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Abstract. Long-term fertilization experiments with differentiated mineral fertilizing, manuring and
crop rotation have been continuously conducted since 1923 at Skierniewice Experimental Station of
Faculty of Agriculture and Biology of Warsaw Agricultural University. The soil was sampled from
chosen fertilizer treatments of these experiments in various years since 1974. The air-dried soil
samples were stored. Following this methodology, the samples of soil were gathered from the same
plots (about 50 m?) for the period of 5-28 years. Organic carbon was determined by dry combustion.
Hot water soluble organic carbon and CO, release dynamics after 7 or 35 days were determined. In
the period between 1974 (or 1978) and 2002, an increase in organic carbon content in soil was
observed in CaPK fertilized treatments even if the yields were very low. However, the increase in
C-org. was statistically significant only in soils with complete mineral fertilization (CaNPK). The
humification coefficient of organic carbon from farmyard manure applied varied for many years
between 7-10%, and finally it reached the level of 19%.
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INTRODUCTION

There are two main groups of organic compounds in soil. The first group comprises dead
parts of plants and microorganisms [Weigel et al. 1998]. This part of organic matter is transformed
rapidly. For this reason the determination of this fraction of organic substance is proposed to
be used for evaluation of practical value of organic matter [K6rschens et al. 1990, Schulz 1997].
However, the majority of soil organic matter (OM) is much more stable (,,steady state”) and can
be transformed with difficulties. This part, which is called ,,humus”, is less dependent on
agrotechnical conditions and more on clay and silt content in the soil [Korschens 1980]. The
changes of organic carbon presented in this paper refer to soils with similar (homogeneous)
granulometric composition, but under differentiated agrotechnical conditions. For this reason it
can be concluded that changes demonstrated in this paper concern mainly the first, labile fraction
of organic matter. It can be confirmed by results of hot water soluble fraction of organic carbon
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and easily mineralised humus during incubation. The innovative character of the present study
results mainly from the fact that the effect of agrotechnical conditions on changes of organic
carbon was determined in the long period of 5--28 years.

MATERIAL AND METHODS

The results presented in this paper were collected from long-term static fertilizer experiments
conducted since 1923 in Skiemniewice, at Experimental Station of Faculty of Agriculture and Biology
of Warsaw Agricultural University. These experiments were carried out on Haplic Luvisols with
clay and silt (< 0,02 mm of diameter) content about 15—17% (6-8% of clay, <0,002 mm) in Ap horizon,
9% in Eet and 25% in Bt. In the years 1998-2004 the organic carbon was determined in soil samples
taken in different years (since 1974) and stored in air-dry state. The determination of organic carbon
was accomplished after dry combustion using C-5500 Strohlein apparatus. The soils were sampled
from the objects fertilized continuously since 1923 according to the scheme: CaNPK, NPK, CaPK,
in four groups of fields with following crop rotation:

A. Arbitrary crop rotation without legumes and farmayard manure (FYM), with N applied as

NH,NO;;

AF. Arbitrary crop rotation without legumes and farmyard manure, with N applied as (NH 2,50,

E. 5-years crop rotation: potatoes (30 t x ha™' of farmyard manure), spring barley, red clover,
winter wheat, rye, with N applied as NH,NO,;

D. Rye monoculture, with N applied as NH,NO,, 20 t x ha™! farmyard manure every year.

The doses of mineral fertilizers applied are the same on all fields, and since 1976 they amount
to: N - 90 kg x ha™!, P - 26 kg x ha™!, K- 91 kg x ha™.,

The FYM application begun in two fields — A and AF in 1992 or 1993. In AF field FYM was applied
four times in mean dose 30t x ha™!, in 1992, 1995, 1997 and 2000, while the field A was manured five times
(1993, 1994, 1995, 1997 and 1999). The soil was sampled after beginning of FYM applications of these
fields. Five (tab.1) or six (tab. 2) time repeated soil sampling from fields manured (since 1992 or 1993) and
control (since 1923) allowed to investigate how relatively big FYM doses (120 or 150 t x ha™' during
8 years) regenerate humus content in soil. More detailed information related to the soil and climatic
conditions, as well as the methods of long-term static fertilizer experiments carried out in Skierniewice
Experimental Station, are presented in Mercik and Stepien [2005]. '

RESULTS AND DISCUSSION

Fertilizing with N and the actual soil acidity were the most important factors affecting plant
yields [Mercik, Stepien 2005]. For this reason it could be expected that these factors would
affect the yield of post-harvest residues and, in consequence — the humus content in soil. In all
the fields, the lowest C-content was found in the soil nonfertilized with N (CaPK). The soil with
complete mineral fertilization (CaNPK) contained more organic carbon (Table 1) than plots
without N (CaPK). It should be emphasized that similar increase in organic carbon, as a result of
N-fertilization, was obtained even in plots regularly manured, with legumes in crop rotation (fields
E, Table 3). In the experiments carried out so far at the Skierniewice Experimental Station, the
plant yields and C-content in soil of Ca and CaPK plois were similar and the lowest of all the
treatments with mineral fertilization [Mercik et al. 1999 b, 2004, 2000]. It can be concluded therefore
that in the description of C content in soil, the CaPK plots can be considered the control, without
any sources of organic carbon. In our expcriments, the complete mineral fertilization (CaNPK)
increases organic matter content in soil. Similar results were obtained in other long-term experi-
ments [Blecharczyk 1999, Jenkinson et al. 1994, Korschens 1999, Weigel et al. 1998].

The effect of soil reaction on organic carbon content may be evaluated by comparison of
soil fertilized with CaNPK and NPK. In the experiments described here, the liming had significantly
smaller effect on plant yieds than N-fertilization [Mercik, Stgpien 2005]. Probably for this reason,
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TABLE 1. Dynamics of organic carbon content in soil [g X kg™'] depending on mineral
(years since 1923) and organic (since 1992) fertilization, fields of A series

Year Mineral fertilization since 1923

CaNPK NPK CaPK

-FYM +FYM -FYM +FYM -FYM +FYM
1974 4.33 - 4.14 - 3.99 -
1975 4.20 - 4.20 - 4.00 -
1978 422 - 4.30 - 4.20 -
1985 4.10 - 4.25 - 4.10 -
1987 4.06 - 4.20 - 4.10 -
1992 4.30 - 4.30 - 3.80 -
1993 4.70 - 4.50 - 4.30 -
1994 4.70 - 4.30 - 4.20 -
1995 4.52 - 4.33 - 4.10 -
1997 4.60 5.18 4.46 4.85 4.29 447
1999 4.50 5.16 4.30 4.71 4.00 4.56
2000 4.58 5.18 442 4.89 4.19 475
2001 4.80 4.88 4.50 4.81 4.20 4.79
2002 4.77 5.01 4.53 4.70 4.32 4.86
Mean, 16 years | 4.47 4.36 4.10
r 0.70* - 0.54 - 0.55 -
b 0.016 - 0.008 - 0.008 -
Mean, 4 years | 4.62 5.08 4.43 4.79 4.22 4.89

A — Arbitrary rotation without legumes - N - NH,NO,; r — correlation coefficient,
b — regression coefficient

normally little or no differences were obtained in organic carbon in soil of CaNPK and NPK
treatments. However, the attention should be paid to the fact that in the fields fertilized with
ammonium sulfate (AF), the yields of cereals were considerably higher in CaNPK (pH about 4.5)
than NPK (pH about 3.5) plots [Mercik, Stgpien, 2005]. Despite this, the humus content was
similar in soil of both treatments in this field (Table 2). For this reason it results that mineralisation
of soil organic matter is slower on strongly acidic soils. This phenomenon might have been
caused by smaller activity of humus-decomposing microorganisms in acid soil fertilized with
NPK [Klimanek 1995]. As is widely known, the microorganisms are the principal factor affecting
the velocity of transformation of organic matter into soil. In most cases, the unlimed soils have
also greater bulk density [Mercik et al. 2000]. In such conditions, in poorly aired soils, the
mineralization of soil organic matter is relatively slower.

The effect of farmyard manure on organic carbon content in soil was higher than the effect of
mineral fertilization or soil reaction. Such effect of FYM may be evaluated by comparison of
80-years exclusively mineral fertilization (Tables 1 and 2) with mineral-organic fertilization on field
E (Table 3). The short-term effect of manuring since 1992 may be also observed (Tables 1 and 2).
Considerably higher organic carbon content in soil with FYM and legumes (E) — Table 3 (average
6.53-7.23 g x kg!) than in soil without manure and legumes (average 4.104.47 g x kg™! —
Table 1) may result not only from the regular manure applications every five years (30 t x ha™), but
also from the higher yield of postharvest residues of cereals and the effect of legumes. The estimation
of individual effect of farmyard manure on organic matter content is impossible according to those
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TABLE 2. Dynamics of organic carbon content in soil {g x kg™'] depending on mineral
(since 1923) and organic (since 1992) fertilization, fields of AF series

Year Mineral fertilization since 1923

CaNPK NPK PK

-FYM +FYM | -FYM +FYM |-FYM +FYM
1996 4.50 4.81 4.62 4.94 3.66 4.01
1997 4.58 4.66 4.09 4.99 4.17 426
1999 451 4.77 4.46 491 3.86 4.15
2000 4.53 4.90 4.67 5.26 3.99 430
2001 4.45 4.91 4.57 497 3.93 4.11
2002 4.57 4.84 4.62 5.18 3.84 429
Mean 4.52 4.82 451 5.04 3.91 4.19

AF — Arbitrary rotation without legumes — N — (NH,),SO,
results. In fields with rye monoculture, and with annual applications of FYM (20 t x ha™), the soil
contained considerably more organic carbon (average 8.44 g x kg™') than soil with only mineral
fertilization CaNPK (5.62 g x kg™). This difference (about 2.8 g x kg™, i. e. 10.5 t x ha™! of organic
carbon) has been maintained for more than 20 years (1978-2000) now. During that time 55 t x ha™ of
organic carbon were applied with farmyard manure (22 years per 2.5 t of organic C). It can be concluded
that about 19% of C from FYM increased the amount of organic matter in soil.

The dynamics of organic carbon in soil under the same fertilizer treatment may be evaluated for the
period between 6 (Table 2) and 28 years (Table 1). The significant increase in organic carbon in soil was
obtained in the treatments with complete mineral fertilization (CaNPK) of field A (Table 1) and D (Table 3)
since 1974. For CaNPK treatment, the significant correlation coefficients between years (since 1974 — Table
1 or 1978 — Table 3) and C org. content in soil was obtained. The regression coefficient indicates that the
annual increase of organic C was smaller (0.016 g x kg™ x year) in the fields with arbitrary rotation — A
(Table 1) than in the field with rye monoculture — D (0.033 g x kg™! x year™' — Table 3). Such result is
conformable with expectations, because the mass of post harvest residues was higher in rye monoculture
than in arbitrary rotation with, among others, potatoes and spring cereals. Blecharczyk [1999] obtained higher
increase of organic carbon in soil as a result of FYM application in rye monoculture than in potato monoculture
and higher even in crop rotation including alfalfa. In the other fertilizer treatments (NPK and CaPK)
of both fields (A and D), organic carbon content in soil also increased in time, but this increase
was not statistically significant. The attention should be paid to the fact that there was no
decrease in organic carbon in soil even on plots without farmyard manure and without legumes
(fields A). Probably the input and humification of postharvest residues balanced the mineralization
of organic matter in the soil. In soils with higher humus content, Suwara et al. [1993] and Korschens
[1980] obtained significant decrease in organic carbon in soils with long-term, exlusively mineral
fertilization and in control soils, without fertilization. Decrease of soil organic C in time was also
obtained in coarse, low in humus soils [Dam Kofoed 1980; Baumecker, Ellmer 1999].

The dynamics of organic carbon in soil with exclusively farmyard manure applications could be
investigated in field with rye monoculture, which was manured annually with a dose of 20t x ha™.
During 22 years (1978-2000) only 5 soil samples were collected, but the analysis of even so small
number of samples indicate the significant increase of organic matter in soil. The annual increase of
organic carbon was about 0.044 g x kg™! x year' (165 kg x ha™ x year™). If annual FYM dose is
considered — 20 t x ha™! (2.5 t of C) the calculated humification coefficient is very low, not exceeding
7%. However, average mineralisation of organic matter from farmyard manure was still higher in other
long-term experiments with excessive annual FYM applications in Rothamsted — 35 t x ha!
[Jenkinson et al. 1994] and in Skierniewice — 20—60 t x ha™' under vegetables [Mercik et al. 1999a].
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TABLE 3. Dynamics of organic carbon content in soil [g x kg'] depending on fertilization
(since 1923), fields of E and D series

Year Fertilization since 1923

Field E Field D

CaNPK | NPK CaPK CaNPK | NPK CaPK FYM
1978 6.90 6.80 6.50 5.10 4.90 4.80 7.90
1985 6.70 7.00 6.80 5.40 6.10 4.70 8.22
1993 7.40 7.10 6.20 5.90 5.80 4.70 8.50
1995 7.29 6.70 6.50 - - - -
1998 7.38 7.31 6.39 - - - -
1999 7.37 7.36 6.43 5.90 6.00 5.30 8.90

'] 2000 7.25 7.29 6.61 5.80 5.90 5.00 8.70

2001 7.36 7.36 6.61 - - - -
2002 7.40 7.30 6.80 - - - -
Mean 7.23 7.13 6.53 5.62 5.74 4.90 8.44
r 0.65* n.s. ns. 0.95* ns. n.s. 0.96*
b 0.019 ns. n.s. 0.033 ns. ns. 0.044

E - Five-year crop rotation: potatoes (30 t FYM); spring barley, red clover, winter wheat, rye;
D - rye monoculture; r — correlation coefficient between years and C org. content in soil,
b — regression coefficient

The results from fields E (Table 3) probably have the greatest practical significance relative to
dynamics of soil organic carbon during many years. In this field, with 5-years crop rotation with
legumes, farmyard manure was regularly applied before potatoes cultivation. In this field, the organic
carbon content in soil increased significantly only in plots with complete mineral fertilization
(CaNPK). The annual rate of this increase was about 0.019 g x kg™!, i. e. 70 kg x ha™!. These
results do not allow for the calculation of the humification coefficient, because the same FYM
doses did not cause significant increase of organic carbon content in soil under NPK and CaPK
treatments. For this reason it can be concluded that increase of C org. in soil under CaNPK treatment
results not only from the farmyard manure application, but also from other reasons, such as increase
the yield of post-harvest residues (caused by complete mineral fertilization), and others.

Humification coefficient of organic carbon in soil may be estimated accurately by comparison
of pair of fields fertilized and unfertilized with FYM since 1992 (Tables 1 and 2). If the average
is calculated for the 3 fertilizer treatments (CaNPK, NPK and CaPK in A field or PK in AF fields),
the 5-times farmyard manure applications in field A caused higher increase of organic carbon
content in soil (0.44 g x kg™, i. e. 1650 kg x ha™!) than the 4-times FYM application in field AF
(0.37 g x kg%, i. e. 1390 kg x ha™!). The comparison of these values with doses of organic
carbon in farmyard manure (18000 kg on field A and 15600 kg on fieid AF) allows to conclude
that the humification coefficient was very much similar in both fields — 9.2% in A, and 9.3% in
AF. Similar humification coefficient of organic carbon from FYM in long-term experiments were
obtained in the same experiments also in the earlier years.

According to Kérschens [1980], the majority of humus is in relatively stable, ,,steady state”
condition and is not subject to transformation. This part of C org. depends mainly on clay (and
silt) content in the soil. For this reason it is considered that the other part of C org., more labile,
and transformed during one year, has more practical importance. Thus the determination of C
org. content extracted with hot water [Korschens et al. 1990; Schulz 1997] and biological
respiration — the release of CO, during short-term — 7 days [Apfelthaler 1994] or long-term — 35
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TABLE 4. Hot water soluble C concentration and biological respiration activity in different time
of incubation (after Weigel et al. [1998])

Description Crop rotation A Crop rotation E Rye monoculture D
CaNPK | CaPK CaNPK | CaPK | FYM
Corg (H,0) |mgxkg!' |183 106 329 183 363
% tot. 4.1 2.6 4.6 2.8 4.34
C, 7-days mgx kg' | 357 15.3 38.8 226 1.2
incubation % tot. 0.81 0.37 0.54 3.13 0.49
C,35-days | mgxkg!' |214 205 226 255 272
ncubation % tot. 4.48 5.00 3.13 3.91 3.22
C org. g x kg! 4.47 4.10 7.23 6.53 8.44

days [Klimanek 1995] soil incubation in optimal conditions for bacterial development — are
proposed for the practical estimation of humus quality.

In the work of Weigel et al. [1998], the rapidly mineralised humus fraction was determined in
selected soil samples from long-term static experiments described in this paper (Table 4). The
quantity of organic carbon extracted with hot water depended mainly on mineral fertilization.
The higher quantity of C org. (H,0) — about 360 mg x kg™ — was obtained from soil of plots
manured annually with 20 t x ha™!' (field D), slightly lower — 330 mg x kg™! — from soil manured
every 5 years (field E), and very low — 180 mg x kg™ — from soil with only mineral fertilization
(field A). Even significantly lower content of C org. (H,0) was obtained in soil from plots
unfertilized with N (CaPK) than from those fertilized with this nutrient (CaNPK).

Similar relationships were obtained in determination of biological respiration during 7 or 35
days incubation, if the results were expressed in the absolute units (mg x kg™'). However the
differences between particular treatments were much smaller. If the results were expressed in
relative units (% of total C), there was no relationship found between different methods of
determination of labile humus fraction (organic carbon extracted with hot water and biological
respiration during 7- or 35-days incubation).

CONCLUSIONS

1. Organic carbon content increased during many years in soil under investigated treatments with
mineral fertilization and in treatments with and even without application of farmyard manure.
However, the correlation coefficient between C org. content in soil and consecutive years was
the statistically significant only in plots with complete mineral fertilization.

2. When complete mineral fertilizers (CaNPK) was applied, the highest content of organic carbon
was obtained in the soil with crop rotation with legumes and farmyard manure, slightly lower in
the soil under rye monoculture (without FYM), and the lowest — in the soil under crop rotation
without farmyard manure and legumes.

3. Similar organic C content was obtained in slightly acidic soils with complete mineral fertilization
—pH > 5,0 (CaNPK) and strongly acid soils — pH <4 (NPK), and much lower C content —in soils
without N fertilization (CaPK or PK).

4. The humification coefficient of organic carbon from FYM applied every S years is about 7-10%
and in plots with yearly FYM application it reaches the level of 19%.

5. FYM applications repeated 4-5 times during 10 years increased the organic carbon content by
0.3-0.6 g x kg™'.
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6. The determination of organic carbon extracted with hot water or released after short term
(7-days) incubation indicates more labile humus fraction in soil than after long-term (35-days)
incubation.
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