bx + k
a> 0 and b-a> 0 effective intensification (rational), type A
a <0 and b-a> 0 efficient extensification (rational), type B
a> 0 and b-a <0 ineffective intensifying (irrational), type C
a <0 and b-a <0 inefficient extensification (irrational), type D

where:

GNB - surplus balance (deficit) of gross nitrogen balance;

TNin - total nitrogen inputs;

TNout - total nitrogen outputs;

EuN - efficiency of nitrogen use (utilization).

To assess the strength of observed tendencies, an analysis of the distribution of the value of the
feature (differences in the slope of the trend line (b-a)) was used, where:

-0.35> (b-a)> 1.1 strong tendency (+);

-0.35< (b-a) <1,1 weak tendency (=).

More detailed methodology of the research was presented in previous author’s publication about
trends of change in agricultural nitrogen management (Kopinski J., 2018).

The major objective of the study was to assess trends of agricultural intensity changes in Poland
over time. Tendencies and rate of changes of agricultural nitrogen management intensity in 4
FADN/RICA regions of Poland were assessed on a basis of the results of the gross nitrogen balance
in the period of 2002-2016.
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Fig. 1. FADN/RICA regions of Poland

Research results and discussion
The diversified (quantitative) structure of nitrogen inputs and outputs from agricultural land is a

confirmation of the existing large regional differentiation of Polish agriculture (Figure 2). This
quantitative and structural diversification of gross nitrogen balances results from very large
differences in natural conditions, production intensity and productivity of agricultural land, as well as
of the differences in the organizational and production potential of individual regions of Poland
(Fotyma M. et al., 2009; Kopinski J., 2017a). The analysis shows that the highest management
intensity (nitrogen turnover) was observed in the region of "Wielkopolska and Slask" (almost 250 kg
N e hat AL). "Malopolska and Pogorze" region, had the lowest management intensity (volume of
turnover 170 kg N e hat AL). In recent years (2014-2016) mineral fertilizers has been the dominating
position on the nitrogen revenue side in all regions of Poland (57.4 % on average). However, in the
structure of the balance, the collection of nitrogen with plants yields dominates in all regions
(Figure 2). Nitrogen outputs structure depends not only on the land use structure (UAA), but also on

its productivity. It also reflects the production orientation (degree of specialization) of individual

regions.
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Fig. 2. The quantitative structure of various inputs and outputs sources of gross nitrogen
budget in Polish FADN regions in 2014-2016 years (kg N ha-1 UAA)
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Quantitative and structural changes of sources of nitrogen inputs and outputs leads to the
changes in current gross nitrogen balances and the efficiency of using this component (Table 1).
~Wielkopolska and Silesia” region had highest gross nitrogen balance surplus (60 kg - ha! UAA),
when compared to averages for Poland. This is expected to have a negative impact on the
environment (Kopinski J., 2017a). In the years of 2014-2016, there was a significant quantitative
reduction in the balance surplus of gross nitrogen balance (by approx. 20 kg - hat UAA) in the region
of "Pomerania and Masuria" when compared to 2002-2004. Also there was a visible improvement of
efficiency of nitrogen utilization in all regions, although of a different degree (Table 1). The largest
increases of nitrogen utilization efficiency were recorded in the region of "Pomerania and
Masuria"(20.6 %). The diversification of the efficiency of nitrogen utilization in different regions
results in different environmental impact of agriculture in tested regions. This is both due to
organizational and production changes, including intensifying processes of specialization and
concentration of agricultural production, as well as natural conditions of specific regions (Pastuszak
M. et al., 2014].

The analysis of the directions and rate of changes in the nitrogen inputs in the cycle of agricultural
production in 2002-2016 (Table 1) shows that in all FADN/RICA regions of Poland intensification of
agricultural production (mainly type A, but also type C) took place. The increasing use of nitrogen
mineral fertilizers was the main factor behind the intensification. "Malopolska and Pogorze" region
was to the least extent of this intensification. On the other hand, ,,Wielkopolska and Slask” region
was characterized by the most, statistically significant, ineffective intensifying of agricultural nitrogen
management (Type C+). The region had significantly higher rate of nitrogen input intensification,
which led to the increase in the nitrogen gross balance, with just slight improvement in efficiency.
This could have serious environmental consequences, especially in regions that also had adverse
environmental indicators in previous years, e.g in ,Wielkopolska and Slask” region (Fotyma M. et al.,
2012; Kopinski J., 2017a). This is because environmental risk of nitrogenous nutrients (nitrates)
leaking to groundwater are stronger on light, sandy soils of low water capacity, which are common
to Poland. This was confirmed by the results of monitoring studies carried out in the Wielkopolskie
Voivodeship, in the area of which high concentrations of nitrates were found in soil water and
groundwater (Jadczyszyn T., Kopinski J., 2013).

Among other FADN/RICA regions in Poland, "Mazowsze i Podlasie" had rather poor, but still
significant increase of rate of rational, effective intensification of land productivity (type A=). The
region in which there was a significant (strong) increase in efficiency through a significant increase
in nitrogen output with little or No increase in nitrogen inputs, was "Pomorze i Mazury" region (type
A+). Moreover, "Pomorze i Mazury” had a very positive agro-environmental assessment results (low
balance and high efficiency of nitrogen utilization), when compared to the averages for Poland
(Table 1). A process of rationalization of plant production was visible in regions that had nitrogen
management of type A+ (strong, effective intensification of production), like "Pomorze i Mazury".
This was due to better management strategy, mostly effective use of organizational factors (non-

fertilizer means of production).

Conclusions
The structural and quantitative analysis of both sides of the gross nitrogen balance (inputs and

outputs) provides information on management of agricultural production in the aspect of nitrogen

fertilization. The analysis of relationship and rate of change in nitrogen inputs and its effects (nitrogen
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outputs) enables the assessment of the nature(intensification, extensification) and type of plant
production. On a national scale, since 2002, moderate intensification (type A =) of plant production
is visible. Nevertheless, there are significant differences between FADN/RICA regions of Poland, both
in current state and the direction of changes. "Pomorze i Mazury" (type A +), "Malopolska and
Pogorze" (type A =) and "Mazowsze and Podlasie" (type A =) regions were characterized by, to a
certain degree, rational intensification of plant production, while "Wielkopolska and Silesia" (type C
+), was the region where the intensification of plant production was not justified by the increased
effects (nitrogen outputs — mostly crop yields). In terms of agri-environmental assessment and
nitrogen management practices, ,Pomorze i Mazury” region was characterized by low-intensity, but

highly effective plant (agricultural) production.
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Table 1.
Characteristics of the resulting elements of the gross nitrogen balance as well
as trends and types of nitrogen management in the Polish FADN regions in
2002-2016
rcs):;l::i::OOfen Efficiency of N Equation of trend R2
% g use UeN Period of 2002-2016 | Differenc
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