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Abstract

The aim of the study was to determine the influence of the soil type and differential
sulphur rates used with or without Basfoliar 36 Extra on the soil pH as well as the
amount of available forms of copper, zinc and manganese based on the micro plots
field experiment. Moreover, the relationship between the studied microelements was
examined. The experiment was performed in two-factor design; the first-order factor
was the soil type (Typic Hapludolls, Typic Hapludalfs, Typic Haplorthods, Typic
Endoaquolls), while the second-order factor - fertilization with sulphur and compound
fertilizer - Basfoliar 36 Extra. The plant tested was Rota cultivar maize. The use of
sulphur and sulphur combined with Basfoliar 36 Extra changed the classification of
the soils in terms of their pH. In the soils under study, as a result of the 10-years
application of sulphur and/or foliar fertiliser with NPK fertilization as well as growing
maize in monoculture showing a high uptake of macro- and micro-nutrients, there
was reported a clear decrease in the content of zinc, copper and manganese, as
compared with the initial content. With that in mind, one shall assume that growing
maize in a 10-year monoculture is connected with an intensive use of soils, which
can result in a clear deficit of the elements studied in soil.
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Streszczenie

Celem badan byto okreslenie wptywu typu gleby i zréznicowanych dawek siarki
stosowanych bez/lub z Basfoliarem 36 Extra na wartos¢ pH gleby oraz zawartosci
dostepnych formy miedzi, cynku i manganu, w oparciu o doswiadczenia
mikropoletkowe. Ponadto okreslono zaleznosci pomiedzy badanymi
mikroelementami. Eksperyment przeprowadzono jako dwuczynnikowy: gdzie
pierwszym czynnikiem byt typ gleby (n = 4, czarnoziem, gleba ptowa, gleba
bielicowa, czarna ziemia), natomiast drugim - nawozenie siarkg (S1, S,) bez/lub z
Basfoliarem 36 Extra (n = 5) oraz obiekt kontrolny. Rosling testowg byta kukurydza
odmiany Rota. Stosowanie siarki oraz siarki w potgczeniu z Basfoliarem 36 Extra
wptyneto na zmiany klasyfikacji gleb pod wzgledem ich odczynu. W wyniku 10-
letniego stosowania siarki bez/lub z Basfoliarem 36 Extra na tle nawozenia NPK oraz
uprawy kukurydzy w monokulturze charakteryzujgcej sie duzym pobraniem makro i
mikrosktadnikow stwierdzono wyrazne obnizenie zawartosci cynku, miedzi oraz
manganu w stosunku do zawartosci wyjsciowej. W zwigzku z powyzszym nalezy
przypuszczac, iz uprawa kukurydzy w 10-letniej monokulturze wigze sie z
intensywnym uzytkowaniem gleb, co powodowac¢ moze wyrazny niedobo6r badanych
pierwiastkow glebie.

Stowa kluczowe: Basfoliar 36 Extra, gleba, mikroelementy, nawozenie, siarka

Streszczenie szczegobtowe

W warunkach glebowo-klimatycznych Polski kukurydza, ktora pobiera duze ilosci
makro- i mikroelementéw, uprawiana jest niemal na wszystkich typach gleb, z
wyjatkiem terenow gorskich i podgoérskich. Zatem czynnikiem, ktéry w najwiekszym
stopniu decyduje o jej produkcyjnoéci jest nawozenie i zasobnosé¢ gleby w
przyswajalne formy sktadnikéw pokarmowych. Z uwagi na ograniczenie stosowania
nawozow naturalnych, wprowadzenie na rynek wysokoskoncentrowanych nawozéw
mineralnych, jak rowniez zmniejszenie emisji siarki do atmosfery, obserwuje sie
zarowno deficyt siarki, a takze niski poziom mikroelementéw w glebach Polski. W
zwigzku z powyzszym podjeto badania, ktorych celem byta ocena, czy i naile
zroznicowane dawki siarki aplikowane bez/lub z Basfoliarem 36 Extra determinujg
zawartosci przyswajalnych form miedzi, cynku i manganu oraz odczyn badanych
gleb. Ponadto okreslono zaleznosci pomiedzy badanymi mikroelementami. Rosling
testowg byta kukurydza odmiany (Rota FAO 230) uprawiana w monokulturze.
Doswiadczenie prowadzono w betonowych cembrach w latach 2004-2015 na terenie
Stacji Badawczej Uniwersytetu Technologiczno-Przyrodniczego w Bydgoszczy
zlokalizowanej w Wierzchucinku (17°51°E, 53°13°N). Cembry wypetniono czterema
glebami, ktére wg systematyki amerykanskiej (Smith et al., 1999) nalezg do
nastepujgcych typow: Typic Hapludolls, Typic Hapludalfs, Typic Haplorthods, Typic
Endoaquolls zgodnie z ich profilami genetycznymi pobranymi z pol produkcyjnych
regionu Pomorza i Kujaw. Doswiadczenie prowadzono w uktadzie dwuczynnikowym,
gdzie pierwszym analizowanym czynnikiem byt typ gleby (n = 4), natomiast drugim
nawozenie siarkg i Basfoliarem 36 Extra (n = 5: 0, S1, Sy, S; + Basfoliar 36 Extra,
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S, + Basfoliar 36 Extra) na tle statlego nawozenia NPK (150 kg N-ha™, 34,5 kg P-ha™*,
132 kg K-ha™). Siarke zastosowano doglebowo w postaci siarczanu (V1) sodu przed
siewem kukurydzy, w dawce 20 kg S-ha™ (S;) oraz 40 kg S *ha™ (S,) bez/lub z
Basfoliarem 36 Extra.

Stwierdzono, ze stosowanie siarki bez/lub z Basfoliarem 36 Extra wptyneto na
zmiane klasyfikacji badanych gleb pod wzgledem ich odczynu, jak réwniez na
wyrazne obnizenie zawartosci cynku, miedzi oraz manganu w stosunku do
zawartosci wyjsciowej. Nalezy zaznaczy¢, ze zawartosci badanych mikroelementéw
byly zdecydowanie nizsze od $redniej krajowej i zalezaty od typu badanych gleb. Pod
wzgledem ich zawartosci mozna uszeregowac je w nastepujgcej kolejnosci
Mn>Zn>Cu. W zawigzku z powyzszym nalezy przypuszczaé iz uprawa kukurydzy w
10-letniej monokulturze wigze sie z intensywnym uzytkowaniem gleb, co powodowaé
moze wyrazny niedobor badanych pierwiastkow w glebie. W konkluzji koncowe;j
mozna stwierdzi¢, ze problem zmian zawartosci mikrosktadnikow wystepujgcych w
formach przyswajalnych dla roslin w réoznych typach gleb uzytkowanych rolniczo
powinien by¢ rozpatrywany nie tylko z uwzglednieniem nawozenia mineralnego
(NPK), ale rowniez z uwzglednieniem aplikacji siarki, mikroelementéw oraz
zmianowania.

Introduction

In Poland's soil and climate conditions, maize is cultivated on almost every type of
soil, except for the mountain and piedmont areas (Ksiezak, 2008). It uptakes large
amounts of macronutrients and microelements, thus the factor determining maize
productivity is soil fertilization and the soil richness in available nutrients (Barczak et.
al., 2009).

Till the end of the 1980's and beginning of the 1990's, sulphur appeared excessively
in Poland's soils. However, at the end of the 1990's, as a result of decreased
emissions of sulphur, reduced natural fertilizers usage and introducing highly
concentrated mineral fertilizers to the market, sulphur and microelements deficit in
Poland's soils has been observed (Szulc et al., 2004; Koncewicz-Baran and Gondek,
2010; Szulc et al., 2014). Sulphur is more often considered as an important
component of fertilizers, it has been even called ‘the fourth macronutrient’ which can
considerably determine soil quality (Oenema and Postma, 2003). In this context the
research has been taken with the aim of determining the influence of the soil type
and differential sulphur rates used with or without Basfoliar 36 Extra on the soil pH as
well as the amount of available forms of copper, zinc, manganese and relationships
between them, based on the micro-plots field experiment.

Materials and methods

The experiment was set up in 2004 at the Experiment Station, of the University of
Technology and Life Sciences in Bydgoszcz, situated at Wierzchucinek
(17°51°E, 53°13'N).
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The experiment was carried out in concrete wells, 0.8 m? each (micro plots), filled
with four soil types according to their profile sequence of horizons, collected from the
production fields of Pomerania and Kuyavian Region. The soil types examined
differed in terms of their physicochemical properties (Table 1).

Table 1. Physicochemical soil properties (2004)
Tabela 1. Wiasciwosci fizyko-chemiczne gleby (2004)

Soil number
Parameter Unit
Numer gleby
Parametr Jednostka
1* 2% 3* 4*
Corg . 15.6 6.15 7.7 13.2
g-kg
N 1.3 0.63 0.81 1.25
C/N 12 10 9 11
pHkc 2004 6.5 53 5.6 6.5
Soil separates <0.02 mm % 23 8 6 26
Hh mmol(+)-kg'1 7.2 235 28.4 6.8
Cu 3.44 2.02 2.88 6.97
Zn mg-kg'1 6.23 7.57 5.07 7.92
Mn 87.22 117.89 122.4 81.96

According to Smith et al. (1999): 1* - Typic Hapludolls, 2* - Typic Hapludalfs, 3* - Typic Haplorthods,
4*- Typic Endoaquolls

Wedtug Smith i in. (1999): 1* - Czarnoziem, 2* - Gleba ptowa, 3* - Gleba bielicowa, 4* - Czarna ziemia

Soil type and fertilization

The plant tested was Rota cultivar maize (FAO 230), cultivated in monoculture since
2004 for grain. The experiment was performed in two-factor design; the first-order
factor was the soil type (n = 4: Typic Hapludolls, Typic Hapludalfs, Typic Haplorthods,
Typic Endoaquolls) (Smith et al., 1999), while the second-order factor - fertilization
with sulphur and Basfoliar 36 Extra (n = 5: 0, S1, Sy, S; + Basfoliar 36 Extra, S, +
Basfoliar 36 Extra) with fixed NPK fertilization.

Sulphur was used in a form of sodium sulphate (V1) at the rate of 20 kg S*ha™ (S;) or
40 kg S+ha™ (S,) with or without Basfoliar 36 Extra (B). The fertilizer was applied at
the rate of 2 dm*ha™. It is a high-quality foliar compound fertilizer and provides
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cereal crops, including maize, nitrogen and a full set of microelements at the
following: nitrogen 36.6%, magnesium 4.3%, manganese 1.35%, copper 0.27%, iron
0.027%, boron 0.027%, zinc 0.013% and molybdenum 0.0067%.

The nitrogen fertilization was applied at the quantity of 150 kg of N-ha™ at three rates:
1/3 pre-sowing, 1/3 top fertilization into soil, 1/3 foliar application in a form of urea
solution. Phosphatic-and-potassium fertilizers were applied at the following rates and
forms: as a 46% triple-superphosphate at the rate of 34.5 kg P-ha*and as a 60%
potassium chloride at the rate of 132 kg K-ha™. Sulphur was applied to soil in form of
sodium sulphate (V1) before sowing at the rate of 20 kg S-ha™ (S;) or 40 kg S-ha™
(S2) with or without Basfoliar 36 Extra (B). Agrotechnical practises, cultivation works
and plant protection treatments were applied according to the maize cultivation
guidelines.

Soil analysis

Prior to the experiment in 2004 and after 10 years of research in 2015, after maize
harvest, representative, composite soil samples of mixed 10 cores from 0-20 cm
deep were collected from each micro plot. In the soil samples the following were
determined: pH using a glass electrode in H,O and 1M KCI (ISO 10390, 2005),
Kappen’s hydrolytic acidity, total nitrogen content with the Kjeldahl method after the
soil sample mineralization in 95% H,SO, (Vapodest 50s apparatus Gerhardt,
Kdnigswinter, Germany), total organic carbon content - TOC (ISO 14235, 1998),
texture by sieving and sedimentation method (ISO 11277, 2009), finally, available
zinc, manganese and copper - after extraction in 1 mol-dm™ HCI (Rinkis method by
Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) (apparatus:
IRYS Advantage ThermoElementar Cambridge, UK).

Statistical methods

The results were statistically analyzed with ANOVA using Statistica PL software
(Tulsa, USA). To determine the effect of the experiment factors, the variance method
with the Tukey’s confidence intervals of half width at P<0.05.

Results and discussion

After 10 years of using sulphur and Basfoliar 36 Extra, with constant fertilization with
NPK fertilizers, far going changes in soil pH have been found (Figure 1). The soil pH
for Typic Hapludolls and Typic Hapludalfs changed from slightly acid to alkaline, for
Typic Haplorthods from slightly acid to neutral and for Typic Endoaquolls from acid to
slightly acid.

Changes in the soil pH depend on the physicochemical properties, also on the buffer
properties which determine the soil resistance to acidifying factors of anthropogenic
origin, including fertilization, considerably (Filipek et al., 2006). The mobility, and thus
the content of microelements, e.g. copper, zinc, manganese in soil depends on the
content and the quality of organic substance, soil type as well as on crop rotation
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(Czekata, 2004; Gray and McLaren, 2006; Guan et al., 2011; Vodyanitskii, 2013;
Rutkowska et al., 2014). It was found that the mean content of available forms
of copper in the soils investigated ranged from 1.57 to 6.97 mg-kg™* (Table 2).

It was found that the contents of available copper forms in the soil samples depended
on the soil type significantly. The average significantly lowest contents of that
parameter were noted in Typic Hapludalfs and Typic Haplorthods; the values were
3-, 2-fold lower, as compared with the content recorded for Typic Endoaquolls,
respectively. According to Domarnska and Filipek (2011), acid soil pH increases the
amount of copper in the soil solutions. After 10 years of fertilization there were found
increased pH values of the soils, while a decrease in the Cu content only in Typic
Hapludalfs and Typic Haplorthods, as compared with the initial contents. The highest
contents of that microelement were noted in Typic Endoaquolls which demonstrate

a high content of organic carbon (Tables 1 and 2).

T 4
o
3
2 1*
2*
1
O T T T T T
2004 S2+B S1+B S2 S1 2015
m1* [=2* E3* o4*
1 - Typic Hapludolls, 2* - Typic Hapludalfs, 3* - Typic Haplorthods, 4* - Typic Endoaquolls
1* - Czarnoziem, 2* - Gleba ptowa, 3* - Gleba bielicowa, 4* - Czarna ziemia
Figure 1. Changes pHkc values of the analysed solil types
Rysunek 1. Zmiany wartosci pHgc) badnych typow gleb
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The applicable literature shows that the copper content is significantly correlated with
the content of C organic and, less considerably, with the soil pH and the content of
fraction <0.02 mm (Czekata, 2004, Minkina et al., 2006; Kobierski et al., 2007;
Domanska and Filipek, 2011).

Table 2. Content of available copper in soil (mg-kg™)
Tabela 2. Zawarto$¢ przyswajalnej miedzi w glebie (mg-kg™)

Soil type
Fertilization Typ gleby
Nawozenie

1* 2* 3* 4*

0 (control) 3.42 B2 1.99 P2 2.84 2 6.92 A2
S 3.68 B2 1.66 P2 2,72 4.81"°
S, 3.88 B2 1.80 P2 2.58 ©@ 5.15 Adb
S;+B 3.89 B2 1.57 b2 2.75 ¢ 4.78 A°
S,+B 3.96 B2 1.66 P2 2.85 2 5.17 Aab
Mean
, , 3.77 1.74 2.75 5.37
Srednia

* see Table 1; patrz Tabela 1

A... values denoted in the rows with the same letters do not differ significantly for P<0.05

A... wartosci oznaczone w wierszach tymi samymi literami nie réznig sie istotnie na poziomie P<0.05

8... values denoted in the columns with the same letters do not differ significantly for P<0.05

& .. warto$ci oznaczone w kolumnach tymi samymi literami nie roznig sie istotnie na poziomie P<0.05

The contents of available zinc in the soils varied and, on average, ranged from 4.21
to 8.76 mg-kg™ (Table 3). A variation in the content of zinc depended both on the
fertilization applied and the type of the soils which differed in physicochemical
properties. On average, irrespectively of the fertilization applied, the highest contents
of available zinc were noted in Typic Endoaquolls and in Typic Hapludolls, while the
lowest - in Typic Haplorthods (Table 3). According to numerous authors, the Zn
contents depend mostly on the content of fractions <0.02 mm and colloidal as well as
organic carbon (Kabata-Pendias, 2001; Spychaj-Fabisiak and Dtugosz, 2006;
Gondek, 2009). The fertilization, in general, significantly lowered the contents of
available forms of zinc, as compared with the content recorded for the control, except
for Typic Hapludolls (Table 3).
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The contents of available manganese in the soils ranged from 79.13 to

127.16 mg-kg™ (Table 4). It was found that the contents depended significantly on the
soil type and the fertilization applied. Significantly higher contents were noted in
Typic Hapludalfs and Typic Haplorthods, as compared with the contents assayed in
Typic Hapludolls, Typic Endoaquolls.

Table 3. Content of available zinc in soil (mg-kg™)
Tabela 3. Zawarto$é przyswajalnego cynku w glebie (mg-kg™)

Soil type
Fertilization Typ gleby
Nawozenie

1* 2* 3* 4*

0 (control) 6.19 Ba 7.06 A2 4.98 ©® 7.63 7P
S 6.7 A2 5.98 BP 5.94 B2 7.09 A¢
S, 6.69 A2 5.84 BP 4.21 ¢ 6.39 Ad
S,+B 6.47 B2 5.03 ¢¢ 4.46 P° 7.25 ¢
S,+B 6.46 B2 5.16 ¢¢ 5.43 C3 8.76 A2
Mean
, , 6.5 5.81 5 7.42
Srednia

* see Table 1; patrz Tabela 1
A... see Table 2; patrz Tabela 2

% .. see Table 2; patrz Tabela 2

The fertilization (S;, S,, S1 + Basfoliar 36 Extra, S, + Basfoliar 36 Extra), against the
permanent NPK fertilization, also significantly modified the content of manganese in
the soils (Table 4). The range of the pH value optimal for the available form of that
element, ranges from 5.8 to 6.2 (Kabata-Pendias, 2001).

It is clear that a higher content of manganese was recorded for Typic Hapludalfs and
Typic Haplorthods with lower pH values, as compared with the content recorded in
Typic Endoaquolls and Typic Hapludolls the pH values of which ranged from pH 6.9
to 7.4. The deficit of manganese occurs due to its immobilisation in organic soils and
those including carbonates. Gray and McLaren (2006) report on the amount of Mn?*
increasing in the soils with a lower pH value, a high microbiological activity, mostly
under anaerobic conditions which enhance the reduction processes.
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The statistical analysis demonstrated significant positive correlations between the

content of zinc in the soils and the content of copper (r = 0.65). Significant negative

coefficients of correlation, on the other hand, were shown for the relationship

between Mn and Cu, as well as the content of Mn and Zn which were: r = -0.78 and

r = -0.45, respectively. Similarly there were also calculated the equations of linear
regression for the above relationships presented in a graphic form in Figure 2.

The strongest relationship was found between the copper content and the content of
manganese in the soils. One can calculate that an increase in the content of copper

by 1 unit, namely 1 mg-kg™, decreases the content of manganese in soil by about
9.3 mg-kg™ of soil (Niesiobedzka, 2004).

Table 4. Content of available manganese in soil (mg-kg™)

Tabela 4. Zawarto$é przyswajalnego magnezu w glebie (mg-kg™)

Solil type
Fertilization Typ gleby
Nawozenie

1* 2* 3* 4*
0 (control) 86.55 <2 115.54 B° 119.39 A@ 79.56 P2
S 89.15 ©@ 105.07 B¢ 113.02 A° 79.53 PP
S, 83.02 ¢° 127.16 "2 98.37 B¢ 79.13 PP
S+B 86.66 2 116.84 A° 98.51 B¢ 80 PP
S,+B 80 ©° 118.93 4° 93.77 Bd 79.35 P
Mean
Srodni 85.08 116.71 104.61 79.51
redania

* see Table 1; patrz Tabela 1

A...see Table 2; patrz Tabela 2

% .. see Table 2; patrz Tabela 2
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Figure 2. Relationships between the microelements

Rysunek 2. Zaleznosci pomiedzy badanymi mikroelementami

Conclusions

The research results show that the problem of changes in the content of available
micro-nutrients (Cu, Zn, Mn) in various soil types under agricultural use where maize
was grown in monoculture depended not only on mineral fertilization (NPK) but also
on the application of sulphur, microelements (Basfoliar 36 Extra). The use of sulphur
and sulphur combined with Basfoliar 36 Extra changed the classification of the soils
in terms of their soil pH. After 10 years of research Typic Hapludalfs, Typic
Hapludolls and Typic Endoaquolls can be classified as the soils with neutral and
alkaline reaction, while Typic Haplorthods — slightly acid soils. In the soils under
study, as a result of the 10-years application of sulphur and/or foliar fertiliser with
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NPK fertilization as well as growing maze in monoculture showing a high uptake of
macro- and micro-nutrients, there was reported a clear decrease in the content of
zinc, copper and manganese, as compared with the initial content. The differences
were, on average, 63.4%, 43.6%, 22.14%, respectively. One shall note that the
content of the microelements were definitely lower than the national average and
they depended on the solil type. In terms of their content, one can put them in the
following order: Mn>Zn>Cu. With that in mind, one shall assume that growing maize
in a 10-years monoculture is connected with an intensive use of soils, which can
result in a clear deficit of the elements studied in soil.
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