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difference in yields obtained on the two Lypes of soil, but the difference belznveen
| yield was obtained in

treatments was nol significant up (0 3" cut when the optima
pols containing ammonia-loaded zeolite. The results are yet to be tested in field

conditions.
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INTRODUCTION

um italicum L syn L. multiflorum L.) is an important short
latability and digestibility make this species highly
from early spring to late summer. It is used in

feed is required. Italian ryegrass is well-
m rainfall

Italian ryegrass (Loli
duration grass in Serbia. High pa
valued for forage/livestock systems
many environments where fast cover or quick
adapted to high rainfall, but can be grown where a minimum of about 500 m

occurs during the groufing season (Evers et al., 1997). In Serbia, it is a dense-growing
winter crop characterized by fast growth that secures quick tillering, high yiel
Spoylem}ra}ll, fitness for reduced cultivation and good adaptability to heav;/ and moist
oils. There are reports of ryegrass preft ; i i

(Griffith and Streeter, 1994;}( # preference for ammonium nutrition over nitrate
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Zeolite is used traditional]
retaining medium for nitrogen
structure of natural clinoptilolite is jdea] for so
to its structure and properties this natural, ine
a slowly releasing carrier of fertilizer, it can j

can t?e used for treatment _of contaminated soils (Rehdkova et al., 2004). Our
experiment was conducted with a natural zeoljtic tuff (from “Zlatokop” mine in south

Serbia, containing -~70.wt. % of clinoptilolite) and ammonia-loaded zeolite (formed by
binding of ammonia ions from aqueous soluti

suggest that plants may have a good resp i

carrier while such method of fertilization is ecologically advantageous since the active
compounds and nutrients are washed out into the soil slowly and gradually (Malekian
et al., 2011). Clinoptilolite can also influence bioavailability of other plant nutrients
and there are some indications that it contributes to releasing phosphorus in the first
24h for about 60%, while modified NH," -zeolite increases the release of phosphorus
for additional 150% when added to the rock phosphate (Lopici¢ et al., 2013).
Furthermore it has been reported that zeolites, with their specific selectivity for
ammonium, can take up this specific cation from either farmyard manure, composts,
or ammonium-bearing fertilizers, thereby reducing losses of nitrogen to the
environment (Sparks et al., 2011). Based on the results of research, natural zeolite can
be recommended for agricultural purposes in terms of sustainable fertilizing and

improving system cattle farm - manure - organic fertilizer for forage crops (Simi¢ et
al., 2013).

Y in agriculture

agr as soil conditioner and as nitrogen
fertilizing imp

rovements (Polat et al., 2004). The
rption and ion exchange processes. Due
rt and non-toxic material can be used as
mprove physical properties of soils and it

MATERIAL AND METHODS

The soils used for the experiment were Pseudogley (Planosol) collected from the
site in Varna (West Serbia) and Dystric brown soil (Dystric Cambisol) collected from
the site in Vlasina (South-east Serbia). Soil samples collected at the sites were poﬁoied
and homogenized whereas stones and roots were removed. The pots were filed with 2
kg of air-dried soil and the ryegrass seed was sown on 12 December 2013. at a rate of
50 seeds per pot. _ - .

The experiments carried out in greenhouse included four .dszerent treatments: E:)
soil (control); b) soil+zeolite CLI (10 g kg™); c)1 soil-l—arnmoma—lozfclied zeollte_NH4 -
CLI (10 g kg equivalent to nitrogep applncat:op of 1'00 kg ha N),O dlz n;::rgg;}n
application by mineral fertilizer Calcium ammonium nitrate CAN (100 kg ha™ N,
CAN contains 27% nitrogen); all in 4 replications.

The pots were placed in an unheated greenhouse and were thoroughly watered;
while the growth of the plants was monitored. The temperature in greent;ous;a\;:n
above 10°C during the experiment and it can be considered as optimal for It:

: e o ' ture rises above 0°C (Griffith
ryegrass since it is physiological active when tempera Er S Ol e Sdisidu]
and Chastain 1997). Plants were cut b?]cl; thlre-z ) l;th S1% and 84 day after
experimental pots, about 2-3 cm above soil leve e st e was colleeted for
Pty when the expurimord e e T’l vestgd material was left to
determination of fresh and dry weight per cut apd the a_er e on at 60°C until
dry at room temperature for a few days before it was dr'le In ?ht et ek WIS
constant mass. Plant tissue was examined for changes in weig
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(ANOVA) The treatment effect was determined
ce .

y analysis . eeant difference procedure.

ined: in water and
scher's least SEENTA S of the soils were determined: pH (

total C and total N. For
The main € ,

i . H is measured in
in aqueous solution of CaC d; the p

d water anc 0. e bined pH electrode. Loss on
pH mea-sunrel; d to a ROSs extractions of elements
suspension b}

y Orion pH meter t"" o at 105°C. The e G

in percent O ‘ ction i

jgnition is calculated in percen he ammonium-lactate extra .
were done in ammonium la d by use of ICP-

Lt
ctate (AL) solutions;
e measure
formed according Egner et al. (1960) a_nd lhe_ elements a;;d el sptical emission
perins ination of elements the inductively coup
OES. For determina Imer Optima 530

C .

i i 1.
ding to USDA Soil Survey manua L o -
acc%; ammonia-enriched zeolitic tuff (grain size in the range 0.063-0.1 m )

prepared as described in details by Milovanovic et al. (2013).

analysed b :
according t0 Fi

nent distille

RESULTS AND DISCUSSION

The soils selected for the experiment are traditionaly used for extensive forage
production since their phisical and chemical properties (Table 1) could be restrictive
for an intensive agricultural production. Planosol is marked as conditionally
productive soil whereas Dystric Cambisol is marked to serious restrictions (Protic et
al., 2003).

The soils have low nitrogen contents. This could considerably reduce yields since
the leaves of plants grown with a limiting nitrogen supply are smaller, compared with
these of plants grown with an optimum nutrient supply (Griffith and Streeter, 1994),
:fliifoil;ihg] dcz::}l;i a::::sec; bti ;ff:;t(icl r?]lpce nitrogen stres-s d_ecreases the concentration

i) cellulose and lignin (Lambers et al., 2008).

Italian ryegrass reacts rapidly to increased N a licati i -
: : tion d :
in relation o control (Simi¢ et al., 2009), pp oubling the yield of proteins

Table 1. Soil properties

Soil f.‘/?if Tip Textural class / H <hemical properties / 7 emijske osobine
zemijista Teksturna klasq in in AL-P,05 AL-K,0 | Total Tota
H,0 | ¢ mgkg' | mgkg! 0 s
Seudoglej Peskovitq 5.73 5.07 i
Dystric Cambiso] / Cldm;aéa - ."_“'- . ! - -
Districno smede G?n ;) o ‘ =
— zemljiste | v 510 | 418
____ilovaca 5.7 63.0 110 | 0.0%
Numb . "'"""'——' - .
moer of seed]; - il




E Control CLI NH,— CLI CAN l
Seedlings (Number pot™) / Kiijanci (Broj po posudi) '
[ Planosol 4457 (1.12) 43.5" (1.80) 445" (1.50) 4487 (2.86) b
[ Dystric Cambisol 112 (2.86) 6.8 (2.09) B30 (1.22) 245 (L) |
Plant height (cm) / Visina biljaka (cm) v
Planosol 24337(0.78) | 2482 (268) | 2445 (035) | 24.10°(1.02) |
Dystric Cambisol 22.60° (1.35) 22.2%(1.30) 22.13" (0.62) 22.31° (0.62)

* Means wi.th dichljing superscripts are significantly different (P<0.,05).
* 'rednosti sa razlicitim superskriptama se statisticki znacajno razlikuju (P<0,05).

{xverage germination rate of 88 % corresponds with the literature (Jovanovi¢ and
Tesi¢c-Jovanovié, 1972) and therefore it can be concluded that addition of zeolite or '
ammonia-loaded zeolite doesn’t have a negative effect on the germination of Italian
ryegrass seeds. Soil type did have a significant influence on plant height. In relation to
the plants grown on Dystric cambisol the plants grown on Planosol were 8.3 % higher
in average. Soil acidity of Dystric cambisol could have an inhibitory effect on plant
grov_vth and leaf elongation. Plant height was not affected by nitrogen-source, as well
as nitrogen content.

Although Italian ryegrass is tolerant of low soil pH the yield decreases when the
pH is below 5.5 (Hart and Mellbye, 2009). Our results show that there is a significant
difference in yields obtained on the two types of soil in each cut (Table 3). Acidity is a
major limitation to soil productivity and soil pH values below 5.0 to 5.5 warn that
soluble levels of certain metals, particularly Al;" and Mn,", may be high enough to be
biologically toxic (McBride, 1994).

Table 3. Dry matter yield, in grams (Standard Deviations appear in parentheses)

[ Control | CLI [ NH,S-CLL | CAN
I cut/ [ otkos
Planosol 0.2649° (0.0197) | 0.2423*(0.0295) | 0.2847* (0.0082) | 0.2652° (0.0153)

Dystric Cambisol

0.1835" (0.0087)

0.1888° (0.0209)

0.1455" (0.0259)

0.1571° (0.0026)

11 cut / Il otkos

Planosol 0.4628° (0.0121) | 0.4166* (0.0482) | 0.4948" (0.0518) | 0.4565 (0.0664)

Dystric Cambisol | 0.2381" (0.0211) 0.2677°(0.0269) | 0.2504° (0.0155) | 0.2321” (0.0248)
111 cut / 1] otkos

Planosol 0.5071° (0.1143) [ 0.3748° (0.0444) | 0.7684" (0.1006) 0.6341:(0.0773)

Dystric Cambisol | 0.3827° (0.0438) | 0.4103° (0.0198) 0.4247° (0.0265) | 0.5053" (0.0615)

* Means with differing superscripts are significantly different (P<0,05).

In the first two cuts there were no significant differ

treatments. The addition of nitrogen was proven to have e
NH,

marked increase in the dry matter yield was seen for

control, while CLI additive did not have a favoura
commercial fertilizer CAN significantly increase

control.
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treatments could be explained_by the limiting effect 5

firradiance and the photoperiod, spectral comPOSition

, licht affect plant development (Lawihers: of al, 2003,

nd divaclifl 0F tg:’:far red ratio might preclude morphqge];l_llcf retsionses I Italj,

e Il;mt"orrz an important depletion in energy aelabviy Fikies:plane (Casal
ryegrass even be

et al., 1987).

The delayed effect of thel
irradiance. Both the total level 0

CONCLUSION

ivansliph > at plants may have a good responge :
; The Tesu-lts 'elzplal:1:}:1itsr2§§re15tt‘er‘t’;1izef carrier. Such methf}d of fertilization i:
C[lnopi.llﬂllt? ‘3 L;?“a eous since the active compounds and nutrients are washeq out
?cologlcall_}l Ellorwl a%d gradually. On the basis of results obtained in _pot.exp?rimems
::)n::(:l:: i?e()l‘ol:i (S)f ltaI);an ryegrass under the influence of dif’ferf_:m I\Lap;.)h]célau?r:i, it car} be
concluded that this grass species reacts to N supply mcreasmgé eb yle c?. :i-y weight
in relation to control. Italian ryegrass dry matter qua!lty cou ].e g0od indicator of
ammonia intake and is yet to be analysed. Why the yle!d of Italian ryegrass was not
significantly different until the third cut was not determined. Further .research is need
for testing the proposed hypothesis. The next stage of our research will be testing the
results in field conditions.
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