ECOLOGICAL CHEMISTRY AND ENGINEERING A

Vol. 18, No. 4 2011

Tomasz SOSULSKI' and Marian KORC'

EFFECTS OF DIFFERENT MINERAL
AND ORGANIC FERTILIZATION ON THE CONTENT
OF NITROGEN AND CARBON
IN SOIL ORGANIC MATTER FRACTIONS

WPLYW ZROZNICOWANEGO NAWOZENIA MINERALNEGO
I ORGANICZNEGO NA ZAWARTOSC AZOTU I WEGLA
WE FRAKCJACH MATERII ORGANICZNEJ GLEBY

Abstract: Studies on carbon and nitrogen content in the selected fractions of the soil organic matter were
carried out on the basis of a soil sample collected in 2005 at the experimental field of Department of
Chemistry, Warsaw University of Life Sciences in Lyczyn near Warsaw. After 10 crop-rotations manure
fertilization resulted in an increase in the content of organic carbon and total nitrogen in soil on all objects
treated with this fertilizer. Exclusive mineral fertilization led to an increase in the content of both organic
carbon and total nitrogen in soil on the majority of objects. This increase was lower than that caused by the
manure fertilization. The manure treatment caused an increase in the content in soil of carbon of the studied
organic matter fractions. The share of carbon of individual organic matter fractions remained similar on the
objects treated and not treated with manure. Among the studied nutrients applied in the form of mineral
fertilizers, only nitrogen increased the content of organic carbon, total nitrogen and its fractions in soil
independent of other factors, as treatment with manure or liming. The effects of mineral fertilizers on the
content of organic carbon and soil nitrogen and its fractions in soil were diverse. The humin-acids-carbon to
fulvic-acids-carbon ratio indicated that the amount of fulvic acids generated in the soil had exceeded that of
humic acids. In sandy-loam soils, which have not been treated with organic fertilization for years, there is a
growing deficit of nitrogen used by crops to build the yield. This is confirmed by the very high C:N ratio
found in the soil applied only mineral fertilizers, which amounted to 14:1, whereas the one observed in the
manure fertilized soil equaled to 11.7:1. The vast majority of soil nitrogen is included in humin and fulvic
acids, which are the most dynamic and susceptible to mineralization.
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The effect of mineral and organic fertilization on organic carbon and total nitrogen in
soil is well described in domestic and foreign literature [1-4]. Many authors indicate
that the increase in content of organic matter and nitrogen in soil is possible by
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multimanure fertilization [4, 5]. The impact of multimineral fertilization on organic
carbon and total nitrogen in soil is highly variable. Depending on soil, climatic and
agronomic conditions a slight increase or decrease in the content of organic carbon and
total nitrogen in the soil was obtained [4, 6—8]. In contrast, omission of fertilization
reduces the content of these elements in soil. In studies on diagenesis of the organic
matter in different soil types the importance is given to both, the quantitative, and
qualitative changes in the carbon and nitrogen soil content [9, 10]. Fertilization, which
impacts not only the intensity of transformation of organic matter in soil, but also its
chemical properties (eg pH, the contents of components) and physical ones (eg water
capacity), may also affect the humus composition. The aim of this work was to
determine the effect of mineral, mineral-organic and organic fertilization on the carbon
and nitrogen content in selected soil organic matter fractions.

Material and methods

Studies on carbon and nitrogen content in selected fractions of the soil organic matter
were carried out on the basis of a soil sample collected in 2005 at the experimental field
of Department of Agricultural Chemistry, Warsaw University of Life Sciences in
Lyczyn near Warszawa. A long-term experiment, on which the studies were carried out,
was set up in 1960. The following fertilization objects (4 replications) were distributed
randomly within two blocks, with and without manure: control, with individual
components (N, P, K), with two constituents (NP, NK, PK), and with full dose NPK
fertilizer; each object in two versions: with and without liming. Plants were grown in
the following rotation pattern: potatoes, barley, oilseed rape, rye. On the manure-
~fertilized objects manure was applied at the dose of 37.5 Mg - ha™' (25 Mg - ha ' before
the potatoes and 12.5 Mg - ha™' before rape) in per a crop-rotation. Soil samples were
collected after harvesting of rye, which completed the tenth crop-rotation. The Lyczyn
soil with texture of a sandy loam belongs to the haplic luvisol type with the silt and clay
content of 11 % and 22 % in the Ap and Bt soil layers, respectively. The following
parameters were measured using the Tiurin method: the content of organic carbon in
soil, the alkaline extract (0.1 M NaOH 0.1 M Na,P,0; - 10 H,O) carbon soil content,
and the humin acids carbon soil content, the latter following precipitation of humin
acids with sulfuric acid. The fulvic acids carbon soil content was calculated as the
difference between the alkaline extract carbon soil content and the humin acids carbon
soil content. The content of the following parameters was measured using a modified
Kiejdahl method: the total nitrogen soil content, the alkaline extract nitrogen soil
content, and the humin acids nitrogen soil content. The fulvic acids nitrogen soil content
was calculated as the difference between the alkaline extract nitrogen soil content and
the humin acids nitrogen soil content. Additionally, carbon and nitrogen contained in
the post-alkaline-extraction fraction were calculated respectively as the difference
between the content of organic carbon in soil and the alkaline extract carbon soil
content, and the difference between the total nitrogen soil content and the alkaline
extract nitrogen soil content.
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Results and discussion

The paper presents average values of the measured parameters, which characterize
the main effects of the studied nutrients applied in the form of mineral fertilizers
(nitrogen, phosphorus, potassium and liming) and manure. In order to characterize the
main effects of the studied nutrients applied in the form of mineral fertilizers (nitrogen,
phosphorus, potassium and liming) and manure, the studied parameters are depicted in
this paper as values averaged of the results obtained on the objects fertilized with the
nutrients in question.

Influence of fertilization on the content of organic carbon
and its fractions in soil

The baseline content of organic carbon in soil, before the experiment set-up in 1960,
was 5.8 g C - kg_1 [11]. After 10 crop-rotations manure fertilization resulted in an
increase in the content of organic carbon in soil on all objects treated with this fertilizer.
Exclusive mineral fertilization led to an increase in the content of organic carbon in soil
on the majority of objects. This increase, however, was significantly lower than that
caused by the manure fertilization. The content of organic carbon in soil was decreased
versus the baseline only on the objects, which had not been treated with nitrogen and
potassium (Table 1).

From among the studied factors, the manure fertilization was shown to have the
biggest influence on the content of organic carbon in soil and the content in soil of
carbon of individual organic matter fractions (Table 1).

Regardless of the fact that the manure treatment caused an increase in the content of
carbon of the studied organic matter fractions in soil, the share of carbon of individual
organic matter fractions remained similar on the objects treated and not treated with
manure. It can be concluded that manure affects the nature and specific properties of the
soil organic matter only to a limited extent, whereas it is essential to its quantitative
development. The effects of mineral fertilizers on the content of organic carbon and its
fractions in soil were diverse. As expected, the lowest content of organic carbon and its
fractions in soil was found on the objects, which had not been treated with nitrogen
fertilizers nor manure. Among the studied nutrients applied in the form of mineral
fertilizers, only nitrogen increased the content of organic carbon and its fractions in soil
independent of other factors, as treatment with manure or liming. The influence of other
nutrients (phosphorus and potassium) and liming on organic carbon content and its
fractions in soil was lower than the effect of nitrogen, and dependent on the manure
fertilization. On the non-manure-treated objects the use of potassium led to a 15 %
increase in the content of organic carbon in soil. However, application of potassium
fertilization and liming to manure-fertilized objects did not result in major differences in
the content of organic carbon in soil. Neither liming nor fertilization with phosphorus
influenced the content of organic carbon in soil on the non-manure-treated objects. To
note, the content of organic carbon in soil found on these objects was lower than on the
objects treated with potassium. On the other hand, the application of phosphorus to the
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manured objects led to a 10 % decrease in the content of organic carbon in soil. The
lowest content of humin acid carbon in soil was found on the objects, which had not
been treated with nitrogen fertilizers and in those, which had not been limed. The use of
nitrogen fertilizers and liming resulted in a similar increase in the humin acids carbon
content in soil. These relationships were independent of manure fertilization. The
application of nitrogen fertilizers and liming to the non-manure-treated objects resulted
in an increase in the share of humin acid carbon in the soil organic carbon. No such
relationship was shown on the manured objects. The omission of phosphoric and
potassium fertilization resulted in an increase in the soil humin acid carbon as compared
with the objects, where these fertilizers had been applied. In most instances it caused an
increase in the share of humin acid carbon in the soil organic carbon. The humin-
-acids-carbon to fulvic-acids-carbon ratio indicated that the amount of fulvic acids
generated in the soil had exceeded that of humic acids. Similar quantities of humin and
fulvic acids were generated solely on the manure-treated objects, which had been limed
and those that had not been treated with potassium, and on non-manure-treated objects,
which had not been treated with nitrogen. Opposite results were obtained by Kusinska
on a sandy loam soil in the Skierniewice experiment [12]. Regardless of the use of
manure, both nitrogen and potassium treatments increased the content of fulvic acid
carbon in soil, whereas liming and phosphorus treatment decreased this parameter. In
most instances, the application of nitrogen, phosphorus and potassium fertilizers to the
non-manure-treated objects increased the soil alkaline extraction residue carbon. On the
manured objects the use of nitrogen increased the soil alkaline extraction residue
carbon, whereas application of phosphorus, potassium and lime had no influence on the
soil alkaline extraction residue carbon.

Influence of fertilization on total soil nitrogen
and its fractions in soil

In the 40-year experiment fertilization with manure increased the total nitrogen
content in soil by 78 % as compared with the objects treated with mineral fertilizers
only (Table 2). In most instances, the effects of fertilization with nitrogen, phosphorus,
potassium and lime on the content of total nitrogen in soil were found similar to the
corresponding fertilization effects on the organic carbon content in soil. The nitrogen
treatment applied to the non-manure-treated objects caused an average 22 % increase in
the total soil nitrogen, whereas the same treatment applied to the manured objects led to
the average increase in that parameter that reached only 12 %. Phosphorus fertilization
resulted in a decrease in total soil nitrogen by 9 % on the objects not treated with
manure and 6 % on the manured ones. In contrast, the use of potassium fertilizers
caused only minor rise in the total soil nitrogen. Liming caused a more important
increase in the total soil nitrogen, which reached 7 % on the manure-treated objects and
14 % on the other ones. The effects of mineral fertilizers on the total soil nitrogen and
its fractions in soil were varied. Similarly to the effects on carbon, the biggest impact on
the accumulation of nitrogen in different fractions of soil organic matter had the manure
fertilization. The content of nitrogen bounded in humin acids, fulvic acids and in the
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compounds remaining after alkaline extraction was higher by 58 to 91 % on the objects
fertilized with manure that on the non-manure-treated ones. Both shares in the total soil
nitrogen: the humin acid nitrogen share and that of nitrogen contained in the
post-alkaline-extraction fraction were slightly lower on the objects fertilized with
manure than on those, which had not been treated with this fertilizer, whereas the fulvic
acids nitrogen share in the total soil nitrogen was slightly higher on the manured
objects. Nitrogen fertilization increased the humin acid nitrogen content in soil by 55 %
on the non-manure-treated objects and by 33 % on the manured ones. It had a smaller
impact on the fulvic acids nitrogen content in soil (21 % and 5 % respectively).
Application of nitrogen to both manured and non-manure-treated objects led to a similar
increase in the content in soil of the nitrogen contained in the post-alkaline-extraction
fraction, which amounted to 9 %. Phosphorus fertilization resulted in an increase in the
humin acid nitrogen content in soil regardless of the use of manure fertilization.
However, it did not affect the fulvic acids nitrogen content in soil, neither on the objects
treated with manure nor on the other ones. Potassium fertilization caused an increase in
the humin acid nitrogen content in soil both on the objects treated with manure and
those, which had not been treated with this fertilizer. It led to an increase in the fulvic
acid nitrogen content in soil on the non-manure-treated objects, whereas it decreased the
fulvic acid nitrogen content in soil on the manured ones. Liming resulted in an increase
in the humin acid nitrogen content in soil and decreased the fulvic acids nitrogen
content in soil on the objects, which had not been treated with manure. Its influence on
the manure-treated objects was opposite. Excepting nitrogen treatment applied in the
form of mineral fertilization, no conclusive results were obtained regarding the effects
of individual nutrients on the nitrogen contained in the post-alkaline-extraction fraction.

Influence of fertilization on C:N ratio in soil
and soil organic matter fractions

Changes in the content of carbon and nitrogen in different soil organic matter
fractions influenced the C:N ratio in soil and in the tested fractions (Table 2). The
disparity in the accumulation of organic carbon and total nitrogen in soil between the
objects fertilized with manure and those not treated with this fertilizer is particularly
interesting. This shows that in sandy-loam soils, which have not been treated with
organic fertilization for years, there is a growing deficit of nitrogen used by crops to
build the yield. This is confirmed by the very high C:N ratio found in the soil applied
only mineral fertilizers, which amounted to 14:1, whereas the one observed in the
manure fertilized soil equaled to 11.7:1. High or low values of the ratio of organic
carbon to total nitrogen in soil went along with similar C:N relations in all studied soil
organic matter fractions. The highest C:N ratio was found in the post-alkaline extraction
fraction, and the lowest one in the fulvic acids. The values of nitrogen content and C:N
ratio in humin and fulvic acids indicate that the vast majority of soil nitrogen is included
in the soil organic matter fractions, which are the most dynamic and susceptible to
mineralization. The much higher C:N ratio in the post-alkaline-extraction fraction,
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ranging from 18.5:1 to 22.5:1, suggests that compounds contained in this fraction are
less susceptible to microbial decomposition.
Approximately 40 % of total soil nitrogen is deposited in this fraction.

Conclusions

1. Manure fertilization results in an increase in the content of organic carbon and
total nitrogen in soil. Exclusive mineral fertilization with nitrogen, phosphorus and
potassium leads to an increase in the content of both parameters. This increase is lower
than that caused by the manure fertilization.

2. In sandy-loam soil the amount of fulvic acids exceeds the amount of humic acids,
as indicated by the humin-acids-carbon to fulvic-acids-carbon ratio.

3. The manure treatment increases the content of carbon of the following fractions in
soil: the humin acids carbon, the fulvic acids carbon and the soil alkaline extraction
residue carbon. The share of carbon of individual organic matter fractions remains
similar in the soil treated with manure and in that not treated with this fertilizer. It can
be concluded that manure influences the nature and specific properties of the soil
organic matter only to a limited extent, whereas it is essential to its quantitative
development.

4. From among the studied nutrients applied in the form of mineral nutrients and
liming, only nitrogen increases the content of organic carbon and total nitrogen and its
fractions in soil regardless of manure fertilization. The effects of mineral fertilizers on
the content of organic carbon and soil nitrogen and its fractions in soil depend on the
manure fertilization.

5. In sandy-loam soil, which have not been treated with organic fertilization for
years, there exists a growing deficit of nitrogen used by crops to build the yield. This is
confirmed by the very high C:N ratio found in the soil treated only with mineral
fertilizers.

6. About 60 % of total soil nitrogen is included in humin and fulvic acids fractions,
which are the most dynamic and susceptible to mineralization.
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WPLYW ZROZNICOWANEGO NAWOZENIA MINERALNEGO I ORGANICZNEGO
NA ZAWARTOSC AZOTU I WEGLA WE FRAKCJACH MATERII ORGANICZNEJ GLEBY

Katedra Nauk o Srodowisku Glebowym
Szkota Glowna Gospodarstwa Wiejskiego w Warszawie

Abstrakt: Badania nad zawartoscia wegla 1 azotu w wybranych frakcjach substancji organicznej gleby
przeprowadzono korzystajac z probek gleby zebrane w 2005 r. na polu doswiadczalnym Zaktadu Chemii
Rolniczej SGGW w Lyczynie kolo Warszawy. Po 10 rotacjach zmianowania nawozenie obornikiem
zwigkszylo zawarto$¢ wegla organicznego i azotu ogoélnego w glebie na wszystkich badanych obiektach
doswiadczenia. Wylaczne nawozenie mineralne zwigkszyto zawartos¢ wegla organicznego i azotu ogdlnego
w glebie na wigkszosci obiektow. Jednak przyrost ten byt mniejszy niz na obiektach nawozonych obornikiem.
Nawozenie obornikiem zwigkszyto zawartos¢ wegla azotu frakcji materii organicznej w glebie. Udziat wegla
poszczegolnych frakcji materii organicznej w weglu organicznym gleby na obiektach nawozonych i nie-
nawozonych obornikiem byl podobny. Wsréd sktadnikow stosowanych w postaci nawozoéw mineralnych
tylko azot zwigkszal zawartos¢ wegla organicznego, azotu ogdélnego i ich frakcji w glebie niezaleznie od
nawozenia obornikiem. Wptyw pozostatych sktadnikéw na zawarto§¢ wegla organicznego, azotu ogdlnego
i ich frakcji w glebie byt zréznicowany. Stosunek wegla kwaséw huminowych do wegla kwasow fulwowych
wskazywal, ze w glebie powstawato wigcej kwasoéw fulwowych niz huminowych. W nienawozonej przez
wiele lat obornikiem glebie o sktadzie mechanicznym piasku gliniastego narastat deficyt azotu wy-
korzystywanego przez rosliny do budowy plonu. Swiadczyt o tym szeroki stosunek C:N wynoszacy w gle-
bach nawozonych wytacznie nawozami mineralnymi 14:1. Wartos¢ tego stosunku w glebach nawozonych
obornikiem wynosita przecigtnie 11,7:1.

Wigkszos¢ azotu w glebie byla zwiazana z kwasami huminowymi i fulwowymi — najbardziej dynamiczna
i podatng na mineralizacj¢ frakcja glebowej materii organiczne;j.

Stowa kluczowe: doswiadczenia wieloletnie, nawozenie, materia organiczna gleby, wegiel i azot w glebie



