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SUMMARY

A field experiment was conducted to examine the effects of different nitrogen fertilizers in combination with bacterial fertilizer on
nutrient uptake of horseradish (Armoracia macrocarpa) and available nutrients of the soil. Three different N fertilizers, ammonium-nitrate,
urea and calcium-nitrate (116 kg ha™ N) in combination with Microbion UNC bacterial fertilizer (2 kg ha™) were applied as treatmentsin a
randomized complete block design in three replications. In this paper we presented the results of soil analysis. The soil of the experimental
area was chernozem with medium sufficiency level of N and P and poor level of K.

The main resultsare:

The amount of 0.01M CaCl, soluble inorganic nitrogen fractions, NOs-N and NH,"-N and also the quantity of soluble organic-N were
almost the same in the soil sanples. N fertilizers significantly increased all the soluble N fractions. The amount of NOs-N increased to the
greatest extent and the increase of organic N was the dightest. We measured the largest CaCl, soluble NOs™ -N and total-N contents in the
plots treated with ammonium-nitrate, the largest NH,"-N in the plots treated with calcium-nitrate and the largest organic-N fraction in plots
treated with urea.

Bacterial inoculation also increased both soluble inorganic nitrogen forms and also total-N content of soil compared to the control. In
the case of combined (artificial and bacterial fertilizer) treatments we measured lower NOs-N, organic-N and total-N compared to the
values of plots having only nitrogen fertilizer treatments. On the contrary in the plots with combined treatments the CaCl, soluble NH,"-N
content of soil in more cases were higher than that of values with artificial fertilizer treatment.

As a function of calcium-nitrate application increased AL-P,0s and AL-K,O values were measured compared to control. Microbion
UNC supplement of calcium nitrate yielded also increase in AL-P,Os and AL-K;0 values, till then supplement of ammonium-nitrate fertilizer
yielded a decrease in these val ues compared to the control.

All nitrogen fertilizers resulted a significant decrease in AL-Mg content of soil compared to the control. Neverthel ess bacterial fertilizer
increased AL-Mg valuesin any cases.

INTRODUCTION

The use of the nitrogen fertilizers is a standanatfice in the plant production system. Nitrogertilfeers
may contain nitrogen in different chemical formgy &xample, nitrate, ammonium. It has long beereones!
that ammonium and nitrate differ in their effects the soil and on the growth and chemical compmsitf
plants (Lewis and Chadwick, 1983; Maier et al., 20®lants take up nitrogen as nitrate g@nd ammonium
(NH,") ions. Moreover, N@ and NH," induce a net release of Oldnd H ions, respectively (Haynes, 1990;
Hinsinger et al., 2003). Hence they may changertiisosphere pH in different way and pose the distin
influence on nutrient availability in soil (Jall@ al., 2009). When urea is applied as nitrogetilifesr, it causes
little pH change (Nye, 1981; Haynes, 1990), bwtain be hydrolyzed by microbially, produced Nidnd NQ,
also. Application of different N fertilizers may a&ihge the rhizosphere pH in different manner, so efégcts
differently on the life of soil and on the solubjliand availability of nutrients.

Nowadays the application of nitrogen fertilizerscctimes more and more one-sided. Not balanced use of
chemical fertilizers may cause environmental palutand ecological damage (Ghost and Bhat, 1998aKét
al., 2007). Increasing concern over nitrate cormation of soils, nitrate leaching in groundwaterymeaquire
prudent and rational N application in crop produetiwhile maintaining optimal productivity (Gutekzand Fink,
1999).

For reducing chemical fertilizers application atealative method may be developed. For this reason,
environmental friendly products such as bactegdtilizers should be used. The bacterial fertikzare products
containing different types of microorganisms (Hegdeal., 1999; Vessey, 2003, Vance, 1997), for gtam
nitrogen fixing, phosphate solublizing bacteialulolytic microorganisms. They may promote plambwth
and health by various means such as mineralizationutritional elements, nodulation and nitrogexafion
(Malboobi et al., 2009) and they may augment thailability of nutrients to the plants. Neverthelebs
performance of biofertilizers is severely influeddsy both biotic and abiotic environmental conditalso.

In Hungary several studies were performed on tifiecebf N fertilizer applications (Kismanyoky, 2009
Kédar, 2008; Berzsenyi, 2009), but few ones havenb#ealing with the bacterial fertilizer applicatiand
especially on the combined application of nitrogerd bacterial fertilizers and their effects on thérient
content and the nutrient availability of differesutils (Kincses et al., 2008; Makadi et al., 2007).



The aim of this study was to evaluate the effeétthmee different nitrogen fertilizers (ammoniunirate,
urea and calcium-nitrate) in combination with Micien UNC bacterial fertilizer, on the plant availab
nutrients of soil and the nutrient uptake of hoaisésh(Armoracia macrocarpa).

In the present study we summarize the effects demllizers and bacterial fertilizer treatments tre
available nutrient contents of soil.

MATERIALS AND METHODS

A field experiment was set up on the cultivatioraanf horseradish in Dombostanya in 2008. Dombgatan
is located 15 km from Debrecen in Hungary. The ebithe experimental area had the following paranset
pH(CaC})=7.47; Hu%=2.87; CaC$£18.1%,; K, (plasticity index according to Arany)=43; AL,BGs=144.6 mg
kg™; AL-K,0=141.4 mg kd; AL-Mg=3156 mg kd'). The soil sufficiency levels of N and P were mexdj K
was poor. The bi-factorial trials were arrangediirandomized complete block design with three cefibns,
applying different nitrogen fertilizers (ammoniuritrate, urea and calcium-nitrate) with or withopfpécation
of biofertilizer. The scheme of treatments candensnTable 1.

Table 1.
The scheme of treatments
Codes of N fertilizers N dose (kg h% Microbion UNC
treatments (kg hat)
1. control (N) 0 0 0
2.U urea 116 0
3. AN NH,NO; 116 0
4. Ca-nitr.e Ca(Neg), 116 0
5. Ng+tUNC 0 0 2
6. U+UNC urea 116 2
7. AN+UNC NHINO; 116 2
8. Ca-nitr+UNC Ca(Ng), 116 2

Doses of N fertilizers were divided, the first halés applied on fdMarch, the second half was divided
further into two parts and were applied o' Dine, and on 35July. P and K were ensured as superphosphate
(420 kg hd) and potassium-sulphate (484 kg'haespectively, and were applied without divididgplication
of P and K nutrients were equalized for all treaitag75.6 kg hd P,Os and 242 kg haK,0, respectively.

The biofertilizer was Microbion UNC, which contaiddferent microorganismsizotobacter vinelandii-B
1795, Bacillus megaterium-B1091, Clostridium pasteurianum, Azospirillum sp., Bacillus subtilis, Rhodobacter
sp., Lactobacillus sp., Trichoderma reseei, Saccharomyces cerevisiae, Sreptomyces sp., agents, vitamins
synthetized by microorganisms, GM-8 corncob millprgduct and dried brewer's yeast. The bacteritlifer
was mixed up and emitted with basic NPK fertilizers

The experiment size of plots was 1%5¢8m x 5m). Time of planting of horseradish wag' ®ril, and the
picking time was 28September 2008. After picking of horseradish regmeative soil samples were taken from
each plot by auger up to 30 cm of depth. for deirgation of influences of different treatments. Sedlmples
were air dried and sieved (<2mm) for further anialy§oncentration of soluble nitrogen forms (N@®, NH,-N
and total-N) were measured in 0.01 M Ca€ktracts with 1:10 soil:solution ratio (HOUBA €it,al991) by
autoanalyser (SKALAR Segment Flow Analyser). Thaulsie organic-N was calculated by the difference of
soluble total-N and the sum of NEN and NH,"-N.

Concentration of phosphorus, potassium and magmeisithe soil taken up easily by plant were detegdi
in ammonium lactate - acetic acid (AL) extracG{ER et al., 1960). P was measured colorimetricallypgighe
molybdenum blue colorimetric method, potassium gaantified by atomic emission spectrophotometryilevh
magnesium were determined by AAS method.

Analysis of variance was carried out on the datarater to provide a statistical comparison betwten
treatment means. The least significant differeic®D) test was used to detect differences betweesnmat
probability level of P< 0.05.



RESULTS AND DISCUSSION

Results of 0.01 M Cad{ soluble nitrogen forms

Concentrations of 0.01 M CagCsoluble NQ -N, NH,*-N, organic-N and total N are presentedFigures
1.,2.,3.,4. Regarding the N fertilizer treatments it can bagtest that all N fertilizers proved to be effectaed
increased the NON pool of the soil significantly compared to thentrol. The highest values were measured in
the plot with NHNO; treatment.

Figure1: 0.01 M CaCl extractable NO;-N content of soil as a function of different N fetilizer forms and Microbion UNC
bacterial fertilizer
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Bacterial fertilizer increased (but not significgihtthe amount of CaGlsoluble NQ-N of soil in the
Microbion UNC treatment compared to the controp)(Nbut in the case of other combined treatmentgnwh
artificial and bacterial fertilizer were appliedgether we measured lower W@ compared to the values
measured in soil samples treated with N fertilizarly.

Figure. 2.: 0.01 M CaCl extractable NH;*-N content of soil as a function of different N fetilizer forms and Microbion UNC
bacterial fertilizer
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The results show that the quantity of 0.01M Gastlluble NQ-N and NH,"-N were almost the same, the
values of N@ -N in some cases were a little bit higher thauealof NH*-N. The difference is the highest in
the ammonium-nitrate treatment.

In plots treated with NENO; and Ca(NG), fertilizers we measured significantly higher NHN values
compared to the control, but in the case of ureattnent we did not measured notable differenjN¥Hvalues.

Bacterial fertilizer supplement in most cases iasesl the Cagkoluble NH'-N content of soil compared to
values with N fertilizer treatment. In the casecofmbined calcium-nitrate and Microbion UNC treatinesm
have found less NF-N content of soil samples compared to the valudh walcium-nitrate treatment. The
highest NH*-N value was found in plot with treatment of ammaninitrate + Microbion UNC.

Figure. 3.: 0.01 M CaClkextractable organic-N content of soil as a functiowf different N fertilizer forms and Microbion UNC
bacterial fertilizer
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The quantity of soluble organic-N fraction was #@me as the inorganic nitrogen fractions, and ataes
were balanced in the experiment. We measured omlyghtly increased easily soluble organic-N fraotin
plots having any nitrogen fertilizers, and we meaduhe highest values in the treatment of urea.

Microbion UNC fertilizer supplement decreased tdulsle organic-N fraction of soils in all cases.i§h
effect may be the result of the promoting of sifé,|since with inoculation microbiological processsuch as
mineralization, nitrification, etc. were boostedudto nitrification processes the quantities ofibtd organic-N
decreased and at the same time — as we measuhad indrganic nitrogen form, namely iHN content
increased.

Figure. 4.: 0.01 M CaCl, extractable total-N content of soil as a functiowf different N fertilizer forms and Microbion UNC
bacterial fertilizer
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Measured data show that similarly to soluble inaigand organic N fractions 0.01 M Ca&bluble total-N
were also higher when N fertilizers were appliedt, these values was not depend on the form of tfertiizer
and were similar in all N treatments.

Bacterial fertilizer supplement also increased @heount of 0.01M Caglsoluble total-N content of soil
(Microbion UNC treatment) compared to the contféf)( but in the case of combined treatments, wheh bot
nitrogen and bacterial fertilizer were applied tibge, it was measured lower total-N compared tohiees
measured in plots with N fertilizer treatments.

Results of AL-P,Os, AL-K ,0 and AL-Mg values of soil

Concentrations of AL-JDs, AL-K,O of soils are presented Figure 5. On the basis of the results it can be
concluded, that increased AL values were measured in the plots treated witbiwgalnitrate compared to
control. This increased values mentioned aboveapgewith and without bacterial fertilization alisothe plots
treated with calcium-nitrate. In these treatme@g-fitrate and Ca-nitrate+Microbion UNC) the inceaf AL-
P205 values might be the consequence of the chafregdubility because of the change of pH valuethim case
of other two N fertilizer treatments, namely bothraonium-nitrate and urea it was measured lower ADsP
values compared to control.



Figure. 5.: AL-P,0s and AL-K ;O contents of soil as a function of different N failizer forms and Microbion UNC bacterial
fertilizer
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The effect of bacterial fertilizer on the AL®s values was not the same in case of different gdno
fertilizers. While Microbion UNC supplement of caim nitrate yielded the increase in AL values, till then
supplement of urea yielded a decrease in AQsPralues. Highest AL-fDs was measurable in plot treated with
calcium-nitrate and Microbion UNC.

The soil measurements showed that increased AL¥alues (as in the case of ALMR) appeared with and
without bacterial fertilization also in the ploteated with calcium-nitrate. In the plots treatdthvammonium-
nitrate and urea it was measured lower AJGKcontent compared to the control.

The different influences of nitrogen fertilizers the AL-P,Osand AL-K,O values is a complex consequence
of their effects on soil pH and their influencetbe nutrient uptake of plant.

The effect of bacterium fertilizer on AL values was not also the same in case of diffenérndgen
fertilizers. While Microbion UNC supplement of calm-nitrate yielded increased AL-R values, till then
other cases AL-KO values did not differ. Highest AL-#O was measurable in plot treated with calcium-tetra
and Microbion UNC.

Concentrations of AL-Mg of soil are presentedFigure 7. According to our data all nitrogen fertilizers
resulted in a significant decrease in the AL-Mgteon of soil compared to the control. On the captrbacterial
fertilizer supplement increased these values in@ses. We measured the highest AL-Mg content 3460
kg?) in plots treated with calcium-nitrate+MicrobionNG combined treatment. The influences of nitrogen
fertilizers on the AL-Mg may be a consequence efrtkffects on the nutrient uptake of plant.

Figure. 6.: AL-Mg content of soil as a function of different Nfertilizer forms and Microbion UNC bacterial fertil izer
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CONCLUSION

On the basis of the presented results it can beluwded that the amount of 0.01M CaGbluble inorganic
nitrogen fractions, N@-N and NH,"-N and the quantity of soluble organic-N were altiihe same in the soils.

N fertilizers significantly increased all solublefiictions of soils. The content of NEN increased to the
greatest extent and the increase of organic N hasltghtest. The largest 0.01M Ca6bluble N@Q -N and
total-N contents were measured in the plots treati#d ammonium-nitrate, the highest NEN in the plots
treated with calcium-nitrate and the largest orgaifraction in plots treated with urea.

Application of bacterial fertilizer (in Microbion NC treatment) also increased both soluble inorganic
nitrogen forms and total-N content of soils complate the control. In the case of combined (applicanf
artificial and bacterial fertilizer together) tre@nts were measured lower B, organic-N and total-N of
plots compared to the values of plots having ontyogen fertilizer treatments. On the contrary, thé1M
CaCl, soluble NH'-N contents of soils in the plots with combinedatraents were higher in more cases than
that of values with artificial fertilizer treatmentlin the case of combined, Ca(j@Microbion UNC treatment
we measured lower Nf+N values compared to appropriate Cagj@eatment. In the case of urea treatment it
was not measured different YN values with or without bacterial fertilizer supment.

As a function of calcium-nitrate fertilizer appltaan increased AL-FOs and AL-K,O values were measured
in the plots compared to control.

The effects of bacterium fertilizer supplement wdiféerent on the AL-BOs and AL-K;O values in case of
different nitrogen fertilizers. Microbion UNC sugphent of calcium nitrate yielded increased AlGPand AL-
K50 values.

All nitrogen fertilizers resulted in a significadecrease in the AL-Mg content of soil samples caenghdo
the control. Nevertheless bacterial fertilizer depgent increased these values in any cases.
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Kllonbdzé formaju nitrogén-miitragyak és a Microbion UNC baktériumtragya
hatasa a talaj felvehed tapelem-tartalmanak valtozasara



