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Changes of total nitrogen, available phosphorus, available
potassium and soil organic carbon were observed on gleyic
Fluvisols (locality Milhostov) at the following crops: grain
maize (2005), spring barley (2006), winter wheat (2007), soya
(2008), grain maize (2009). The experiment was realized at
three soil tillage technologies: conventional tillage, reduced
tillage and no-tillage. Soil samples were collected from three
depths (0—0.15 m; 0.15-0.30 m; 0.30—0.45 m). The ratio of soil
organic carbon to total nitrogen was also calculated.

Soil tillage affects significantly the content of total nitro-
gen in soil. The difference between the convetional tillage and
soil protective tillages was significant. The balance showed
that the content of total nitrogen decreased at reduced tillage
by 5.2 rel.%, at no-tillage by 5.1 rel.% and at conventional
tillage by 0.7 rel.%.

Similarly, the content of organic matter in the soil was sig-
nificantly affected by soil tillage. The content of soil organic
carbon found at the end of the research period was lower by 4.1
rel.% at reduced tillage, by 4.8 rel.% at no-tillage and by 4.9
rel.% at conventional tillage compared with initial stage. The
difference between the convetional tillage and soil protective
tillages was significant.

Less significant relationship was found between the soil
tillage and the content of available phosphorus. The balance
showed that the content of available phosphorus was increased
at reduced tillage (by 4.1 rel.%) and was decreased at no-till-
age (by 9.5 rel.%) and at conventional tillage (by 3.3 rel.%).

Tillage did not significantly affect the content of available
potassium in the soil.
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Soil tillage is one of the important factors influencing
the changes in soil chemical properties. It is necessary to
test the tillage technologies in specific soil conditions and
subsequently to use the technologies that support conser-
vation of soil fertility. Monitoring of soil properties vari-
ation is crucial, especially for long-term use of no-tillage
(Sabatkova et al. 2006).

Soil organic matter is considered to be a key indicator
during the valuation of soil quality (Baran¢ikova 2006).
Soil moisture and air regime change, as a result of differ-
ent tillage, and this affects the intensity of decomposi-
tion and transformation of soil organic matter. The soil
organic matter decomposition rate is reduced when there
is no ploughing. Organic matter accumulates in the sur-
face layer and subsequently the content of total carbon in-

creases (Olson et al. 2005; Simansky et al. 2007; Lehocka
et al. 2008; Yaduvanshi & Sharma 2008; Dominquez et
al. 2009).

Tillage affects the content and distribution of nu-
trients and organic matter in soil. The increase of to-
tal nitrogen content in the surface layers of soil was
found at no-tillage compared with conventional till-
age (Lopez-Fando et al. 2007; Roldén et al. 2007; Dou
et al. 2008; Jokela et al. 2009; Lopez-Fando & Pardo
2009). The increase of phosphorus and potassium was
also found by Guzman et al. (2006), Omonode et al.
(2006), Rueda et al. (2007), Dong et al. (2009) and
Soltysova and Danilovi¢ (2009). Organic carbon may
be also increased as a result of higher input of organic
carbon into the top layers (Malo et al. 2005; Badaliko-
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va 2006; Dou et al. 2008).

Besides the above mentioned quantity, the quality
of soil organic matter is important as well. The ratio of
organic carbon to the total nitrogen content in soil is
calculated for the quality assurance. The more inten-
sive the decomposition of organic matter, the lower the
C:N ratio (Tobiasova 2006).

The aim of this study was to evaluate the changes
of selected soil chemical parameters in soil profile of
gleyic Fluvisols affected by different soil tillage.

MATERIAL AND METHODS

The field experiment was initiated in 2005 at the ex-
perimental station of the Agroecology Research Institute,
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Fig. 3. Content of total nitrogen in the depth 0-0.45 m
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which is located in Milhostov (48°40'N, 21°43'E). The
experimental station is situated in the central part of the
East-Slovak Lowland at an altitude of 101 m. Average
annual temperature is 8.9°C (16.0°C during vegetation
period) and average annual rainfall is 560 mm (350 mm
during vegetation period). The soil is gleyic Fluvisols.
According to Novak classificatory scale (Zaujec et
al. 2009), this soil subtype belongs to heavy and clay-
eyloamy soils (average content of clay particles is 47.8%).
More detailed description of the site can be found in the
study by Sutor et al. (2002).

The average values of chemical properties of the
topsoil (depth from 0 to 0.3 m) measured in 2005 are:
available phosphorus content 51 mg kg (Mehlich III),
available potassium content 242 mg kg (Mehlich III),
available magnesium content 460 mg kg (Mehlich III),
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exchangeable calcium content 5 200 mg kg (Mehlich The experiment field was planted with grain maize 1.
III), soil reaction (KCI) 6.3, humus content 2.9%, the type ~ (Zea mays L.) in the year 2005, spring barley (Hordeum
of humus is from humate-fulvic to fulvic-humate with  vulgare L.) in the year 2006, soya (Glycine max (L.)
humic acids and fulvic acids ratio from 0.8 to 1.2. Merr.) in the year 2007, winter wheat (7riticum aestivum

Table 1

The doses of pure nutrients used for fertilization

Crop N P K
[kg ha'] [kg ha'] [kg ha']
Grain maize 90 30 90
Spring barley 30 24 90
Soya 50 45 80
Winter wheat 150 35 140
Table 2
The content of available phosphorus and potassium in the soil
Parameter Tilage Soil depth Experimental years . 281)9%
of soil [m] 2005 2006 2007 2008 2009 * 2005
0.00-0.15 534 54.5 51.9 543 59.1 54.6 110.7
conv. 0.15-0.30 52.9 51.5 46.4 46.8 48.9 49.3 92.4
0.30-0.45 47.1 37.7 46.5 28.0 40.2 39.9 85.4
0.00-0.15 50.2 51.9 53.3 53.0 61.6 54.0 122.7
? red. 0.15-0.30 45.5 46.8 43.6 44.4 39.5 44.0 86.8
[mg kg']
0.30-0.45 37.4 335 40.4 29.0 37.2 355 99.5
0.00-0.15 52.7 54.9 55.8 61.1 54.8 55.8 104.0
dir. 0.15-0.30 51.6 493 47.8 51.4 42.1 48.4 81.6
0.30-0.45 46.7 41.5 32.9 35.2 39.5 39.2 84.6
0.00-0.15 246.2 238.0 247.9 236.6 302.9 254.3 123.0
conv. 0.15-0.30 226.0 219.2 239.2 223.3 277.4 237.0 122.7
0.30-0.45 2153 195.4 228.4 204.9 242.9 217.4 112.8
0.00-0.15 260.0 250.5 257.1 277.4 324.4 273.9 124.8
[mgKkg"] red. 0.15-0.30 2332 221.3 248.1 225.5 262.2 238.1 112.4
0.30-0.45 220.5 206.4 227.7 229.5 226.4 222.1 102.7
0.00-0.15 2553 2543 267.6 260.2 289.4 265.4 113.4
dir. 0.15-0.30 228.3 230.1 232.1 228.1 259.7 235.6 113.8
0.30-0.45 220.7 198.9 203.4 201.5 234.0 211.7 106.0
XY — average for experimental years conv. — conventional tillage
P — available phosphorus red. — reduced tillage
K — available potassium dir. — no-tillage
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L.) in the year 2008, and with the grain maize II. in the
year 2009. The doses of pure nutrients used for fertiliza-
tion are presented in the Table 1.

The trial was established with three types of tillage: -
— conventional tillage — depending on the growing crop,

a stubble breaking and stubble or deep ploughing was

done; pre-sowing soil treatment was done using a cul-

tivator and sowing was done by the sowing machine
Kinze 2000 (maize) or Great Plains (wheat, barley,
soya),

reduced tillage — shallow soil cultivation was done
using stubble plough after forecrop harvesting, pre-
sowing soil treatment was done using cultivator and
sowing was done by the sowing machine Kinze 2000

Table 3

The content of total nitrogen, soil organic carbon and ratio of soil organic carbon to total nitrogen

Param(?ter Tlllage Soil depth [m] Experlmental years . Rel%
of soil 2005 2006 2007 2008 2009 2009 : 2005

0.00-0.15 0.151 0.147 | 0167 | 0156 | o0.146 0.153 96.7

conv. 0.15-0.30 0.147 | 0136 | 0.163 | 0.145 0.147 0.147 100.0

0.30-0.45 0.142 | 0127 | 0160 | 0.130 | 0.143 0.141 100.7

0.00-0.15 0.160 | 0.151 0.171 0.163 0.154 0.160 96.3

[f,\/it] red. 0.15-0.30 0.157 | o0.146 | 0163 | 0.151 0.147 0.153 93.6

0.30-0.45 0.149 | 0.141 0.155 | 0.130 | 0.141 0.143 94.6

0.00-0.15 0.160 | 0157 | 0173 | 0172 | o0.149 0.162 93.1

dir. 0.15-0.30 0.156 | 0.144 | 0164 | 0162 | 0.150 0.155 96.2

0.30-0.45 0.154 | 0.141 0.149 | 0142 | o0.148 0.147 96.1

0.00-0.15 1.49 1.47 1.52 1.49 136 1.47 91.3

conv. 0.15-0.30 1.46 1.46 1.49 139 137 1.43 93.8

0.30-0.45 132 136 1.46 115 133 132 100.8

0.00-0.15 1.56 1.53 1.58 1.56 1.49 1.54 95.5

[(.:)/f]‘ red. 0.15-0.30 151 1.49 1.49 134 1.40 1.44 92.7

0.30-0.45 135 1.43 1.45 125 133 136 98.5

0.00-0.15 1.56 1.53 1.64 1.58 1.42 1.54 91.0

dir. 0.15-0.30 1.50 1.48 1.46 139 1.42 1.45 94.7

0.30-0.45 1.34 139 133 133 135 135 100.7

0.00-0.15 9.89 10.01 9.17 9.50 9.44 9.60 95.4

conv. 0.15-0.30 9.96 10.75 9.15 9.61 9.32 9.76 93.6

0.30-0.45 9.8 10.69 9.12 8.79 9.29 9.43 100.1

0.00-0.15 9.76 10.17 9.30 9.61 9.70 9.71 99.4

C. N red. 0.15-0.30 9.62 10.19 9.14 8.91 9.50 9.47 98.8

0.30-0.45 9.12 10.27 9.31 9.64 9.45 9.56 103.6

0.00-0.15 9.71 9.73 9.53 9.16 9.57 9.54 98.6

dir. 0.15-0.30 9.63 10.27 8.90 8.57 9.48 9.37 98.4

0.30-0.45 8.71 9.91 8.93 9.38 9.20 9.23 105.6

XY— average for experimental years
N, - total nitrogen
C,. — soil organic carbon

ox

C,. /N, —ratio of organic soil carbon to total nitrogen
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(maize) or Great Plains (wheat, barley, soya), barley, soya).
— no-tillage — direct sowing was done by the sowing The size of all variant surfaces was 414 m?
machine Kinze 2000 (maize) or Great Plains (wheat, (18 x 23 m) and the randomized block design and four

Table 4

Analysis of variance of observed soil parameters

Soil parameter Source of variation d.f. F-ratio P
depth 2 55.18 ++
tillage 2 3.07 +
crop 4 0.88 -
P
repetition 3 0.86 -
residual 168
total 179
depth 2 68.25 ++
tillage 2 2.48 -
K crop 4 21.53 ++
repetition 3 2.05 -
residual 168
total 179
depth 2 39.93 ++
tillage 2 10.66 ++
N, crop 4 23.19 ++
repetition 3 1.40 -
residual 168
total 179
depth 2 71.02 ++
tillage 2 5.64 ++
crop 4 12.34 ++
Cor repetition 3 2.05 -
residual 168
total 179
depth 2 1.60 -
tillage 2 2.10 -
C, /N, crop 4 14.92 ++
repetition 3 1.44 -
residual 168
total 179

“P<0.05 "P<0.01

d.f. — degrees of freedom K — available potassium

F-ratio — calculated F-ratio N, — total nitrogen

P — effect of a factor significant at the level a = 0.05 C,. — soil organic carbon

ora=0.01 C /N, - ratio of soil organic carbon to total nitrogen

P — available phosphorus
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replications were used for this experiment. Soil sam- using well-known methodologies to determine the fol-

ples were collected from three depths of 0-0.15 m (1st), lowing chemical soil parameters: total nitrogen was
0.15-0.30 m (2nd) and 0.30-0.45 m (3rd), annually in  determined by Kjeldahl method (Hrasko 1962), avail-
the autumn. The disturbed soil samples were analysed able phosphorus and potassium by Mehlich III method

Table 5
Multiplied test comparing the observed parameters of soil (LSD )
Soil parameter Observed factor Homogenous group Observed factor Homogenous group
0.30-0.45 X wheat X
depth 0.15-0.30 X soya X
0.00-0.15 X crop barley X
? red. X maize II. X
tillage dir. X maize I. X
conv. X
0.30-0.45 X barley X
depth 0.15-0.30 X wheat X | x
0.00-0.15 X crop maize I. X | x
« conv. X soya X
tillage dir. X X maize II. X
red. X
0.30-0.45 X barley X
depth 0.15-0.30 X maize IL. X | x
0.00-0.15 X crop wheat X X
N conv. X maize I. X
tillage red. X soya X
dir. X
0.30-0.45 X maize II. X
depth 0.15-0.30 X wheat X
0.00-0.15 X crop maize I. X
Cor conv. X barley X
tillage dir. X soya X
red. X
0.30-0.45 X soya X
depth 0.15-0.30 X wheat X | x
CN 0.00-0.15 X crop maize II. X | x
’ dir. X maize L. X
tillage min. X barley X
conv. X
o = 0.05 — limit significant difference at the level a = 0.05 C,. —soil organic carbon
(LSD, ,s) C, /N, —ratio of soil organic carbon to total nitrogen

conv. —conventional tillage, red. — reduced tillage,

dir. — no-tillage

P — available phosphorus
K — available potassium

N, —total nitrogen
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Table 6

Yield of field crops [t ha'']

2006 2007 2008 2009
Tillage
spring barley soya winter wheat grain maize
Conventional 2.72 2.18 6.65 11.88
Reduced 2.48 1.86 6.26 10.62
No-tillage 2.18 1.82 5.60 9.88

(Travnik et al. 1999) and organic carbon by Tyurin
method (Hrasko 1962). The ratio of organic carbon to
total nitrogen was determined by calculation.
Multi-factorial analysis of variance (ANOVA) was
used to evaluate the treatment effects on the distribution
of nutrients and organic carbon in soil. Differences be-
tween treatments means were assessed by the least signif-
icant difference (LSD) test. All statistical analyses were
performed using the Statgraphics software package.

RESULTS AND DISCUSSION

Contents of available phosphorus, available potas-
sium, total nitrogen and organic soil carbon in observed
tillages and soil depths are shown in Table 2 and 3.
In the total soil depth (0—0.45 m), the mean content
of available phosphorus was in the range from 42.1
mg kg'to 51.1 mg kg!, content of available potassium
was from 217.5 mg kg! to 274.4 mg kg!, the total ni-
trogen content was from 0.137% to 0.163% and the
content of soil organic carbon was from 1.34%to 1.51%
(Fig. 1-4). Significant effect of soil depth on the con-
tent of selected soil parameters was observed (Table 4).
The highest content of the abovementioned parameters
was detected in the top depth of soil (0-0.15 m) and
the lowest in the lowest depth (0.30 m to 0.45 m). The
difference between the first and the third soil depth was
in available phosphorus 16.6 mg kg, in available po-
tassium 47.5 mg kg', in total nitrogen content 0.015%
and in soil organic carbon 0.18%. Lower levels of total
nitrogen were found in deeper soil depths by Jokela et
al. (2009) and Lopez-Fando and Pardo (2009) and of
available phosphorus and potassium by Omonode et
al. (2006) and Dong et al. (2009). The decline of soil
organic carbon with soil depth was recorded also by
Malo et al. (2005), Sabatkova et al. (2006), Dong et al.

(2009) and others.

The balance showed (Table 3), that the content of
total nitrogen decreased at reduced tillage by 5.2 rel.%,
at no-tillage by 5.1 rel.% and at conventional tillage by
0.7 rel.%. Higher content of total nitrogen in conven-
tional technology was probably caused by higher crop
yields (Table 6) and crop residues. Higher yields were
recorded at conventional tillage compared with no-till-
age by Danilovi¢ and Soltysova (2007), Lehocka et al.
(2008) and Hnat (2009).

Soil tillage also affects the intensity of decomposi-
tion of soil organic matter. Higher mean contents of
soil organic carbon (in depth 0-0.45 m) were found
at soil protective tillages (1.45%) compared with con-
ventional tillage (1.41%). The greatest difference was
found in the top depth (0—0.15 m). The content of soil
organic carbon in the mentioned soil depth was 1.54%
at protective tillages and 1.47% at conventional till-
age. Higher content of soil organic matter at no-tillage
compared with conventional tillage was also found by
Roldan et al. (2007), Dou et al. (2008), Yaduvanshi and
Sharma (2008) and Dominquez et al. (2009). The con-
tent of soil organic carbon found at the end of research
period was lower by 4.1-4.9 rel.% compared with ini-
tial stage at all variants of tillage.

Less significant relationship was found between
the soil tillage and the content of available phospho-
rus (Table 4). The balance showed that the content of
available phosphorus was increased at reduced till-
age (by 4.1 rel.%) and was decreased at no-tillage (by
9.5 rel.%) and conventional tillage (by 3.3 rel.%).

Significant relationship was found at available
potassium, total nitrogen and soil organic carbon in
relation to the cultivated crop (Table 4). The lowest
content of available potassium and total nitrogen was
found after barley cultivation. The highest content of
total nitrogen was found after soya cultivation and the
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highest content of available potassium after maize cul-
tivation (Table 5). The effect of a crop is influenced by
the genetic material and by the intesity of cultivation
in relation to productivity (nutrition, tillage ...). Phos-
phorus and potassium fertilisation of barley, wheat and
soya we can designate as intesive, because the doses
were higher than needed for the achieved biological
yield. We found a decline in the content of phospho-
rus despite of intensive fertilisation. The lowest con-
tent of phosphorus was found after wheat cultivation.
In the case of potassium it was found, that its content
in soil was increasing throughout the experiment. The
cumulative effect of higher rates of nutrients was dem-
onstrated after maize cultivation (the last cultivated
crop) which was fertilized insufficiently. The content
of available potassium in the soil after the maize cul-
tivation was significantly higher than in the beginning
of the experiment. The content of phosphorus did not
change substantially. Annual changes of soil chemi-
cal properties, although without relation to cultivated
crops, were also found by Novotna and Losak (2007).

The intensity of cultivation in relation to productiv-
ity was also demonstrated at soil organic carbon and
total nitrogen. Crops remains (roots, postharvest and
straw) were the sole source of organic matter. Achieved
yields of barley and soya did not balance out annual
losses of soil organic carbon. Soil organic carbon was
subsequently decreased. Significant relationship was
also found between the crop and total nitrogen in soil.
Annual changes of soil organic carbon and total ni-
trogen, although without relation to cultivated crops,
were also found by Barancikova (2004).

The calculated ratio of organic carbon to total nitrogen

—4—COnv. —#=re. ——ir.
? T T T T

2005 2006 2007 2008
maize |. barley soya wheat

2009

maize II.
years

Fig. 5. The ratio of soil organic carbon to total nitrogen content
in the depth 0-0.45 m
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is the indicator of humus quality, e.g. it indicates organic
matter fortification by proteins (Sotakova 1982). The ratio
C,.:N, was from 9.04 to 10.48 at observed variants of till-
age in total depth 0—0.45 m (Fig. 5). Soil organic matter
decomposition was intensive according to the calculated
ratio, but the relationship between the ratio and tillage
and between the ratio and soil depth was not significant.
Significant relationship was found only between the ratio
and crops (Table 5).

CONCLUSION

From the results obtained between 2005 and 2009
about the effect of different soil tillage on selected soil
chemical parameters, it is possible to formulate con-
clusions as follows:

Soil tillage affects significantly the content of total
nitrogen in soil. The balance showed that the content of
total nitrogen decreased at reduced tillage by 5.2 rel.%,
at no-tillage by 5.1 rel.% and at conventional tillage by
0.7 rel.%. The difference between the convetional tillage
and soil protective tillages was significant.

Soil tillage also significantly affects the content of
organic matter in the soil. The difference between the
convetional tillage and soil protective tillages was signifi-
cant. Content of soil organic carbon found at the end of
research period was lower by 4.1 rel.% at reduced tillage,
by 4.8 rel.% at no-tillage and by 4.9 rel.% at conventional
tillage compared with initial stage.

It was found that the influence of soil tillage on the
content of available phosphorus was less significant. The
balance showed, that the content of available phosphorus
was increased at reduced tillage (by 4.1 rel.%) and was
decreased at no-tillage (by 9.5 rel.%) and conventional
tillage (by 3.3 rel.%). Tillage did not significantly affect
the content of available potassium in soil.

Relationship between the content of soil chemi-
cal parameters and soil depths was significant. The
highest content of observed parameters was detected in
the top depth of soil (0-0.15 m) and the lowest in the
lowest depth (0.30 m to 0.45 m).
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