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The effect of different doses of NPK fertilizer on the
changes in quantity and quality of soil organic matter (SOM) in
Rendzic Leptosol was evaluated. Soil samples were taken from
three treatments of different fertilization: (1) control — without
fertilization, (2) NPK 1 — doses of NPK fertilizer in 1* degree
intensity for vine, and (3) NPK 3 — doses of NPK fertilizer in
3t degree intensity for vine in the vineyard. Soil samples were
collected in years 2008-2011 during the spring. The higher
dose of NPK fertilizer (3™ degree intensity of vineyards fertili-
zation) was responsible for the higher content of labile carbon
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Soil organic matter (SOM) is an essential compo-
nent with key multifunctional roles in soil quality and
is related to many physical and biological properties of
soil (Smith ef al. 1999). SOM is influenced by several
factors: for example climate, clay content and mineral-
ogy, soil management practices, which affect the pro-
cesses of organic matter transformation and evolution
in soil (Oades 1995; gimansk}'/ et al. 2009; Pollakova
& Konobpkova 2012). Positive changes in agricultural
management, including application of organic fertiliz-
ers, crop rotations, and protection of tillage (Jarecki et
al. 2005; Simansky & Tobiasova 2010), can increase
soil organic matter; however, negative management
can decrease its content.

Many reports have shown that long-term addition
of organic matter improves crop yield, water holding
capacity, porosity and water-stable aggregation, and
decreases bulk density and surface crusting (Edwards

(by 21% in 0—0.3 m and by 11% as average of the two depths
0-0.3 m and 0.3-0.6 m). However, by application of a higher
dose of NPK (1.39%) in comparison to no fertilizer treatment
(1.35%) or NPK 1 (1.35%) the tendency of total organic carbon
content increase and hot-water soluble carbon decrease were
determined. Fertilization had a negative effect on SOM stabil-
ity. Intensity of fertilization affected the changes in quantity
and quality of SOM; therefore it is very important to pay atten-
tion to the quantity and quality of organic matter in productive
vineyards.

& Lofty 1982; Schjenning et al. 1994). Nitrogen fertil-
ization can significantly increase crop residue inputs to
the soil, resulting in increases in soil organic matter.
Halvorson et al. (1999) presented, that a good N fertil-
ity program helps sequestering atmospheric CO, into
soil organic carbon by increased plant growth and sub-
sequently, the return of organic C to the soil for storage
as soil organic matter in a no-till system. Application
of N, NP, NPK and NPK + lime caused a significant
decline in soil organic C (Manna et al. 2007).
Leptosols are very shallow soils over continuous
rock and soils that are extremely gravelly and/or stony.
Leptosols are azonal soils particularly common in
mountainous regions (WRB 2006). Leptosols are the
most extensive on the Earth. In Slovakia, Leptosols in-
clude 4.7% of agricultural land. The average content
of SOM is 3.5% (Bielek et al. 1998). There is little
knowledge about the changes in soil organic matter of
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Rendzic Leptosols due to different soil management or
different doses of fertilizers, respectively. This know-
ledge is important for assessing the potential to form
optimal soil properties and carbon sequestration in
Rendzic Leptosols.

The objective of this study was to evaluate the ef-
fect of different doses of NPK fertilizer on the changes
in quantity and quality of soil organic matter in Ren-
dzic Leptosol.

MATERIAL AND METHODS

The experiment with different doses of NPK fer-
tilizer in the vineyard was conducted (from 2006
to present day) on a Rendzic Leptosol, developed
on limestone and dolomite in the locality of Nitra-
Drazovce (48°21°6.16”N; 18°3°37.33”E). Some char-
acteristics of the soil are given in Table 1. In the soil
profile, rock fragments were observed (to a depth

Table 1

Chemical properties of soil (0.0-0.6 m)

. . Depth

Chemical properties

0.0-0.3 m 0.3-0.6 m
pH 7.18 £0.08 7.42 +£0.06
Organic carbon [g/kg] 17.00 + 1.60 9.80 +2.60
Base saturation [%] 99.30 £ 0.01 99.60 = 0.02
Total nitrogen [mg/kg] 1,867 + 103 1,666 + 284
Available phosphorus [mg/kg] 99 + 8 53+£4
Available potassium [mg/kg] 262 £ 15 114 + 19

+ Standard deviation, available P and K — determined by Mehlich I1I (Mehlich 1984), total nitrogen content was determined

according Kjeldahl
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Figure 1. Climatical characteristics (precipitations, temperatures) during years 2008-2011
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0.3 m = 8%). The particle-size distribution is 569 g/kg
of sand, 330 g/kg of silt and 101 g/kg of clay (deter-
mined by pipette method as is mentioned in Fiala et al.
1999). Long-term annual mean temperature and pre-
cipitations at the area are 10°C and 550 mm, respec-
tively (Spanik et al. 2002). The weather conditions
during the years 2008-2011 are in Figure 1.

Before planting, the soil was rippered to the depth
of 0.4 m and then ploughed to a depth of 0.3 m. Grape-
vines (Vitis vinifera L. cv. Chardonnay) were planted
in 2000 at a density of 0.33 stocks/m? (3 x 1 m). They
were trained using a Rheinish-Hessian system. A vari-
ety of grasses was used in the inter-rows of the grape-
vines; these were sown in 2003. During vegetation sea-
son of grapevine the biomass of grasses was cut down
four-five times per year.

Three types of fertilization were studied: (1) with-
out fertilization (Co) — control treatment — sown grass
in the rows and between vine rows, (2) NPK 1 — doses
of NPK fertilizer in 1% degree intensity for vineyards
(Fecenko & Lozek 2000); it means 80 N kg/ha, 35
P kg/ha and 135 K kg/ha. The dose of fertilizer was
divided: 1/2 applied into the soil in spring (bud burst)
and 1/2 at flowering. Grass was sown in and between
the vine rows. (3) NPK 3 — doses of NPK fertilizer in
3 degree intensity for vineyards (Fecenko & Lozek
2000); it means 120 N kg/ha, 55 P kg/ha and 195
K kg/ha. The dose of nutrients was divided: 2/3 applied
into the soil in spring (bud burst) and 1/3 at flowering.
Grass was sown in and between the vine rows.

Soil samples were collected in spring 2008-2011
from two depths (0.0-0.3 and 0.3-0.6 m) from six
blocks of individual treatments per vineyard. Plant
residues were carefully removed from the soil sam-
ples. The sub-samples of each treatment were mixed to
average samples, dried at laboratory temperature and
ground before analysis. We determined the total organ-
ic carbon content (Corg) according to Tyurin (Dziado-
wiec & Gonet 1999), the fraction composition of hu-
mus substances according to Belchikova and Kononova
(Dziadowiec & Gonet 1999) and optical parameters of
humus substances and humic acids within the soil sam-
ples. The labile carbon content (C,) (Loginow et al.
1987) and hot-water soluble carbon (C_ . ) (Koérschens
2002) were determined as well.

HWD

Statistical analyses were performed by using
Statgraphics Plus. To test the significant differences
between the investigated treatments, an analysis of
variance was performed. Treatment differences were
considered significant at P values < 0.05 by the Tukey
test.

RESULTS AND DISCUSSION

Fertilization had no significant influence on the
total organic carbon content (Corg) in the soil at two
sampling depths (0.0-0.3 and 0.3-0.6 m), which con-
firmed the results of Haynes (2005). This could be be-
cause a major part of the COrg is formed of the stable
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Figure 2. Contents of total organic carbon

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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fraction of organic matter and it has been turned-over
thousands of times over the years. However, by ap-
plying a higher dose of NPK (3™ degree intensity of
vineyards fertilization) in comparison to no fertilizer
treatment or NPK 1, the tendency of Corg increase was
determined. The average values were 1.38%, 1.35% for
NPK 3 and NPK 1, respectively as compared to 1.34%
under Co (control, no fertilizer). Fertilizers applied

to soil can result in a higher production of biomass,
which leads to increases in SOM content (Neff et al.
2002). Among sampling depths, the top one (0.0-0.3
m) had significantly higher C_, than the lower depth
(0.3-0.6 m), particularly under NPK 3 (Figure 2). The
labile fractions have a much shorter turnover time and
thus are affected by management-induced changes in
organic matter inputs or losses, much more rapidly.
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Figure 3. Contents of labile carbon

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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Figure 4. Contents of hot-water soluble carbon

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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The labile carbon content (C,) was significantly af-
fected by different fertilization (Figure 3). Soil under
NPK 3 showed significantly higher C, content as com-
pared to other two fertilization treatments (NPK 1 and
Co) at both depths. Results show that the contents of
C, increased significantly with higher dose of NPK.
In case of NPK 3 treatment, a higher content of nu-

trients was the reason of greater root biomass with a

higher content of root exudates. The results published
by Simansky (2011) confirmed this fact. Hot-water
soluble carbon content in soil (carbon of microbial
awp) varied from 204 to 618 mg/kg and its
contents depended on soil depth; however, the fertil-

origin) (C

ization did not have statistically significant effect on

C,wp (Figure 4). In fertilization treatments, the C,

can be arranged in the following order: Co > NPK 1 >
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Figure 5. C, : C,, ratios

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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Figure 6. Color quotient of humic substances

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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NPK 3. Due to the application of a higher dose of NPK
(3" degree intensity of vineyards fertilization) in com-
parison to control or NPK 1 treatment, the tendency
of C,,,, decrease was determined. The main reason of
C decrease can be a higher concentration of soil

HWD
solution due to the applied fertilizer, which affects the
microbial activity negatively.

We also evaluated the quality and stability of the
soil organic matter with regard to the fertilization in
the vineyard. As can be seen in Figure 5, during fer-
tilization (NPK 3 and NPK 1) treatment the average
values of the C, : C_, ratio (in both depths) were nar-
rower (1.16 and 1.11, respectively); however, in Co, it
was the widest (1.17). During the period 2008-2011,
the obtained results were not statistically confirmed;
this means that there has been only negative trend in
the quality of soil organic matter due to the fertilizer in
the vineyard. Zalba and Quiroga (1999) determined a
higher content of fulvic acid due to fertilization that af-
fected the narrowing ratio of C,, : C,; this corresponds
to our results (Figure 5). Application of fertilization to
the soil can increase mineralization (Jagadamma ef al.
2007) and this negatively affects the stability of or-
ganic substances and overall quality of SOM (Zalba &
Quiroga 1999). The average values of color quotient
of humic substances (Q,,;) and humic acids (Q,;,) were
the most favourable in the control treatment. Fertiliza-
tion had a negative effect on SOM stability (Figures

6 and 7). The average values of Q¢ and Q,, at both
depths were higher by 7% and by 6% under NPK 3 and
higher by 6% and 6%, respectively under NPK 1 in
comparison to Co.

CONCLUSION

The results of this study demonstrated that fertilizer
applied to the soil statistically significantly increased
the labile carbon content. The higher dose of NPK fer-
tilizer (3" degree intensity of vineyards fertilization)
was responsible for the higher the content of labile
carbon. However, by applying a higher dose of NPK
in comparison to no fertilizer treatment or NPK 1 the
tendency of total organic carbon content increase and
hot-water soluble carbon decrease were determined.
Fertilization had a negative effect on SOM stability.

Intensity of fertilization affected the changes in
quantity and quality of SOM; therefore, it is very im-
portant to pay attention to the quantity and quality of
organic matter in productive vineyards. In conclusion,
the parameters like labile carbon content and color
quotients of humic substances or humic acids reacted
to the changes of SOM more sensitively due to fertiliz-
er application during the years 2008—2011. This means
that they can be used as indicators of SOM degradation
in relation to fertilization of soils.
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Figure 7. Color quotient of humic acids

Different letters between columns and treatments (a, b) indicate significant difference at P < 0.05 according to Tukey test
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