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Abstract

Agriculture in Poland is one of the major sources of emissions of gaseous pollutants. In this respect,

Polish agriculture is facing many difficult challenges, including reduction of ammonia and greenhouse

gas emissions from livestock production and emissions of nitrous oxides and suboxides from manure and

mineral fertilizers. Reducing emissions of, among others, gas from agriculture requires the introduction

of innovative techniques and tools to increase the efficiency of agricultural production and waste from

livestock and crop residues. The main objective of this paper is to outline the problem of low carbon

agriculture in Poland, with particular emphasis on emissions of methane and nitrous oxide. This paper

presents the main determinants and problems related to the development of low-carbon agriculture in

Poland. The source of information for writing the paper was literature of the subject and statistical data

of the Central Statistical Office.
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Introduction

The term “low-carbon economy” has no universally
accepted definition [1-3]. For the purposes of this paper
it was assumed that “low-carbon economy is a whole
series of actions that contribute to reducing greenhouse
gas emissions while respecting the principles of
sustainable development, oriented for innovation and
competitiveness on the global market” [4]. The low-
carbon (low-emission) economy is the core model within
the European Union’s climate policy [5-7]. The term
“low-carbon agriculture” is used here to cover actions
to reduce the energy inputs to and GHG emissions from
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agriculture, with progress being a good indicator of
improving environmental sustainability. Furthermore,
carbon (C) is used as short-hand for all greenhouse
gases. Putting the focus in analyses in the scope of the
low-carbon economy in rural areas almost exclusively
on CO, emissions, without taking into account other
gases, is unjustified and results in an underestimation
of the volume of emissions and hinders the selection
of appropriate directions of low-carbon development in
these areas [8]. The issue of limiting greenhouse gas
(GHG) emissions from anthropogenic sources is one of
the main topics discussed by the scientific community
and the political class [9-11]. The agricultural sector
is one of the largest anthropogenic sources of GHG
emissions [12, 13]. Carbon dioxide, methane and
nitrous oxide emissions from agricultural sources play a
significant role in the overall enhancement of the global
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greenhouse gas effect [14-16]. The main agricultural
sources of greenhouse gas emissions are: N,O from
soil, CH, from enteric fermentation, CO, from biomass
incineration and CH, from manure [17, 18]. The
application of synthetic (N) fertilizer and incorporation
of crop residues into soil results in nitrous oxide (N,O)
emissions. Similarly, the application of urea and lime
to the soil results in carbon dioxide (CO,) emissions
[19]. The European Union is committed to reducing
their greenhouse gas emissions by 20% until 2020 or
40% until 2030 compared to 1990 levels of the Kyoto
Protocol [20].

The transformation toward low-carbon economy
is determined by the adoption of appropriate practical
actions in all sectors and industries, including
agriculture [21]. Low energy, low releasing, low
polluting and high efficiency are characteristics of
“low-carbon agriculture.” Low-carbon agricultural
combines cleaner production and utilization of waste,
and the concept is similar to the concepts of sustainable
agriculture, ecological agriculture, and circular
agriculture [22-24]. Carbon efficiency is considered
not only from a practical but also from a theoretical
point of view. The evolution of agricultural activities
toward carbon efficiency is an important condition for
balancing economic, environmental and social goals.
The main goal in this case is slowing down (limiting)
climate change and promoting sustainable development.
The bases of the low-carbon agriculture concept are
created by different scientific fields and disciplines.
Understanding the conditions of low-carbon economic
development through the analyses of interdependences
and relationships between phenomena, concepts and
objects is the subject of study, inter alia, in agricultural,
technical and economic sciences.

The main objective of this paper is to outline the
problem of low-carbon agriculture in Poland, with
particular emphasis on the emission of methane and
nitrous oxide. The paper presents the main determinants
and problems related to the development of low-carbon

agriculture in Poland. The source of information for
writing the paper was literature of the subject and
statistical data of the Central Statistical Office.

Agricultural Emissions of Major Greenhouse
Gases in Poland as Well as the Technical
and Organizational Possibilities
for their Reduction

The main greenhouse gases are carbon dioxide (CO,),
nitrogen dioxide (NO,) and methane (CH,). Agriculture
has a significant share in the total emissions of nitrous
oxide (N,0) and methane (CH,). Due to the possibility
of limiting carbon emissions from agriculture through
its sequestration in soils, the share of agriculture in net
CO, emissions in Poland is relatively small. Agricultural
emissions are linked to both plant and animal
production. The significance of the main greenhouse
gas emissions from agricultural sources, in relation to
the total emissions in Poland in 2014, is presented in
Table 1, which identifies the streams of greenhouse gas
emissions from plant and animal production.

Fundamental emissions from the point of view of
consideration include nitrogen oxide (I), commonly
referred to as “nitrous oxide” (N,0), a greenhouse gas
that is 300 times more efficient than CO, in terms of
heat absorption. Nitric oxide is poorly soluble in water,
is not eluted with precipitation, and its duration in the air
is estimated to be about 150 years (it cumulates in the
atmosphere). Much of the N,O emissions associated with
human activity are caused by undesirable decomposition
of nitrogen fertilizers in the soil (natural and mineral
fertilizers) [27]. N,O emissions are not only affected
by nitrogen input in soils but also other factors: soil
temperature, oxygenation, availability of hydrocarbons,
pH and soil humidity [28]. Taking into account the
microbiological processes, nitrous oxide emissions
correspond to denitrification and, to a lesser extent,
nitrification [29]. Emissions of the aforementioned

Table 1. Share of agriculture in major greenhouse gas emissions in Poland in 2014.

Specification €0, NO, CH,
[thous. tonnes] [%] [thous. tonnes] [%] [thous. tonnes] [%]
Total* 277703.8 100 1654.62 100 66.48 100
Agriculture 905.41 0.33 557.1 33.67 52.27 78.63
Intestinal fermentation - - 491.78 29.72 - -
Excrement management - - 64.26 3.88 7.06 10.62
Agricultural soils - - - - 45.17 67.95
Burning of plant residues - - 1.06 0.06 0.04 0.06
Liming 467.55 0.17 - - - -
Use of urea 437.86 0.16 - - - -

* Net emissions, ie taking into account emissions and removals from the sector “Land use, land use changes and forestry”.

Source: [25,26]
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Fig. 1. Consumption of mineral (NPK) and calcium (CaO) fertilizers in Poland in 2000-2015. Source: [33]

compounds contribute to adverse changes in agricultural
soil (acidification) and to the eutrophication of natural
ecosystems. In addition, nitrous oxide contributes to the
intensification of the greenhouse effect and contributes
to the disappearance of the ozone zone [30].

According to data presented in Table 1, the main
source of N,O emissions in Poland is agricultural
soil. It should be emphasized that N,O emission from
agricultural soils occurs directly and indirectly. N,O
direct emissions are mainly due to the use of nitrogen
fertilizers and the emission of N,O from organic
nitrogen in animal faeces, while the indirect ones are
related to ammonia (NH,) emissions and nitrogen
leaching [31,32]. An important source of N,O formation
in Poland is the intensive supply of soil with nitrogen
fertilizers. In 2014-2015 the level of mineral fertilizer
consumption in Poland amounted to 123.2 kg NPK/ha
agricultural land, including 69 kg of nitrogen. Essential
in the researched subject are the levels of mineral and
calcium fertilizer consumption (Fig. 1).

Between 2000 and 2004 Poland maintained
relatively balanced consumption of mineral and calcium
fertilizers. Between 2005 and 2015 very low levels of
calcium fertilization were reported in Poland. It is worth
stressing here that liming is counteracting denitrification

Table 2. Structure of soil reaction in Poland in 2012-2015%*.

processes that lead to nitrogen losses. The necessity
of soil liming in Poland results from the very high
proportion of acid soils in the structure of agricultural
land (Table 2).

The above statement confirms the thesis that “actions
aimed at increasing liming of soils” [35] should be
intensified in Poland. The needs of soil liming in Poland,
estimated on the basis of the National Agricultural
Chemistry Station data, are presented in Table 3.

The problem of Polish agriculture in the context
of a low-emission economy is also the emission of
nitrogen oxides (NO,). However, as Marcinkowski [36]
notes, no specific actions are currently planned to be
taken to limit their emission from agricultural sources.
On the other hand, the potential for reducing nitrous
oxide emissions is seen in the increase in fertilizer use
efficiency. Changes in agricultural practices related
to agrotechnical aspects are necessary in this respect.
There are also potential sources of N,O emissions in
animal production: animal emissions, emissions from
enclosed animal waste, and excreta emissions from the
soil during grazing.

Agriculture also accounted for 33.67% of methane
emissions in Poland in 2014. The largest share of
methane emissions in Polish agriculture is intestinal

Soil reaction
Number Area - - - - -
of samples examined Very acid Acid Slightly acid Neutral Alkaine
pH=<4.5 pH 4.6-5.5 pH 5.6-6.5 pH 6.6-7.2 pH>7.2
[pes.] [thous. ha] [%]
1565893 3861.9 13 26 34 18 9

*data of the National Chemistry-Agriculture Station.

Source: [34]
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Table 3. Soil liming needs in Poland in 2012-2015%*.
Number Area Liming needs
of samples examined Required | Needed | Recommended | Local | Needless
[pes.] [thous. ha] [%]
1565893 3861.9 19 | 15 | 17 | 17 | 32

* data of the National Chemistry-Agriculture Station.

Source: [34]

Table 4. Standard methane emissions coefficients from intestinal
fermentation and animal manure.

CH, emission coefficient
Ofifl(i);f;ls [kg-pe"year']
Intestinal fermentation | Animal excreta
Dairy cows 99 15
Other cattle 58 8
Sheep 8 0.19
Goats 5 0.13
Horses 18 1.56
Pigs 1.5 4
Poultry X 0.08

Source: [37]

fermentation, which largely depends on the number
of ruminant animals, and the type and weight of feed
used. Regarding agricultural sources, methane is also
emitted from livestock manure, and the impact on

Table 5. Livestock population in Poland (December 2015).

the volume of emissions is mainly influenced by the
way it is stored (temperature conditions and oxygen
availability). Standard methane emission coefficients
from intestinal fermentation and animal excreta are
presented in Table 4.

As evidenced by the above statement, the CH,
emission coefficient is the highest in the dairy cow
category, which results from the process of food
digestion. Monogastric animals, including poultry,
emit less greenhouse gas than ruminants. Due to the
animal population in Poland (Table 5) and the methane
emissions coefficients from intestinal fermentation and
animal excreta presented earlier, the issue of intestinal
fermentation in livestock production concerns mainly
cattle. In turn, the main source of emissions in the case
of monogastric animals is animal excreta.

The literature on the subject includes lots of
information on determining the emission coefficients
of harmful gases from animal production that take into
account important parameters, e.g., the milk yield of
cows (Table 6).

Limiting methane emissions can be achieved
through the use of feed additives for ruminants. It is
important to adjust food doses (nutrients and nutrient

Total Sector Structure of livestock in total
Specification Private Public
[thous. pcs.] [%]
Cattle in total 5762.5 5681.7 80.9 100
Cows 2302.8 2269 33.8 40
Other cattle 3459.7 3412.7 47.1 60
Sheep in total 221.2 212.2 9 100
Ewes 140 133.8 6.2 63.3
Poultry in total® 153209.5 153177.4 32.1 X
Chicken poultry 139588 139577.2 10.9 X
Pigs in total® 10590.2 10533.7 56.5 100
Sows 814.4 809.1 5.3 7.7
Other pigs 9775.8 9724.6 51.2 923

2Together —chicken poultry, geese, ducks, turkeys and other poultry

® Until June 2014
Source: [38]
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Table 6. Methane emissions by cows depending on yield.

Annual milk yield Emission* CH, Emission* CH,

[kg] [kg/year/cow] [g/kg of milk]
4000 93.84 23.46
5000 101.20 22.10
6000 108.12 18.02
7000 116.20 16.10
8000 122.40 15.30
9000 131.60 14.10
10 000 136.00 13.60
11 000 140.06 12.80
12 000 146.88 12.24

* Methane emitted only from the digestive tract
Source: [39]

value) to the requirements of the animals, taking into
account their different phases of reproductive cycle.
The feeding way of reducing gas emissions in livestock
farming is not the only method used. The literature
highlights many technologies and techniques that reduce
emissions of burdensome gases arising from livestock
farming. This is especially important for industrial farms
where huge quantities of animal excreta are produced
(sources of not only odorous but also greenhouse gases)
[40]. Emissions of odour and greenhouse gases also
occur in livestock buildings, and reductions in this
regard can be achieved, among others, through a suitable
animal maintenance system and the use of additives
to litter and droppings. From the environmental point
of view it is also necessary to neutralize the gases
generated during slurry storage. Reduction of methane
emissions can be achieved by appropriate selection
of cattle breeds. According to Podkéwka [39], high-
yielding cows, producing 8-10,000 kg of high-protein

milk, less heavily pollute the environment with methane.
For example, Holstein-Friesian cows producing low-
fat milk are more environmentally friendly than other
breeds producing high-fat milk.

Greenhouse gas emissions from agricultural
production are also affected by the mechanization of
agriculture. Regarding the scope of considerations in
this paper, it is important to consider the emissions
of air pollutants as a result of the use of agricultural
tractors (Table 7).

Farm tractors, as well as other diesel-powered
vehicles, produce gases containing carbon monoxide
(CO), hydrocarbons (HC), particulate matter (PM)
and nitrogen oxides (NO ). As the data in Table 7
show, agricultural tractors account for more than 6%
of nitrogen oxide emissions from the total means
of transport in Poland. Other emissions (e.g., N,O,
PM, SO, and Pb) account for about 2% of the total
emissions of means of transport. From the point of
view of emission reductions, the emission limit values
for four harmful substances, such as CO, HC, NO_ and
PM, are relevant for the use of farm tractors in light
of applicable emission standards. The first emission
standards for diesel engines above 37 kW (5S0KM) for
non-road vehicles (including agricultural machines)
were introduced in 2001 (Stage 1). Subsequently, more
stringent emission standards (Stage II and current Stage
IITA) were introduced in 2002-2008. Since January 2011,
Stage III B (known in the U.S. as Tier 4 Interim) has
been in place [41]. In 2014, the Stage IV (Tier 4 final)
emission standard entered into force. These are very
important issues in terms of emissions and evolution
toward a low-carbon economy.

As Pawlak [42] notes, the advanced age of most
agricultural mechanization measures held by farmers
in Poland is reflected in the technical conditions of
these measures. It affects the level of fuel per unit
consumption. It should be emphasized, however, that
in Polish agriculture there has been improvement in the
standard of technical equipment (especially regarding

Table 7. The importance of agricultural tractors in the emission of air pollutants in the group of means of transport.

Emission
Specification CO, CH, N,0 (6(0) TMLZO NO, PM SO, Pb
NMVOC
[thous. tonnes]
Total® 42332.6 3.77 1.82 563.12 117.21° 220.6 74.70¢ 1.21 0.014
Agricultural tractors 845.4 0.05 0.04 12.32 2.13 13.84 1.38 0.03 -
[%e]
Total® 100 100 100 100 100 100 100 100 100
Agricultural tractors 2.00 1.33 2.20 2.19 1.82 6.27 1.85 2.48 2.00

* Excluding emissions from biofuels
® Including evaporative emissions (50.8 thous. tonnes)

¢ Including the emissions from the wear of tires, brakes and road pavements (58.1 thous. tonnes)

Source: [25,26]
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higher-powered tractors) of family farms, which has
resulted from the possibility of obtaining EU subsidies.
Undoubtedly, farm machinery in Poland requires further
modernization and adaptation to environmentally
friendly technologies [43].

Institutional Support for the Development
of Low-Carbon Agriculture in Poland

Limiting the emissivity of agriculture in Poland is
one of the main objectives of the agricultural policy
being implemented. The actions aimed at environmental
protection in rural areas in Poland intensified after
the accession of Poland to the EU, particularly along
with the implementation of the provisions of the
Directive of the European Parliament and of the Council
2009/29/EC'. The Rural Development Programme
(RDP), which had been implemented in Poland
in 2007-2013, enabled modernization of agricultural
holdings towards reduction of emissions, which included
the purchase of solar collectors and construction of
biogas plants. Despite this fact, there is still a large
untapped potential in this respect in Poland [44].
In the new financial perspective (2014-2020), there
are even more options available in this scope. Under
the currently implemented RDP in agri-environment-
climate measures, there was distinguished Package 1
— Sustainable Agriculture. The purpose of this package
is, among other things, to prevent the loss of organic
matter in soil and the rational use of fertilizers. The
beneficiary implementing this package is obliged, inter
alia, to carry out soil analysis twice and to execute the
fertilization plan every year. The elements associated
with the rational management of agrochemicals are
also present in other packages. For example Package 2
— Soil and Water Protection consists in the promotion
of agricultural practices aimed at counteracting the
water erosion of soil, loss of organic matter and water
pollution with components washed out from soils.
However, it is necessary to perform further work on
economic instruments aimed at encouraging the farmers
to make changes in their production systems as well
as on an adequate manner of promoting pro-ecological
behaviours among farmers and other rural residents.

The cooperation between scientific centres and
business is extremely important for the problems
examined here. One of interesting programmes in this
scope in Poland is the project entitled “Support for low-
carbon agriculture able to adapt to observed climate
change in the perspective of 2030 and 2050 (acronym:
LCAgri), funded from the “Biostrateg” program of the
National Research and Development Centre. The aim
of the project is to improve the efficiency of utilizing

' EU countries have committed themselves to reduce the

emissions of greenhouse gases (GHG) before 2020 by at
least 20% in relation to base year (1990).

the resources by implementing innovative low-carbon
agricultural practices and promoting the sustainable use
of mineral fertilizers by agricultural holdings in Poland.
The project focuses on the possibilities of implementing
the methods for sustainable use of mineral fertilizers
in combination with modifications of other elements
of the production technology. An evaluation conducted
properly under the project will provide a basic tool
for identifying the main sources of greenhouse gas
emissions and the priority areas in which low-carbon
measures should be taken.

Agricultural advisory services can also play a
huge role in supporting the development of low-
carbon agriculture in Poland. At the same time,
agricultural advisory services face new challenges in
this scope — both in terms of the content and the form
of communication. The institutional support from the
agricultural advisory agencies must perform advisory,
educational and informative functions, as well as
the function of dissemination in an appropriate form.
A well-organized and effective agricultural advisory
system in the scope of low-carbon practices requires
not only training on the modernization of production
processes and the distribution and use of energy, but
also flexibility and the ability to adapt to climate change
and to prevent and manage the risk. A reduction of
the emissivity in agriculture is possible by means of a
gradual change in the behaviours of business units in
agriculture aimed at improving energy efficiency by
modernizing the processes of energy production and use.
It is very difficult to implement such changes, because
farmers often say that the restrictions in this scope
would limit their competitiveness and in consequence
could result in their lower incomes. Economic factors
shaping the conditions of agricultural production force
its intensification and thus limit the possibility of using
mitigation practices without incurring additional costs
of their implementation. As mentioned earlier, a rational
fertilization management is an important element of
low-carbon agriculture in Poland. The improvement in
this scope can be achieved by: reduction of doses of
nitrogen fertilization; an appropriate selection of the
form of nitrogen in fertilizers and the use of inhibitors
of nitrification and urease; and regulation of soil pH.
According to the studies conducted by Sosulski et al.
[45], the use of nitrification inhibitors or urease and the
afforestation of the poorest arable lands (valuation class
VI) may be an effective practice that would allow for
reducing the emissions of N,O. Agricultural advisory
agencies in Poland should pay more attention to these
issues — both in terms of microeconomic benefits
(economic rationality) and benefits for the entire society.

Summary
On the one hand, the low-carbon economy is a

response to the challenges associated with climate
change and the needs to counteract disturbances in
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ecosystems, and on the other hand it is a conscious
creation of agribusiness development in a more
sustainable way. Transformation of the agriculture
towards low-carbon practices is associated with the
transformation of production and consumption processes
along with simultaneous reduction in emissions of
pollutants and greenhouse gases, minimization of waste
and ineffective use of natural resources, preservation
of biological diversity, and improving energy security.
The necessity for a low-carbon transformation in
Polish agriculture results from the internal efforts of
the state and society aimed at reducing greenhouse
gas emissions, but first of all from the efforts made by
the government to adapt the national regulations to the
recommendations and regulations of the EU’s climate
policy and other international obligations of Poland.

Agricultural activities in Poland play an important
role in the economy, but also generate significant
GHG emissions to the atmosphere. Polish agriculture
faces many difficult challenges in the transition
toward a low-carbon economy. It is connected with
limiting the emission of ammonia and greenhouse
gases from animal production and emissions of
nitrogen oxides, including nitrous oxide, from natural
and mineral fertilizers. Reducing emissions, among
others, of greenhouse gases from agriculture requires
the introduction of innovative techniques and tools
that increase the efficiency of the use of agricultural
inputs, animal waste, and crop residues. The results
presented in this study are limited and do not cover the
whole range of factors affecting agricultural pollution
in Poland. The condition of a low-carbon economy
development in agriculture is smart growth based on
knowledge and innovation. It is necessary, inter alia, to
use innovative means of agricultural production with
relatively low environmental pressure (e.g., biofertilizers
and biopesticides), implementing precision agriculture
(using GPS), developing low emission energy sources
on farms (e.g., agricultural biogas energy plants), using
crop rotation plants with a positive index of reproduction
of soil organic matter and adding nitrogen compounds
to feed. The problems of rational management of the
environment in the context of a low-carbon economy are
also related to the technical equipment used.
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