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Abstract

The objective of this study has been to follow modifications in the content of Cu, Zn
and Mn in the topmost layer of soil which had been fertilized for many years with farmy-
ard manure and mineral fertilizers or with mineral fertilizers alone. Soil samples were
collected in 2002-2005 from a trial established in 1986 on proper brown podsolic soil, accor-
ding to the random block design with four replication. The first factor consisted of organic
fertilization (manure applied every two years or without manure). The second factor invo-
lved different rates of mineral fertilization. Rates of nutrients in the mineral fertilizers
were identical in both experimental series — with or without manure. In each year, the
same crop was grown on both fields, in a crop rotation system: sugar beet (2002), spring
barley (2003), maize (2004) and spring wheat (2005). Plant available forms of nutrients
were extracted from soil in 1 mol HCl dm™ solution. After extraction, the content of me-
tals was determined by atomic absorption spectrophotometry. The results underwent stati-
stical processing using analysis of variance for a two-factor experiment.

The content of available forms of copper, zinc and manganese in soil regularly amen-
ded with manure was evidently higher than analogous concentrations determined in soil
receiving only mineral fertilization since 1986. Manure most strongly improved the con-
centration of Cu (nearly 1.7-fold), while producing the weakest influence on manganese
(over 1.3-fold more). In absolute values, however, the increase in availability of mangane-
se was the highest, reaching on average 52 mg kgl of soil. Differentiated mineral fertili-
zation with nitrogen or potassium as well as manganese and liming to a lesser extent than
manure modified the availability of Cu, Zn and Mn in soil. Among these nutrients, nitro-
gen most often increased the content of plant assimilable forms of metals in soil, which
may have been caused by its acidifying influence.
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ZAWARTOSC PRZYSWAJALNYCH FORM WYBRANYCH MIKROELEMENTOW
W GLEBIE PO WIELOLETNIM ZROZNICOWANYM NAWOZENIU

Abstrakt

Celem badan byto przesledzenie zmian zawartosci Cu, Zn i Mn w wierzchniej war-
stwie gleby po wieloletnim nawozeniu obornikiem i nawozami mineralnymi lub wylgcznie
nawozami mineralnymi. Préobki gleby pobierano w latach 2002-2005 z do$wiadczenia zato-
zonego w 1986 r. metoda losowanych blokéw, w czterech powtdrzeniach, na glebie plowej
typowej. Pierwszym czynnikiem bylo nawozenie organiczne (obornik stosowany, co dwa lata
lub bez tego nawozu), drugim — zréznicowane nawozenie mineralne. Dawki skiladnikow
pokarmowych w nawozach mineralnych byty takie same w obydwu seriach doSwiadczenia
— z obornikiem i bez tego nawozu. W kazdym roku uprawiano te samg ro§line na obydwu
polach w zmianowaniu: burak cukrowy (2002 r.), jeczmienn jary (2003 r.), kukurydza (2004 r.)
i pszenica jara (2005 r.). Przyswajalne dla ro§lin formy metali ekstrahowano z gleby roz-
tworem 1 mol HCl-dm™3. Po ekstrakcji zawarto$é metali oznaczono metoda absorpcyjnej
spektrometrii atomowej. Otrzymane wyniki opracowano statystycznie metoda analizy wa-
riancji dla doswiadczenia dwuczynnikowego.

Zawarto$¢ przyswajalnych form miedzi, cynku i manganu w glebie nawozonej regu-
larnie obornikiem zdecydowanie przewyzszala ich ilo§¢ w glebie nawozonej wylacznie mi-
neralnie od 1986 r. Obornik najsilniej zwigkszyt koncentracje Cu (prawie 1,7-krtonie),
a w mniejszym stopniu manganu (ponad 1,3-krotnie). W wartoSciach bezwzglednych jed-
nak wzrost dostepnoéci manganu byl najwiekszy i wynosit $rednio ponad 52 mg-kgl gleby.
Roéznicowane nawozenie mineralne azotem, potasem oraz magnez i wapnowanie w mniej-
szym zakresie niz obornik zmienialy dostepno$é Cu, Zn i Mn w glebie. Sposréd wymienio-
nych wyzej sktadnikéw pokarmowych azot najczesSciej zwiekszal zawarto$¢ przyswajalnych
form metali w glebie, co moglo by¢ spowodowane jego zakwaszajacym dzialaniem.

Stowa kluczowe: obornik, nawozy mineralne, przyswajane formy Cu, Zn i Mn w glebie.

INTRODUCTION

Micronutrients play highly important biochemical roles in plant organ-
isms, therefore it is essential to consider them when planning fertilization
(Sp1ak 2000). Many authors claim that good supply of plants with trace ele-
ments can only occur when fertilization is managed properly (Mazur, Mazur
2004, Rutkowska et al. 2009). On the other hand, excessive amounts of trace
elements in soil can lead to their excessive uptake by plants (McBRIDE et al.
2004, RaTTaN et al. 2005, Diatta 2008). In view of the above considerations,
it seems recommendable that trace metals in soils should be monitored be-
cause of the consequences of excess metals for agriculture (quality and quan-
tity of yields) and environment.

The purpose of this study has been to follow the effect of mineral ferti-
lizers and manure on the content of plant available forms of Cu, Zn and Mn
in soil.
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MATERIAL AND METHODS

A two-factor experiment was set up in 1986 according to the random
block design with four replications on proper brown podsolic soil originating
from light loam (this paper contains the results obtained from 2002 to 2005).
The first-order factor included manure fertilization and the second-order fac-
tor comprised differentiated mineral fertilization (Table 1). In each year, the
same crop was tested on both fields (with and without manure) in the fol-
lowing rotation: sugar beet, spring barley, maize, spring wheat. Manure
(40 t ha'l) was used under sugar beet and maize, while liming was applied
under sugar beet.

Table 1
Design of mineral fertilization
Sugar beet (maize) Spring barley (spring wheat)
No. | Treatment N ‘ P K Mg N ‘ P ‘ K Mg
dose, kg ha'l

1 Ny P.K, 0 0 (0) 0(0) 0 0(0) 0 0 0
2 N,P,K; 60 | 34.9(26.2) | 66.4 (49.8) 0 30(40) | 349 | 33.2(249)| 0
3 NyP,K,; 120 | 34.9 (26.2) | 66.4 (49.8) 0 60(80) | 349 | 33.2(249)| 0
4 N;P,K, 180 | 34.9 (26.2) | 66.4 (49.8) 0 90 (120) | 349 | 33.2(249)| O
5 NyP K, 120 | 34.9 (26.2) | 132.8 (99.7) 0 60 (80) | 349 | 66.4(49.8) | 0
6 NP K; 120 | 34.9 (26.2) | 199.3 (149.7) 0 60 (80) | 349 | 99.7(714.7) | 0
7 | NyPiKoMg | 120 | 34.9 (26.2) | 132.8(99.7) | 48.2(24.1) | 60 (80) | 34.9 | 66.4 (49.8) | 18.1
8 | NyP1IK,MCa| 120 | 34.9 (26.2) | 132.8(99.7) | 48.2(24.1) | 60 (80) | 34.9 | 66.4 (49.8) | 18.1

Soil samples for chemical analyses were collected from the arable hori-
zon (0-25 ecm) after harvest. Extraction of available forms of Cu, Zn and Mn
was conducted using 1 mol HCl dm3. Afterwards, the ASA method was ap-
plied for determinations of the metals. The results were processed statisti-
cally (Statistica software).

RESULTS AND DISCUSSION

In the rotation system with manure, the content of Cu in soil ranged
from 1.932 to 2.299 mg kg'l, and in the system with mineral fertilization
alone it varied from 1.151 to 1.437 mg kgl (Table 2). These data prove
univocally that manure has a considerable effect on the content of available
copper in soil.

Mazur and Mazur (2004) as well as Rutkowska et al. (2009) demonstrated
empirically that copper availability improved significantly after manure was
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Table 2
Content of available cupper in soil (mg-kg1)
Factor I
Factor IT Mean
FYM no FYM

NoPoK, 2.191 1.195 1.693
N,PK; 2.028 1.234 1.631
NoP K 2.230 1.289 1.759
N3P K 2.299 1.178 1.738
NyPK, 2.014 1.187 1.600
NyP K, 1.932 1.151 1.541
NyP;K,Mg 2.037 1.289 1.663
NyP;K,MgCa 2.127 1.437 1.782
Mean 2.107 1.245

LSDy) (5 for the factor I — 0.059
LSD,) (5 for the factor IT — 0.088
LSDy) (5 for interaction IxII — n.s.

added to soil. Differentiated mineral fertilization did not have such a strong
effect as manure on modifications in the content of plant available copper in
soil. The most severe reduction in Cu availability appeared when the high-
est dose of potassium has been introduced to soil. Nitrogen in the treat-
ment with manure raised the abundance of available copper in soil. In turn,
when mineral fertilization was not supplemented with manure, the highest
N dose reduced the availability of Cu in soil. This may have been caused by
its increased uptake by crops. It is also worth noticing that liming did not
limit the availability of Cu. What is more, when mineral fertilization was
applied exclusively, this treatment led to a significant increase in the abun-
dance of plant available copper in soil. Such varied influence of liming has
also been reported by GonNbDEK (1999), SzuLc et al. (2007) or RuTKowsKaA et al.
(2009).

The content of available zinc in soil was evidently higher than that
of copper (Table 3). By analogy to Cu, the abundance of available Zn rose
significantly following long-term manure fertilization.

The lowest concentration of available Zn appeared in limed soil, which
was certainly caused by the increased soil reaction. Similar results can be
found in other reports (FiLIPEK-MAzUR, GONDEK 1999, RuTkowska et al. 2009).
Nitrogen improved mobility of zinc by acidifying soil. This tendency appeared
most clearly in soil amended with manure. In soil receiving only mineral
fertilization, the highest rate of nitrogen limited the abundance of soil in
available zinc.
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Table 3
Content of available zinc in soil (mg~kg‘1)
Factor I
Factor 11 Mean
FYM no FYM

NoPoK, 10.54 6.63 8.59
N,PK; 10.75 7.63 9.19
NyP K, 11.38 8.24 9.81
N3P K 12.12 7.81 9.97
NyPK, 10.81 7.44 9.12
NyP K, 10.77 7.49 9.13
NyP;K,Mg 10.36 6.76 8.56
NyP;K,MgCa 9.70 5.88 7.79
Mean 10.80 7.24

LSDy o5 for the factor I — 0.47
LSDy o5 for the factor IT — 0.49
LSD, o5 for interaction IxIT — n.s.

Manure applied every two years considerably increased the content
of available magnesium in soil, on average to over 52 mg kg1, i.e. by over
33% (Table 4). The content of Mn increased as the rate of nitrogen in the
treatments with manure rose. This relationship was somewhat different
in the rotation system including manure. There, the lowest four-year nitro-

Table 4
Content of available manganese in soil (mg-kg™1)
Factor 1

Factor 11 Mean

FYM no FYM
NyPKy 200.56 159.63 180.09
N,PK; 213.34 157.51 185.43
NP K, 219.83 162.51 191.17
N,yP,K; 220.23 160.67 190.45
NoP;K, 209.38 153.16 181.27
NyP K, 210.68 156.92 183.80
N,P;K,Mg 200.79 150.10 175.44
N,P;K,MgCa 193.34 148.99 171.17

Mean 208.52 156.19

LSD,) (5 for the factor I —6.28
LSD) (5 for the factor IT — 7.01
LSD,) (5 for interaction IxII — n.s.
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gen dose (190 kg N ha'l) only slightly decreased the content of Mn, but
when the average dose was applied (380 kg N ha'l), the content of Mn
increased. Further increase in the amount of N in mineral fertilizers (from
570 kg N hal over four years) resulted in depressed availability of magnesi-
um, down to the level comparable to the one in the control soil. On the one
hand, nitrogen may have made the soil more acidic, thus increasing the
amount of manganese which was reduced to Mn?*. On the other hand, how-
ever, increased solubility of manganese could have improved its uptake by
plants and, possibly, raised the loss of this element caused by leaching, which
could explain the relationships found in samples of soil receiving only min-
eral fertilization. Potassium only very slightly modified the content of Mn
in soil. In turn, magnesium and calcium depressed the accumulation of avail-
able forms of manganese in soil. Both Mg and Ca are alkaline cations, which
act contrary to nitrogen. Moreover, there may have been ionic antagonisms
between Mg2*+ and Ca?* versus Mn?2+.

The elements discussed in this paper are usually present in soil in small
amounts, and are available to plants as bivalent cations, which is the form
that plants can assimilate. Thus, it might be expected that they will be
antagonistic to one another. However, no such dependenced were verified
by our results (Figures 1,2,3). The computations (regression and correlation
calculations) have shown that an increase in the content of one of the met-
als in soil did not depress the amounts of the available forms of another
metal. On the contrary, it is highly probable that changes in amounts of Cu,
Zn and Mn followed the same direction.
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Fig. 3. Dependence between content of available forms of Mn and Zn in soil

The monitoring of the concentrations of available forms of Cu, Zn and
Mn in soil is very important for two reasons. Firstly, these metals are es-
sential for life of all living organisms, and plants must be sufficiently sup-
plied (Spiak 2000). Secondly, their excessive levels in soil poses a threat that
plants and animals could be intoxicated (McBRIDE et al. 2004, RaTTaN et al.
2005, Diarta 2008). The amounts of copper, zinc and manganese in soil de-
termined in this study do not pose an ecological threat, as they range from
low (Cu) to moderate (Zn and Mn) abundance. It can be hypothesised that
under long-term mineral fertilization, plant may experience deficits of avail-
able copper and even regular application of FYM does not guarantee moder-
ate abundance of soil in this element. Bowszys et al (2007), who investigated
composted municipal waste used for fertilization, concluded that in the sec-
ond year of the application of such fertilizers, zinc and magnesium in soil
fell down significantly. It is worth noticing that metal elements, even when
excessively accumulated in soil, do not necessarily cause their excessive ac-
cumulation in plants as organic matter strongly inhibits their uptake by
plants (SaHA et al. 1999), and farmyard manure is as example of organic
substance. According to GoNDEK (2003), the highest differences in the con-
tent of soluble forms of trace metals are found immediately after fertiliza-
tion treatments, but fertilization does not evoke their excessive mobiliza-
tion. In turn, SzuLc et al. (2007) found out that the concentration of available
forms of Cu, Zn and Mn in soil rose under the influence of exclusive miner-
al fertilization, whereas manure contributed to a decrease in their soil con-
tent. In the present experiment, manure produced a stronger influence on
increasing abundance of soil in Cu, Zn and Mn than mineral fertilizers, the
finding that is supported by the report of Mazur and Mazur (2004). Nitrogen,
which encourages soil acidification, can cause increased solubility of metals
and their translocation to plants (DE Hann 1981). This study has demon-
strated a slightly elevated content of available forms of Cu, Zn and Mn in
soil under the influence of fertilization with higher nitrogen rates. However,
this increase was not significant and did not create a risk of excessive up-
take of the metals by plants.
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CONCLUSIONS

1. Long-term fertilization with farmyard manure and mineral fertilizers
or with mineral fertilizers alone does not create a risk of excessive solubili-
ty and plant availability of Cu, Zn and Mn.

2. Manure differentiated the content of available Cu, Zn and Mn in soil
more strongly than mineral fertilizers.

3. Long-term mineral fertilization, which introduced to soil only macroe-
lements can lead to soil depletion in available forms of microelements, par-
ticularly copper.

4. Manure, when was introduced to soil every other year in a long-term
rotation system, it did not guarantee moderate abundance of soil in availa-
ble copper.

5. Increase in the content of available forms of one of the metals (Cu,
Zn or Mn) did not limit the availability of any of the other micronutrients.
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