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Abstract. The new European strategy envisages addressing the problems of climate change, which significantly affects
the agricultural sector, as, for example, in Latvia it accounts for 22% of all greenhouse gas emissions. However, the
data show that since joining the European Union, the main objective has been to increase the productivity of the sector.
Therefore, in order to achieve the set climate goals, it is necessary to evaluate the implementation of practices
corresponding to the goals set, where, as part of this study, we examine the theoretical benefits of sustainable soil
management, as well as evaluate the information available in literature sources about the current situation.

The data show that currently, the implementation of such practices is in the process, as it has been observed that it is
affected by both technical and financial problems, where it is expected that the implementation of these practices will
increase. As well as it is concluded that sustainable soil management practices ensure the achievement of goals of
different categories - financial, environmental, and social. Therefore, to objectively evaluate the benefits, a complex
approach is needed.
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Introduction

Agriculture is a vital sector of Latvia's economy, contributing approximately 4.6% of the country's GDP
and employing over 3% of the population. However, the sector also contributes to greenhouse gas
emissions (GHG), with approximately 22% of Latvia's emissions coming from the agricultural activities,
where the trend of the sector GHG is only increasing (European Parliament, 2021). At the same time
European Union (EU) has set a goal of reducing its GHG emissions by 55% by 2030, compared to 1990
levels. This target was set in 2020 as part of the European Green Deal, which aims to make Europe carbon-
neutral by 2050. To achieve this goal, the EU is investing in different climate-efficient measures to reduce
emissions, where one of them is carbon farming. European Commission implies that even at the low end
of estimated potential, carbon farming could offset 26% of the EU’s annual agricultural emissions, which
in 2019 were 389 Mt CO; yr! (McDonald et al., 2021).

Carbon farming practices are increasingly recognized as a way to mitigate the environmental impact of
agriculture and offer economic benefits for farmers. For instance, cover cropping can reduce soil erosion
and nutrient loss up to 40%, while intercropping can diversify crops and generate additional income
streams. These practices can also sequester carbon in the soil or plant biomass, reducing GHG emissions
and supporting climate change mitigation efforts. Despite these potential advantages, Latvian farmers has
implemented only limited amount of carbon farming practices, that increase soil organic carbon content.
Such practices could reduce CO, emissions by 0.5 to 7 t CO, per ha annually. (McDonald et al., 2021).
This may be due in part to a lack of knowledge and awareness of the benefits of these practices, as well as
financial and technical barriers (Vanino et al., 2023). Therefore, a theoretical analysis of all kind of benefits
of carbon farming practices in Latvia is important to encourage the adoption of these practices by farmers.
In this paper we aim to highlight the potential benefits of sustainable soil management practices for
individual farmers and the broader economy, while also contributing to climate change mitigation efforts.
Accordingly, the tasks are as follows: 1. analyse the theoretical framework for sustainable soil

management and its contribution from the agronomical perspective; 2. evaluate how such practices fit into
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the agricultural sector of Latvia; 3. define the outcome of the implemented practices and their belonging

to a specific beneficial category.
Research results and discussion
1. Theoretical framework of mineral soils, soil organic carbon and soil fertility

Mineral soils make up about 90% of the Earth's land surface and are formed through the weathering of
rock and other materials over time. They consist of mineral particles, like sand, silt, and clay, which
accumulate with organic matter and microorganisms to create a complex soil ecosystem. Mineral soils vary
depending on climate, geology, and topography, with arid regions having more sand and humid regions
having more clay and organic matter. They support plant growth, provide habitat for soil organisms, and
cycle important nutrients. At the same time an important component of mineral soils is soil organic carbon
(SOC), which consists of carbon-containing organic matter such as plant and animal residues, decayed
organic matter, and living microorganisms. It is an important soil component that is essential for
maintaining soil health and productivity. SOC is formed through the process of photosynthesis, in which
plants absorb carbon dioxide from the atmosphere and convert it into organic compounds, which are then
deposited in the soil (Fig. 1.) (Ontl, Schulte, 2012; Daryanto et al., 2020).
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Fig. 1. Soil organic carbon (SOC) cycle in soil

When organic matter enters the soil, it can be broken down by soil microorganisms, releasing nutrients
that can be taken up by plants, as well as contributing to the formation of stable soil aggregates and soil
structure. SOC is an important part of the global carbon cycle because it can act as a carbon sink, helping
to mitigate the effects of climate change by sequestering carbon from the atmosphere, where carbon
dioxide is one of the greenhouse gas emissions responsible for global warming. However, human activities
such as land-use change and intensive agricultural practices can lead to SOC loss, which can negatively
affect soil health and exacerbate the effects of climate change. The amount and quality of SOC in mineral
soils depend on a range of factors, including climate, vegetation type, land use, and soil management
practices and it can influence soil properties such as water-holding capacity, nutrient availability, soil

structure and biodiversity and also carbon sequestration (Aertsens et al., 2013; McDonald et al., 2021).
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FAO has identified key practices that increase organic matter, and hence carbon, in soil. Mainly
emphasizing the increase of biomass - more efficient plant cultivation, ensuring the water regime and the
need for nutrients, as well as emphasizing the incorporation of plant residues into the soil, which can be
achieved by cover cropping, leaving plant residues or straw on the field, and the use of organic fertilizers
(manure, digestate). In addition, an essential practice is the preservation of organic matter in the soil, or
"conservation", which is basically done by reducing mechanical tillage, choosing minimal tillage or even no
tillage (FAO, 2017). The same is stated also by various authors, where in addition to FAO practices, there
are included also organic farming and legume crop incorporation in crop rotations (Soéderstrom et al., 2014;
Hajduk et al., 2015).

Analysing soil management practices that can increase SOC sequestration in croplands, available
information shows a great variability, often ranging from 0.1 to over 1.0t C ha! yr!, where 1t C is
equivalent to 3.67 t CO; (Paustian et al., 2019). For example, change in tillage practice may sequester
from 0.37 to even 1.06 and 1.39 t CO; ha! yr! (Aertsens et al., 2013). Research conducted in temperate
climate conditions shows, that no-till benefits most of the time are associated with plant residues left on
field as well as cover crop and crop rotational changes, where it is also found out, that cereal straws may
sequester from 0.2 to 0.7 t CO; ha't yr! (Kertesz, Madarasz, 2014), while the use of cover crops, combined
with reduced tillage, can increase the organic carbon stock more rapidly. Practising them yearly, the amount
of stored carbon can reach 0.58 t CO; ha™! yr't (Gay et al., 2009). Also Niggli et al. (2009) estimates that
reduced tillage combined with organic fertilizers and high plant biomass can sequestrate up to 1.8 t CO;
hat yrt,

Evaluating SOC sequestration by using sustainable soil management practices, it is concluded, that
overall EU potential range from 9 Mt CO; yr! to 56-70 Mt CO; yr! (Roe et al., 2021). It is also important
to note that a large part of Europe's soils are mineral soils, which means that changes in soil management
are essential not only for the potential capture of emissions, but also for the preservation of their fertility,
as they require sustainable management, which also includes the return of biomass to it
(Wiesmeier et al., 2019). However, at the same time, it must be taken into account that even within the
borders of Europe, climatic conditions vary significantly, for example, Northern Europe - from Poland up to
Norway and Finland together covers 74% of all peatlands and is characterized by particularly high air
humidity. Also, in this region, soil management is essential to reduce carbon emissions. On the other hand,
for example, in southern Europe, as in Spain, agroforestry is mentioned as one of the most effective ways
to limit soil degradation (Roe et al., 2021). Therefore, it is essential to identify the climatic conditions of
the specific territory, as well as the practices used by farmers and how they can be reconciled with the

solutions proposed in the theoretical literature.
2. Implications for Latvian agriculture

Agricultural sector is the third largest emitter of GHG emissions in Latvia, which in 2020 emitted a total
of 21.5% of the total emissions in the country (2250.88 kt CO; eq.). The largest part - 51.6% - is made
up of emissions from agricultural soils, 38% animal intestinal fermentation processes, while the remaining
7.2% is manure management and 3.1% liming and urea use (LVGMC, 2022).

As 51.6% of the emissions comes from agricultural soils, country’s latest summary shows, that in Latvia
there are 2.3 Mha, where 1.97 Mha or 89.7% are classified as cultivated land. The largest sector is grain
cultivation, the sown area of which in 2021 was 777.4 thousand hectares or 59.6% of the entire sown area.
Data analysis in a 20-year long period shows that the approximate distribution between crops is 55% winter
and 45% spring crops, and evaluating the sowing structure of cereal areas, it is concluded that the largest
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areas are sown with winter wheat - 54.9% of the entire cereal area. Beside grains, also rapeseed has an
important role in the agricultural sector of Latvia, where in 2021 its sowing area occupied 147 Kha -
132 Kha of winter and 14 Kha of spring rapeseed (Zemkopibas ministrija, 2022).

There is currently very little information on soil cultivation practices, but after evaluating the data
available from the EU and FAOSTAT as well as practical experience, it can be concluded that at least 65%
of the entire arable land area is plowed, less than 10% is cultivated with the minimum type of soil
cultivation, while approximately 3% with direct sowing, whereas information is not available for 22% of
the area (Agri-environmental indicator..., 2020). And it is stated that reduced tillage systems have the
same or even higher yield than conventional-till, at least in short term (Auzins et. al., 2021).

Therefore, it can be concluded that, although no-till tillage is gradually entering the agricultural sector
of Latvia, traditional tillage still dominates.

Evaluating data of cover cropping and undersows in Latvia, it can be concluded that these specific
practices in arable land areas are increasing - in 2019 they were 175 Kha, while in 2021 already 214 Kha.
Similar situation can also be observed in the cultivation of nitrogen-fixing crops - in 2019, they were
307 Kha, and in 2021 already 316 Kha (Zemkopibas ministrija, 2022).

Although the existing information on the types of tillage, as well as cover crop sowing areas is relatively
little, it is expected that it will be more widely available in the coming years, as the new CAP 2023-2027
envisages Ecoschemes support for both the documentation of the tillage types and cover crop sowing
(The commission approves..., 2022).

Nevertheless, theoretical literature shows that the mentioned soil management practices contribute to
the good properties of soil as a resource, it has been concluded that their integration in farms is a relatively
big challenge. For this reason, in the following, we will look at the main factors influencing the transition to
more sustainable practices. In addition, it is important to note that there is a significant lack of qualitative
method studies in Latvia that would analyse the farmers' position and general attitude towards the use of
sustainable practices. The base of the existing researches mainly emphasizes the increase of productivity
and its analysis - the correlation of soil cultivation methods and yield, and the economic justification is
studied, but there is a significant lack of research that would explain the psychological factors. Therefore,
studies from all over Europe will be used to analyse the main challenges, with an emphasis on the northern
part of Europe.

Soil conditions and yield variability: The possibility for production fluctuation or losses is one of the
main worries that farmers may have when thinking about no-till operations. However, findings show that
no-till methods resulted in either no yield loss or a gain in yields (Daryanto et al., 2020). No-till boosted
crop output by an average of 6.6%, according to a meta-analysis of 28 research comparing it to
conventional tillage techniques (Pittelkow et al., 2015). In the long term, using no-till farming techniques
can boost crop yields, despite some short-term production variability. However, it's important to note that
not all soil types are suitable for no-till. For instance, soils with high clay content may become compacted
and resist water penetration, making conservation tillage a more suitable option in certain cases, and, as
an example, no-till also can result in lower soil temperatures and slower seedling emergence in soils with
large levels of surface residue. However, studies have shown that incorporating no-till with techniques like
cover cropping can lessen these issues and enhance soil health (Kravchenko et al., 2017).

Pest, weed and fertilizer management: While it is true that tillage plays a crucial role in managing
weeds, pests, and nutrients, the perception that no-till farming requires more inputs is not entirely
unfounded. Eliminating or reducing tillage without implementing alternative management techniques may
result in increased use of herbicides, pesticides, and fertilizer (Kertesz, Madarasz, 2014). Nevertheless,
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such negative consequences can be prevented by utilizing alternative strategies. For optimal results with
no-till farming, it is crucial to consider three key factors. Firstly, it should be a permanent practice to enable
soil life to thrive and prevent harm to soil structuring processes. Secondly, a permanent cover of organic
material is necessary to protect the soil from environmental factors and provide nourishment for soil
organisms, resulting in benefits such as carbon sequestration, erosion control, and water infiltration. Finally,
sowing a variety of crops, either by rotating them or sowing them together, is crucial to imitate the stability
and resilience of natural systems (Daryanto et al., 2020).

For instance, research has shown that adopting cover crops and diverse crop rotations can assist to
reduce weed pressure over time - the right species choice is important, where different mixtures is able to
provide nutrient retention and to reduce the use of herbicide due to their phytosanity properties. At the
same time, however, it should be borne in mind that their sowing properties, such as sowing rate and time,
are also important factors (Fraiser et al., 2017; Travlos et al., 2017).

Equipment and material costs: When conducting a study on the position of Scandinavian farmers
regarding cover cropping, it was concluded that, mainly as a result of lack of knowledge and also high
costs, farmers are not motivated to sow cover crops. The respondents mainly point out that cash crops are
mostly winter species, which means that the time of harvest and the sowing of the following winter crops
is quite a busy time, which accordingly makes it difficult to sow cover crops, because the priority is cash
crops, which bring immediate monetary result. Likewise, the interviewed farmers stated that they are not
sure that cover crops provide the expected result and some even admitted that when making the basic
crop fertilization plan, they do not take into account the generated nutrients by cover cropping. And they
also mentioned the high implementation costs, for example seed costs, but at the same time only 20% of
farmers have ever tried to use their own seed material. Looking at the profile of a farmer who has integrated
cover crops into his crop rotation, it can be concluded that they are mostly with the higher education,
younger than 50 years, farmers with experience in the cultivation of special crops, and often they are
organic farmers (Peltonen-Sainio et al., 2023).

No-till is mainly associated with high equipment costs - sowing machinery, cultivator and others, but at
the same time, reduced tillage can significantly save operational costs, as well as depending on the climatic
conditions, improve the yield of crops due to the improvement of the qualitative properties of the soil
(Deines et al., 2019). It is also defined that reduced tillage also affects the yield, but the main cause of this
is mostly high soil compaction, nutrient deficiencies, and/or high weed pressure (Pittelkow et al., 2015),
which can be corrected by higher vegetation index or, for example, establishing cover crops. It is expected
that reduced tillage will continue to grow, where the main driver is reduced operating, labour, and input
costs, and on enhancing environmental benefits, which will affect soil erosion. This will also be facilitated
by the new CAP, where eco-schemes provide financial support for minimal or no-tillage
(The commission approves..., 2022).

Lack of knowledge. Vanino and others (Vanino et al., 2023) conducted a study where they researched
sustainable soil management position of various European regions, including Latvia, and it was concluded
that one of the most important challenges is the exchange of knowledge. Although the challenges in soil
conservation differ in European regions, all industry stakeholders jointly concluded that the main problems
are: 1. creation of new and appropriate solutions; 2. effective exchange of knowledge; and 3. transfer of
the information obtained through research to the end-consumer, or in this case, how the scientific
institutions deliver the information to the farmers. These problems have also been highlighted by

Demenois et al. (2020), where it was concluded that most of the limitations are not entirely technical, but
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rather refer to the low level of knowledge, lack of experience and skills, proper management of processes,
which also results in the ability to fully evaluate social, environmental and financial benefits.

Summarizing the above, it can be concluded that mainly two problems arise: 1. lack of knowledge and
thus faith in the practices to be implemented and 2. the ability to fully assess the financial as well as
additional benefits. Although these problems complement each other, they are fundamentally affected by
different factors, so in the following we will consider a theoretical framework for the evaluation of

sustainable practices.
3. Definition of benefits in implementing sustainable soil management practices

Adopting sustainable soil practices can provide a range of benefits that extend beyond just enhancing
soil health. They can improve crop yields, reduce production and operational costs, and increase farms
profitability (Ontl, Schulte, 2012). In addition, these practices can also have a significant impact on
mitigating climate change by decreasing GHG emissions from fertilizer use and tillage and increasing carbon
sequestration in the soil, helping to improve water quality by reducing runoff and erosion, retaining water
in the soil, and enhancing biodiversity, wildlife habitat, and ecosystem services like pollination and pest
control (Aertsens et al., 2013). Overall, the adoption of sustainable soil practices can result in numerous

positive outcomes for farmers, the environment, and society as a whole.
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Table 1
Benefits of sustainable soil management (SSM) practice implementation and
distribution by category (F - financial, E - environmental, S - social).
Beneficial Category i
Description References
outcome FIlE|S
SSM promotes beneficial soil organisms like microbes, fungi, and
Soil fertility earthworms, whi_ch enhance soil heal_t_h, nutrient cyclin_g, an(_:l
increase X | X plant growth. This leads to more resilient and productive soil (5) (7) (8)
that can better withstand pests, diseases, and climate change
impact like droughts, floods etc and produce higher yields.
SSM improves soil organic matter increase, improve nutrient
Higher crop cyc_li_ng, wh_ich Iegds to more _prc_:ductive crop grovying and
yields X X | resilient soil. Various authors indicate, that crop yield may (1) (3) (6) (7)
increase from 5 to 15%. This leads to higher farm profitability
and overall economic development.
Input and Minimal and no-tillage can reduce the need for fuel, machinery
operational cost | x | x | x | and labour, while saving time resources. Cover cropping can (1) (3) (5)
reduction reduce the need for synthetic fertilizers and pesticides.
SSM can have a profound impact on improving water and air
quality. Through the reduction of soil erosion and runoff, and
the promotion of healthier soils that retain water and nutrients
Improved water more_effc_ectively, thesg practices can effectively mitigate the
and air quality X | x | negative impact of nutrient and sediment runoff on downstream (3) (5) (7) (8)
ecosystems and aquatic habitats. Particularly, these practices
help to address the pressing issue of nitrate and phosphorous
contamination, which leads to eutrophication. As well as reduce
ammonia emissions.
Reduced GHG Tillage change from conventional to reduced and no-till can
o X | x | decrease CO: emissions by 33 to 46%. As well as reduced (1) (5) (7) (8)
emissions " . : . o
fertilizer input reduces ammonia and nitrate emissions.
Cover cropping and reduced tillage can help to improve soil
Reduced soil < | x structure and reduce erosion, which can help to protect water (5) (7) (8)
erosion quality and prevent soil loss. This leads to healthier soil material
as well as environmental benefits.
SSM practices like cover cropping, intercropping and reduced
tillage promote plant diversity, which exposes the soil to a wider
Biodiversity range of organic compounds. This supports a greater variety of
enhancement XX soil organisms and creates a more complex and resilient soil (7) (8)
ecosystem, which attracts also other species e.g. pollinators,
birds and others.
SSM can encourage collaboration and knowledge sharing among
Exchange of farmers, researchers, and other stakeholders in agriculture. This
knowledge and X | X | x | can promote more sustainable and fair food systems and (2) (4) (9)
cooperation encourage involved parties towards new innovations and best
practices.
SSM also contributing to carbon farming practices provides an
opportunity to participate in different carbon sequestration
Additional < | x| x schemes from private and governmental sector. Farms can (8)
income streams receive additional subsidies for implementing such practices, as
well as certifies sequestered carbon on their soils and receives
payments for each ton of CO..
Food security improvement by boosting crop yields, enhancing
Improved food N N food quality, and increasing nutritional value. This leads to more (1) (2) (3) (6) (7)
security resilient and productive agricultural systems, which can provide
better access to healthy food for local communities.
Enhanced rural Improvipg soil managfament can bqqst farm productivity and
livelihood X x | profitability, create job opportunities, and support local (2) (4)
ivelihoods - . . mE
economic development, ultimately enhancing rural livelihoods.

(1) Auzins et al., 2021, (2) Peltonen-Sainio et al., 2023, (3) Kertesz, Madarasz, 2014, (4) Rust et al., 2020, (5)
Daryanto et al., 2020; (6) Pittelkow et al., 2015, (7) Ontl, Schulte, 2012, (8) Aertsens et al., 2013, (9)

Aznar-Sanchez, 2020

Source: author’s construction
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By summarizing the most frequently mentioned benefits in the theoretical literature and grouping them
accordingly to their usefulness in a specific category, it can be concluded that all of the mentioned benefits
fall into more than one category. As well as at least 3 of them creates financial, environmental and social
benefits.

Evaluating the proposed practices and benefits at the national level, it can be concluded that no-till is
still relatively underdeveloped, while minimal tillage is becoming more and more relevant (Eurostat, 2020).
This can be associated both with the high costs required for the renewal of the machinery, as well as with
the additional amount of knowledge to be acquired, which is necessary to change the usual way of farming
(Peltonen-Sainio et al., 2023). However, when evaluating the changes in the subsidy paid out over the
years, it can be seen that both the area of legumes and the establishment of cover crop areas are constantly
increasing (Zemkopibas ministrija, 2022).

Looking at the GHG emissions and the current situation in Latvia, it can be concluded that emissions
from soil management consists of direct dinitrogen emissions from the following factors - organic soil
management, the use of nitrogen mineral fertilizer, organic manure and other types of organic fertilizers,
post-harvest residues and pastures. Indirect emissions of nitrous oxide from managed soils are determined
by evaporation and leaching processes. They are an important source of emissions, accounting for 51.6%
of the total emissions of the agricultural sector in 2020, in which nitrogen mineral fertilizers accounted for
the majority of total agricultural emissions, where the share is as follows: soil management (34%),
managed organic soils (24%), post-harvest residues (15%). Emissions from pastures and nitrogen mineral
fertilizers have been growing the fastest in recent years. This can be explained by the increase in the
number of beef cattle in the pastures and the increase in the sowing area (LVGMC, 2022). This factor could
also be improved to some extent by including more sustainable use of soil treatments. It can also be
concluded that this will be facilitated by the new CAP, where the involvement of farmers in the
implementation of sustainable practices is encouraged by applying for support of eco-schemes, where, for
example, Eco-scheme No. 1 provides EUR 43 support per hectare, if the crop rotation is diversified and the
number of several species is introduced depending from managed hectares; Eco-scheme No. 2 contributes
to improving the quality of water and soil, limiting erosion, reducing the use of PPP, preserving biological
diversity, incl. preservation of pollinators, where the amount of support varies, but, for example, by
integrating cover crops, it is possible to receive 80 EUR per hectare, as well as Eco-scheme No. 4 envisages
promoting reduced soil cultivation methods, ensuring the improvement of the natural fertility and health of
the soil, air and moisture circulation, increasing organic content and the amount of phosphorus in the soil
- by introducing reduced tillage practices, it is possible to receive financial support of 15 EUR per hectare
(Kopejas Lauksaimniecibas..., 2023).

It is also important to note that there are various types of additional income streams that are
increasingly developing in the agricultural market, for example, voluntary carbon market (VCM)
mechanisms, which provide that by integrating sustainable soil management practices, it is possible to
certify the tons of CO, sequestrated to the soil, which can then be sold. Currently, in 2023, there are two
companies in Latvia that already offer their programs - the Danish company Agreena and the Estonian
company eAgronom, which provide that farmers can sequester up to 0.5 to 2 t of CO; ha! yr in specific
climatic conditions (Dienas bizness, 2022; Lauku bizness, 2023). It is expected that this market will
continue to develop, where a significant contributing factor will be the carbon removal framework developed
by the European Commission, the purpose of which is to develop a binding VCM framework and guidelines
for all the member states (Hunt, 2022).

79



Proceedings of the 2023 International Conference "ECONOMIC SCIENCE FOR RURAL DEVELOPMENT” No 57
Jelgava, LBTU ESAF, 10-12 May 2023, pp. 72-81
DOI: 10.22616/ESRD.2023.57.007

The obtained information shows that the benefits are not unambiguous, as often assessed by farmers

and other representatives of the industry (Peltonen-Sainio et al., 2023), so when considering the

implementation of any sustainable soil management practice, the additional contribution that it brings must

be taken into account, which obviously makes it difficult to evaluate it from monetary perspective.

Conclusions

1) Sustainable soil management refers to the inclusion of environmentally friendly practices in the
daily production process - minimal tillage or no-till technology, cover crop and intercrop cultivation, use
of organic fertilizers, crop rotation diversification. The aim of these practices is to increase soil organic
matter, reduce nutrient leaching and soil erosion, and reduce emissions from agricultural sector.

2) Currently, the implementation of such practices is in the process, as it has been observed that it is
affected by both technical and financial problems, where it is expected that with the actualization of
climate change and the implementation of relevant political strategies, popularity of these practices will
increase.

3) By summarizing the benefits of implementation of sustainable soil practices, it can be concluded
that each of them ensures the achievement of goals of different categories - financial, environmental
and social. Therefore, in order to objectively evaluate the benefits, a complex approach must be used,

which is often a challenge at the farm level.
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