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SUMMARY

Influence of barley farming system on parameters of Orthic Luvisol in locality Dolná 
Malanta was studied. Experiment contained two systems of tillage with and without 
crop residues and variants with used nitrogen fertilizers. Higher extractability of humus 
substances was in conventional tillage (CT) 36.92% than in reduced tillage (RT) 35.51%. 
Total nitrogen content was higher in variants with application of sugar beet residues 1415 
mg.kg–1 than in variants without crop residues 1363 mg.kg–1. CT system seems to be better 
with regard on hydrolytic acidity and portion of exchangeable cations in sorptive complex 
of soil. Hydrolytic acidity was higher in variants with application of crop residues 25.67 
mmol.kg–1 than in variants without ploughed crop residues 20.87 mmol.kg–1. In whole CT 
with crop residue application is the most suitable. But both studied farming systems had 
not negative influence on parameters of Orthic Luvisols.
Keywords: Orthic Luvisol, spring barley, tillage, soil organic matter.

INTRODUCTION

Orthic Luvisol fall into group of soils, which are intensive farming, therefore the research 
their properties is necessary. Under suitable cultivation and fertilization it is good productive 
type, which is suitable for growing majority of agricultural crops, mainly cereals (Bielek et 
al. 1998). Plants react on soil properties very different, which are reflected on their yield. 
Low productive soils are reliant on regulation their regimes by agro-technical operations. 
The soil tillage can affect the amount and turnover of soil organic matter (Lal and Shukla 
2004). Oxidation of organic matter is accelerated by soil microorganisms through changes 
in soil water, aeration and temperature regimes, aggregation and nutritional environment 
(Doran and Smith 1987).  Six et al. (2002 a, b) found a general increase in soil C contents 
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of 325 ± 113 kg C ha–1 year–1 under non-tillage (NT) compared with conventional tillage 
(CT) for both tropical and temperate systems. They also reported that, on average, carbon 
turnover was 1.5 times slower in NT compared with CT. Bayer et al. (2006) and Diekow 
et al. (2005) observed that soils subjected to NT management for long period under low-
 addition cropping systems did not accumulate soil organic carbon. Fertilization had positive 
effect on changes in chemical properties (Šimanský et al. 2006). Nitrogen fertilization 
can also affect soil organic carbon dynamics by altering plant residue production and 
distribution (Haynes and Beare 1996). 
The object of this work was investigation of spring barley farming system influence on 
chemical properties of Orthic Luvisol.

MATERIALS AND METHODS

During the years 2002–2004, soil samples were taken from depth 0 to 0.3 m, twice per 
year (spring, autumn) in experimental base of Slovak University of Agriculture in Nitra 
(lat. 48o 19’ 00”; long. 18o 09’ 00’’). There stationary experiment with spring barley (Hor-
deum vulgare L.) farming system was established. The studied territory of Dolná Malanta 
is located in the lower part of Selenec creek basin and its tributaries which belong to the 
central part of Nitra river basin. It is located eastwards from the city of Nitra on Žitavská 
Upland. The geological substratum is created of little previous rocks with high quantities 
of fine materials. Young Neogene deposits are composed of various clay, loams, sands, 
gravels on which loess deposited in Pleistocene Hrnčiarová and Miklós (1991). The soil 
type was classified as Orthic Luvisol (FAO 1998) and at average it contained 318.8 g.kg–1 
of sand, 567.0 g.kg–1 of silt and 114.3 g.kg–1 of clay. Total soil carbon content was 9.9 ± 1.3 
g.kg–1, total nitrogen content 1340 ± 80 mg.kg–1 while the sorptive capacity was 142.1 ± 4.7 
mmol.kg–1 and base saturation percentage was 82.2 ± 4.3%. At average, soil pH was 6.29 
± 0.42. The average annual temperatures and precipitations per year are in Figure 1.  
All plots of small-plot experiment had following size: width 4 m and length 10 m and 
between plots was harness 3 m wide, with 4 repetitions. The field experiment included 
two types of soil tillage (conventional tillage – CT and reduced tillage – RT), two types of 
treatments with application of crop residues (CR) and without application of crop residues 
(0CR) and variants with nitrogen fertilization (N) and without nitrogen fertilization (0N). 
CT means tillage to depth of 0.20 m (medium plough), to turn over the upper layer of the 
soil with burying weeds and the remains of previous crops, allowing them to break down. 
RT means disking to depth of 0.10 m, without turn over the upper layer of the soil. It is 
only fluffing. In treatments with applied crop residues, all plant residues were returned 
into the soil. The doses of N fertilizers during growing season of spring barley were 80 kg 
N.ha–1. In soil samples the chemical parameters of pHH2O and pHKCl potentiometrically, 
sorptive characteristics of soil (Fiala et al. 1999), as well as total carbon content (TOC) 
(Ťurin 1966), total nitrogen content (Fiala et al. 1999), fraction composition of humus 

E. Tobiašová – V. Šimanský:



19

substances (Kononova and Belčikova 1962) and optical parameters of humus substances 
and humic acids in soil samples were determined. Obtained data were analyzed by using 
the statistic software Statgraphic Plus. Multifactor ANOVA model was used for individual 
treatment comparisons at P < 0.05, with separation of means by Duncan test.

RESULTS AND DISCUSSION

Total carbon content (TOC) in plots with spring barley was at average 1.25% for all vari-
ants. At average the highest TOC contents were in plots in second year and the lowest 
in first growing year (Figure 2.). Climatic conditions of year have influence not only on 
quality and quantity of yield (Pačuta et al. 2000), but also on crop residue amounts, which 
will reflect on soil organic matter sources. Quantity of residues returned to soil showed 
to positively affect the soil organic carbon pool (Halvorson et al. 1999). With regard on 
humus source, it is at average 2.11%, which is medium content. 
Important is not only quantity of organic matter in soil, but also its quality. For determi-
nation of soil organic matter quality parameters C:N ratio, amounts of extractable humus 
substances (HS), humic acids (HA) and fulvic acids (FA) and their quality according to 
optical parameters QHS and QHA and CHA:CFA ratio were used.
C:N ratio was at average 8.9 for all variants. Statistically significant differences with re-
gard on tillage system, fertilization and application of crop residues were not determined. 
Halvorson et al. (2000) also reported that C:N ratio was not influenced by nitrogen ferti-

Figure 1. Average temperature and sum of rainfall per year in experimental period 2002–2004
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lization. But in our experiment there are differences between variants without application of 
crop residues with wider C:N ratio 9.17 and with application of crop residues 8.7. Forecrop 
was sugar beet with C:N ratio of crop residues 21 (Tobiašová 2001). This is narrow ratio, 
which is also the result of better transformation processes. 

Figure 2. Total organic carbon content in different variants of tillage and fertilization 
(CT – conventional tillage, RT – reduced tillage,

0N – without N fertilization, N – nitrogen fertilization)

Differences in extractable humus substance amounts between individual years were 
not so marked. Average value of carbon content of humus substances for all variants 
was 36.05%. Higher extractability was in CT (36.92%) than in RT (35.51%). In case of 
humic acids the lowest extractability was in RT with crop residue application. Positive 
influence of conventional tillage on formation and accumulation of humic acids were 
recorded (Table 1.). Differences in extractability of carbon of humic acids were between 
years. Strong correlative dependence at hydrothermal conditions recorded Jurčová et al. 
(2001). Year 2003 was dry and extractability of humic acids was the lowest of all years. 
Higher extractable amounts of humic acids were recorded in variants without crop residue 
application (12.86%) than in variants with their application (10.92%). Appli cation of crop 
residues had statistically significant influence on their extractability. After crop residue 
ploughing huge amount of easy decomposable organic substances is coming into soil. 
These substances are basic building units for restoration of periphery parts of humus 
substances, through which the stability of humus complex is decreasing. Then extract-
ability of humic acids as stabilized organic substances is lower and organic substances 
with lower molecular weight are dominant. Average value of extracted fulvic acids was 
24.34%, which is in fact double value in comparison with humic acids 11.89%. The 
amount of humus substances is one of the important parameters of soil organic matter 
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quality, but quality of these extracted humus substances is better characterized through 
the colour coefficient (oE at 425 nm: 650 nm). Statistically significant differences were 
recorded between years (Table 1.), where humus substances with the highest quality and 
the most stabilized were formed in year 2003 and the lowest stabilized in year 2002. 
Humus substances with higher quality were formed in variants with CT, but humic acids 
with higher quality were formed in variants with RT.  Important influence of fertilization 
on humus substances and humic acids was not recorded. According to CHA:CFA ratio, 
we can evaluate humus as humic-fulvic type nearly in all variants. 

Cultivation Fertilization Crop residues Year
MeanCT1 RT2 N03 N4 0CR5 CR6 2002 2003 2004

TOC7 (%) 1.273a17 1.223a 1.236a 1.260a 1.258a 1.238a 0.994a 1.394b 1.356b 1.25
NT8

(mg.kg–1)
1413a 1365a 1385a 1394a 1364a 1415a 1340a 1498b 1331a 1389

C:N 8.90a 8.97a 8.91a 8.96a 9.17a 8.70a 7.26a 9.29b 10.26b 8.95
CHK

9 (%) 11.37a 12.41a 12.15a 11.63a 12.86b 10.92a 15.46c 8.38a 11.83b 11.89
CFK

10 (%) 25.55a 23.10a 24.16a 24.49a 23.56a 25.10a 28.85b 25.73b 18.41a 24.33
CHK:CFK 0.48a 0.57a 0.53a 0.51a 0.57a 0.48a 0.56b 0.35a 0.66b 0.53
QHL

11 3.72a 3.91a 3.67a 3.96a 3.79a 3.85a 5.58c 2.08a 3.79b 3.82
QHK

12 3.04a 2.88a 2.94a 2.97a 3.00a 2.92a 3.24b 2.01a 3.61c 2.96
pHH2O 6.23a 6.34a 6.31a 6.26a 6.21a 6.36a 6.29a 6.13a 6.44a 6.29
pHKCl 5.52a 5.57a 5.58a 5.51a 5.47a 5.62a 5.26a 5.37a 6.00b 5.55
H13

(mmol.kg–1)
23.23a 23.32a 22.44a 24.10a 25.67a 20.87a 26.58b 25.04ab 18.19a 23.28

S14

(mmol.kg–1)
127.6a 126.8a 125.9a 128.5a 122.7a 131.7a 115.5a 140.6b 125.4a 127.2

T15

(mmol.kg–1)
150.5a 150.8a 149.8a 151.5a 148.4a 152.9a 142.1a 165.7b 144.2a 150.7

V16 (%) 84.32a 84.65a 83.89a 85.08a 82.67a 86.29a 81.22a 84.80ab 87.43b 84.49
1 conventional tillage, 2 reduced tillage, 3 without N fertilization, 4 nitrogen fertilization, 5 without application of 
crop residues, 6 application of crop residues, 7 total carbon content, 8 total nitrogen content, 9 carbon content of humic 
acids, 10 carbon content of fulvic acids, 11 optical parameters of humus acids, 12 optical parameters of humic acids,
13 hydrolytic acidity, 14 exchangeable cation contents, 15 total sorptive capacity, 16 degree of saturation,17 values followed 
by the same letter within each column are not significantly different at P < 0.05

Table 1. Mean values of parameters of Orthic Luvisol
in spring barley farming systems 

Crop residue transformation is markedly influenced by nitrogen content in soil, as well. 
Total nitrogen content was at average 1389 mg.kg–1. In variants with application of sugar 
beet residues were contents of nitrogen higher 1415 mg.kg–1 than in variants without 
crop residues 1363 mg.kg–1. Higher amount of nitrogen is also in chemical composition 
of sugar beet residues (Tobiašová 2001). Fábri (2000) notices uncontrollable releasing 
of nitrogen after crop residue ploughing and together with this total nitrogen content is 
changed. Míša and Onderka (1998) also consider beet residues ploughing for one of the 
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reasons uncontrollable releasing of nitrogen and bold changes in nitrogen dynamics. In our 
experiment, nitrogen content was not higher even in variants with nitrogen fertilization 
in comparison with control variants. But higher amount of nitrogen was recorded in CT 
1413 mg.kg–1 than in RT 1365 mg.kg–1. Puget and Lal (2005) recorded that between CT 
and RT variants were similar contents of nitrogen.
Soil pH plays important role in availability of nutrients for plants. Value of active soil 
pH (pHH2O) was at average 6.29 and value of exchangeable soil pH was 5.54, which is 
deeply under values 6–7 as optimal soil pH for barley (Fecenko and Ložek 2000). Spring 
barley requires from weak acid to neutral soil pH. In case of acid pH, liming is possible 
directly to barley (Ložek 2000). Influence of soil pH on grain yield of spring barley was 
studied by Užík and Žofajová (2000). Soil pH  values 6.60 and 4.21 are nearly the same 
as our values. They determined, that yield in acid soil was about 56.27% (more than half) 
lower than in neutral. Soil pH is important factor, which directly participates not only on 
high of grain yield, but also crop residues. Soil pH was not affected by tillage, which is 
in accordance with (Thomas et al. 2007). Influence of fertilization was not recorded, but 
Thomas et al. (2007) observed significantly important decreasing of pH values from 7.5 
to 7.2 with nitrogen fertilizer application.
Basic characteristics of sorptive complex include hydrolytic acidity (H), content of ex-
changeable basic cations (S), total sorptive capacity (T) and basic cation saturation of 
sorptive complex (V). These parameters play important role in availability of nutrients 
for plants.
Hydrolytic acidity was at average 23.27 mmol.kg–1 for all variants. Higher values 
25.67 mmol.kg–1 were in variants with crop residue application than in variants without 
ploughed crop residues 20.87 mmol.kg–1. With relation to tillage system, CT with crop 
residue application is the most suitable. Content of exchangeable cations is in direct cor-
relation with hydrolytic acidity. At average the value was 127.18 mmol.kg–1. Portions of 
Ca2+ and Mg2+ in sorptive complex were at average at calcium above 60% and at mag-
nesium above 15%, which are optimal values for these cations. With regard on their suf-
ficient supply we can speak about good using of nitrogen from soil supply. Magnesium 
plays important role in neutralization of organic acids (Fecenko and Ložek 2003), which 
are releasing in crop residues transformation processes. Portions of K+ and Na+ in sorp-
tive complex were higher than their optimal values are. With increasing of Na+ portion 
in sorptive complex, soil parameters as soil pH, quality of organic matter and physical 
parameters mainly soil structure are getting worse. It expressed on yield. Brestič (1996) 
described positive influence of K+ on water regime under spring barley vegetation. Higher 
portion of H+ in sorptive complex is the reason of higher soil pH, which is the result of 
changes in nutrient uptake. Higher portion of K+ in autumn 2002 is the result of higher 
amount of rainfall, which caused basic cations leaching into bottom parts of soil profile, 
together with nutrient uptake by yield. Differences in cation portions in sorptive complex 
of soil (Figure 3.) were conditioned by different tillage systems. The most suitable tillage 
system is CT with crop residue application. The least suitable is RT without crop residue 
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application. Through fertilization different cations and anions come to soil and bind on 
sorptive complex of soil. In our case, cation composition was not influenced. Total sorp-
tive capacity was at average 150.64 mmol.kg–1. Saturation of soil colloid complex was at 
average 85.99% (above 75%), which means that sorptive complex was saturated. These 
values are characteristic for this soil type. Saturation was like in Haplic Chernozem. The 
result is application of higher amounts of fertilizers, eventually other substances which 
increased portion of studied cations.

Figure 3. Average portions of exchangeable cations
in sorptive complex of soil with dependence on tillage system

(CT – conventional tillage, RT – reduced tillage)

On the whole, CT had more positive influence on extractability of humic substances and 
their stabilization, higher nitrogen content and content of basic exchangeable cations. This 
tillage system seems to be better for preservation of studied chemical parameters of Orthic 
Luvisol. Application of crop residues had more positive influence on nitrogen content and 
content of basic exchangeable cations. On the other hand higher extractability of humic 
acids and lower hydrolytic acidity were in variants without crop residue application. Marked 
influence of fertilization was not recorded.

Orthic Luvisol parameters in spring barley (Hordeum vulgare L.) farming system
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A barnaföld tulajdonságai a tavaszi árpa
(Hordeum vulgare L.) termesztésének folyamatában

ERIKA TOBIAŠOVÁ - VLADIMÍR ŠIMANSKÝ

Szlovák Mezôgazdasági Egyetem
Nyitra

ÖSSZEFOGLALÓ

Figyelemmel kísértük a tavaszi árpa termesztési folyamatát a Dolná Malanta-i barnaföld 
talajtípusban. A kísérletben kétféle talajmûvelést használtak, általánost (CT) és csökken-
tettet (redukáltat) (RT), a földeken maradt organikus anyagok hasznosításval vagy anélkül, 
de nitrogén mûtrágya használatával. A kiextrahált humuszanyagok magasabb értéke volt 
mérhetô a CT rendszernél (36,92%) mint RT rendszernél (35,51%). A teljes nitrogén-
tartalom magasabb volt a cukorrépa felszedés utáni organikus anyagok hasznosításával 
(1415 mg.kg–¹), mint anélkül (1363 mg.kg–¹). A CT rendszer a hidrolitikus savanyúsági 
(pHH2O) érték figyelembevételével és a cserélôdô bázikus kationok tekintetében jobbnak 
bizonyult. A hidrolitikus savanyúság értéke magasabb volt a termesztés utáni organikus 
anyagmaradékok felhasználásával (25,67 mmol.kg–¹), mint a szervesanyag-maradványok 
beszántása nélkül (20,87 mmol.kg–¹). A teljes CT termesztési folyamat rendszere a be-
takarítás utáni szervesanyag-maradványok beszántásával a legmegfelelôbb a megfigyelt 
földtípus kémiai tulajdonságaihoz viszonyítva. A barnaföld típusú talaj tulajdonságaira 
nem volt negatív kihatással az említett gazdálkodási rendszerek egyike sem.
Kulcsszavak: barnaföld, tavaszi árpa, földmûvelés, talaj szerves anyaga.
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