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SOIL — A VALUABLE ENVIRONMENTAL RESOURCE — QUALITY,

HEALTH,

ECOSYSTEM SERVICES

Summary

Soil is an environmental resource adapted to adtizal use. It is often treated as a renewable tese, since cultivated
with maintaining proper practices is a living orgam and a good substrate for the biomass productiimthe other hand,
it is the product of a very complex process, theretspecially if it is constantly subjected to finecesses of exposing to
degradation, can become a non-renewable resouna@nRhe point of view of the preservation of italify and regenera-
tive capacity, farms should consider not only eenitp but also agro-ecological characteristics oé thabitat in which they
operate. This means that the effects on achievedsyare not the only ones that should be consitier¢he analysis of the
costs and benefits of agricultural activities. Seil living product, a useful resource, not ordy production, but also for
environment and society. Its welfare is importamtthe quality and quantity of food production aslivas to maintain a
balance in the environment. The paper is a revieiela, discussing the importance of soil as aniemmental resource,
through the prism of its quality, health and capgto develop ecosystem services. It also treatleoproblem of environ-
mental and economic losses resulting from the diagian of the soil environment and the benefitdsofmaintenance. The
examples of actions conducive to raising and maiimng the quality of soil and its health were dissad
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GLEBA — CENNY ZASOB SRODOWISKOWY — JAKO SC, ZDROWIE,
USLUGI EKOSYSTEMU

Streszczenie

Gleba jest zasobegnodowiska przystosowanym dgytkowania rolniczego. @sto traktowana jest jako zas6b odnawialny,
gdy uprawiana z zachowaniem prawidtowych praktyk ratgch stanowiywy organizm i dobre podie dla produkciji
biomasy. Z drugiej jednak strony jest wytworem bkardidonego procesu, przebiegapgo powoli i z tego wzglu,
zwtaszcza j@i stale podlega procesom naigqgcym j na degradag, mae sta sie zasobem nieodnawialnym. Z punktu
widzenia zachowania jej jakoi i zdolngci do odtwarzania, gospodarstwa rolne powinny raa@anie tylko ekonomiczne,
ale i agroekologiczne cechy siedliska, w ktérymwadz; dziatalngé. Oznacza toze efekty w ogganych plonach niegs
jedynymi, jakie naky rozwaac¢ w analizie kosztéw i korggi dziatalngci rolniczej. Gleba jestywym tworem, zasobem
uzytecznym, petpcym funkaj nie tylko produkcyjm ale take srodowiskow i spoteczn. Jej dobrostan jest istotny dla ja-
kasci i ilosci produkowanegywnaici, jak réwnie dla zachowania réwnowagi wodowisku. Artykut ma charakter przeg!
dowy, omawiajcy znaczenie gleby jako zasalbadowiskowego, poprzez pryzmat jej jéipzdrowia i meéliwosci petnie-
nia funkcji ekosystemowych. Przgblio ponadto problenrodowiskowych i ekonomicznych strat wynikgich z degrada-
cji srodowiska glebowego oraz kosgy, jakie niesie jej konserwacja. Podano przykitadiater sprzyjajcych podniesieniu

i zachowaniu jakéci gleby oraz jej zdrowia.

Stowa kluczowezdrowie gleby, jak@ gleby, ustugi ekosystemu, materia organiczna

1. Introduction

Soil is one of the most important resources ofrthti-
ral environment to which a special role is attrdglitn agri-
culture since it is the basis for production of samption
and feed plants. This approach is not surprising tduthe
fact that entire human existence and development iar
fact, inseparably connected to soil [44]. In therse of ag-
ricultural activity, people influence the soil batha posi-
tive manner (improving and maintaining its fenilior
abundance) as well as negative manner (e.g. byattéo
tion of erosion threatened areas, depriving thécalgural
lands of the flora cover, diversified crop rotationintro-
ducing excess of chemicals in the soil, contamiggti
along with the biological life).

The basic function of agriculture through the o$¢he
soil is production of food, and continuous growthtloe
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human population generates the increase of denami f
[13]. This results in the frequent use of soil inay inten-
sive manner, posing a threat for its quality andlthe The
modern intensive agriculture has to face challenged
guarantee food security to the world, concurrentigy-
ever, as noted by Pretty [31]THere is something wrong
with the contemporary agricultural systems (...)espite
the great progress in increase of productivity),(hundreds
of millions of people are still hungry and malnaimed.
Other millions eat too much or improper types afdoThe
environment health is also suffering due to degtiatiaac-
companying multiple agricultural systems that halewel-
oped in recent years.Similar irregularities are noticed also
by other authors [32, 42], pointing out that thevieon-
mental damage driven by agriculture is very comnang
the applied agricultural practices determine theelleof
food production, but, at the same time, are alsasde in
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terms of environmental quality, including soil.

The production resources used in manufacture od fo
such as, for instance, seeds, soll, fertiliserdemware often
perceived to be renewable sources. In such an agipro
agriculture can potentially be deemed a highly hedal en-
vironment. On the other hand, possessing multipdduires
of a typical mining industry, it is characterisegimpact on
the lack of balance in the environment [4].

The above is reflected in the attempts to verifg asti-
mate the environmental losses resulting from aliei[15,
29, 39, 41, 43] where attention is given to the flaat intensi-
fication of agriculture causes imminent environraénsocial
or economic effects, referred to also as extereslit

Referring the above to the soil resource, it ningsem-
phasised that it is exposed in a direct mannertoatje in
the course of agricultural activity. As noted ahoi® pro-
duction role is very significant. However, the agitural
producer determines its value - which is reasontbéecer-
tain extent - from the economic point of view oé tagricul-
tural farm. Very good and good soils are most festly
used to sow highest income earning plants. Thisslaées
into poorly diversified crop rotation, limited to small
number of cultivated plants. These soils, in otdegichieve
even higher productivity, are additionally fertiis with ag-
ricultural chemicals. The richness of weaker sigilasually
enriched with chemical fertilisers. This approach not
conducive to preservation of high quality and Healt the
soil ecosystem or to proper fulfilment of the smiknvi-
ronmental purposes. A farmer has to remember ffeatte
in the obtained crops cannot be the only paramsterth
considering when analysing the costs and benefitthe
applied agricultural practices, but also those #ratcondu-
cive to environmental protection, including soil inta-
nance [11, 27]. The meaning of this resource masalbo
considered in terms of the environment. In thisrapph, it
is a live, dynamic ecosystem, the well-being ofakhis es-
sential both for food production, but also for ugek of
global environmental balance. In such an approhehsoil,
as a live resource, manifests a unique balancerimst of
the physical, chemical and, most importantly, kgadal
factors forming it [16, 28].

In the subject matter literature, one can encouate
statement that soil is a renewable resource okthéron-
ment due to the fact that the process of its rehiswnat bio-
logical nature. Human activity consists in collagtithe
generated biomass that has used the valuable mstfiem
the soil. If a return of the nutrients occurs ie ttourse of
production, the soil reconstruction process wilhtiaue
since people can reconstruct soil understood abitisy to
produce the biomass [49]. On the other hand, horyeod
is a product of a very complex process, with a stowrse
and, due to this fact, it can become a non-reneavadl
source if it undergoes continuous degradation ETE®
[24]. Therefore, from the point of view of maintewa of
its quality and renewal capacity, agricultural farshould
consider not only economic, but also agro-ecoldegdtures
of the habitat in which they conduct their agriavét activ-
ity and implement practices conducive to mainteraot
the soil quality and health [27].

2. Objective and scope of paper

The article, having an overview nature, discusbes
problems of the soil as an environmental resounderims
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of its quality and health as well as providing eamimental
or social services by it. Attention is brought be tfact that
soil undergoes continuous processes causing itadatpn
and, as a result, influencing also the non-produactione of
agriculture. It discusses the problem of environtaleand
economic losses connected with soil degradation pané
vides examples of agricultural practices condudiveém-

provement and maintenance of the soil quality azwith.

3. Soil quality and health versus the soil ecosysteser-
vices

Soil is a resource adjusted to be used in aguultits
relation to productivity is well studied, howevdret soil
condition has an impact also on the purity of waterir
[9]. In order for the soil to properly provide tlse-called
environmental (ecosystem) services, it must be acter-
ised with good quality and health. These notions ar
broadly discussed in literature [1, 19, 22, 28] &eduently
used interchangeably, although, as claimed by wvargzi-
entists, they possess different meanings. Thegsaility is
more connected to its functions, and its healthadefit as a
limited, non-renewable and dynamic live resource23].
The notion of soil quality is not new. The attemjatslefine
it root to the 70’s of the previous century [22] it re-
sulted from the overall increase of interest in thality
and health of the environment. Although there audtipie
disputes remaining to date among the scientistardéug
definition of soil quality, this notion can surebg used in
order to determine whether the management of dgial
lands is conducted in a sustainable manner [528452].

Using the definition developed by Doran et al.][10e
soil quality determines its physical properties amehns its
capacity to function within the boundaries of tlieeg eco-
system, maintaining, concurrently, its biologic#lagency,
natural environment quality as well as health @npd and
animals. An interesting statement is also provided
Schjgnning [34]. He claims that the soil quality ane
“how well the soil provides what we want to obtdiom
it". Here “how well” means a reference to classifion,
whereas “what we want to obtain from it” - refesits
most important functions, based on taking the hgaim
the use of this resource into consideration.

In a more in-depth consideration of the problem, goil
quality can be determined by means of: verificatidrits
structure (if it is formed by hard solid bodiesibit is brit-
tle), determination of smell that can suggest aunté cer-
tain compounds, presence of actinobacteria, ongeng
mentation processes. Furthermore, the soil colm@ssen-
tial since it can provide evidence for abundancerganic
matter and biological life [16].

As opposed to soil quality, its health as an estsy
refers to the capacity of self-regulation, stapilitesistance
and no stress symptoms. A healthy soil is usuadly vich
in biological diversity and capable of providingoper nu-
trient circulation [26, 45]. The soil health is ddbed
mostly by means of its biological life, capacityfasm and
maintain balance between soil organisms, organiants
the soil as well as organisms and the environm@&ht [
Healthy soils are characterised by:

a) high biological diversity,

b) high stability of the living organisms dwelling in(re-
sistance and capability of self-recovery after @ction
chemical or biological interruptions),
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c) ability to maintain free flow of energy and matter,
d) ability to suppress various pathogens and pests,
e) ability to improve the plant health,

f)

environment and air [28].

or aesthetic services provided by the entire agosgstem
[8]. As it can be seen in table 1, the abundanceeofices
provided by the soil is vast, from the productienyiron-

impact on maintenance of high quality of the agqeeoumental as well as social point of view. All soihfttions are

interrelated. Especially living organisms, beingiategral

As one can naotice, the soil health is determined bpart of a healthy soil, have impact on the procesaking

physical and chemical factors, however the biolalgfac-
tors are specifically decisive in terms of the ddé and
proper course of multiple processes taking plade in

Soil is a very complex structure. Healthy and ggodility
soil is capable to provide various environmentad g@no-
duction services. In other words, these are bendfiat
people gain from the soil, i.e.: food, water, wofidres as
well as its impact on the climate, regulation afofils, dis-
eases, contamination or water quality. It is alsangpor-
tance that soil supports environmental servicemected
with circulation of elements in the nature as veadlthat it
provides services of recreational value [52].

The ecosystem services provided by the soil enviro
ment are broadly recognised and well documentethén
literature. These can be, in most general ternfstres to:
a) fertilising (soil as a place of accumulation anthke of
nutrients by the plants),

b) function of a contamination capturing filter, a eegir
(e.g. collection of water for plants),

c) supportive function (soil as a physical supportgtants
and animals dwelling in it, stepping on it as vwadl for the
technical infrastructure developed by people),

d) participation in climate regulation by means ofdiny
of organic carbon (soil organic matter as a resmwfcat-

place in it. The impact of, for example, symbiotigan-

isms dwelling in the soil on the obtained crop ¢gied also
positive, due to binding of nitrogen by bacterigpbospho-
rus by the mycorrhizal fungi. Their participation bio-

geochemical cycles is also important, and the swko-

and macrofauna as well as small animals play afiignt

role in formation of proper soil structure, haviimjluence

on other organisms and water. The quantity andrsiityeof

soil organism species is also an ideal depictiothefrela-
tions between the decisions made by the farmeelation

to the resource management and the final produaten
sults, efficiency and health of plants and aninib3.

4. Degradation of the soil and its connection withlthe
environment

Rational resource economy, including soil, is ohéhe
most important factors conditional for existence ewivi-
ronmentally sustainable agriculture. As shown bgctice,
intensive agriculture, in particular, consumes gegaounts
of fuels, water and uses the superficial layerhef oil in a
non-sustainable manner. It is exposed to destmgiioc-
esses the pace of which exceeds the pace of possbl
newal, and the process of formation of 1 cm ofrés®urce

mospheric C@ as well as regulation of greenhouse gasan take from 20 to even up to 1000 years [21]ebata-

emission,
e) protection of biodiversity (healthy soil is an emori-
ment for thousands of species of organisms regjafor
instance, the abundance of pests, or neutraligintgamina-
tion),
f) resource-related (as a source of valuable madgigal33].
Table 1 contains a specification of the environtaken
and production services provided by the soil edesys
used for agricultural purposes. One must, howaeenem-
ber that soil is an element of the entire agro-gstesn,
therefore its quality, health and manner of usedasive
in terms of environmental, cultural, historicalcreational

Table 1. Serviceand properties adhe soil ecosystem [20]

tion of quality and health of the soil is also aweurrent
problem for the humanity due to the fact the arédhe
land necessary for food production is decreasing.

In Europe soil degradation has only recently besn
ognised as a common problem [20]. This, howevenptsa
new phenomenon in agriculture since it has beamatstd
that during World War Il the poor extensive agriacl
farms led to degradation of ca. 550 million hecddgd].

Currently, soil undergoes degradation increasiruylg
to intensive agricultural economy. The data for apdl
show that ca. 29% of the country, including 21 gfieul-
tural lands (mostly arable lands), is at risk afséon, and

Services and characteristics of the soil ecosysissigned to / in:
nutrients by: water by: structure/construction of soil by:
delivering for contribution in ) B regulating . - N .
lants lant production soil creation elements moving delivering filtration flood control support erosion control
P P p cycles
physical
cycles control filtering support for
e urton | conabutonto | PSS 101 | ot man sy | THSHent | e pant,
delivery of plant production, M elements, moving of nutrients, pply participation
N fertility, soil . N N .| for plants and . drought, the to the . .
nutrients, base for formation. its mineralization | particles and gases i water flow in in the function of a uality of regulating of erosion
fertility, primary structure ’the of nutrients, the soil the soil provision of buffer. and q thg
nutrient uptake production ! nitrogen safe drinking ¥
levels requlation water water storage| landscape
9 and its
stability
climate regulation by: biodiversity in the area: resources and landscape:
carbon the production of habitat population recyelin
sequestration greenhouse gases| regulation yeling
. control
accumulation of . N
carbon - the soil as a vital (blologlcal) of . ) . . A
importance of control of the gase component of potential pests biotreatment of soil as a source of raw materials for productian ¢y, sand), the direction of land use
organic matter, contained in the habitat, arrrsd Egtt?é)r?i?s min‘;?glli?:t?én of shapes cultural, recreational and aesthetic funstid agri-ecosystem
climate regulation atmosphere biodiversity glant and organic matter
and human- protection panimal 9
induced changes .
populations
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over 700 thousand ha has been destroyed to suektent
that it is unsuitable for further agricultural ugesolution is
sought in exclusion of agricultural use of landspgzially
arable lands) and implementation of forestatioge fplant-
ing and other forms of use allowing to protect$bé under
a year-round flora cover [48].

As indicated above, good quality and healthy bad a
positive effect both in the environmental and piaithn
aspect of agriculture. However, as much as sick damgs
not fulfil its production and environmental funat® in a
proper manner, the agricultural activity can previaulti-
ple dis-services for the entire eco-system, incigdhe soil,
resulting in reduction of its productivity and miscosts of
production. Examples of agricultural dis-servicesihg a
negative impact on the ecosystem, including saih be:
losses of entire habitats, loss of nutrients os@aing with
pesticides of non-target species [51].

Many soils used agriculturally, despite the efart im-
plementation of good practices, is exposed to nootis
process of degradation in time that we can refastoeduc-
tion of the actual or potential usability of thevem land.
One can speak of the following types of degradation
a) physical, when a specified mass of soil is lost uthe
effect of wind or water (erosion) and as a restileterio-
ration of the air-water properties of the used;soil

b) chemical, when nutrients are lost, harmful compaund

are accumulated, there is salinity, acidificatiowl aas a re-
sult, drop in the soil fertility;
c) biological, when the content of organic mattertia soil

decreases (organic carbon ¢} and when there are disad-

vantageous changes in the soil microorganism coithpes

These processes are strictly interrelated. Fompia
physical destruction of the soil (downflow, deftatj com-
pression) can lead to full loss of the agricultuemd as
well as nutrients, and to decrease of the orgamittemcon-
tent or disappearance of biological life in thel.s@n the
other hand, soil poor in organic matter and biatabactiv-
ity loses the thickness of the arable-humus laylickvcan
contribute to its compactness (heavy soils) oryvecsely -
to its excessive looseness. Whereas, excess ofjaitrin
the soil contaminates it and the waters, paradtyitead-
ing to the drop of diversity of plant species ardr@ase of
biomass production [21]. Some ecologists claim i
drop in biological diversity caused by excess dfagien
can influence further aspects of ecosystem funictgyrthat
is greater proneness to drought [36]. Moreoverfigdss
introduced to the soil are not neutral for its eanment. As
put forth by D. Pimentel et al. [30], only 0.1% thie ap-
plied pesticides actually eliminate pests. The iliamg
99.9% has a negative impact on the environmentithid
decreases the environmental role the soil due paiimment
of the capacity to store water, mineral elememiss lof or-
ganic matter, typological changes, limitation o$istance
to chemical or biological stress [48].

The cause of the above processes is rooted inpiaulti
errors made in the course of conducted agricultactvity.
For example, cultivation can expose soil to wateaipero-
sion, repeated ploughing can weaken its structoe/ing
of mono-culture plants as well as plants deprive shil of
its humus, removing nutrients, and using impropex- m
chines can result in soil compacting [27]. Inteestultiva-
tion, thickening the subsoil, results in decreaseder as-
cent and reduces plant yielding as well as wati@tration
capacity during abundant precipitation [18]. Moregvor-
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ganisational changes in agriculture, especiallgrisive in-
dustrial agriculture [25], employing high amountsagri-

cultural chemistry and where no organic matternisor

duced to the soil, lead to decay of life in it. Asesult of
mineralisation there is a decrease by 2-4% of acgaatter
from the soil annually [50] and if it is not supplented, the
biological life in the soil will disappear.

Soil degradation has an impact on its productieibg
the drop in crops is one of the negative effectsstated by
Bauer and Black [3], losses in soil productivitgul from
the drop of organic matter content in the soil andp of
fertility. The conducted studies of, for examplerisg
wheat, showed that dry mass and seed crops were
nected with higher content of organic matter ingbi.

Apart from the issue of productivity loss, soilgdada-
tion results in increased costs incurred for itdammation.
Moreover, this gives rise to environmental, soaiadl eco-
nomic costs, exceeding the scope of the farm ailesai-
ronment. These are external costs (externalitiesg. agri-
cultural farm, intervening in the natural enviromtecan
cause negative effects in other farms and othevipdiises
of human activity, both production and consumptielated
ones. Activity of the given agricultural farm cae Hetri-
mental for the perpetrator of the damage himsadtigase
of the agricultural soil fertility due to erosioraused by
agrotechnical procedures, decrease of fertility thuem-
proper crop rotation) [43]. Literature provides exdes of
estimations determining the value of external lessen-
nected with agricultural use of soil. For examflegtmeier
and Duffy [41] state that selected externalitigsiag from
agricultural activity amounts in the USA within &ngle
year (2002) to 5682.9-16,889.2 million dollars. 274
13,394.7 million dollars out of this value accoufus the
external costs connected with soil disturbances. aithors
indicate that agricultural practices cause soisieno due to
defective cultivation, intensive breeding or leayih with-
out a flora cover. In consequence, its quality eayoiacity to
provide environmental services diminishes. The eusth
emphasise, in particular, that soil degradatiofects sig-
nificantly in the water quality. This gives rise, tior in-
stance, additional potable water treatment sinee dbil
ceases to provide the filter function, losses ificdeaning
capacity of the water reservoirs located near ildd, loss
of recreational function of various areas. Therals an-
other study [6] showing research results indicatheg dan-
ger of the erosion effects, exceeding the agricailttarm
itself. They show that the losses resulting fromcadtural
activity are detrimental not so much to the farrhienself
or the future consumers of the food products, buhé us-
ers of waters outside the farm. According to ththars of
the study referred to, the estimated losses inpsoiuctiv-
ity estimated (for 1983) ranged between 550 millimtiars
to 1.2 billion dollars, whereas the environmentalses aris-
ing from soil erosion outside the farm, estimatedtén ag-
ricultural regions, can be twice as high (Fig. S)ightly
newer studies [17] also show that erosion of the cam-
tributes to substantial economic losses in agticelt
(53€/ha) and accompanying costs such as silting of da
reservoirs, road destruction (82ha).

Losses in the soil environment quality and heedth be
also reflected in the value of the agricultural durcts pur-
chased by the consumers. Telles et al [42] sughestaodel
of environmental costs in which they indicated tfat exam-
ple, soil erosion, increasing the production caltsreases the.
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Fig. 1. On-farm and off-farm damage from sheetarld wind erosion [6]

demand for agricultural products. This results frira fact
that the price of agricultural products increasesugh addi-
tional outlays incurred for the repair of soil degdgition dam-
age, being a consequence of agricultural activi@e® of the
methods, however, that can minimise and repaidéggaded
soil is use of preservation practices

It seems, however, that one of the most importassi-
ble forms of damage caused by the agriculturaligtis
depriving the soil of organic life (health), i.eiolmgical
degradation, and the research shows that long-$&ambili-
sation of the organic matter content in soil resédom the
presence of fungi, bacteria, earthworm activitgsance of
roots [35]. The content of organic matter and iualijy de-
termine the soil fertility and yield, it is condueito forma-
tion and maintenance of proper soil structure als ageits
water-air properties. Soil losing its organic mated bio-
logical diversity conditional for the circulatiorf @arious
important elements is, as a result, exposed toigdlyand
chemical degradation.

The disturbances in the quantity and quality ofldii-
cal life as well as content of organic matter ie Hoil can
result both from frequent mono-cultures, applicatiof
high doses of agricultural chemicals, limitationlack of
organic and natural fertilisers, leaving the sdihaut flora
cover as well as use of intensive plough cultivatioeth-
ods. It turns out that, for instance, intensiveuglo cultiva-
tion can lead, in one generation, to decreaseg#roc mat-
ter in the soil by up to 50%.

Long-term studies (21 years) confirm that the albed
soil microorganism biomass (f¢) as well as microbiologi-
cal activity indices are substantially related e &applied
production system (ecologic or traditional) and tyyge of
employed fertilising and its intensity. Manure lzagositive
effect on the soil and the biological parametergsofjuality
are generally increased in ecologic farms, as coastp#
conventional ones. For instance, a significagg @rop (by
24%) was found in the crop rotation that did notoive
mineral and natural fertilising. Whereas, in trahal and
ecologic farms using manure, it was possible t@pksto a

for the purpose of humus synthesis and it improes
structure of the soil [14]. Thus, there is a relatbetween
the type of applied agricultural procedures anddghality
and health of the soil.

Summarising this chapter, Fig. 2 below presergsnian-
ner in which degraded soil can have an impact enethvi-
ronment by means of multiple processes taking plaite

5. Agricultural activities increasing the value sdiecosys-
tem services - improvement of soil quality and heti

Only appropriate and environmentally-proper manage

ment of the soil can guarantee its high quality aedlth,
also in long-term perspective, which is importawmtni the
point of view of upkeep of the soil for future geaions.
Following exclusively the economic benefits resigtirom
high production efficiency “here and now”, which usu-
ally connected with introduction of high amounts agjti-
cultural chemicals in the soil, is a very shornteoriented
activity. Soil deprived of organic matter and wh#re bio-
logical life diminishes is for some time assistgdrbeans
of mineral fertilisers and the plants are protedigdappli-
cation of chemical pesticides. However, it graduédises
its ability to reproduce and the plants cultivaitedt - resis-
tance to diseases, pests as well as its quality.

In farms implementing good agricultural practices;
pecially in ecologic ones, special attention isegivto im-
prove the quality and health of the soil. These lsarob-
tained and maintained by the so-called preservirtiva-
tion method as well as use of rich crop rotatiow/uding
intercrops and, if only possible, use of naturalooganic
fertilisers. This soil management approach guassntm-
provement and maintenance of high level of soilaoig
matter, being the basic component of healthy $isilpres-
ence allows to increase the number of soil orgagsism-
prove the soil fertility, strengthen its structunmprove its
physical environment, facilitate soil root peneatmat Or-
ganic matter absorbs water, becoming its sourcetHer

long-term substantial drop of the,Lcontent, and even its plants. It is also a rich carbon source and stghdf soil
increase in case of ecological farms where the animaggregates reduces emission of,G® well as protects the

breeding has clearly diversified plant cultivatiorhere
were also substantial differences noted in the ebiologi-
cal biomass content in the soil, angil0n soils used in an
ecological manner was higher by 13% to 35% thatnaidi-
tionally used soils. Manure has, therefore, a p@siong-
term effect through increase of the organic mattertent

Anna KUCZUK

25

organic carbon at the same time [33, 36, 37].

Each year, the organic matter penetrates intostike
from the residues of plants, green and animal lifeets,
compost. It also undergoes mineralisation and &ed usy
the plants. It is important to prevent the imbatabetween
the outflow and inflow of organic matter..
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The obligation to carry out studies regarding hummstent  ¢) Year-round coverage of arable landsThe problem of
by the farms receiving agricultural environmentiiratic  arable lands left without flora cover can be obedrin par-
subsidies proves the importance of the positivarmad of ticular in the winter season. The main contributioh
soil organic matter. ground cover plants is long-term protection and romp-
ment of soil fertility, especially the soil expostderosion,
What can, therefore, be the agricultural actisifimprov- and prevention of erosion as well as stabilisatddrthe
ing the soil quality and health, concurrently citmfting to its  ground are priorities for the purpose of sustai@agricul-
environmental services? There are multiple pragtibat can ture [40]. They can also limit the number of weedsl
determine the environmental agricultural activitpladmce. generate income [12, 24, 39]. Arable land coveptants,
Some of the most important are presented below: the so-called catch crops, are quickly growing srdipat
a) Proper crop rotation. Due to introduction of high di- can grow concurrently with the main crops (siftihgs be-
versity of crops, organic matter penetrates int ghil. It  tween two main crops (winter, spring intercropd)ey cap-
becomes possible to reduce the number of crop peste  ture nutrients, reduce erosion as well as draiwater and
their reproduction cycle is interrupted. Thus, $od is less nutrients. In addition to catch crops, stubblef>ad green
contaminated with chemical pesticides. This resalé® in  crops (grasses), buffer zones can be maintaindd [38
a decreased need for fertilisers since on cultd/atant can  d) Simplified or plough-free, i.e. the so-called soil pre-
provide nutrients for the succeeding plant [21]phrticu-  serving. Its function is long-term, significantlgduced in-
lar, leguminous plants are of great importanceyiging  tensity of cultivation, rich rotation and coveragkarable
ideal environment for the succeeding plants infitst and  lands with flora for the entire year. This systesduces soil
second year upon cultivation. Diversity of cropsl graral- degradation and water loss to a significant extenteases
lel plant and animal production as well as aimingheir  the content of organic matter, stabilises the stilicture
balancing provide great protection within the scopeco- and is conducive to presence of a greater biolbgiiver-
nomic and environmental-ecological problems of fdren.  sity, as compared to plough cultivation [28, 3@mflified
Monocultures are more prone to pests, diseasegjsne® cultivation and direct sowing allow to observe @ajer
well as fluctuations of the market prices. Balagcaf the number of earthworms than in case of traditiondtiva+
plant and animal production guarantees, on thehamal, tion. Preserving cultivation entails general ineeaf the
obtaining feeds for the kept animals, but, firsdl &oremost, number of beneficial soil organisms in the uppeeta of
provides own natural fertilisers, being a substfatedevel- the soil profile, resulting from the increased amoof or-
opment of soil organisms. ganic matter introduced in the soil. Some studiesisalso
b) Proper crop rotation is an important part of soil man- that lack of mechanical procedures and applicationter-
agement. Here, proper means not only aiming at bigh  crops, coverage of the soil with mulch, reducesgtwvth
yield, but also maximisation of profits from areaituThis  of weeds [36]. Fig. 3 depicts the abundance ofrietated
is how industrial agriculture usually functions, @masising processes that contribute to the benefits for thérenment
the significance of the chemical soil propertiedqiereas through application of preservative cultivation.
one cannot forget about the physical and, espgciblb- Use of preservation cultivation can be controvéisiaela-
logical properties. Thus, it is important to prawithe soil tion to the volume of obtained crops, however |oegn
organisms with nourishment, in the form of natwatl or- preservation cultivation provides comparable rastit
ganic fertilisers, ploughed green mass. Organidenatro- comparison to traditional plough cultivation [36].
vides nourishment for bacteria, fungi, nematodesthe e) Nutrient management. The basis, however, should be
worms which are decisive in terms of health ofsb# and  performance of soil examination in terms of the nshs
cultivated plants [21]. ment needs of the cultivated plants.
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For an environmentally sustainable farm, it is ataéto
reduce the chemical mineral fertilisers in ordeinhprove
the soil fertility by means of provided organic teatfrom
natural fertilisers, compost, ploughed straw, nesgl of
plants. It is essential to determine the soil oiganatter
balance. This knowledge allows to implement progpait
management, potential changes in rotation, amofiiri-o
troduced organic fertilisers, so that a positiviabee of or-
ganic matter can be provided in the soil. Furtheemweri-
fication of the nitrogen content and other nutréesitows to
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reduce their loss for the aqueous environment anmbs

phere as well as to avoid financial losses.

f) Implementation of ecological production systemEco-

logical agriculture is a system assuming envirortalguro-

tection, including soil, at the highest level. Mplé re-

search results confirm that ecological farms notergified

crop rotation more frequently, including non-comiityd
plants, but having a positive effect on the soihlgy and

health. Ecological farms take greater care of thgamwic

matter content, arable land coverage on large dogabe
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entire year. Prohibition to use agricultural cheatsctrans-
lates also positively into the quality of watersijl @s well
as biological diversity [28, 38]. Where it is imzide to
implement the ecological system, it seems justiéidab im-
plement extensive production systems, especiallythm
sensitive areas, exposed to nitrite contaminatidso the
attenuated version of traditional agriculture -egrated
production, has been gaining increasing importanctne
recent years.

g) Agro-forestry is a combination of agricultural cultiva-

tion, forest and animal breeding. It forms a systefn
stronger and more stable balance than in case aif ek
these components functioning separately. Due tarttes-

relation of the field and forest ecosystem, theedsity of
species, deep root systems as well as rich midapeal

mass of the soil form a more friendly environment the
soil fauna. Agro-forestry has also impact on thareéase of
arbuscular mycorrhizal fungi, forming a relationtlwimost
vascular plants and facilitating the accessibiityphospho-
rus to the plants [7, 49].

Obviously, the decision of the farmers to investsoil
preservation and protection of its environmentkzased on
cost and benefit considerations. Farmers usualtietiake
soil protection when they see it as a businesshriigoes
conducive to soil protection are particularly likechen
they are cheap and, at the same time, bring primstuet-
fects. However, this correlation does not alwaysuoces-
pecially in a short period [6].

6. Summary

Soil is a crucial element of the natural environmet
also provides multiple economic and social functjoes-

sential for human existence. Maintenance and upkdep

high quality and health is an important factor afid-term
maintenance of this resource. Soils with highestityjuand
health are not only better from the point of viefjpooduc-
tion and food consumers, but they also play a Sogmt
role in stabilisation of the global ecosystem amgbriove-
ment of air and water quality.

Unfortunately, in the course of use, especiallyicady
tural, they undergo multiple processes leadinghi® de-
struction of their physical, chemical and biolodipeoper-
ties. The decrease of biological life is specificalanger-
ous for the soil, resulting in interruption of miple proc-
esses. This, in consequence, has an impact onrdlokeiq
tivity of the soil itself as well as the conditiarf the envi-
ronment in the surrounding of the given agricultfamam.

Implementation of good agricultural practices,veeg
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