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Abstract: Clinoptilolite-rich tuff (NZ) from the Zlatokop deposit (Vranjska
Banja, Serbia) was studied as a nitrogen carrier for grass production. The
mechanism of binding ammonium cations present in aqueous solutions by NZ
was examined, as well as the possibility of adsorption of ammonia released in
fresh cattle manure during its fermentation. The NH,* binding from solutions
proceeded via an ion-exchange process that followed pseudo-second-order
kinetics. Adsorption isotherms studied at 298-318 K followed the Freundlich
isotherm equation. The NZ readily adsorbs ammonia liberated from manure
and the addition of 10 wt. % of NZ to manure can preserve up to 90 % of
ammonia. The potential benefit of this effect was examined in greenhouse pot
experiments with Italian ryegrass (Lolium multiflorum, var. Macho) using three
different types of soil (silty, clayey and sandy). The zeta potential measure-
ments showed that the stability of their colloidal dispersions differed mutually
and that the addition of NZ affected the stability and nitrogen cycling differ-
ently. All results indicated that NZ could be applied in grass production.

Keywords: zeolites; manure; Freundlich isotherm; soil; Italian ryegrass.

INTRODUCTION

Nitrogen is an essential nutrient for plant growth that has to be added to the
soil to ensure the best growth and yield of crops. However, mineral nitrogen fer-
tilizers have been implicated in various environmental issues. Ammonium and
nitrate ions are readily lost from the soil by volatilization, leaching or surface
run-off. As a result, different nitrogenous species are frequently present not only
in agricultural wastewater, but also in groundwater. This may cause serious envi-
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1204 MILOVANOVIC et al.

ronmental problems such as eutrophication of water bodies and deterioration of
water sources, also with possible consequences for humans, in particular for the
health of small children.!

The removal of NH4" from water through adsorption using various available
sorbents was studied by many authors.2~7 Natural zeolites as non-toxic, eco-
logically advantageous and affordable materials appear to be well suited for bind-
ing NHy" from aqueous media due to their ion exchange and adsorption pro-
perties.8-11 Moreover, the use of natural zeolites for agricultural purposes is
becoming widespread because zeolites are particularly useful for controlling
agricultural soil fertilization and for preventing or retarding leaching and for
increasing yields.12-14

Clinoptilolite is a very widespread zeolitic mineral in Serbia. The clino-
ptilolite-rich tuff from the deposit Zlatokop (Vranjska Banja, Serbia) contains
more than 70 wt. % of clinoptilolite and was found to exhibit good adsorptive
and ion-exchange properties.!5-17 In the present study, the tuff was investigated
as a sorbent for ammonium ions and ammonia, and subsequently the ammonium-
enriched zeolite was evaluated as a fertilizer.

In particular, the present study examined: 1) the kinetics of binding of NH4"
from aqueous solution to NZ; 2) the efficiency of NZ in binding the NHj3 rel-
eased from fresh cattle manure; 3) whether the addition of ammonium-loaded NZ
(AM-NZ) influences the {-potential of the soil and accordingly the availability of
NHy ™" for plants; 4) the effect of the use of NZ in herbage grass growth.

EXPERIMENTAL
Materials and methods

The zeolite material (NZ) was obtained from a large sedimentary Zlatokop deposit in
Vranjska Banja. The particle size of the samples used was in the range of 0.063—0.1 mm. A
detailed X-ray powder diffraction analysis based on quantitative Rietveld refinement showed
that the NZ contained 72.6 % clinoptilolite, 14.6 % feldspar plagioclase and 12.8 % quartz.!8

Chemical analysis of the clinoptilolite phase present in the NZ obtained by scanning
electron microscopy and X-ray microanalysis (JEOL JSM-6610LV) gave the following com-
position expressed by corresponding oxides (wt. %): SiO,, 65.63; Al,03, 12.97; Fe,05, 1.48;
Na,0, 0.95; K,0, 1.33; CaO and MgO. 1.41. The loss on ignition at 1073 K, obtained by
thermal analysis (TA Instruments, SDT, Q600), was 12.9 wt. %. Furthermore, the porosity of
NZ measured by nitrogen adsorption at 77 K (Hiden Isochema HTP1-V Volumetric Analyzer)
gave for the BET specific surface area (Sgpy) and micropore volume (V) 42 m? g'! and
0.0032 cm? g1, respectively.

Prior to the experiments, the NZ was washed with deionised water and ethanol to remove
soluble amorphous impurities, and then dried to a constant mass at 105 °C.

Adsor ption/desor ption studies in solution

The adsorption experiments were performed in the batch mode using NH,4Cl solutions of
different (initial) strengths, i.e., 5, 10, 25, 50 and 100 mg NH," dm™. The study was realized
by mixing 1 g of NZ with 100 cm? of a solution of the chosen concentration. The suspension
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CLINOPTILOLITE AS AN AMMONIA ADSPRBENT AND A NITROGEN CARRIER 1 205

was shaken in a thermostated water bath (Memmert WNB22) for a period from 30 min to 24
h. The solid, ammonia-loaded NZ (AM-NZ) was separated by filtration.

Three parameters were varied in the experiment: initial concentration of NH,' in
solution, temperature and contact time. Adsorption isotherms were determined at 298, 308 and
318 K.

The NH," desorption experiments were conducted at 298 K by treating AM-NZ (con-
taining 1.1 mg NH," g'!) with the KCI or NaCl solutions varying the salt concentration from
0.1 to 0.001 mol dm3.

Adsorption study in manure

The capture of ammonia released during fermentation of fresh cattle manure (some of its
chemical characteristics are given in Table I) was studied using a modified procedure des-
cribed by Sharadqah and Al-Dwairi.!° Glass jars (volume 0.5 dm?3) were filled with fresh
cattle manure up to 2/3 their volume and tightly closed. Into four of the jars, a well homo-
genized mixture of the fresh cattle manure and NZ was added in different 100:n weight ratios
(n=5, 10, 15 or 20). The fifth jar without NZ served as the system control.

TABLE 1. Chemical characteristics of the manure used in the experiments (g kg™!)

pH Dry matter Loss on ignition Total C* Total N NO3;-N® NH,-N° Total P Total K
7.60 28.5 713.2 390.0 18.9 0.08 27.01 8.9 67

aMeasured in dried sample; Pmeasured in fresh sample

In each jar, a porcelain crucible containing 10 cm® of 0.1 M H,SO, was placed on a
tripod. After 24 h, the crucibles were replaced by new ones containing fresh H,SO,, and the
solutions from the old ones were collected in a volumetric flask. The same process was
repeated every day during 10 days, taking care that the jars were held open for the shortest
possible time. The experiment was performed in triplicate.

Zeta potential measurements

Zeta ({) potentials of the soil samples and mixtures of the soil and AM—NZ suspended in
water were measured. Prior to the measurements, a suspension of 5 g of the soil sample (or a
homogenized mixture of 5 g of soil and 100 mg of AM-NZ) in 25 ¢cm? deionised water was
homogenized by a standard procedure® for 30 min by horizontal orbital shaking (120 rpm).
The suspensions were left to settle overnight, and then a part of the colloid fraction was taken
for the measurement. All measurements were performed in triplicate and expressed as mean
values of the (-potential + standard deviation.

Pot experiments

A greenhouse pot experiment was conducted under controlled conditions (20 °C, 18 h
per day) with three different soil types and the Italian ryegrass (Lolium multiflorum, var.
Macho) as the test crop. The soil types included a loam, a silt and a sandy soil. The former
two were passed through a 5-mm mesh filter prior to being filled into pots of 3 dm?3 volume.
Some chemical parameters of the soils are given in Table II.

The following treatments/fertilizers were used in the pots: a) control without any
fertilizer, b) mineral fertilization with NH4NOs, ¢) fresh cattle manure, d) fresh cattle manure
with the addition of 10 wt. % NZ, and in the silt soil only experiment and €) AM—NZ (con-
taining 1.1 mg NH," g1). All treatments were performed in triplicate. In all treatments, except
in the control, the amounts of fertilizer corresponded to that typically used in grass production

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



1206 MILOVANOVIC et al.

in Southern Norway (a nitrogen dose at the start of the experiment being equivalent to 120 kg
N ha'!). The amount of manure was determined based on the NH," content in the wet sample
and assuming that approximately 10 % of the organically bound N would be available over
the experimental period, based on a previous mineralization study (results not shown).

TABLE II. Some properties of the soils used in the pot experiments
Sand Silt Clay LOI® y _TotalC  TotalN P-AL”  K-AL®
p

Soil okg! mg kg

Clay 450 380 170 61.0 5.2 23.1 2.1 58 195
Sand 940 30.0 30.0 13.0 5.1 2.8 0.1 16 10
Silt 20 930 50.0 37.0 6.5 14.5 1.0 49 200

bammonium acetate lactate extractable

#Loss on ignition;
In addition, an amount phosphorus equivalent to 20 kg ha! and an amount of potassium
equivalent to approximately 100 kg ha'!, as well as all other macro- and micronutrients in
appropriate amounts, were added in the case of the mineral fertilizer treatment. After the first
cut, in all treatments except the one without nutrients, an additional amount of mineral N,
equivalent to 60 kg N ha'!, was added. The pots were sown with 0.3 g of the seeds of Italian
ryegrass. The moisture content in the soil was maintained at 60 % of the field capacity by
irrigation with deionised water. The grass was cut three times after 5, 9 and 13 weeks of growth.

Analytical methods and instrumentation

The NH;" concentration in the solutions was determined photometrically (Hach
DR2800) using the Nessler reagent (Hach Method 8038). The cation concentrations of Na, K,
Mg and Ca in solution ere determined by AAS using a Varian Spectra 55B instrument; at least
five measurements were performed for each determination.

Fourier transformed infrared (FTIR) spectra of NZ and AM—-NZ were recorded in the
4000—400 cm'! range on a Digilab-FTS-80 spectrophotometer, using the KBr pellet technique.

Measurements of the (-potential were performed by electrophoresis using the laser
Doppler method and a SZ-100 (Horiba Co. Ltd.) instrument in which a cell containing carbon
electrodes is employed as a sample holder. The {-potential was calculated using the peak
values of the mobility distributions detected by the Doppler shift in light scattering — the
electrophoretic mobility of the particles was automatically calculated and converted to the
{-potential using the Smoluchowski equation.?!

The particle size distribution of the soils was determined by the pipette method.?? Soil
and manure samples were ignited overnight at 823 K in order to determine the loss on igni-
tion. The pH of the soil samples was measured by suspending the soil in H,O, with a soil to
solution ratio of 1:2.5. The pH of the manure was measured directly in a wet sample. For both
the soil and manure analyses, the total C content was determined in crushed samples by dry
combustion?? at 1323 K using a Leco CHN-1000 instrument (St. Joseph, MI, USA). The total
N content was measured using the same instrument according to the Dumas method.2* The
ammonium and nitrate contents in the manure (NH4-N, NO3;-N) were measured by flow
injecttion analysis (FIA, Tecator FIAstar 5010 Analyzer, Hillered, Denmark) after extracting a
fresh sample with 2 mol dm= KCI. The plant-available P and K in the soil were estimated by
extraction with an ammonium acetate lactate solution (0.1 M ammonium lactate and 0.4 mol
dm3 acetic acid, pH 3.75),% followed by inductively coupled plasma optical emission spec-
trometry (ICP-OES, Perkin Elmer Optima 5300 DV, Waltham, MA, USA). The total P and K
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in the manure were determined on the same instrument after autoclave digestion in concen-
trated HNO; (0.25 g to 0.3 g sample in 5 cm?) and subsequent dilution to 50 cm?.

The effect of different treatments on the yield in the pot experiments was tested statist-
ically by analysis of the variance (General linear model). The Student-Newman—Keuls test
was performed to identify the different means. Results with p < 0.05 were considered signi-
ficant. The statistical analysis was realized using SAS 9.3 software (SAS Institute Inc., Cary,
NC, USA).

RESULTS AND DISCUSSION
Adsor ption study

Adsorption capacity of the NZ increased with the initial NH4* solution con-
centration and slightly decreased with temperature. At 298 K, it varied from 0.37
mg NHy" g1 (for ¢g = 5 mg NH4 " dm3) to 6.45 mg NH4™ g1 (for ¢y = 100 mg
NH4" dm3). A slight decrease in the adsorption capacity was found at 318 K:
0.32 mg NH4" g1 (for ¢g = 5 mg NHy4" dm3) and 6.10 mg NHy" g~ (for ¢y =
= 100 mg NH4* dm=3). The results showed that the adsorption of NH4" by NZ is
an exothermic process, which agrees with the results obtained for a Turkish and
clinoptilolite-rich tuff.26

The Langmuir and Freundlich models were used to describe the equilibrium
isotherm data.2”

The Langmuir model can be represented as:

_ qmaxbLCe
O “ltbc (1)

where C. is the equilibrium concentration of the solute (mg dm3), ¢ is the
equilibrium concentration of the adsorbed solute (mg g1), while Qax (mg g1)
and by (dm3 mg-1) are Langmuir constants (Qyax corresponding to the maximum
achievable uptake by a system, and by is related to the affinity between the ads-
orbate and the adsorbent).

The Freundlich model can be represented as:

Ge = Kpcd )

where (e (mg g!) is the equilibrium solute uptake, Kg (dm3 g1) is the isotherm
constant of the Freundlich model, ¢, (mg dm=3) is the equilibrium solution con-
centration, and n is the exponent of the Freundlich model. Kp and n are charac-
teristics of the system and are indicators of the adsorbent capacity (or affinity for
the solute) and adsorption intensity, respectively.

For the Langmuir isotherm analysis, the value of the separation factor (Ry)
defined as:

1

e

)
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is of special importance?8 and for the Freundlich isotherm the value of the exp-
onent (1/n) is significant. In all the experiments, the values of Ry, which can be
calculated using the by, values from Table III, and the 1/n values prove, according
to the literature,!6-28 that the adsorption was a favourable process (0< R <1 and
1/n <1, Table III), in accord with the fact that NZ readily adsorbs NH4" from
aqueous solutions. As can be seen from Table III, the equilibrium adsorption data
gave a better fit (higher values of R2) for the Freundlich than for the Langmuir
model.

TABLE III. Isotherm constants for the sorption of NH,4* from aqueous solution by NZ

Temperature, K Langmuir isotherm Freundlich isotherm

’ O /Mg g’ b’ /dm3mg! R Kg/dmdmg! 1/n? R2
298 8.8879 0.0794 0.9943 0.9507 0.5531 0.9663
308 7.6329 0.1115 0.9836 1.2017 0.4663 0.9929
318 9.7514 0.0554 0.9906 0.7724 0.6150 0.9963

aMaximal monolayer adsorption capacity; "Langmuir constant; °Freundlich constant; %Freundlich model exponent

The NHy4t adsorption kinetics were studied at 298, 308 and 318 K for sol-
utions with ¢y = 5, 10, 25, 50 and 100 mg NH4" dm3. The experimental data
were analyzed by the Lagergren pseudo-first-order model and by the pseudo-sec-
ond-order kinetics model.2” A linear dependence was obtained only for the
pseudo-second-order model, indicating that the binding of NH4" by NZ occurs
by the pseudo-second-order reaction mechanism described by the following
equation:25

dot 2
i =k (0 — 1) 4)

where ¢, (mg g!) is the adsorption capacity at equilibrium and ky (g mg~! min-1)
is the rate constant of the pseudo-second-order adsorption. Integration between
the limits t=0to t =t and q =0 to g = g, gives the following expression:

L +Lt 5)

G kO G

The plot of t/g; VS. t is a straight line if the experimental data conform to this
kinetic model, and the values of Qe and ky are obtained respectively from the
slope and intercept of such a plot. As representative, the results obtained at dif-
ferent temperatures for the initial concentration ¢y = 25 mg NH4" dm=3 are
shown in Fig. 1. The adsorption capacity at equilibrium (q.) decreases with tem-
perature whereas the rate constant changes irregularly with temperature. This was
also observed for the other initial concentrations studied (data not presented). No
acceptable explanation could be offered nor found in the literature for this pheno-
menon.
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Fig. 1. Kinetic curves at different tem-
0.0 7 T ———r———  peratures obtained by fitting the exper-
imental data to the pseudo-second-order
t/h rate model (Cy =25 mg NH," dm3).

The FTIR spectrum of AM—NZ (not shown) confirmed the presence of
NH4" in the sample (vibration band at about 1400 cm! attributed to NHy™,
which was not present in the spectrum of NZ), suggesting that the binding of
NH4" from aqueous solution by NZ proceeds by an ion-exchange reaction. This
was proved further by elemental AAS analysis of the liquid phase after the ads-
orption studies, i.e., after AM—NZ separation from the suspensions. The concen-
trations of Na*, Kt, Ca2* and Mg2" determined in the filtrate entirely corres-
ponded to the amount of NH4* bound by the NZ.

In order to check whether the NH4" in AM-NZ could be desorbed and thus
become available as a nutrient in the soil, NH4"-desorption experiments were
performed by treating AM—NZ with the NaCl or KCI solutions. The obtained
results are given in Table IV. It is evident that the percentage of NH4" desorption
depended on the initial Na*/K* concentration, showing that the desorption was
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also an ion-exchange process. It is interesting to note that desorption was more
efficient in the KCl than in the NaCl solution. This could be explained by the fact
that the radius of the NH4" (151 pm) is very similar to that of the K* (152 pm).
Desorption in 0.1 M KCI was completed in 30 min.

TABLE IV. Percentage NH,* desorbed at 298 K from AM-NZ into solutions of NaCl or KCl
in dependence on the salt concentration

Released NH,*, ©
Concentration of NaClI/KCl, mol dm™ cease 4s%

in NaCl(aq) in KCl(aq)
0.100 64 100
0.010 42 50
0.005 24 42
0.001 17 18

It is well known that fresh cattle manure is rich in nitrogen, making it a good
fertilizer. Nitrogen is present mainly in the organic matter, the content of which
in the fresh manure being about 50 wt. %. However, during fermentation, manure
looses significant amounts of nitrogen. Thus, the loss in four days may reach up
to 90 % due to the extensive liberation of ammonia.? In order to mitigate this
loss, investigations were performed to determine: a) whether the addition of NZ
to fresh cattle manure could retain the liberated NH3, and b) the optimal amount
of NZ that has to be used for NH3 capture.

Addition of the NZ to fresh manure conserved the NHj released during
fermentation, and the percentage of the captured NH3 ranged between 67 and 98
% depending on the applied amount of NZ (5-20 wt. %). Since about 90 % of
NHj was captured on addition of 10 wt. % NZ in comparison to the control, this
amount of NZ was chosen as the optimal amount for the pot experiments (vide
infra).

C-potential values

The zeta potential is an important parameter for soil/zeolite suspensions in
water since it could be interpreted as an indicator of the stability of the suspended
colloidal dispersions with respect to particle aggregation.30 For most soils, the ¢
potential has a negative value because the ground surface is usually negatively
charged. Moreover, the soil stability is a qualitative indicator of biological acti-
vity, energy flow and nutrient cycling. A dispersion is regarded as stable, when
the (-potential is < —30 mV.3! The results of the {-potential measurements are
listed in Table V. It is evident that the clayey soil showed the lowest value of {,
which could be explained by the strong electronegativity of the clays present in
the soil sample. The sandy soil also showed a very low {-potential, which could
be attributed to the presence of organic matter in which carboxyl groups are
ionized.3! The silty soil exhibited the highest {-potential, implying a lower sta-
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bility. The addition of AM—NZ influenced the {-potential of all three types of soil
but the changes were most pronounced for the clayey and sandy soils. The sta-
bility of clayey soil decreased on addition of AM—NZ in contrast to sandy soil in
which the colloidal fraction became more stable.

TABLE V. The values of {-potentials, mV

Soil | System

Ot sampie Soil/water Soil+AM-NZ/water
Clay —45.0+£0.7 —38.0+£0.8

Silt -23.6£1.1 -22.3+1.6
Sand —37.0+0.9 —40.6+0.7

Pot experiments

To obtain an insight into a possible use of NZ in grass production, pot exp-
eriments were performed with Italian ryegrass, Lolium multiflorum, var. Macho.
Italian ryegrass was used because it is fast-growing and responds to high N fertil-
ization by yielding an abundance of vegetative matter.

The results for the three cuts in the pot experiment are given in Fig. 2, exp-
ressed as tones of dry matter (DM) per hectare.
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Fig. 2. Yields of ryegrass for differ-
ent treatments and different types
of soil. Statistically significant dif-
ferences are indicated by different
Nonutrients Mineral fertilizer Manure Manure +NZ AM-NZ  letters (p < 0.001).
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Figure 2 reveals similar overall yields for the mineral fertilizer, the manure
and the manure+NZ treatments, with the exception of the sandy soil where con-
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siderably less biomass was produced in the control than in the other two treat-
ments. In general, there was little difference between the amounts of biomass
harvested at different cuts for these three treatments. A slight but significant dif-
ference (statistics for the separate cuts are not shown) was found in the silt, with
a somewhat lower biomass in the first cut in the manure+NZ treatment compared
to mineral fertilizer and manure alone. However, this slower growth at the begin-
ning was compensated for by a good yield in the second cut.

It seems that NZ added to the silt binds NH4" strongly at least in the initial
phase of the growing period. This could, at least partly, have been due to the rel-
atively high pH value of the silty soil (6.5), at which value cations are strongly
adsorbed and hence less available than in the clayey and sandy soils. This sug-
gestion is in accordance with the zeta potential measurement, which showed that
the stability of colloidal fractions of the silty soil is not influenced by the addition
of zeolite.

The yields in the treatments without fertilizer are, as expected, much smaller
than in the other treatments, especially in the sandy soil, which contained the
smallest amount of nutrients. Even when the sandy soil was treated with the min-
eral fertilizer, the plants grew poorly — most likely due to the low original pH of
the soil (i.e., 5.1, Table II). Treatments including both manure and manure+NZ
improved the growing conditions in the sandy soil, which was reflected in the
much higher yields.

In the silty soil, the treatment with AM—NZ resulted in slightly higher over-
all yields than in the manure+NZ and the mineral fertilizer treatment but not
compared to the manure alone. The may be explained by the fact that the AM—
NZ was obtained by the ion-exchange reaction using a NHy"-solution of well-
-defined strength as opposed to the NZ exposed to manure. In the latter case, less
NHy4" was bound by NZ because the manure used possessed not only NHy " pre-
sent in the liquid phase, but also organically bound N. It should be stressed that
the available N from manure cannot be determined accurately in comparison to
the available N in AM—NZ. Accordingly, the resulting differences are likely to
have caused the small differences in growth between the different treatments in
the silty soil.

CONCLUSIONS

This study evaluated the adsorption ability of zeolitic tuff from the Zlatokop
deposit towards NH4" present in liquid medium and towards NHj liberated in
manure, as well as its capability to be a nitrogen reservoir for plant growth.

The adsorption studies show that the process proceeded via an ion-exchange
mechanism, which followed the pseudo-second-order kinetic model (R2 > 0.99).
The adsorption isotherms studied at 2545 °C followed the Freundlich isotherm
model.
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The addition of 10 wt. % of the tuff to fresh cattle manure conserved about
90 % of ammonia and preserved its nutritive value. Greenhouse pot experiments
with Italian ryegrass suggested that the plants utilize the NH4" bound by the tuff
in a similar manner to the NH4" in easily soluble mineral fertilizers. Further work
will be directed towards exploitation of the tuff in odour control as well as
towards its potential use in the reduction of the nitrogen oxide emission during
manure application in agriculture. The results of such work could be expected to
significantly contribute not only to a less odoriferous, but also to a healthier envi-
ronment.
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H3BOJ
MMPYUMEHA KIIMHOIITUJIOJIUTA KAO AIICOPEEHTA AMOHHNJAKA U HOCAYA A30TA
3ATIPUMEHY Y Y3I0JY TPABIAKA

JEJIEHA MHUJIOBAHOBHR', SUSANNE EICH-GREATOREX?, TORE KROGSTAD? BECHA PAKHER’
u HEBEHKA PAJUR’

THnosayuonu yeninap TexHonouKoO—MellATypuKol paxyniieiia, Ynusepsuinei y Beoipagy, Kapreiujesa 4,

11000 Beoipag, *Faculty of Environmental Science and Technology, Norwegian University of Life Sciences,

1432 Aas, Norway, omotipuspegnu paxynidei, Ynusepsuiieii y beoipagy, Hemaruna 6, 11080 3emyn u
“Texnonowko-memanypuxu paxyniaeid, Yuusepsuiicei y Beoipagy, Kapneiujesa 4, 11000 Beoipag

3eonutcku Tyd (NZ) ca BeNMKMM CafpKajeM KIMHONTHONMTA M3 PyJHHMKA 3J1aTOKOII
(Bpamcka bama) ucnuTuBaH je Kao Hocad a3oTa 3a norpede rajema tpase. IIpoydeH je mexa-
HHM3aM U KMHETHKa Be3UBamba aMOHMjyM-jOHa U3 BOAEHHX pacTsopa 3a NZ kao u moryhHoct
Be3UBamka aMOHHjaka KOjHU HacTaje hepMEHTALlHjOM CBeKeT CTajibaka. Be3nBawe aMOHUjyM-
-joHa je peaxudja jOHCKE M3MEHE KoOja ClIeJu KUHETHKY INCeyfo-Apyror pefa. AfACOpNLHOHE
nsotepme ucnutane Ha 298-318 K cnepe ®pojHAnuxoBy jenHaunHy. NZ mako Be3yje amo-
HHUjak Koju ce ocnodaha y crajwaky u gomatak 10 mac. % NZ moxe fma cauyBa 90 % amMoHH-
jaka. IToreHuujanHa KOpUCT OBOr edexTa MCHUTHBaHA je nmpahemem pacta HMranujaHckor
myma (Italian ryegrass, Lolium multiflorum, var. Macho) y cakcujama y CTakieHOj dallTH
NPUMEHOM TPH pa3inyuTe BPCTe 3eMJbUILTA (IIpallrHa, [IMHA, ecak). MepeweMm 1jeTa NoTeH-
uyjana yTBpheHo je na ce cTabMIHOCT KOJIOMIHUX JUCIEp3Hja 3eM/buIlTa MelhycobHO pasnu-
Kyje 1 fa gojarak NZ yTude paslIM4MTO Ha CTabMJIHOCT, @ THME U Ha KPYXXEHE a30Ta y 3eM-
pUTYy. Ha 0CHOBY yKYIHUX pe3yiTaTa 3ak/byueHo je fa ce NZ Moxke KODUCTUTH IIPHU Y3rojy
TpaBmaKa.

(ITpumibeHo 17. Mapra, peBugupaHo 14. maja, npuxsaheno 18. maja 2015)
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