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Abstract

Soil can provide essential ecosystem services that include the supply of food, feed, raw materials and biofuels. It also has
an important regulatory role (carbon sequestration, water purification, reduction of contaminants, pest control, climate,
nutrient cycle and biological habitat regulation etc.). The simultaneous provision of these multiple services is the result
of complex interactions between different aboveground and belowground communities across ecosystems. When a system
is not well managed, persistent losses in the ecosystem services can occur. E.g. land use changes affect the structure,
function and efficiency of ecosystems, thereby impacting the value of the ecosystem services. Also, various agricultural
management practices lead to increased food production, but at the same time affect the ecosystem functions. In this
context, the main objectives of this study are to evaluate the evolution of the soil ecosystem services under different
cropping systems such as certain crop species, monoculture or various types of crop rotation, organic, mineral or
integrated fertilization, soil tillage etc., and to understand the interrelation between soil and ecosystem services.
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INTRODUCTION 40% of the Earth land area and are providers of
ecosystem services such as pollination, pest
Soil represent a key component of the ecosystem  control, genetic diversity for future agricultural
due to their slow forming and recovery rate use, soil retention, soil fertility maintenance and
(Pulleman et al., 2012; Jonsson et al., 2016) and ~ nutrient cycling that support the provisioning
the foundation of most essential ecosystem services (Power, 2010).
services (Breure et al., 2012; Ferrarini et al.,  As economy developed and human production
2018). It sustains human life through the provi- activities increased, the structure and functions
sion of food, feed, raw materials, etc., represents of agricultural ecosystems changed, resulting in
areservoir of biodiversity, which is essential for ~ a series of ecological and environmental
a range of ecosystem processes such as  problems (e.g. cropland quality decline and its
decomposition, mineralisation, and nutrient overall function) (Tao et al., 2022).
cycling, serves as a repository for the carbonand  Intensive agriculture focusses on profit
nutrient elements that sustain life, retains the maximization achieved by high yields, the
water for plants growth and soil organisms and  technologies applied being based on high
limits the soil loss, contributes to the compo- consumption of industrial resources (Luty et al.,
sition of the atmosphere and impact climate  2021). The Green Revolution of the 1950s and
(FAO, 2015; Nielsen et al., 2015; Silver et al., 1960s led to tripled cereal crop production with
2021) (Figure 1). Also, soils can provide cultural ~ just a 30% increase in land area cultivated due
ecosystem services (i.e. recreation, spirituality, to crop genetic improvement, combined with
knowledge, aesthetics etc.) (Power, 2010). enhanced inputs and irrigation. Intensification of
Soil functions are strongly interrelated and they the agricultural system did not end with the
are used to assess soil ecosystem services (Prado Green Revolution. From 1985 to 2005, global
et al., 2016; Pereira et al., 2018). crop production increased by another 28%
Agricultural ecosystems cover approximatively  (Bennet et al., 2021).
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Figure 1. Soil functions diagram (modified after FAO, 2015)

In conventional agriculture, agroecosystems are
“often maintained in a state of nutrient
saturation and are inherently leaky as a result of
chronic surplus additions of nitrogen and
phosphorus” (Power, 2010). From 1965 to 2000,
nitrogen fertilizers use increased 6.87 times and
phosphorous fertilizers use increased 3.48 times.
Thus, the increasing agricultural intensity
generates pressure not only on land resources
but also across the whole environment
(Tilmann, 1999; Kanianska, 2016).

Nitrogen chemical fertilizers raise a series of
issued related to the potential effects on
biodiversity and ecosystem  functioning
(Socolow, 2016). More than half of the nitrogen
in agriculture is not properly used and is lost to
the environment by nitrate leaching and
emissions of ammonia (NH3), nitrous oxide
(N20) and nitrogen oxide (NO), out of which the
volatilization loss of ammonia represents 10 to
60% of the total nitrogen intake (Sun et al.,
2019). Also, different practices within intensive
agriculture (monoculture or short crop rotation,
conventional tillage - CT, use of pesticides,
intensive grazing and livestock production) are
known for their negative impact on soil
ecosystem services in the agricultural areas (e.g.
acidification, salinization, erosion, compaction,
water use increase, soil fertility loss, greenhouse
gas emissions and increased pollution)
(Gomiero et al., 2011; Pereira et al., 2018).

A response to the contrast between sustaining
human population growth through agricultural
production and maintaining the ecosystem
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functions within conventional agriculture could
be the promotion of alternative agricultural
production systems, which were brought to
global attention in the mid 80’s and are closely
linked to the idea of sustainability (O’Donoghue
et al., 2022).

Conservation agriculture practices, which
include reduced tillage or no-tillage, retention of
crop residues on soil, and crop rotations,
including cover crops, aim to increase crop
yields by enhancing several regulating and
supporting ecosystem services (Palm et al.,
2013). They can reduce erosion due to residues
retention on soil surface and increase water
infiltration and decrease runoff with no-till. The
benefits of conservation agriculture on
ecosystem services (nutrient cycling, C
sequestration, and pest and disease control) can
vary depending on soil management, soil type,
and climate (Palm et al., 2013). Conservation
agriculture practices can limit the soil fertility
and agroecosystem functioning by increasing
water deficiency for crops in drought periods,
pest infestation due to entire maintenance of
crop residue on soil surface and the risk of off-
site water source contamination because of
organic nutrient management (Stavi et al.,
2016).

Organic agriculture system is subordinated to
the rhythm of natural processes (Luty et al.,
2021). Its practices rely on and benefit from
biological cycles (i.e. appropriate selection of
crop rotations or cover crops, biological control
etc.) (Boone et al., 2019), may lead to the



reduction of greenhouse gases emissions, and a
better biodiversity, water use efficiency, soil,
and air quality (Gomiero et al., 2011), but
“require more land to produce the same amount
of output and therefore, their better
environmental results might be cancelled”
(Boone et al., 2019).

The concept of integrated farming systems
appeared in Western Europe in the 1980s and
combines natural processes with agricultural
activity. Integrated farming includes the
application of phytosanitary products and
organic and chemical fertilizers, but at minimum
levels to prevent the spread of nutrients outside
the agroecosystems. Also, it promotes crop
rotation, especially with leguminous species and
intercrops, which addresses the concept of
ecosystem services (Luty et al., 2021).

The negative effects of agricultural production
on ecosystem services can be avoided through
the adoption of sustainable agricultural practices
that include soil conservative tillage
(conservation tillage - CsvT, reduced tillage -
RT, minimum tillage - Mt and no-tillage - NT),
crop diversity practices (e.g. intercropping or the
use of multi-year crop rotations), returning of
organic matter to soil, cultivation of carefully
selected cover crops, mulching - which protects
soil and increase its fertility, integrated pest
management (Valieva et al., 2010). Also, a
constant and balanced use of fertilizers and
organic amendments (compost, biochar etc.) can
contribute to the soil structural stability and
quality restoring (Siedt et al., 2021). The
sustainable practices we focused on in this study
were the use of organic fertilisers, various crop
rotations and conservation tillage.

Sustainable agricultural practices can improve
the efficiency of resources in agriculture and the
sustainability of agroecosystems, but more
research is needed to identify ways to strengthen
the resilience of systems as well as their
sustainable performance, with high productivity,
stable yields, maximum resistance to stressors
and a positive response to favourable conditions,
leading at the same time to long-term economic
and social sustainability, multiple ecosystem
services and a minimal impact on the
environment (Peterson et al., 2018).

The main objective of the study is to assess the
evolution of the soil ecosystem services under
different cropping systems such as certain crop
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species, monoculture, or various types of crop
rotation, organic or mineral fertilization, soil
tillage etc. and to understand the interrelation
between soil and ecosystem services, focusing
only on soil structure, soil organic matter and

organic carbon contents under different
cropping systems.
MATERIALS AND METHODS

A number of 114 research papers published
between 1990-2022 in different multinational
indexed open access journals like FElsevier,
Springer, Taylor & Francis, MDPI or research
networking sites such as Wiley Online Library,
Web of Science, ResearchGate were used for
this review. A search query was applied for titles
that included the following terms: “soil
ecosystem services”, ‘“monoculture”, “crop
rotation”, “organic amendments”, “chemical
fertilisers”, “conventional tillage”,
“conservation tillage”, “reduced tillage”, “no

tillage”, “soil structure”, “soil physical
properties”, ‘“‘organic matter” or “organic
carbon”.

There are many research papers that focus on the
relationship between soil and ecosystem
services, but this subject cannot be exhausted
since, at the global level, there is a wide range of
ecological conditions in which agriculture is
performed and at the same time there is a wide
range of agricultural practices whose impact on
the environment is very variable.

This study focusses on the current knowledge
on: i) cropping systems (monoculture, 2-3 years
crop rotations, long-term crop rotation); ii) soil
tillage systems (conventional, conservation,
reduced or no-tillage); iii) fertilisation methods
(chemical and organic fertilisers) and their
effects on the ecosystem services.

RESULTS AND DISCUSSIONS

Overview

Monoculture or the practice of growing one crop
species at a time year after year (Aman, 2020)
emerged a couple of centuries ago as a cropping
system that allow farmers for a more efficient
planting and harvesting, use of fewer types of
expensive equipment and labour. After 1945,
monoculture evolved globally and currently
supplies most of our food and a significant share



of non-food crops. Despite its advantages,
monoculture is amongst the most controversial
features of today’s agriculture (Balogh, 2021).
Over the years, in monoculture system, standard
and persistent agronomic practices were
employed (i.e. the use of similar pesticides,
fertilizers, farm machinery, tillage depth, etc),
which led to the evolution of certain weeds,
pests, and diseases, depletion of nitrogen,
phosphorus, and potassium from soil, the
reduction of essential nutrients content in the
agricultural soils, the alteration of soil physico-
chemical and biological properties (Pervaiz et
al., 2020).

Crop rotation is a practice that farmers have
been using for centuries. It can be simple, where
two crops are alternated every year or can follow
a more complex pattern, several crops being
rotated (Plourde et al., 2013). Simplified corn-
soybean rotation is under expansion during the
past several decades in the U.S., due to
“increased food and industrial uses, economic
and world trade benefits, and tremendous efforts
devoted to genetic improvement and
infrastructure development” (Wang et al., 2021).
In the European Union (EU), crop rotations last
3 to 5 years in conventional agriculture and 5 to
10 years in organic agriculture and can include
different species and strategies to achieve the
desired outcome (Mudgal et al., 2010). For
example, 3-year rotations were recently studied
under the conditions of a stagnant argic
faecoziom type soil (Moraru and Rusu, 2013), as
well as under the specific climatic conditions of
the sylvosteppe area in the south-est of Romania
(Figure 2), on a red preluvosoil (Dusa M., 2022).
Different socio-economic and technological
factors influenced the abandonment and
rediscovery of crop rotation over time. Since the
Green Revolution, farmers have been choosing
simplified rotation because of innovations in
machinery, Dbetter performing varieties,
chemical fertilisers, efficient pest and weed
control as well as market opportunities.
Breeding and the improvement of watering
practices allowed the development of more
diversified crop rotations (Mudgal et al., 2010).
From 1950 to 1970, the choices of crop rotation
were greatly influenced by the changes in the
world economic situation. The economic factor
that had an impact on the crop rotations was the
good market prices for maize and wheat, with
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dropping demands on grain leguminous crops
which were taken out from crop rotations in
Europe. The energetic crisis in 1970 increased
fuel prices, the imported crops from other
continents became more expensive and farmers
had to diversify the production and to implement
crop rotation in their management practices
(Mudgal et al., 2010).

Figure 2. Winter wheat - maize - soybean crop rotation
diagram in Moara Domneasca Experimental Field for
2021-2023 period

Diversified crop rotations have positive effects
on ecosystem services: they suppress weeds and
pests thus reducing the costs of chemical
fertilisers and  pesticides, reverse soil
degradation by increasing the soil microbial
biomass C and N pools, reduce soil erosion
(Wang et al., 2021) by improving soil structure
(Hoss et al., 2018). Long-term crop rotations
also reduce the risks of eutrophication due to
runoff and leaching and improve crop yield
(Hunt et al.,, 2019). There are also some
disadvantages of crop rotations but those are low
compared to benefits: less profitability (when
farmers are forced to reduce the area cultivated
with the most profitable crop), sometimes
decreased crop flexibility and some rotations
involve high inputs (Selim M., 2019).

Crop rotation and soil physical properties

The sustainability of an ecosystem can be
estimated by assessing and monitoring soil
properties, which are sensitive, over time, to
various changes that occur and through which
the quality of soil can be evaluated (Novak et al.,
2019). Soil physical quality affects the
conditions under which plants absorb nutrients
and how chemical reactions or biochemical and
microbiological transformations take place (e.g.



oxidation and reduction processes, transfer, or
immobilisation of pollutants in soil, etc.)
(Pranagal et al., 2021). Also, high quality soils
should be resistant to degradation and resilient
in their ability to recover from unfavourable
conditions (Larkin et al., 2021).

There are not many studies on the evolution of
soil physical properties under long-term
monoculture and under the conditions of typical
agricultural production. However, according to
Pranagal et al. (2021), long-term wheat
monoculture didn’t have a significant negative
impact on soil physical properties. For instance,
the values for field air capacity of soil (which
provides information on soil oxygenation, gas
exchange, soil organisms activity, oxidation and
reduction processes) under monoculture were
higher than those for the soil under crop rotation
(under wheat monoculture, the soil contained
more air - 0.144 m> m> - compared to the soil
under crop rotation - 0.117 m® m3). It is
important to say that the changes in the field air
capacity caused by long-term  wheat
monoculture  didn’t led to significant
deterioration of soil aeration. Also, under
monoculture, soil bulk density was lower (1.69
Mg m?) than in crop rotation (1.75 Mg m™)
(Pranagal et al., 2021).

A long-term experiment with winter wheat
monoculture on a Spolic technosol from Poland
showed that soil had visible large pores,
developed mainly due to the presence of wheat
stalks and roots which were mixed each year
during ploughing, and the highest values of bulk
density or total porosity (Kofodziej et al., 2016).
An increase of soil bulk density and a decrease
of porosity under monoculture can be explained
by the deep plants root distribution in soil, the
decrease of water content around root system
and thus the intensification of soil compaction
(Wu et al., 2021).

Crop rotation can be an eco-friendly measure,
providing diversification in crop management
systems and modifying the high pressure on the
agricultural ecosystem (Saulic et al., 2022).
There is a strong correlation between the species
included in the crop rotation system and soil
properties. So, “deep-rooted crops should
ideally follow shallow-rooted ones to preserve
subsoil structure” (Lampkin, 1990). This
alternation of crops leads to uniform root
distribution, good soil structure, increased soil
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porosity and permeability, reduced soil bulk
density, improved soil aggregate stability,
increased water retention and stability, and
increased resistance to soil erosion (Yu et al.,
2022).

Crop rotation with grain leguminous and
perennial forage species can have beneficial
effects on soil physical properties by increasing
microporosity, hydraulic conductivity and
aggregate stability and decreasing bulk density
and penetration resistance (Gotze et al., 2016).
Under a crop rotation with lupin and canola, soil
had a lower shear strength and a greater porosity
than those with cultivated field pea and barley
(Ball et al., 2005). Also, a crop rotation practiced
in an organic farming system that included red
clover had a strong influence on soil pore-size
distribution. Here, the highest soil meso-
porosity  (0.2-30  pm) and the lowest
microporosity (< 0.2 pum) were registered
compared to other crop rotations (spring barley
- buckwheat or buckwheat - white mustard -
buckwheat - rye -spring wheat) (Feiziene et al.,
2016).

However, some authors showed that short crop
rotations, such as corn-soybean or wheat-
soybean reduce macro-aggregation because of
low residue input by soybean (Agomoh et al.,
2021). Zuber et al. (2015) reported that the
inclusion of soybean in rotation with corn led to
reduced water aggregate stability as compared to
corn monoculture. This can be explained by the
low residue accumulation and soil organic
matter depletion. Also, in corn-soybean rotation,
the soil remains uncovered over-winter and this
can increase the risk of erosion (Blanco-Canqui,
2018).

A 3-year wheat-soybean-maize crop rotation
significantly reduced the bulk density in the 0-
20 cm and 20-40 cm soil layers and increased
soil porosity (Wu et al., 2021). In crop rotation,
maize can be considered a suitable species due
to its fibrous roots that produce high levels of
macro-aggregation (Bronick and Lal, 2005).
Diversification of crop rotations by including
cereals, cover crops or overwinter crops can be
a strategy to imitate the structure of natural
ecosystems, and may improve soil ecosystem
services (Taveira et al., 2020). Complex crop
rotations which include alfalfa improve soil
saturated water content and aggregation
compared to simple rotations because perennial



leguminous have deep tap roots that lift the soil
for better water holding capacity. As a result of
improved soil aggregation, the abundance of
larger soil pores increases and this contributes to
a higher saturated water content and hydraulic
conductivity (Kiani et al., 2015).

Making a comparison with an annual crop
rotation without grassland, Van Eekeren et al.
(2008) showed that a 3-year annual crop rotation
preceded by 3-year of grassland lead to an
improved soil structure (i.e. higher percentage of
crumbs and sub-angular blocky elements), and a
lower bulk density.

Within an experiment with two crop rotations
which included corn-corn-oats-spring barley
(with red clover under-seeded in oats and spring
barley) and corn-corn-soybean-soybean and 4-
year corn monoculture, the poorest soil structure
was recorded in monoculture and a good soil
structure  in  corn-corn-oats-spring  barley
rotation. Also, the topsoil structural quality was
better preserved in the diverse rotation
compared to monoculture or corn-corn-soybean-
soybean rotation (Munkholm et al., 2013).

The influence of crop rotation on soil structure
depends both on the chosen species for rotation
as well as on soil management practices (Ball et
al., 2005).

Tillage systems and soil physical properties
The need to minimize the impact of agricultural
practices on soil structure is one of the main
purposes of land management (Pagliai et al.,
2004). But tillage systems can have a different
effect on soil physical properties because of the
variation of tillage intensities (Bhattacharyya et
al., 2008).

According to Pagliai et al. (2004), conventional
tillage modifies the most, soil physical
properties having a negative impact on soil
structure due to surface crust. Also, the
elongated  transmission pores  decreased
significantly, thus indicating that the soil
structure became compact, and a plough pan was
developed at the lower limit of cultivation.
Conservation tillage (which includes reduced
tillage and no-tillage) is a sustainable
management practice associated with improved
water infiltration and conservation, reduced
erosion and improved soil structure (Zurovec et
al., 2017).
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Reduced tillage can have a strong influence on
the soil aggregates stability compared to
conventional tillage (Pagliai et al., 2004;
Daraghmeh et al., 2009; Obalum et al., 2019) but
its positive effect on soil depends on climatic
conditions and soil type (Daraghmeh et al.,
2009).

Within an experiment with different tillage
practices conducted in Germany over a period of
37-40 years, Jacobs et al. (2009) reported that
reduced tillage improved the aggregate stability
and increased the concentrations of soil organic
carbon and nitrogen within the aggregates in the
upper soil compared to conventional tillage.
Also, compared to CT, RT decreased the soil
bulk density and increased the proportion of
larger aggregates, thus increasing soil structure
(Daraghmeh et al., 2009).

However, Schluter et al. (2018) observed that
under CT and RT, differences in soil structure
were determined only in a shallow depth. Thus,
ploughing led to soil loosening and increase of
macroporosity and macropore connectivity.
Instead, the absence of ploughing caused
compaction and a decrease of hydraulic
conductivity that wasn’t recovered even if the
earth-worms population from the soil increased
(Figure 3).
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Figure 3. Microstructure of soil at a depth of 13-23 cm,
in a) conventional tillage and b) reduced tillage
(reprinted after Schluter et al., 2018)

Regarding the soil pore system, Pagliai et al.
(2004) reported that under minimum tillage,
there was an increase of the storage pores (0.5-
50 um) and of the amount of elongated
transmission pores (50-500 um) mainly due to
the improvement of soil water content and to the
increase of available water for plants.

Under certain environmental conditions, no-
tillage systems (NT) may have some advantages
over CT such as the improvement of soil



aggregate stability and reduction of soil loss,
increasing soil water availability and the number
of bio-pores that can facilitate root growth
(Martinez et al., 2008). Thus, comparing the
effects of CT and NT treatments on the soil
physical properties it was observed that NT
systems enhanced the soil aggregate stability
and decreased soil water infiltration and coarse
porosity (Martinez et al., 2008). Also, the values
obtained by Moreira et al. (2016) for bulk
density and pore size distribution under NT
system indicated an improvement of soil
physical properties and showed a physical
balance condition, which can be modified only
by short term events like weather conditions
variability, intensive machinery traffic or
changes in crops grown in the crop rotation
system.

Even if NT system has some environmental
advantages compared to the conventional one,
there are also some important negative effects of
this system on soil physical properties such as
surface compaction through the reduction of
macropores, mainly when heavy machineries
are used in high soil moisture conditions
(Sokolowski et al., 2020).

Conservation tillage can be applied depending
on soil conditions. For instance, in soils with
fine texture and poorly drained, minimum tillage
(MT) is encouraged, while in light-medium
texture and well drained soils, NT will be
beneficial (Bussari et al., 2015).

Soil organic matter under different cropping
system

Crop rotation and soil organic matter

Soil organic matter (SOM) is a key element of
soil properties and processes (bulk density,
structure, temperature, water relations, nutrient
availability, and biological activity) (Miles et
al., 2008) that can be affected by agricultural
practices (Liu et al., 2006). Therefore,
improving the content of organic matter in the
soil could be a strategy to make resilient
agroecosystems (Allam et al., 2022). Dynamics
and the quantity of SOM are affected by the land
use changes and management and this can be
measured in practice as soil total organic carbon
(TOC) (Apezteguia et al., 2009). Plant diversity
can influence the ecosystem processes including
SOM dynamics (McDaniel et al., 2014). The
crops included in rotation can have different
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effects on the quantity and quality of SOM
through  their biomass, plant residues
characteristics, root system and their influence
on the soil microbial community (Raphael et al.,
2016). The studies conducted over time showed
that crop rotation can decrease, increase, or have
no effect on SOM concentration (McDaniel et
al., 2014).

Within an experiment which focused on the
assessment of the SOM stratification under 3
crop rotations namely continuous corn, 2-year
corn-soybean and 3-year corn-oat-alfalfa
combined with three levels of tillage intensity,
Deiss et al. (2021) showed that, under NT, crop
rotation with oat and alfalfa maintained or
increased SOM accumulation. The high root
biomass produced by perennials can lead to
increased SOM accumulation. Moreover, corn-
soybean crop rotation decreased SOM
accumulation compared to continuous-corn and
corn-oat-alfalfa.

Regarding the soil organic carbon (SOC)
content, lower values were also obtained when
soybean was included in a short crop rotation
with corn compared to a corn monoculture
because soybean produce lower residue and
those are decomposed more quickly. Even if
SOC was higher in corn monoculture than in
corn-soybean crop rotation, more complex
rotations can lead to a greater SOC
accumulation (Zuber et al., 2015).

Within an experiment carried out in Poland on a
luvisoil including 2 long-term crop rotations
with  potato-oat-flax-winter/rye-faba  bean-
winter triticale and sugar beet-maize-spring/
barley-pea-winter rape-winter wheat as well as a
long-term monoculture with each species
included in crop rotation, the organic carbon
content slightly increased in both crop rotations,
being greater in the first one. In monoculture
conditions, the lowest amount of organic carbon
was registered in maize (0.57%), pea (0.63%)
and potato (0.66%) and the highest content was
registered in winter triticale (0.81%), winter
wheat (0.80%) and faba bean (0.80%) (Rychcik
et al., 2000).

Liu et al. (2006) reported that 11-year
continuous maize, soybean, and wheat led to soil
organic carbon decline, compared to all crops in
rotation. SOC decline in deeper soil profile in
continuous soybean may be due to the tap root
system of this or the impact of monoculture on



soybean root nodules and nitrogen fixation.
Also, under continuous cropping, the SOC loss
reported by Salvo et al. (2010) in the Ap horizon
was in average of 540 kg/ha/year while in crop-
pasture rotation, the average loss was only of 80
kg/ha/year.

Gregorish et al. (2001) found a large increase in
SOC level in maize-oat-alfalfa-alfalfa crop
rotation than wunder maize monoculture.
However, the species included in the crop
rotation may have different effects on the
quantity and quality of C inputs and further on
the mineralisation rates and the growth of
subsequent crops (Huggins et al., 2007). Plant
species that return greater amounts of residues
to the soil can be included into crop rotation and
can be associated with greater SOC contents
(Page et al., 2020).

Rotations which include grain legumes such as
mung bean, pigeon pea, cowpea, chickpea,
soybean etc., can maintain higher organic matter
levels in the soil than non-leguminous crops
grown in monoculture systems (Kamanga et al.,
2014). After long-term continuous cropping of
cereals, the inclusion of grain leguminous
species (i.e. pigeon-pea, mung-bean or chickpea
in crop rotations with maize or wheat brought
significant changes in SOC, the increase being
probably due to the addition of C-input through
above- and belowground crop biomass
(Venkatesh et al., 2017). Also, wheat-lentil crop
rotation resulted in higher soil C levels than
other wheat cropping systems, which is
attributed to more efficient conversion of
residue C to soil C in grain legume rotation
systems than in monoculture wheat (Campbell et
al., 1999).

Crop rotations that include perennial forage
crops can be considered very important for SOC
because, compared to annual crops, there is a
lower soil disturbance from tillage and they have
a higher root biomass (Bolinder et al., 2012). A
38-years experiment carried out on a silty clay
loam soil in Uruguay was used to observe the
effect of a 4-year cycle annual crop rotation with
sorghum-flax-wheat-sunflower followed by 4-
year periods of pasture on TOC at 20-40 and 40-
60 cm soil depths. In both depths, TOC was
higher in pasture (15.39 and 9.26 g C/kg soil)
than in annual crop rotation (11.39 and 7.26 g
C/kg soil) (Gentile et al., 2004).
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Tillage systems and soil organic matter

Land management practices including different
tillage systems influence the quantity and
composition of SOM (Simon et al., 2009) and its
turnover due to different quantity and quality of
plant residues, ratio between above- and
belowground inputs and changes in soil
disturbance (Machado-Pinheiro et al., 2015).
Conventional tillage can increase soil erosion
process and carbon mineralization rate which
further can cause significant losses of SOM
content (Salvo et al., 2010; Pantani et al., 2022).
Under intense tillage, SOM is exposed to

oxidation, this process stimulating its
decomposition by soil microbes (Hussain et al.,
2021).

The loss of organic matter and structure
degradation that is potentially produced by CT
(ploughing) could be prevented using
conservation tillage (Hazarika et al., 2009).
Adopting CsvT or NT could be a solution for
farmers to preserve soil fertility (Pantani et al.,
2022) and to reduce the soil carbon loss
(Haddaway et al., 2017).

Using different tillage methods (i.e. CvsT, CT,
NT, MT) on a clay-loam texture soil Simon et
al. (2009) noted that SOM content was greater
under CvsT where plant residues remained on
the soil surface compared with CT, where SOM
was distributed in the soil profile. Hussain et al.
(2021) noted also that CvsT can improve SOC
and organic matter content and can have a big
contribution to SOC sequestration.

Under NT system, the percentage of SOM of a
sandy loam soil from central Italy was higher
(3.31%) than under CT (2.19%) (Sapkota et al.,
2012). Also, SOC gains under NT were about
250 kg/ha/year higher than in tilled systems
regardless of the cropping frequency in semiarid
climate conditions. In the surface layer, NT
system had 7.28 Mg/ha more SOC and 4.98
more particulate organic matter carbon than CT
(Liu et al., 2000).

In NT system, the crop residues are left on the
soil surface and thus a higher amount of organic
matter mineralization rate (Hussein et al., 2021).
Compared to CT, RT or NT increased SOC in
the topsoil (9.8% in NT and 16.7% in RT). This
increase could be explained through the
retention of crop residues on the soil surface
which created a barrier and reduced the contact



with soil microorganisms, thus protecting the
microbial decomposition (Allam et al., 2022).
The adaptation of long-term conservation tillage
practices, including NT or RT favours higher
organic carbon concentrations, especially in
upper soil profiles but a continuous monitoring
of'soil quality and SOC changes is essential (Liu
et al., 2000).

Fertilisation methods and soil properties
Fertilisation contributes to crop yield increase,
soil fertility improvement and agricultural
ecosystem functioning (Jaskulska et al., 2020;
Wen et al., 2020), but also can produce changes
in soil properties soon after their application or
after many years. The effect on soil depends on
the type and dose of fertilisers, the methods of
application, the climate conditions, or other
agricultural technologies (Jaskulska et al.,
2020).

Fertilisation and soil physical properties

The impact of mineral or organic fertilizers on
soil environment can be assessed by quantifying
the modifications of soil structure (Naveed et al.,
2014). Nitrogen fertilization could increase
(Bronick et al., 2005; Naveed et al., 2014) or
reduce the soil aggregate stability (Plaza-Bonilla
et al., 2013) or there is no effect of inorganic
fertilizer on soil structure (Plaza-Bonilla et al.,
2013; Zhou et al., 2013).

Zhang et al. (2021) noted that fertilisation with
N and P separately didn’t significantly affect the
aggregate stability as compared to the
combination of N and P fertilizers (at high doses
of N - 540 kg N/ha/year and P - 67.5 kg
P/ha/year). Also, the decrease of aggregate
stability was found to be larger when higher
amounts of N and P fertilizers were applied (e.g.
at rates bigger than 100 kg N/ha/year or than 40
kg P/ha/year) than when N and P were applied
alone or in smaller doses (Blanco-Canqui et al.,
2013). In an experiment carried out by Tuo et al.
(2016), the mean weight diameter (MWD)
values of soil aggregates were lower when
chemical fertilizers with N and P were applied
alone or in combination as compared to non-
fertilised variant.
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Applying organic fertilizers could be an option
to reduce the negative impacts of chemical
fertilizers by stagnating soil degradation (Li et
al, 2021). Some authors reported that organic
manure can increase aggregate stability and soil
porosity and decrease the bulk density (Haynes
et al., 1998; Pagliai et al., 2004). However, Yu
et al. (2012) found out that farmyard manure
significantly reduced the proportion of
microaggregates, while Zhang et al. (2018)
found out that this type of fertiliser had no
significant effects on the microaggregates.
Those different effects of organic fertiliser on
the distribution of microaggregates may be
associated to the specific soil characteristics and
climatic conditions (Yu et al., 2012).

Research carried out in a semi-humid or arid
region in China revealed that swine manure has
anegative impact on soil aggregation, which can
be explained by the accumulation of
exchangeable Na” on the topsoil in these areas
(Guo et al., 2019). Compared to chemical
fertilisation, manure or the combination of
manure and chemical fertilizers increased the
proportion of small macroaggregates and
decreased the proportion of microaggregates
(Xie et al., 2015). Naveed et al. (2014) reported
an improvement of soil structure and related soil
functions (water holding capacity, total porosity,
wider pore size distribution, higher pore
connectivity) with increasing animal manure in
combination with NPK fertilizer applications.
Compost application increase soil properties
like porosity, available water, organic matter,
and decrease bulk density (Ejigu et al., 2021).
For instance, Bouajila and Sanaa (2011) showed
that the application of 120 t/ha manure and
household waste compost led to an increase of
structural stability, a better soil permeability, an
increase of organic carbon and organic matter in
the soil when compared to control. Those results
can be due to the presence of a great amount of
organic matter which is associated to a greater
microbiological activity.

The effect of chemical and organic fertilizers on
soil structure (Table 1) is a complex process
which can be affected by many factors (soil type,
crops, fertilizer rates, etc.).



Table 1. The impact of chemical and organic fertilization on soil structure

Soil type Crop Fertilization rate/year Impact on soil structure References
ns ns N fertilisation - no rates | Increased soil aggregation Bronick and Lal,
specified 2005 - review;
Naveed et al., 2014
Loess Soybean- Manure - 500 kg/ha, N -100 | Manure alone or with N and/or P
maize kg/ha and P,Os - 50 kg ha | canincrease WSA, MWD and AS. | Tuo etal., 2016
rotation alone or in combination Long-term application of N and P
alone or NP results in lower values
of properties above.
Mollic Grassland 164-184 kg N/ha/ year Shimizu et al., 2009
Andosol Higher SOC mineralisation and
Maize-wheat worse structural state of soils Le Guillou et al.,
Luvisol rotation 0, 60, 120 mg N/kg dry soil 2011
Crop residue input
Aridic Maize 0,45,90, 134,179,224 kg N/ | Decrease of aggregate stability and | Blanco-Canqui et
Haplusto ha; macropore reduction al., 2013
1l 0, 20, and 40 kg P,Os/ha
Brown Maize Composted swine manure: | NPK treatment decreased the
soil 13.5 and 27 Mg hm?yr!; proportion of small
macroaggregates, but manure or
NPK fertiliser (urea, multiple | manure plus chemical fertilizers
phosphate, and potassium | increased the same size aggregate. | Xie et al., 2015
sulphate) rates: 135, 29, 56 | NPK increased the proportion of
kg hm 2 yr'! microaggregates, but manure or
manure plus chemical fertilizers
decreased the same size aggregate.
Vertisol | Wheat- 12-year N fertilisation with 0, | Reduced soil aggregate stability by | Guo et al., 2022
maize crop | 360, 450, 540, 630, 720 | 12-18% at rates of 0-720
rotation kg/ha/year kg/ha/year  (because of the
increases in monovalent ions (H*
and NH4").
Vertisols | Maize Urea-0, 50 and 100 kg/ha Compost alone or combined with | Ejigu et al., 2021
Luvisols Compost - 0, 5 and 10 t/ha mineral fertilizer decreased soil
BD hence improving total
porosity, water infiltration and
aeration of the soil.
Low BD value (1.22 g/cm?®) -in
compost 10 t/ha
Ns Ns Organic manure Increased water holding capacity, | Haynes et al., 1998 -
porosity, infiltration capacity, | review;
Loam Maize Compost: 0,40 and 10 Mg/ha | WSA and decreased BD
soil and livestock manure — 10 Pagliai et al., 2004
Mg/ha

Ns - unspecified; MWD - mean weight diameter; WSA - water stable aggregates; AS - aggregate state; BD - bulk density

Fertilisation methods can also influence the soil
organic matter content. Synthetic N fertilizer
can reduce the SOM stocks due to a greater
mineralization (Russel et al., 2009) or can
increase the amount of SOM, mainly at optimum
N fertilizer rate because it increases net primary
productivity (Poffenbarger et al., 2017). The
application of mineral fertilizer in combination
with composted farmyard manure improved
SOM contents compared to non-fertilised
treatment (Guo et al., 2014). Also, one way of
restoring SOM content is to increase the organic
inputs by applying organic fertilisers. The effect

of organic fertilisers may be related to the
amount and quality of the organic matter applied
and to the stabilisation capacity of the soil. The
stabilisation of SOM depends on its interaction
with mineral surfaces, which make it less
available to microorganisms. Thus, long-term
utilisation of compost as fertiliser led to higher
amounts of soil organic matter in the 30 cm layer
than in soils treated with mineral fertilisers, with
an average difference of 46% in soil C stocks
(Garcia-Pausas et al., 2017).

The excessive use of chemical fertilizers can
result in 7 to 11% SOC loss from soil (Zhang et
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al., 2021). Long-term organic fertilisation can
lead to higher organic C content in soils than in
those that are receiving only mineral fertilisers,
which is observed mainly in the upper soil
(Garcia-Pausas et al., 2017; Zhang et al., 2018).
A positive impact on SOC was observed when
organic fertilizers were applied alone or in
combination with mineral fertilizer (Allam et al.,
2022). Organic fertilizers supply the substrate
for soil microorganisms which are converting it
into soil organic matter (Yang et al., 2016). Even
if the high rates of nitrogen fertilisers stimulate
the decomposition process and determine the
depletion of SOM, their application may lead to
a SOC increase, favouring the accumulation of
plant biomass (Allam et al., 2022).

CONCLUSIONS

Soils represent an important component of the
ecosystem, and its functions are strongly
interrelated. Soil structure and fertility provide
essential ecosystem services to agroecosystems.
Changes in soil quality are gradual and the
measurements regarding the effect of different
cropping systems cannot be observed on short-
term. Thus, the long-term experiments are of
great importance.

Some management practices have negative or no
effects on soil properties (i.e monoculture,
intensive tillage, or chemical fertilisation).
Differences in the tillage practices can
determine changes in soil physical properties
and its fertility, thus affecting the soil function
and its capacity to provide ecosystem services
(Bai et al., 2018).

Soil organic matter is related to various key soil
functions that are relevant to soil ecosystem
resilience and recovery (Grandy et al., 2012).
Organic fertilisers can improve soil structure
and soil organic matter content, both alone and
in combination with mineral fertilisers, but
increased soil organic matter contents depend on
the amount and type of organic matter applied as
well as on the period of application. Agricultural
management practices are important elements in
obtaining the benefits of ecosystem services and
reducing disservices from agricultural activities,
but future research is needed to estimate the
value of various ecosystem services related to
agriculture and to analyse the interactions
between soil functions.
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