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THE WORTH OF SOIL ORGANIC MATTER — ENERGY-NUTRITION AL APPROACH
Summary

Organic soil content is considered to be the basigbute of the soil quality and health as well@gghe quality of the envi-
ronment, and organic matter content determines rmlmer of important soil characteristics. Various mgiftural activities

lead to the accelerated mineralization of the origamatter, which results in its loss by 2-4% evegar. The economic
value of the organic soil matter can be evaluatgdaking into account the environmental, as welpasductivity and so-
cial aspects. The foundation for the study was igiex¥ by the results of the laboratory research {ded by the District
Chemical and Agricultural Station in Opole) regardihumus content in selected farms located in thel®©Province. In
this manner, the stock volume of humus in soil deermined along with the volume of energy in firegsed in Mha™.

The details of the results were supplemented rm@rting the theoretical energy potential of thamined soils. In addi-
tion, the content of nutrients released from thié smanic matter could be estimated. As a consagagthe economic

value was assessed by comparison of this valueetprices of the pure component of mineral feditz
Key words soil, soil organic matter, energy, economic value

WARTO SC GLEBOWEJ MATERII ORGANICZNEJ — PODEJ SCIE ENERGETYCZNO-
POKARMOWE

Streszczenie

Organiczna cgs¢ gleby uwaana jest za podstawowy atrybut jakbi zdrowia gleby i zarazem jaka srodowiska, a sama
zawarto’¢ materii organicznej decyduje o wielu istotnych §etavasciach gleb. Liczne praktyki rolnicze powogprzyspie-
szomg mineralizacg materii organicznej, a co roku ma miejsce jej elyd 2-4%. Wart&@ materii organicznej gleby ndoa
wycené biorgc pod uwag kryteriasrodowiskowe, produkcyjne czy spoteczne. W artykalgrezentowano wycemwartasci
materii organicznej uwzgtiniajgc podefcie energetyczno-pokarmowe. Balta oceny stanowity wyniki baddaborato-
ryjnych (udostpnione przez Okgowg Stacg Chemiczno-Rolnigzw Opolu) zawartéci prochnicy w przyktadowych go-
spodarstwach rolnych zlokalizowanych na terenieewdgdztwa opolskiego. Okiteno zasobn&’* gleb w préchnie, zgro-
madzor w niej energii wyréong w MJha* oraz okrélono teoretyczny potencjat energetyczny gleb. Pnadzacowano
zawarta¢ skladnikow pokarmowych uwalnianych z materii oigamej gleby oraz wyceniono ich wafteekonomiczp od-
noszc jg do cen czystego sktadnika nawozéw mineralnych.

Stowa kluczowegleba, glebowa materia organiczna, energia, wéftekonomiczna

1. Introduction — soil organic matter: notion, conent in
soil and its role

Soil organic matter is considered to be the basitha
ute of soil quality and its health as well as of tfuality of
the environment. The content of the organic matten de-
termines a variety of important soil properties. &yplica-
tion of a criterion based on the soil organic nmat@ntent,
soils are classified as organic (e.g. peat, mudiks)sor
mineral. The first category is naturally rich inetlorganic
parts and can contain more than 30% of its contehigh
is basically determined by the climate. Its volumethe
mineral soils varies from trace levels to 20% (adow to
Systematics of Soils in Poland [27], other soursag that
even more than 30% [3].

The term soil organic matter (SOM) is often ambiggjo
and the organic parts in soil can take a varietyfoofns
(Fig. 1), and have different degree of decompasitin
important part of SOM is formed by living organisms
whose role cannot be overestimated. According t@ddz
owiec [10], SOM comprises all animal and plant rémea
both freshly dead and in various stages of decoitipogs
well as non-specific compounds present in the gogimi-
lar approach is represented in a work by Buhanvigich
contains a statement that SOM consists of the matte
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various stages of decomposition, from fresh remsonal-
most completely decomposed humus. Such a notiar-of
ganic matter in soil does not comprise nor plaatsode-
spite the fact that it is difficult to identify thein the soil
mass. In particular this is true with regard to $béd organ-
isms with a small size. Other approaches accounthi®
presence of living organisms as the component oSO
with a note that they can form 10-15% (and evemash
as 10-40%) of the total soil content [3, 13, 14]. 36such
an approach is taken, SOM is understood as thedbtl
organic compounds present in the soil that commasbon
(Corg), regardless of their origin and the stage of deuo-
sition. Due to the fact that humus can accounta®much
as 70-90% of the total organic matter in the sbik often
equated with it [9, 41]. This approach promotesahalysis
concerned with the determination of the resourdethe
fresh matter in the soil. In this paper, the est@nadopt an
assumption that the organic matter in the soil geated
with the humus content in soil.

The content of the organic matter (humus) in thi so
can be varied, in the same manner as the pacs thits-
formations. This is relative to the volume of thegamic
residue that is reversed into the soil (throughuaadation)
and its pace of decomposition (through mineralratnd
migration of G in the form of CQ as a result of microbi-
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ological decomposition). Besides, the types ofssfilable
1), climate conditions, type and size and qualifytlee
vegetation covering the soil as well as intensifysoil
management exert an impact on the level of the SaM
ance. The last of these elements plays a crudaldwe to
the fact that the agricultural land is most susbépto the
loss of the organic matter from soil. The estimates-
ducted for Poland by the Institute of Soil Scieaoe Plant
Cultivation (IUNG-PIB) [35] indicate that on the erage,
soil organic matter content in the agriculturalagrén Po-
land is equal to 2.20% (1.28%,g), with the maximum of
3.04% (1.76% &) in the Dolndlaskie Province and the
lowest — 1.83% (1.06% ), for the Swigtokrzyskie Prov-
ince. The forecast regarding the loss of soil cigamatter
indicates that in the perspective up to 2020, teamrosses
of this soil component will exceed its depositiomdawve
may have to do with a phenomenon associated wéttots
of 10.5 tons of organic matter from each 1 ha efafricul-
tural land. We can note that in accordance withctfiteria
set by the European Soil Information System, thisso
characterized by a low content Gf,4, are the ones that
contain 1-2% G, whereas according to the IUNG PIB
data, this ratio is <1% [11, 35].

As it is commonly known, organic matter plays anr im

portant role in the soil, as it affects the biotdj chemical
and physical soil properties. Soil is an environtakme-
source and the presence of the organic matteridiitates
its life and health since it forms a source of iemts for the
soil fauna and contributes to the existence ofdgichl di-
versity. In addition, the organic soil content datimes soil
fertility [33]. The biological role of the organimaterial is

inseparably linked to the existence and functiontfighe

soil organisms, and it is estimated that over atquaf all

earth species inhabit the soil [12]. As they aspomsible
for the decomposition process, such organismsgizate
directly in a number of biogeochemical cycles i

nutrients that are indispensable for the developnaem
growth of plants. Concurrently, the deficiency bktor-
ganic soil matter can lead to the reduced abilityhe soil
to transfer nutrients to the plants [3]. In genettaé decom-
position of the organic matter supplies energy eaxbon

necessary for the development of microorganisms and

growth of their cells [23].

Organic matter plays a relevant role as a resoimce
terms of the content of nutrient and energy irafthough
its function in this area is not as important as llenefits to
the formation of the physical and chemical prosrtof
soils. With the exception of the soils applied mensive
cultivation, which are usually supplemented by ientis
coming from mineral fertilizers, organic matter rfeg the
major source of the macrocomponents in soils. Iniqa
lar, nitrogen and phosphorus form the most impaontaac-
rocomponent forming the SOM. As given by Baldockl an
Nelson [1], nitrogen originating from SOM is resgie
for the existence of the total resource of nitrogleat is
contained in soils. In the soils with the considdgapotas-
sium ion content, containing clay minerals capaiflbind-
ing NH," - of around 90% of nitrogen that is present in the
soil, 8% occurs in the form of NH and 1-3% of the vol-
ume is formed by nitrogen present in inorganic coumus
(NOz NHy").

Soil organic matter

/

\

Soil organisms (10-15%)

Death organic matter (85-90%)

Unaltered fresh
Organic material

\

Humus

/N

. Humic substances
Nonhumic sub-
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Fig. 1. Composition of soil organic matteBource: [3, 36] modified
Rys. 1. Sktadniki materii organicznej glel#rodio: [3, 36] zmienione

Table 1. Examples of composition and organic ma#sources in soils of arable land 224]
Tab. 1. Przyktadowe zawast i zasoby materii organicznej w glebach gruntawyeh [22, 14]

Soil type Level Content of & [%] | Resources [torsd]
Chernozem A 1.5-2.3 200-270
Black soil A 1.0-3.2 310-590
Brown soll A 0.9-15 40-100
Luvisols A 0.5-1.3 30-90
Fluvial muds A 0.6-2.4 40-120
Chernozem from Kamienny Step area 0-20/20-25 4.79/4.82 data not available
Protokaukazian carbonate chernozem 0-10/40-50 3.20/1.78 data not available
Podsol turf in the area of the South-Taiga Subp/i | 0-10/10-23 1.16/1.21 data not available
Standard greysoil, Uzbek SRR 0-20 0.78 data not available
Light greysoil, Kazakh SRR 0-15 0.72 data not available
Light semipodsol of the South-Taiga Subprovince| 0-10/10-23 1.16/1.21 data not available
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The impact exerted SOM on the physical soil praesrt
refers primarily to the stabilization of its struot. The
presence of the organic matter results in a betigmresil-

of the activity known as biological life. As a rétsaf such
processes, nutrients are passed to the soil, as dhe
needed for the plant growth and £8equestration is im-

ienceto a variety of external stress factors, such ap cr plemented resulting in the reduction of the contnthis

cultivation, kneading as well as irrigation secuties im-
provement of an optimum water contefhere is a linear
dependence between the stabilization of the sgjteaates

gas in the atmosphere [29]. As demonstrated bydbelts
of a complex experiment [8], crop diversity and IIfki
management of organic carbon in soil can contribaiténe

and the increase of the SOM content, which was demoforecast revenues from agricultural production asduce

strated by the results of a study of a croplandCbhaney
and Swift [7]. In turn, Kay and Angers [21] remdHat the
indispensable minimum £ content in soil amounting to
2% is necessary to sustain soil stability. The elase of
this value results in an abrupt decrease of thestaility.
Similar dependencies were found to apply in theseispf
the increase of the waste content in soil dependmghe
increase of the volume of the soil organic mattewas ob-
served that the increase of the SOM content byslfé#flected
by the increase of the soil moisture content b{61[&0].

The formation of the chemical soil properties aisfers
to the impact of SOM on the ability of cation exnba by
the soil particles, soils buffering abilities aslivwas the ad-
sorption phenomenon. The soil organic matter haanaid-
erably greater sorption ability compared to the erah col-
oids, and the high cation exchange capacity deratast
the ability of soils to gather nutrients availalide plants,
which is highly desirable. There is a direct reatbetween
the cation exchange capacity, pH value of soil it uff-
ering abilities, and the ability to exchange catias often
correlated with the increase of the soil bufferaglities
[23]. The high organic matter content in soil alsrures
soil functionality by stabilization of the metal mpounds,

the potential hazard in the future.

Hence, how can we valuate SOM? Should we consider

the strictly production-related aspects or the mmmental
ones as well? If we decide for the latter, shoull also
valuate the effort exerted by the soil organisnisfog the
organic matter? On the basis of the estimates preddy
Pimentel et al. [30], the cumulative value of tlemomic
benefits for the agriculture that result from thatiaty of
the biological diversity in soil (such as: utiliat of pol-
lutants, soil formation, nitrogen fixation, biorediation of
chemical compounds or pest control) on the globalesis
estimated to be worth 1.542° $-year’, whereas the soil
organisms represent the worth of topsoil equal d®
$year.

In general, it is quite difficult to directly detame the
economic value of the soil properties which refuain the
SOM content in it. For certain, it is consideralbiigher
from the value of the carbon content in the sofl]{2Dften
such valuation applies an indirect approach acaogrfor
the impact of SOM on the growth or fall of the agitural
production. In an experiment reported by Bauer Blatk
[2], which lasted for four years, the study aimedekperi-
mentally determine how one ton of SOM impacts the p

which was observed by Thomas [37] among otherss Thiductivity of one soil hectare. This utility was iesated to

study demonstrated that the greater SOM conteeisff
considerably the reduction of the content of aluminin
the soll.

The above characteristic does not cover all asphats
relate to the role of the organic matter in sdile are still
aware that a number of mechanisms occurring insthls
and related to the presence or deficiency of thamc mat-
ter are still unknown.

The further part of this paper is concerned with pio-
tential application of the ways to evaluate theaoig mat-
ter and discussing the value of soil organic matter

2. The valuation of the soil organic matter — varigy of
approaches

be equal to an equivalent of 35.2-ka" of the total dry
mass of the spring wheat and 15.6hkd of grain crops.
Concurrently, the drop in the productivity resuitifrom
the decrease of the soil organic matter conteass®ciated
with the decrease of the soil fertility. Other we1fl82], also
contain a remark that the addition of manure (ddpenon
the crop rotation and applied technique of cultv@t can
reduce the pace of the decrease in soil organitemand
nitrogen and result in increase of the yield (Tab)le
The analysis of such a problem was also undertalgen

Bock et al. [4], who observed that the level ofpg®f non-
leguminous plants is positively correlated with ttentent
of soil organic matter, for the case of the appicaof an
ecological cultivation system (however, it was sotin the
case of conventional system). An interesting apgroia

The ways of assessing the economic value of SOM mosepresented in the study by Sparling et al. [34hovat-

commonly account for the direct relation between SOM
content and the economic value of agricultural podidn.
As humus affects the physical and chemical soipprtes,
it determines the fertility of soil and hence desicbn the
volume of agricultural production. However, in tlgisntext
we tend not to pay due attention to the fact that $OM
content determines the condition of the soil alevith its
health and quality. Therefore, we focus little & tenvi-
ronmental functions of SOM, although it is knowrattlit
determines the physicochemical soil properties. Tible-
ness of the biological soil diversity is relativethe input of
the organic residue as it contributes to the foimnabf soils
and improves its quality for the purposes of adtical
production. The contents of the organic mass areled
in the pool of a variety of biogeochemical cyclesidg the
process of residue decomposition, which occurs @Esalt
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tempted to evaluate the monetary worth of the SQNtf
tion, represented by the equivalent value of thendass of
cow milk. By developing a simulation of the relatibe-
tween dry mass obtained from pastures and accuowiiaft
SOM, they noted that the crops from the pasturesdse in
the conditions when lower SOM content was recoried
the soils. The estimates provided in this work tade that
the lower SOM content results in the decrease efdty
mass of cow milk in the range from od 8.5 to 47¢, k
which corresponded to the monetary value in thegean
from NZ$27 to NZ$15M0a'year.

The value of the organic matter can also be detethi
by assessing the economic value of the nutriergsemt in
it since they are responsible for the plant groantd devel-
opment [15, 18], or by the application of an applobased
on energy use [20].
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Table 2. Soil organic matter content vs obtainexidg [2]

Tab. 2. Zawarté’ glebowej materii organicznej w glebie i wysékosigganych plonéw [2]

Organic matter content [%)] Yields [kghal]™
£ = = =
] S5 ®© > S5 ®©
c g c E c 2 c &
. ° gg g g + ° g 8 g g +
Crop-rotation = = 2 ) = = 2 £
Q g O < c @ Q < O < c ©
O Q< = o< O o< = o<
c o c 2 ca ca
o o o o o o
= = c = = c
o o
Fallow-wheat 3.7 5.0 4.1 4.6 1.23 1.37 1.07 1.28
Fallow-wheat-wheat 4.9 4.6 5.5 6.0 1.45 1.56 1.63 1.70
Fallow-wheat-wheat-wheat-wheat 4.7 6.3 5|5 5.8 1.46 1.61 1.79 1.81
Wheat-continuously | 72 5.0 7.6 7.4 1.81 2.00 2.06 2.08

"after 37 y. of cropping: mean for 23 y.

Such approaches do not apply direct valuation, lwvhicmeasurements concerned 2015. Besides, the folloasag

could account for all benefits and functions perfed by
the organic matter in soil. This assessment is most-
monly applied taking into consideration its indival as-
pects by application of indirect methods and psabsti-
tutes. The value of the soil organic matter cao aks con-
sidered in terms of its social worth, as a monetyyiva-
lent of the ecosystem services provided by theiBpemit

of the soil carbon. As a consequence, this invol/eaim-
ber of utilities, such as: increase of the primargduction
and yields in the context of the food security,ugttn of
the effects of soil erosion and mitigation of thense-
guences of human activiti¢z5].

sumptions were adopted during the calculations:

a) The soil samples were extracted from a soil depth p
file of 30 cm.

b) The mean bulk density of mineral soils was adopted
be equal to 1.40-gm*[5, 28, 39], and the weight of one
cubic meter of soil — 1.4 ton.

c) The calorific value of SOM was taken to be equal to
4.7 kealg™ (19.7 MIkg™) [19].

d) The prices of pure component (N, P, K) for 2015 was
adopted on the basis of data derived from Opoldcagr
tural Advisory Centre in Losiow [38]. As for theige of
pure Sulphur, it is calculated at market priceq.[17

This paper contains an attempt to assess SOM Hir appe) Accounting for the low SOM content and under the as

cation of an approach that uses its energy andtioatr
value. The objective of this analysis is to focustlee func-
tion of SOM as a resource containing nutrients glatith

the consideration of its energy potential. The ésagsoci-
ated with the valuation of SOM is relevant in tlspect of
the drop of its content in the soil, which can l¢ad num-
ber of losses in terms of productivity and envir@mtal

aspects for the conditions when rational soil manaent is
not involved in the process.

3. Energy and nutritional value of organic matter
3.1.Materials and methods

For the purposes of the valuation, the resultsabbta-
tory studies were taken with regard to the contéitumus
in soil. These results were obtained from Dist@temical
and Agricultural Station in Opole. The content ofl $u-
mus was determined according to the Tiurin's meftzodi
Corg. - according to the formula: humus content [%] &,C

sumption of the use of traditional tillage techragnn the
analyzed farms, the annual rate of SOM decomposititl
release of nutrients was adopted at the level of[1%.

f) Carbon forms 58% of the soil organic matter by con-
tent, and the ratio of C:N:P:K:S is equal to 10:1:0.1:0.1
[15].

4. Results and discussion

The overall surface of the agricultural land takenthe
analysis was equal to 1192.20 ha, and the numbsarof
ples subject to the study was 474. On the badabofatory
analysis we can conclude that the mean humus dointen
soil was equal to 1.85% (1.07% +§. 13 farms have a
low humus content in the soils, 16 — average (aitbmark
that the recorded values are close to the low baxyhdand
only one demonstrates a high humus content.

By comparing above value to the minimum carbon con-

[%] - 1,724. The laboratory results and information @boutent that is necessary to sustain soil health aradity, we

total area of surveyed fields concerned 30 farmatkx in
the Opole Province. Due to their participation lie t&agri-
environmental and climate program, the farms wleed
to perform tests of the humus content. The resfitthe

can conclude that it is on average level accordmnghe
IUNG-PIB criteria. By adopting the criteria put feard by
the European Soil Information System, this leveldsessed
as low (Table 3).

Table 3. Soil organic matter and,fcontentand organic matter resources in the analyzed farms
Tab. 3. Zawarté¢ SOM, G, oraz zasoby materii organicznej w analizowanyctpgdarstwach

No. of samples Agricultural land [ha] SOM [%] o [%0] SOM resources fha’]
min. 0.96 min. 0.56 min. 40.32
474 1192.20 max. 4.10 max. 2.38 max. 172.20
mean 1.85 mean 1.07 mean 77.56
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Source: own work Zrédlo: opracowanie wlasne
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Such results are in conformity with the data présen

to industry for many years to come [20]. Table 4tains

by Stuczyiski et al. [35] for the conditions in Poland, asthe examples of data regarding cumulative enerdy ef

well as the results of other research, e.g. Howa How-
ard [16]. The determined mean content of the orgarat-
ter resource derived from a soil depth profile 6fc3n was
equal to around 77 tons per 1 ha and this valeelésjuate
for the majority of soils cultivated in Poland.

ciency of production of maize and winter wheat éoig
and conventional). The energy value of SOM thateisved
clearly demonstrates that on average, its theatepioten-
tial could last for 45 years of the maize cultieati 64 years
of winter wheat production and as much as 136 yeits

The organic matter contains considerable amounts @égard to winter wheat production in an organidieation

energy, which can be potentially applied by thd sman-
isms in their biological processes. A portion aktanergy
is accumulated in the stable forms of humus, wigcéub-
ject to gradual decomposition and some is releasdte
form of heat. The calorific value of the organic ttea
which is accumulated in the plough layer over dasgr of
1 ha can be equivalent to tens of tons of heat rgésd
from the anthracite-colored carbon [5].
Under the assumption that the calorific value ofM6O

contained in the surface layer of soil is equad.o kcalg™

system.

The analysis of the nutritional value involved thetermi-
nation of the overall content of nutrients in thepleed re-
sources of organic matter and their available dgiestfor
plant were calculated throughout a period of yaader the
assumption of decomposition equal to 1%. In adulittbeir
monetary value was assessed as well (Table 5).riingles-
sumption that C:N = 10:1, nitrogen accounts fof% & the
total SOM. The content of the remaining componeRtsk
and S was taken to be equal to 0.58% each. [15, 18]

(19.7 MJkgY), in the analyzed farms the mean energy value These calculations imply that for the SOM contequad

of SOM was equal to 1.58° MJha'. Concurrently, this
value corresponds to the volume of heat that cagalreed
from the combustion of 47 tons of anthracite-cadooar-

to 1,85%, the following amounts of nutrients arkeased:
N — 44.98 keha®, and for the case of, K and S, 4,50}
each. Accounting for he market prices, the valugufe

bon. The energy value of SOM can also be compaitd w nutrients derived from SOM and available for plémtm

the energy value of the means of production appbecda
farm. Apparently, the energy expenditure associatét

production of various crops can differ consideratdyend-
ing on the production system and soil and weatbedie

tions. We can remark at this point that organicteratan
constitute the equivalent of both anthracite-calocarbon,
as well as other means of agricultural productisuck as
labor, machines and fuel). We can undertake a cdsgra
by adopting the energy-based criteria, howeveis diffi-

cult to convert it into practical application. Hendhe con-
siderations regarding the substitution of the epeajue of
the industrial means of production with a meastienergy
value of SOM (including the impact of solar eneegd as-
suming that there are no losses of SOM resultiomfero-
sion and oxidization), lead to the conclusion ttia soil
organic matter has a potential to replace the iopenergy

one hectare is equal to 223.93 Phaf on average over the
period of one year. An increase in the organic enaton-
tent to the boundary level equal tg > 2% (which would

mean an increase by two times in the analyzed farms

would result in a concurrent increase of the paddint
available nutrients as well.

3. Conclusions

1. Organic matter constitutes an important componént o
soils applied for agricultural purposes, and itgeledeter-
mines the physical, chemical and biological saildiipns.

2. In the case of a majorly of soil types, organic terat
content is at a low level (i.e. below 2%;. This was es-
tablished both on the basis of the insight fromlitezature
and analysis performed on the examined farms.

Table 4. Energy value of organic matter [N&'] in the analyzed farms and its theoretical powng1], ~ [24]
Tab. 4. Warté¢ energetyczna materii organicznej [Ma"] analizowanych gospodarstw oraz jej teoretycznyepojat

[31], "[24]

Energy Energy needed Energy needed
Energy value of SOM| needed for | Energy poten-| for winter wheat| Energy poten- for winter Energy poten-
[MJ-ha?] maize produc-| tial of SOM production(con- tial of SOM wheat produc-| tial of SOM
tion” [years] ventionaly [years] tion (organicy [years]
[MJ-haty? [MJ-haty? [MJ-haly?
min. 794021.76 23 34 71
max. 3391134.60 34001.85 100 23934.54 142 11247.46 302
mean 1527389.08 45 64 136

Table 5. Annual value of nutrients provided by tesources of soil organic matter (1% decomposition)
Tab. 5. Roczna warfé sktadnikdw pokarmowych dostarczanych przez zagletppwej materii organicznej (1% dekompo-

zycji)

SOM Total level of N | Value of N available Total co_rlutent Values of componentsilavailable fo
value | o hal) [kghal] | for plants [PLNhal] kgha] plants [PLNha
P | K] s P K S
min. 40320 2338.56 84.89 233.86 9.33 6.06 16.14
max. 172200 9987.6 362.55 998.76 39.85 25.87 68.91
mean 77560 4498.48 163.29 449,85 17.95 11.6b 3104

Source: own work Zrodio: opracowanie washe
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3. The valuation of organic matter can apply variops a [12] Fabrykazycia — dlaczego uhorodnd¢ biologiczna gleby
proaches. One of the most common uses indirectoggian jest tak istotna. Uedd Publikacji Unii Europejskiej, 2010.
valuation, e.g. assessing the impact of soil oxgamatter ~[13] Gonet S.S.: Materia organiczna gleby w strateglirosy
on the increase/decrease of plant production, siseeg of gleb Unii Europejskiej. Roczniki Gleboznawcze, 2@0it
the economic value of nutrients that are presesbih(ac- LVill, 3-4, 15-26.

ina for th . fth feeth f [14] Gonet S.S., Smal H., Chojnicki J.: \B#awosci chemiczne
counting for the price of the pure component ofenah fer- gleb. [W]: Gleboznawstwo — praca zbiorowa pod fdcek

tilizers) or by valuation of the energy that is @ned in A., PWN, 2015, 189-231.

the organic matter. [15] Hoorman J.J., Islam R.: Understanding Soil Micradmes Nutri-
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