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Abstract.Pot experiment was carried out with the growingpepper Capsicum annuum L.).
Before vegetation, controlled release fertilizer @sate Plus (10-11-18) was placed on the bottom
of the pot that was then filled with peat substratee nutritive components embodied in this type of
fertilizer are slowly released during 5-6 monthkeTynamics of the macroelement contents in the
peat substrate was analysed as the effect of Osen&tas (10-11-18) fertilizer application. It was
shown that the use of localized placement of OsteoBdus (10-11-18) fertilizer does not suffi-
ciently enrich the substrate with nitrogen (N-NBhd N-NQ), phosphorus and potassium. The
maximal content of these components in relatiothéoapplied rates showed the following values:
(N-NH4+N-NO3) — 15.5%; P — 8.0% and K — 15.1%. The values w&realed in the final period of
growing (September-October). Optimal content of nesjum in the substrate which was main-
tained throughout the whole growing period wasardy the result of the application of Osmocote
Plus (10-11-18), but it was also caused by thegmas of magnesium in the lime fertilizer used for
the liming of peat and by the water used for itiiga It was found that localized placement of
fertilizer in the substrate caused not only som@bl@ms in maintaining optimal nutrient resource
level in the substrate for plants, but it also ta#damany methodological problems. It refers to the
method of sampling substrate for analyses, toalease of components from the fertilizer granules
during extraction, and to the interpretation oltess The problem of substrate analyses with ttee us
of slow-release fertilizers requires further metblodical studies.

Keywords: pepper, controlled release fertilizers (FRFsmocote, localized fertilization, re-
lease of nutrients

INTRODUCTION

Osmocote is historically the first coated fertilizehich has been offered on the
market three decades ago. In a coat of dicyclodemtacopolimer with glycerine
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ester, which gradually decomposes as a resultoolegradation, there are mineral
components in different proportions (Sharma 197Bg coat thickness imitates the
rate of components release by way of diffusion esiosis. As reported by other
authors (Nowalet al. 1995), the release, in controlled amounts, stdrt$4ldays
after the introduction of granules into the sulistra

The period of fertilizer activity (3, 6, 8, 14 mbg) requires a mean temperature
of 20-21°C and equalized humidity. Higher tempamataccelerates and a lower
temperature delays the release of components fnenfiettilizer (Michato§ and
Nurzynski 2006). The producer of fertilizers (Scott Cassumes that plants are
uniformly nourished during the whole period of viegion. Thereby, in compari-
son with traditional fertilizers, the utilizatiorf components from the fertilizers is
increased to 80%.

Coated controlled release fertilizers are recomradridr a single application
before vegetation by mixing them with the substrateby localized placing them
at definite points (Komoset al. 1998). The studies of Nowak al. (1995) indi-
cate that the method of fertilizer application éxean effect on the chemical
analysis results of the substrate.

The objective of the presented studies was estimatf the dynamics of N-
NH,4, N-NO; contents in the sum of both nitrogen forms and Rnd Mg from
the substrate in which Osmocote Plus fertilizer Veaslly applied for the nutri-
tion of pepper, and to show the pH and EC charijes.dynamics of the release
of nitrogen, phosphorus and potassium from Osmoehtse in the case when the
fertilizer was mixed with the total volume of thebstrate was presented earlier
by Golcz and Komosa (2006).

MATERIAL AND METHODS

Two years of experimental vegetative studies (fiday till October) were
carried out in an unheated greenhouse with pepptvar Delphin (Enza Zaden
Co.) After substrate liming (54.8% CaO and 5.4% Mg@® the rate of 12.0 g
CaCQdmof peat, a single application of the controlleceasie fertilizer Osmo-
cote Plus (10-11-18) (5-6 M), at the rate of 10@omtainer (10 g dn? sub-
strateplant®) was applied by localized placement on the bottdrthe pot. The
introduced coated fertilizer contained (in mg#mN-NH, 550, N-NQ 450, P
484, K 1494, Mg 120, Fe 20, Mn 4, Cu 3, Zn 1, BADb, 1. The total rate of fertil-
izer on the bottom of the pot represented a volah@&12 dnf.

Both before and during the growing, at one monthrirals, samples of the
peat substrate in the pots, from their total thede) were sampled vertically using
a sampler designed for sampling from peat substréa the given sampling
date, two samples were taken from one pot. Therarpat was carried out in
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four replications, whereby one replication was espnted by one pot. Compo-
nent content was determined by universal methodha extract of 0.03M
CHsCOOH (Nowosielski 1988). N-NHand N-NQ were determined by distilla-
tion method according to Bremner in Starck’s madifion, P — by colorimetric
method with ammonium vanadomolybdate, K and Cactgrhetrically, Mg — by
spectrometric absorption method, pH — potentioroaflyi, salinity (EC) — con-
ductometrically.

RESULTS AND DISCUSSION

The initial content of macronutrients, pH and galiim peat substrate (before
liming) are presented in Table 1.

Table 1. Content of nutrients, pH and EC of substrate peat

. EC
N-NH N-N N-NH, + N-N P K Ca M Hin R
Study 4 s st N-NGy g PHINED (g cnt
year (mg dm?® of substrate)
| 105 4 109 16 16 70 23 3.7 0.18
Il 42 2 44 tr. 13 91 21 4.17 0.11
“tr.— traces.

In both years of studies, the peat was characterige a low content of
macronutrients, by a strongly acid reaction, atmhatotal salt concentration.

The dynamics of ammonium and nitrate nitrogen (NzldRd N-NQ) as well
as the sum of N-NJ+N-NQO; in the peat substrate resulting from the localized
placement of Osmocote Plus (10-11-18) are showkigare 1. On the first date
of sampling (21st day of cultivation — June), theam sum of ammonium and
nitrate nitrogen contents (from 2 years of studiasjounted to 39.8 mg (N-
NH,+N-NO;) dm® of substrate, which — in relation to the theomdtjccalculated
rate —converted into 1 dramounting to 1000 mg (N-NHN-NO;) dm®, gave
3.9% of the applied dose.

On the second (49th day of cultivation — July) dhitd dates of sampling
(77th day of cultivation — August), the nitrogemtant increased to 70.2 and 82.5
mg (N-NH+N-NOs) dmi®, constituting 7.0 and 8.2% of the applied ratee Th
highest nitrogen content was found in September @otbber (the 105th and
126th day of cultivation — September and Octob&hen it amounted to 126.8
and 155.2 mg (N-NFN-NOs) dm®, respectively, giving 12.6 and 15.5% of the
applied rate. In the first year of studies untibabthe 100th day of growing (June
— September), there dominated the ammonium forrh#igvin the second year,
already from the 49th day of cultivation (July)etd dominated the nitrate form.
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Fig. 1. Dynamics of N-NH, N-NO; and N-NH, + N-NGO; content in peat substrate after the local-
ized application of controlled release fertilizesricote Plus (10-11-18) in pot growing pepper
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Similarly as in the case of nitrogen, a small iase of phosphorus content
from Osmocote Plus (10-11-18) was found (Fig. 2).
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Fig. 2. Dynamics of P content in peat substrate after dalized application of controlled release
fertilizer Osmocote Plus (10-11-18) in pot growepper

In the initial period of cultivation (June-July)n @verage from the two years
of studies, 43.5 and 37.5 mg P dof substrate showed a theoretical rate of 484
mg P dn, which made 8.9 and 7.7%. In the successive maftpepper culti-
vation (August and September, 77th and 105th ddlys)phosphorus content in
the substrate was still smaller — showing 29.0 2% mg P dm which made
only 5.9% and 5.6% of the applied rate. At the ehdultivation, on the 126th
day (October), the phosphorus content increas&9® mg P drfi of substrate
equalling 8.0% of the applied rate.

Similarly as in the case of nitrogen and phosphausw content of potassium
was found in the substrate as an effect of lodhlfeetilization with Osmocote Plus
(10-11-18) (Fig. 3). In the first year of the stughptassium content in the sub-
strate resulting from Osmocote Plus application wasntained on a low level,
showing from 18.0 mg K drhof substrate on the 165th day of cultivation (Sep-
tember) to 75.0 mg K drhof substrate on the 126th day of cultivation (Oethb
which gives only 1.2% to 5.0% relative to the @fté494 mg K drifof substrate.

In the second year of the study, from the beginwihthe cultivation to Sep-
tember (105th day), the potassium content in tHestsate was systematically
increasing, and in June it showed 2.0%, in Julgamd in August 13.0% of the
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applied rate. The highest increase of potassiuntea6i227.0 mg K diof sub-

strate) was found in September when it amounteii5t4%. That level corre-
sponded to the optimal potassium content of 2304280K dm® of substrate
(Bres et al. 2008, Komosat al. 1998).
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Fig. 3. Dynamics of K content in peat substrate after tdualized application of controlled release
fertilizer Osmocote Plus (10-11-18) in pot growepper

Enrichment of the substrate with magnesium, in bathrs of studies, was
similar (Fig. 4). It must be stressed that the heiteed magnesium content in the
substrate was the effect of Osmocote Plus appicatis well as of liming (3.2%
Mg) and irrigation with tap water (13.6 mg Mg din

In the first 49 days of cultivation (June-July) teentent of magnesium
amounted on average (in the period of two yeastuafies) to 189.0 mg Mg din
of substrate, which corresponded do the optimajearfior pepper which are 180—
220 mg Mg drii of substrate (Breet al. 2008, Komosat al. 1998). In the suc-
cessive months of growing, in both years of studies magnesium content in-
creased in the vegetation period.

Noteworthy is the high content of calcium in theapsubstrate which ex-
ceeded the optimal range for pepper (500-1500 mgr@%of substrate (Breet
al. 2008, Komosat al. 1998) (Fig. 5). Also the substrate reaction (dlighcid to
neutral) (Fig. 6) is worth considering.
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Fig. 4. Dynamics of Mg content in peat substrate afteldcelized application of controlled release
fertilizer Osmocote Plus (10-11-18) in pot growpepper
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Fig. 5. Dynamics of Ca content in peat substrate afterdbalized application of controlled release
fertilizer Osmocote Plus (10-11-18) in pot growepper
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Fig. 6. Changes pH of substrate in growing of pepper

Calcium content in the substrate on the 126th dapbkivation was, on aver-
age, 2200 mg Ca dhof substrate, with pH in 0 from 6.65 to 7.05, while in the
second year, it was 2545 mg Ca Haf substrate, and pH in.B showed from
7.02 to 7.36. In the first year of the study, aatcilevel in the substrate, until
September (105th day of cultivation) was decreasiigle in the second year, it
showed some oscillations.

Study results concerning salinity reflect the dyitnof nutrient contents in
the substrate, mainly as a result of its enrichmétit Osmocoet Plus (10-11-18)
(Fig. 7). In the first year of the study, until th@5th day of cultivation, electrical
conductivity (EC) did not exceed the admissibleé sahcentration (1.6 mS ¢t
(Bres et al. 2008). On the other hand, on the 126th day of pegqmeving (Octo-
ber), in the first year of studies, and on the 7attld 105th day of growing (Au-
gust — September) in the second year of studidigjtgavas the result of more
intensive enrichment of substrate with magnesiuh potassium and from Os-
mocote Plus, as well as a high content of calcium.

On the basis of the presented studies and eadH@icptions, it must be stated
that the method of application to peat substratin@multi-compound Osmocote
Plus (10-11-18) fertilizer, whose action was assiitaelast for a period of 5-6
months, exerted a significant effect on the dynaritcthe macronutrients content
in the substrate. The application of the fertilizsr a localized method (point
placement of fertilizer on the bottom of the patkie growing of peppeCapsi-
cum annuum L.) cv. Delphin caused only a slight enrichmenttloé substrate
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with nitrogen — 3.9% to 15.5%, phosphorus — 5.68%.98% and with potassium
—1.2% to 15.1% of the applied rate. Only the coinéé magnesium corresponded
to the optimal range for cultivation of pepper Eapsubstrate.
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Fig. 7. Changes EC of substrate in growing of pepper

However, one must stress that this level was niyt e effect of Osmocote
Plus (10-11-18) application, but it was also causgdhe applied liming of the
substrate and by irrigation with water enrichechwitagnesium. For comparison,
mixing of fertilizer with the total substrate volen(Golcz and Komosa 2006)
increased, already during the first 21 days of gngwthe enrichment of the sub-
strate, as a result of the application of Osmo&ites (10-11-18), to 71.1% of
nitrogen (N-NH+N-NOs), 98.9% of phosphorus and 44.0 — 100.0% of patassi
(Golcz and Komosa 2006).

On the basis of our experiments (Komesal. 1998, Michatoj and Nurzyi-
ski 2006), it can be stated that using controlkddase fertilizers for the nutrition
of plants in a systematic sequence for a long gesfcime, the standard method
of sampling from the external root clod layer gaignificantly lower results than
in the case when the fertilizers were mixed with thtal volume of substrate.
This can be explained by the concentration gradiémiffusion components in
the substrate from the place where the fertilizexs wlaced. Therefore, the
method of fertilization constitutes a significaatfor which has to be considered
in the interpretation of the chemical analysesefgubstrate.
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CONCLUSIONS

1. The method of Osmocote Plus (10-11-18; 5-6 M) aptibn had a sig-
nificant effect on the dynamics of macronutrienhtemts in peat substrate during
the growing of pepper.

2. Application of fertilizer by a localized method (pted placement on the
bottom of pots) in the growing of pepper caused éwichment of the substrate
fertility, which for nitrogen was 3.9-15.5%, phospbs 5.68-8.98% and potas-
sium 1.2-15.1% of the applied rate.

3. Content of magnesium in the substrate was optioragfowing of pep-
per, however this range was also a result of lindhthe substrate and watering
of plants.

4. Chemical analyses of substrates enriched with tm&ralled release fer-
tilizers (CRF) evoked problems with interpretatioihresults. Some amounts of
nutrients are released from the granules of feetilduring chemical extraction of
nutrients from the substrates. It seems to be sacgdo remove the granules
from substrates before analyses.
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DYNAMIKA ZAWARTO $CI MAKROSKEADNIKOW W PODEOZU
PRZY ZLOKALIZOWANYM ZASTOSOWANIU NAWOZU WOLNODZIA-
EAJACEGO OSMOCOTE PLUS W POJEMNIKOWEJ UPRAWIE PAPRYKI
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Streszczenie. W dwiadczeniu z uprasvpapryki Capsicum annuum L. odm. ‘Delphin’) w pod-
tozu torfowym zastosowano przedwegetacyjnie w sposdkalzowany (punktowo), na dnie wazonu,
naw6z o spowolnionym dziataniu Osmocote Plus 108 - ktérego sktadniki pokarmowe uwalniane s
przez okres 5-6 miegly. Analizowano dynamikzawartéci makroelementéw w podta torfowym, jako
efekt stosowania nawozu. Wykazamoprzy zlokalizowanym stosowaniu nawozu Osmocate F0-11-18
jest nie wystarczage wzbogacanie podia w azot (N-NH i N-NO;) fosfor i potas. Maksymalne oznaczone
zawartd¢ tych sktadnikéw, w stosunku do zastosowanej damjaosity: 15,5% dla N-N#+N-NO;, 8,0%
dla P i 15,1% dla K i zaznaczylesv koncowym okresie uprawy (wrzesipazdziernik). Optymalna za-
wartas¢ magnezu w podiai, utrzymujca s przez caty okres uprawy, byta nie tylko wynikietmsswania
Osmocote Plus 10-11-18, ale rown@becnécia magnezu w nawozie wapniowym (kredzieytym do
wapnowania torfu oraz wody stosowanej do podlewdbiaierdzono,ze zlokalizowane umieszczenie
nawozu w podigu stwarza nie tylko problemy z utrzymaniem optyreghasobnéci podiaa dla rglin, ale
rowniez wytania wiele probleméw metodycznych. Dotyczypgosobu pobierania préb do analiz, uwalnianie
si¢ sktadnikéw z granul nawozowych w czasie ekstrakeie interpretacji wynikéw. Problem analiz podio-
7y z zastosowaniem nawozow o spowolnionym dzialagimaga dalszych batianetodycznych.

Stowa kluczowe: papryka, nawozy wolnodzigta o kontrolowanym dziataniu, Osmocote,
nawazenie punktowe, nawenie zlokalizowane, uwalnianie sktadnikow



