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Abstract

Fertilization is the main factor and an indicator of the effectiveness of agricultural
production. A wide variety and range of mineral fertilizers are currently available on the
Polish market. They differ with respect to quality and price, while their names are often
similar, which makes it difficult for the farmer to select the best one. There has been
asteady increase in the share of multi-component fertilizers in total mineral fertilizer con-
sumption in Poland, which seems very positive. Multi-component fertilizers supply a com-
bination of nutrients at a time, in adequate amounts and proportions, in view of the con-
tent of available phosphorus, potassium and magnesium in the soil. The objective of this
study was to determine the effect of mixed multi-component fertilizers on spring triticale
yield, the content and uptake of macronutrients. A three-year field experiment (2005-2007)
was carried out in a randomized block design at the Research and Experimental Station in
Tomaszkowo, at the University of Warmia and Mazury in Olsztyn. The experiment compri-
sed three fertilization treatments: control treatment (simple fertilizers) and two treatments
with mixed multi-component fertilizers, Amofosmag 4 (NPKMg 4:15:15:2) and Amofosmag
3 (NPKMg 3:14:20:2). The tested crop was spring triticale (Triticosecale Wittm) cv. Wanad.
Amofosmag 4 had the most beneficial influence on the yield of spring triticale grain, which
increased by 11% on average, compared with the control treatment. The effect of Amofo-
smag 3 was similar to that of simple fertilizers. Simple and multi-component fertilizers exer-
ted a comparable effect on the mineral composition of triticale grain and straw, which re-
mained within normal limits. More pronounced differences were observed in this respect
between successive years of the study. The highest total uptake of nitrogen, phosphorus,
potassium, calcium and magnesium by spring triticale was noted in plots fertilized with
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Amofosmag 4, which indicates that the nutrients contained in this fertilizer are more
readily available to plants compared with simple fertilizers and Amofosmag 3.

Key words: spring triticale, yield, macronutrients, multi-component fertilizers.

DZIAEANIE NAWOZOW WIELOSKEADNIKOWYCH NA PLON, ZAWARTOGA
| POBRANIE MAKROELEMENTOW PRZEZ PSZEN™ YTO JARE

Abstrakt

Nawocenie jest podstawowym czynnikiem i zarazem wskaYnikiem efektywnoeci pro-
dukcji rolniczej. Dostepny obecnie na polskim rynku bardzo szeroki i zré;nicowany pod
wzglédem jakoeciowym i cenowym asortyment nawozow mineralnych, o podobnych na-
zwach, czésto utrudnia rolnikowi wybdr odpowiedniego nawozu. Pozytywnym zjawiskiem
jest powolny, ale systematyczny wzrost udziau nawozéw wieloskiadnikowych w ogdlnym
zugyciu nawozéw mineralnych przez polskiego rolnika. Nawozy wielosk3adnikowe umogli-
wiajt dostarczanie roelinom jednoczeenie Kilku sk3adnikéw pokarmowych w odpowiednich
iloeciach i proporcjach, najczéeciej z uwzglédnieniem zasobnoeci gleby w przyswajalny fos-
for, potas i magnez. Celem pracy by3a ocena wplywu zastosowanych nawozéw wielosk3ad-
nikowych mieszanych na wielkoez plonu, zawartoez i pobranie makroelementéw przez
pszengyto jare. Trzyletnie doewiadczenie polowe (2005-2007) przeprowadzono w Zak3adzie
Dydaktyczno-Doewiadczalnym w Tomaszkowie nale;icym do Uniwersytetu Warmifisko-Ma-
zurskiego w Olsztynie. Doewiadczenie, zalo;one metod® losowanych blokéw, obejmowaso
trzy obiekty nawozowe: obiekt kontrolny (nawozy jednosk3adnikowe) oraz dwa nawozy wielo-
sk3adnikowe mieszane — Amofosmag 4 (NPKMg 4:15:15:2) i Amofosmag 3 (NPKMg
3:14:20:2). Roelin® testowan® by2o pszengyto jare (Triticosecale Wittm) odmiany Wanad. Z ba-
daf wynika, ¢e najkorzystniej na plon ziarna pszengyta jarego wp3lyn13 Amofosmag 4, kté-
ry zwiékszy?® go erednio o ok. 11% w poréwnaniu z obiektem kontrolnym. Natomiast Amo-
fosmag 3 dziaa® na poziomie nawozoéw jednosk3adnikowych. Nawozy jednosk3adnikowe
i wielosk3adnikowe podobnie kszta’towady sk3ad mineralny ziarna i slomy pszeniyta, ktory
mieeci® sié w ogblnie przyjétych normach. Wiéksze zré;nicowanie wyst1pi®o miédzy poszcze-
gélnymi latami badafi. Najwiéksze 31czne pobranie azotu, fosforu, potasu, wapnia i magne-
Zu przez pszengyto jare stwierdzono po zastosowaniu Amofosmagu 4, co ewiadczy o lepszej
przyswajalnoeci sk3adnikéw pokarmowych z tego nawozu ni;, z nawozéw jednosk3adniko-
wych oraz z Amofosmagu 3.

S3owa kluczowe: pszengyto jare, plon, makroelementy, nawozy wielosk3adnikowe.

INTRODUCTION

A wide variety and range of multi-component fertilizers (solid, liquid and
suspension) are currently available on the Polish market. They often have
a similar composition, but are sold under different brand names, which
makes it difficult for the farmer to select the best one. Fertilization rates
should be adjusted to the requirements of the plant species, and should be
determined in view of crop yield and quality, fertilizer efficiency and envi-
ronmental issues. Compound fertilizers provide crops with essential nutri-
ents in adequate amounts and proportions, and they help prevent or reduce
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nutrient leaching (Czuea 1998, ZAWARTKA, SKwIERAWSKA 2004a). Multi-compo-
nent fertilizers, which provide three primary macronutrients, N, P and K,
and secondary nutrients, Mg, Ca, S and Na, in varying proportions, are
applied to counterbalance the progress of soil acidification, to correct mag-
nesium deficiency in the soil and to reduce sulfur emissions, thus prevent-
ing nutrient deficiency in plants (FiLipek 2001, Nowak, DRrRAszawkA-BogzaN
2001).

The objective of this study was to determine the effect of mixed multi-
component fertilizers Amofosmag 3 and Amofosmag 4 on spring triticale yield,
the content and uptake of macronutrients.

MATERIALS AND METHODS

In 2005-2007, a field experiment was carried out in a randomized block
design at the Research and Experimental Station in Tomaszkowo, at the
University of Warmia and Mazury in Olsztyn. The experiment, which com-
prised three fertilization treatments in four replications: control treatment
(simple fertilizers), Amofosmag 3 and Amofosmag 4, was established on proper
brown soil developed from sandy loam, of quality class 11l b and very good
rye complex (1V). The physicochemical properties of soil in each year of the
study are presented in Table 1. The tested crop was spring triticale (Tritico-
secale Wittm) cv. Wanad. The preceding plants were winter triticale in the
first year, and winter rapeseed in the following two years. The plot surface
area was 10 m2.

Table 1

Selected physicochemical and chemical properties of the soil used
in the experiment

Available forms (mg kg*l)
Year pH w1 M KCI1
P K Mg
2005 6.15 56.70 112.0 31.0
2006 7.20 112.9 145.3 25.0
2007 5.60 116.0 224.0 87.0

Based on the average levels of available phosphorus in the soil, 300 kg
ha—1 Amofosmag 3 (NPKMg 3:14:20:2+22% CaO+9% SO;; 9 kg N, 18 kg P
and 50 kg K on pure ingredient basis) and Amofosmag 4 (NPKMg
4:15:15:2+24% CaO+9% SOg; 12 kg N, 20 P and 37 kg K on pure ingredient
basis) were applied pre-sowing. In the control treatment, the following ferti-
lizers were applied pre-sowing: 12 kg N in the form of urea, 45 kg P,Og
(20 kg P) in the form of triple superphosphate and 45 kg K,O (37 kg K) per
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ha in the form of potash salt. The nitrogen rate of 90 kg ha—l was supple-
mented with two doses of ammonium nitrate applied by top-dressing, as
follows: control treatment and Amofosmag 4 treatment — 50 and 28 kg N,
Amofosmag 3 treatment — 50 and 31 kg N ha~L.

Samples of spring triticale were collected at the stage of full maturity.
The grain and straw harvested in each plot were dried and weighed individ-
ually. Wet mineralized samples were assayed for the content of: total nitro-
gen — by the hypochlorite method, phosphorus — by the vanadium-molybde-
num method, calcium and potassium — by atomic emission spectrometry
(AES), and magnesium — by atomic absorption spectrometry (AAS). The re-
sults of chemical analyses were verified statistically by a two-factorial analy-
sis of variance for a randomized block design. The experimental factors were
as follows: a — fertilization, b — duration of the experiment. The least signif-
icant difference was assumed at p=0.05.

RESULTS AND DISCUSSION

The distribution of air temperatures in 2005 differed insignificantly from
the long-term average (Table 2). Total precipitation in April was substantial-
ly lower than the long-term average, which could have contributed to une-
ven emergence, whereas July was too wet. In 2006, the mean monthly tem-

Table 2

Weather conditions in 2005-2007 — data provided by the Meteorological Station
in Tomaszkowo

Mean daily temperature (°C) Total precipitation (mm)
Month 1970- 1970-
2005 2006 2007 2000 2005 2006 2007 2000
April 8.2 7.3 75 6.9 22.0 25.6 24.7 36.1
May 11.6 12.5 13.8 12.7 68.2 89.2 935 51.9
June 14.2 16.0 17.7 15.9 35.4 79.2 88.1 79.3
July 19.7 20.9 177 17.7 83.9 29.3 173.7 73.8
August 16.9 17.2 183 179 39.6 165.0 68.0 671
Mean 14.1 14.8 15.0 141 $249.1 | 23884 | X448.0 | =308.2

peratures were similar to the long-term average. The highest temperature
was recorded in July. Precipitation levels differed considerably from the av-
erage values in July and August. Precipitation total in July and August was
over 2.5-fold lower and nearly 2.5-fold higher, respectively, than the long
period average, which made harvest difficult. In 2007, air temperatures dur-
ing the growing season were slightly above the long-term average. July was
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wet, with a difference of 99.9 mm between the mean monthly rainfall and
the long period average. The weather conditions affected the yield of spring
triticale.

The highest average yield of spring triticale grain (5.82 t ha—1) was ob-
tained in the first year of the study (Table 3). Amofosmag 4 contributed to
a significant increment in grain yield, which was by 27% and 25% higher
than in the control treatment (simple fertilizers) and in the Amofosmag 3
treatment, respectively. In another experiment, spring wheat also respond-
ed by yield increase to the application of Amofosmag 4 (NocaLska et al. 2010).

Table 3
Spring triticale yield after the application of Amofosmag 4 and Amofosmag 3 (t ha™1)

Grain Straw
Treatment
2005 | 2006 | 2007 | ™™ | 2005 | 2006 | 2007 | ™ean
(@) (a)
NPK 531 | 425 | 381 | 446 | 570 | 705 | 515 | 597
Amofosmag 4 675 | 439 | 378 | 497 | 741 | 640 | 560 | 647
Amofosmag 539 | 402 | 373 | 438 | 629 | 633 | 514 | 592
Mean (b) 582 | 422 | 38.77 647 | 659 | 530
LSD,,_ o5 for:
a 0.29 n.s.
b 0.33 0.54
axb 0.50 0.94

Legend: a — fertilization, b — duration of the experiment

In the second year of the study (2006), the yield of spring triticale grain
ranged from 4.02 to 4.39 t ha~1, depending on the applied fertilizer, and it
was significantly lower (by 38% on average) than in the first year. Amofos-
mag 4 contributed to an approximately 10% increase in triticale grain yield,
in comparison with Amofosmag 3. The lowest triticale grain yield was at-
tained in 2007 — it was 35% and 11% lower than in 2005 and 2006, respec-
tively. The above could have been due to the less favorable weather condi-
tions. Triticale straw yield was less affected by the applied fertilizers. The
highest straw yield, similarly as the highest grain yield, was obtained in the
Amofosmag 4 treatment. Triticale straw yield was significantly lower (by
over 1.2 tons) in the last year of the experiment than in the first and sec-
ond year.

The means from the three years show that Amofosmag 4 caused an
approximately 11% and 8% increase in the yield of triticale grain and straw,
respectively, compared with the control treatment. The effect of Amofosmag
3 was similar to that of simple fertilizers. Other authors (Mazur et al. 2001,
STEPIEN, MERCIK 2001, ZAWARTKA, SKWIERAWSKA 2004b) also observed a yield-
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forming effect of compound fertilizers in many plant species. On the other
hand, Krzywy et al. (2000) demonstrated that multi-component fertilizers had
an insignificant effect on the yield of winter triticale and spring barley.

The results of chemical analyses of spring triticale grain and straw, pre-
sented in Table 4, suggest that the concentrations of the analyzed macronu-
trients varied insignificantly between fertilization treatments, and in most
cases they remained within normal limits (Norms for nutritions... 2009).
The grain of spring triticale fertilized with Amofosmag 3 had a significantly
lower average nitrogen content, compared with the Amofosmag 4 and con-
trol treatments. The concentrations of phosphorus, potassium, calcium and
magnesium were not significantly modified by the applied fertilizers. More
pronounced differences were observed in this respect between successive
years of the study. In the first year of the study (2005), the grain of spring
triticale contained significantly less nitrogen and calcium and more magne-
sium, compared with the values noted in the two consecutive years. In the
second year of the experiment, triticale grain contained larger amounts of
nitrogen than in the first year, and significantly higher quantities of phos-
phorus and calcium and less potassium than in the first and third year. The
highest average nitrogen content (23.0 g kg~1 d.m.) of triticale grain was
observed in 2007, and it was significantly higher than in 2005 and 2006 (by
60% and 18%, respectively). The concentrations of the analyzed macronutri-
ents in triticale straw varied between the years. The highest content of
nitrogen was noted in the first year, of phosphorus and magnesium in the
second year, and of potassium — in the third year. The findings of many
other authors (Krzywy et al. 2000, FiLirek 2001, Krzywy et al. 2001, Mazur et
al. 2001, NocaLska et al. 2010) suggest that multi-component fertilizers have
an insignificant effect on the macronutrient content of tested plants.

Macronutrient uptake was estimated based on the yield and macronutri-
ent content of spring triticale grain and straw (Figure 1). The highest nitro-
gen uptake by spring triticale plants (144.3 kg N ha™l) was noted in the
first year of the experiment, following the application of Amofosmag 4, which
resulted from the highest yield of triticale grain and straw in this treat-
ment. Phosphorus uptake levels were comparable in all treatments. Phos-
phorus uptake varied between years — it was the highest in 2006 (32.3 kg
P ha~l on average) when triticale grain and straw were abundant in phos-
phorus, and nearly two-fold lower in the third year of the experiment.
A similar trend was observed with regard to calcium uptake. Magnesium
uptake decreased over time. The highest total (mean values of three years)
uptake of the analyzed macronutrients (N, P, K, Ca and Mg) was noted in
plots fertilized with Amofosmag 4. In the Amofosmag 3 treatment, macronu-
trient uptake was 7% lower than in the control treatment. This indicates
that the nutrients contained in Amofosmag 4 are more readily available to
spring triticale, in comparison with simple fertilizers and Amofosmag 3.
SterIEN, MERCcIK (2001), Kruczek, SuLewska (2005) and NocaLska et al. (2010)
reported that multi-component fertilizers, compared with simple fertilizers,
supported higher nutrient uptake by various plant species.
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Table 4
Macronutrient content of spring triticale after the application of Amofosmag 4
and Amofosmag 3 (g kg~ d.m.)
Macro- Grain Straw
. Treatment
nutrient 2005 | 2006 | 2007 | mean (a) | 2005 | 2006 | 2007 | mean (a)

Nitrogen NPK 149 | 20.1 | 23.8 19.6 6.65 | 6.04 | 5.07 5.92

Amofosmag4 | 149 | 19.5 | 23.1 19.2 5.86 | 4.89 | 4.71 5.15

Amofosmag3 | 13.5 | 18.9 | 22.0 18.1 597 | 4.99 | 4.90 5.29
Mean (b) 144 | 195 | 23.0 - 6.16 | 5.31 | 4.89 -
LSD,_g g5 for: a 0.89 n.s.

b 0.90 0.62

axb n.s. n.s.

NPK 3.72 | 5.40 | 2.37 3.83 0.84 | 1.60 | 1.09 1.18

Phosphorus | Amofosmag4 | 3.62 | 525 | 2.37 3.75 0.84 | 140 | 0.97 1.07

Amofosmag3 | 3.64 | 533 | 2.30 3.76 0.66 | 1.50 | 1.02 1.06
Mean (b) 3.66 | 5.32 | 2.35 - 0.78 | 1.50 | 1.03 -
LSD,_g g5 for: a n.s. n.s.

b 0.15 0.14

axb n.s. n.s.

NPK 450 | 3.30 | 4.61 4.14 10.1 | 12.8 | 152 12.7
Potassium Amofosmag4 | 4.30 | 3.05 | 4.37 3.91 11.0 | 105 | 14.6 12.0

Amofosmag3 | 4.45 | 3.07 | 4.25 3.92 104 | 115 | 14.8 12.2
Mean (b) 442 | 3.14 | 441 105 | 116 | 149 -
LSDp=0.05 for: « n.s. n.s.

b 0.21 1.49

axb n.s. n.s.

NPK 0.31 | 1.00 | 0.47 0.59 2.75 | 2.68 | 1.80 241
Calcium Amofosmag4 | 0.31 | 1.01 | 0.44 0.59 2.75 | 254 | 1.75 2.35

Amofosmag3 | 0.30 | 0.99 | 0.45 0.58 240 | 2.67 | 1.75 2.27
Mean (b) 0.31 | 1.00 | 0.45 2.63 | 2.63 | 1.77 -
LSD,_g g5 for: a n.s. n.s.

b 0.061 0.28

axb n.s. n.s.

NPK 1.43 | 099 | 1.02 1.15 0.29 | 041 | 0.34 0.35
Magnesium Amofosmag4 | 1.40 | 0.98 | 1.01 1.13 0.34 | 0.44 | 0.30 0.36

Amofosmag3 | 1.42 | 0.99 | 0.95 1.12 0.26 | 0.40 | 0.32 0.33
Mean (b) 1.42 | 0.99 | 0.99 - 0.30 | 0.42 | 0.32 -
LSDP=0.05 for: a n.s. n.s.

b 0.048 0.037

axb n.s. n.s.

Explanations as in Table 3
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Fig. 1. Nutrient uptake by spring triticale grain and straw in 2005-2007 (kg ha™?)
CONCLUSIONS

1. Amofosmag 4 contributed to an approximately 11% and 8% increase
in the yield of spring triticale grain and straw, respectively, compared with
the control treatment. The effect of Amofosmag 3 was similar to that of
simple fertilizers. Triticale grain yield was significantly higher in the first
year of the study than in the second and third year.

2. The concentrations of the analyzed macronutrients in spring triticale
grain and straw varied insignificantly between fertilization treatments. In
most cases, simple and multi-component fertilizers exerted a comparable
effect on the chemical composition of the tested crop. Significant differences
were observed in this respect between successive years of the study.

3. The highest total uptake of N, P, K, Ca and Mg by spring triticale

was noted in plots fertilized with Amofosmag 4. Macronutrient uptake from
Amofosmag 3 was lower than from simple fertilizers.
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