
349
J. Elementol. 2008, 13(4): 473–

Volume 16       Number 3       September 2011

 Quarterly Reports issued
by the Polish Society for Magnesium Research
and University of Warmia and Mazury in Olsztyn

ISSN 1644-2296



350

Editorial Staff
Teresa Wojnowska  – Editor in-Chief

Józef Koc – Deputy Editor-in-Chief
University of Warmia and Mazury in Olsztyn

Co-Editor

Witold Grzebisz Leonardo Della Salda
Poznañ University of Life Sciences, Poland University of Teramo, Italy

Ireneusz Kowalski Stanis³aw Sienkiewicz
University of Warmia and Mazury in Olsztyn, University of Warmia and Mazury
Poland in Olsztyn, Poland

Peter Kovácik Józef Szarek
Slovak University of Agricultura in Nitra, University of Warmia and Mazury
Slovak in Olsztyn , Poland
Jan Kucharski
University of Warmia and Mazury in Olsztyn,
Poland

 Executive Editor
Izabela Cirut

Secretaries

Jadwiga Wierzbowska
Katarzyna Gliñska-Lewczuk

University of Warmia and Mazury in Olsztyn, Poland

Editorial Office

University of Warmia and Mazury in Olsztyn
Chair of Agricultural Chemistry and Environment Protection

Oczapowskiego Street 8, 10-719 Olsztyn, Poland
phone:+48 89 5233231

jadwiga.wierzbowska@uwm.edu.pl

English language proofreading
Jolanta IdŸkowska

Webmaster
slawomir.krzebietke@uwm.edu.pl

www.uwm.edu.pl/jelementol

ISSN 1644-2296

Publishing company is funded by Ministry of Science and Higer Education
and cooperation by University of Warmia and Mazury in Olsztyn

Science Citation Index Expanded (SciSearch®),
 Journal Citation Reports/Science Edition

Ark. wyd. 11,5; ark. druk. 9,75
Druk: Zak³ad Poligraficzny UWM w Olsztynie

¡



351

����������	��


����
����������
��������	�
���	
����	����	�����	
���	��

��
�	��������� �

������������	
���	�����	�����

������������������

���������������
��������	����������	
���	��

���������
 �� �����
��������������	
���	����	��������
� 

��������	�������	



��������
���
������!���	�"�������	�
�#�����
�$������%

������&�
��	$��
�#'���(
�	��&

��
��	����������� 
��������	�
���	��	
���	�����	��)

�
�������!��	!"
�
����*�������"����	����+��	�����	�

�	�����	�

��������	����������
��������	����������	
���	����������	��"

, ��#��$%���
�����
�-�	�����)����	��� ����	
���	��

������

������"�����
� 	

�
����	�����	��)����	
���	��������

������

�����&���
�!'
�	�����	���)��
������������	
���	��

����	��"�#�(
��.�������	
���	��
�	�����)����	���/��

�	������)

�%����)����*��
��������������	
���	������	�	)

�������(�
�� �	

������
	�"�+���,
������
�$���� �������	�
�#��	��(��0

��(��0


���	!��(-�������,
�����
���	�	��)����	����+����	
���	��

������&��������!

�������!"���
��./
���������	
���	�����	��)(����� 

��� 
�	��/
����������	��)����������	
���	��

������!

�
�����
�+��&
���#������������	
���	��

0���
���'
������
�	
�����������1����	
���	��

������
.������
%	�%� 
�����
�-�	�����)����	��� ����	
���	��

������

��	
!'�
����
�	����������.�
�.�����	
���	��

-���������� 1 �
�	���
�����������
�-�	
����	����������"�
	���


�+ ��+���/��
���
���
	�%��������	��"����	
���	��

���
	���

������2���� 
��������	
����	����	�����	
���	�������

�	�
���$�����

������� ��!���(
��	�������	��	
���	�����	��)��	�������

������

�������+��3
����������
����1�	���	�
�!����	�	)23

��	�
���3�����
�
�����	%�������	��	
���	��	�����"�
"

��������
!��
*�����	�
�������	
���	��

������!4-����
�������
�������(�
�� ����	
���	��

�����+��/��*�/
�������(����*�	��	
���	����	�����	��,



352



353

CONTENTS

Original papers
R. B¹czek-Kwinta, A. Bartoszek, B. Kusznierewicz, J. Antonkiewicz – Physiological

response of plants and cadmium accumulation in heads of two cultivars of white
cabbage ....................................................................................................................................

B. Cwalina-Ambroziak, J. Wierzbowska – Soil fungal communities shaped under
the influence of organic fertilization ....................................................................................

K. Ignatowicz – Assessment of the quality of the environment in the vicinity of a pesti-
cide burial site .......................................................................................................................

Z. Jarosz, Z. Micha³ojæ, K. Dzida – Changes in the chemical composition of the rhizo-
sphere of tomato grown on inert substrates in a prolonged cycle .......................................

M. Kobierski, J. D³ugosz, A. Bartkowiak – Sorption complex of selected soils
of the Drawskie Lakeland ........................................................................................................

P. Kraska – Content of some elements in grain of spring wheat cv. Zebra depending
on soil tillage systems and catch crops ..................................................................................

A. E. Lawniczak – Response of two wetland graminoids to N:K supply ratios in a two-
-year growth experiment .........................................................................................................

L. Nowak, H. Dzie¿yc, M. Piotrowski – Content of bioelements and toxic metals in honey
of various botanical orgin from Lower Silesia ....................................................................

I. Perucka, K. Olszówka – Accumulation of potassium, magnesium, calcium in fresh
and cold stored leaves of lettuce (Lactuca sativa L.) after CaCl2 foliar treatment
before harvest ..........................................................................................................................

B. Pliszka, G. Huszcza-Cio³kowska, E. Mieleszko, B. Wróblewska-Wierzbicka, E. Janu-
szewicz – Using two methods for plant material preparation in order to determine
the content of bioelements in red cabbage (Brassica oleracea L. var. capitata L.
f. rubra) ....................................................................................................................................

R. Pok³adek, T. Kowalczyk, W. Orzepowski, K. Pulikowski – Na, K, Ca and Mg concen-
trations in effluent water drained from agricultural catchment basins in Lower
Silesia ................................................................................................................................

E. M. Skibniewska, M. Skibniewski, T. Koœla, G. Urbañska-S³omka  – Hair zinc levels
in pet and feral cats (Felis catus) ..........................................................................................

Review paper
A. Boguszewska-Czubara, K. Pasternak – Silicon in medicine and therapy .......................

355

365

377

387

397

407

421

437

445

455

467

481

489



354

SPIS TREŒCI

Prace oryginalne
R. B¹czek-Kwinta, A. Bartoszek, B. Kusznierewicz, J. Antonkiewicz – Reakcja fizjolo-

giczna roœlin i akumulacja kadmu w g³ówkach dwóch odmian kapusty bia³ej ............

B. Cwalina-Ambroziak, J. Wierzbowska – Zbiorowisko grzybów glebowych ukszta³to-
wane pod wp³ywem nawo¿enia organicznego ................................................................

K. Ignatowicz – Okreœlenie jakoœci œrodowiska naturalnego w pobli¿u mogilnika pesty-
cydowego ...............................................................................................................................

Z. Jarosz, Z. Micha³ojæ, K. Dzida – Zmiany sk³adu chemicznego œrodowiska korzeniowe-
go pomidora uprawianego w pod³o¿ach inertnych w cyklu wyd³u¿onym ........................

M. Kobierski, J. D³ugosz, A. Bartkowiak – Kompleks sorpcyjny wybranych gleb Pojezie-
rza Drawskiego ..................................................................................................................

P. Kraska – Zawartoœæ wybranych pierwiastków w ziarnie pszenicy jarej odmiany Zebra
w zale¿noœci od systemów uprawy roli oraz miêdzyplonów ............................................

A. E. Lawniczak – Reakcja dwóch gatunków traw z siedlisk podmok³ych na zró¿nicowa-
ne dawki N:K w dwuletnim doœwiadczeniu kontrolowanym ...........................................

L. Nowak, H. Dzie¿yc, M. Piotrowski – Zawartoœæ biopierwiastków i metali toksycznych
w miodach o ró¿nym pochodzeniu botanicznym z Dolnego Œl¹ska .................................

I. Perucka, K. Olszówka – Akumulacja potasu, magnezu i wapnia w œwie¿ych i przecho-
wywanych w warunkach ch³odniczych liœciach sa³aty (Lactuca sativa L.) po dolist-
nym traktowaniu CaCl2  przed zbiorem ................................................................................

B. Pliszka, G. Huszcza-Cio³kowska, E. Mieleszko, B. Wróblewska-Wierzbicka, E. Janu-
szewicz – U¿ycie dwóch metod przygotowania materia³u roœlinnego do okreœlenia
zawartoœci biopierwiastków w kapuœcie czerwonej (Brassica oleracea L. var. capitata
L. f. rubra) ..........................................................................................................................

R. Pok³adek, T. Kowalczyk, W. Orzepowski, K. Pulikowski – Stê¿enie Na, K, Ca i Mg
w wodach odp³ywaj¹cych ze zlewni u¿ytkowanych rolniczo na Dolnym Œl¹sku ...........

E. M. Skibniewska, M. Skibniewski, T. Koœla, G. Urbañska-S³omka – Zawartoœæ cynku
w sierœci kotów domowych i wolno ¿yj¹cych (Felis catus) ............................................

Praca przegl¹dowa
A. Boguszewska-Czubara, K. Pasternak – Krzem w medycynie i lecznictwie ....................

355

365

377

387

397

407

421

437

445

455

467

481

489



355
J. Elem. s. 355–364 DOI: 10.5601/jelem.2011.16.3.01

dr in¿ Renata B¹czek-Kwinta, Department of Plant Physiology, University of Agriculture in
Kraków, e-mail: rr.baczek@cyf-kr.edu.pl

*The work is part of the project The exploitation of white cabbage for phytoremediation
and biofumigation of soils (AGROBIOKAP), co-financed by the European Union from the
European Regional Development Fund under the framework of the Innovative Economy
Operational Programme 2007-2013.

ORIGINAL PAPERS

PHYSIOLOGICAL RESPONSE OF PLANTS
AND CADMIUM ACCUMULATION
IN HEADS OF TWO CULTIVARS

OF WHITE CABBAGE*

Renata B¹czek-Kwinta1, Agnieszka Bartoszek3,
Barbara Kusznierewicz3, Jacek Antonkiewicz2

1Department of Plant Physiology
2Department of Agricultural and Environmental Chemistry

University of Agriculture in Kraków
3Department of Food Chemistry, Technology and Biotechnology

Gdansk University of Technology

Abstract

Plants of the Brassicaceae family are considered useful for phytoremediation owing to
their tolerance to high concentrations of heavy metals, which may be hyperaccumulated
in the tissues. Cabbage seems to be a useful phytoextractor because of the high biomass
concentrated in the head and cabbage cultivation technologies which ensure high yield.
In a pot experiment, the response of plantlets of two cabbage cultivars: Ditmarska Naj-
wczeœniejsza (DN) and Kamienna G³owa (KG) to 10 and 40 mg Cd kg–1 DM of soil (Cd10
and Cd40, respectively) was studied. In addition, the content of Cd in the heads after the
growing season was assayed. It was established that the Cd-induced stress was temporary
and did not prevent head formation by cabbage plants. Higher leaf membrane leakiness
and lower chlorophyll content, which were noticed during the 3rd week of vegetation,
disappeared by the 8th week. Cd stimulated production of glucosinolates by plants. The
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higher dose of cadmium (40 mg Cd kg–1 DW of soil) diminished the fresh weight of heads
of DN by ca 33%, and KG by 15%. However, the Cd accumulation recalculated to dry we-
ight was high, and increased with the Cd dose. DN heads harvested from Cd40 contained
up to 260-fold more Cd than control heads; for KG heads, the Cd content was over 560-
-fold higher. Hence, white cabbage can be used for phytoextraction of cadmium polluted
soil. Higher resistance of KG than DN cultivar to stress caused by heavy metals may be
attributable to a more efficient biosynthesis of organic sulphur compounds in the former
cultivar, as reflected by the GLS content in both control and Cd-exposed KG specimens.

Key words: cadmium, chlorophyll, cell membrane, cabbage, phytoextraction.

REAKCJA FIZJOLOGICZNA ROŒLIN I AKUMULACJA KADMU W G£ÓWKACH
DWÓCH ODMIAN KAPUSTY BIA£EJ

Abstrakt

Roœliny z rodziny Brassicaceae s¹ uwa¿ane za przydatne do celów fitoremediacyjnych
w zwi¹zku z tolerancj¹ wysokich stê¿eñ metali ciê¿kich, które mog¹ ulec hiperakumulacji
w tkankach. Kapusta wydaje siê roœlin¹, która mo¿e byæ wykorzystana jako fitoekstraktor
w  zwi¹zku z du¿¹ biomas¹ skoncentrowan¹ w g³ówce i technik¹ uprawy tego warzywa
umo¿liwiaj¹c¹ uzyskanie wysokiej wydajnoœci. W doœwiadczeniu wazonowym badano reak-
cjê sadzonek dwóch odmian kapusty bia³ej g³owiastej: Ditmarska Najwczeœniejsza (DN)
i Kamienna G³owa (KG) na kadm zastosowany w iloœci 10 i 40 mg Cd kg–1 s.m. gleby
(Cd10 i Cd40) oraz zawartoœæ Cd w g³ówkach po zakoñczeniu okresu wegetacji. Stwierdzo-
no, ¿e stres wywo³any Cd by³ przejœciowy, co umo¿liwi³o roœlinom wytworzenie g³ówek.
Zwiêkszenie przepuszczalnoœci b³on komórkowych liœci oraz zmniejszenie w nich zawarto-
œci chlorofilu stwierdzone w 3. tygodniu wegetacji nie pojawi³o siê ju¿ w 8. tygodniu. Cd sty-
mulowa³ w roœlinach produkcjê glukozynolanów (GLS). Wiêksza z zastosowanych dawek
kadmu (40 mg Cd kg–1 s.m. gleby) wp³ynê³a na zmniejszenie œwie¿ej masy g³ówek DN
o ok. 33%, a KG o 15%. Akumulacja Cd w jednostce suchej masy g³ówek by³a jednak bar-
dzo wysoka i wzrasta³a wraz ze wzrostem dawki. G³ówki DN pochodz¹ce z uprawy z za-
stosowaniem Cd40 zawiera³y do 260 razy wiêcej Cd ni¿ g³ówki pochodz¹ce z kontroli, ana-
logiczne g³ówki KG zakumulowa³y nawet ponad 560 razy wiêcej Cd w stosunku do kontroli.
Zatem kapustê g³owiast¹ bia³¹ mo¿na wykorzystaæ do fitoremediacji gleby zanieczyszczonej
kadmem. Wiêksza odpornoœæ odmiany KG ni¿ DN na stres wywo³any metalami ciê¿kimi
mo¿e wynikaæ z bardziej wydajnej biosyntezy zwi¹zków siarkoorganicznych, co znalaz³o od-
bicie w zawartoœci GLS, wy¿szej zarówno u roœlin kontrolnych, jak i eksponowanej na Cd
odmiany KG.

S³owa kluczowe: kadm, chlorofil, b³ony komórkowe, kapusta, fitoekstrakcja.

INTRODUCTION

Phytoextraction is a phytoremediation technique which employs metal-
accumulating plants, able to translocate chemical elements from the soil
and accumulate them in harvestable parts. The species belonging to the
botanical family Brassicaceae are often considered as usable for phytoextrac-
tion of heavy metal contaminated soils. So far, Indian mustard Brassica jun-
cea (L.) Czern., Cardaminopsis halleri Hayek and Thlaspi caerulescens J.
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Presl & C. Presl have been taken into consideration (KUMAR et al. 1995,
CUNNINGHAM, OW 1996). Here, we are discussing a possible use of white cab-
bage for the soil cleanup of cadmium by phytoextraction. White cabbage has
already been studied in this context, but the analyzed plants were harvested
from fields with a relatively low Cd content (CIURA et al. 2005, SÊKARA et al.
2005). The advantages of using cabbage are as follows: high biomass concen-
trated in a relatively small volume of the head, the plant structure which pre-
vents big loss of plant parts, and well-known methods of cabbage cultivation.

In the present study, relatively high doses of Cd were introduced to soil
(according to ANTONKIEWICZ et al. 2006). These doses exceeded the permissi-
ble levels set by the Ordinance of the Minister for the Environment of
9.09.2002 on quality standards of soils and ground (Journal of Law, 2002,
no. 165, item 1359.) The study evaluated the degree of stress to young plants
transplanted to the contaminated soil and, should they survive under such
chemical exposure, their ability to accumulate Cd in the heads. Analyses of
the cell membrane status, chlorophyll content and Fv/Fm parameter of chlo-
rophyll a, which were carried out, are often used in environmental studies
performed on plants subjected to heavy metals, where they serve as a meas-
ure of the physiological stress (CHAOUI et al. 1997, JASIEWICZ et al. 1997, 2004,
SIKORA et al. 2009). Another interesting goal of this research has been to
elucidate the effect of Cd on the biosynthesis of glucosinolates (GLS). GLS
are secondary metabolites specific to the Brassicaceae family, and their syn-
thesis is often stimulated by environmental stress (chemical or biological
one) (JENSEN et al. 1996, KUSZNIEREWICZ et al. 2008). As the cabbage species
embraces numerous cultivars growing in different seasons, two have been
selected for this experiment: Ditmarska Najwczeœniejsza (DN; early), and
Kamienna G³owa (KG; late). These cultivars are popular in Poland because
they enable farmers to produce high yield and are resistant to changeable
weather conditions.

MATERIAL AND METHODS

The experiment was performed in 2009-2010. Cabbage plants were grown
in a phytotron at the University of Agriculture in Krakow, in 10 dm3 pots
filled with local soil (clay silt, 35% silt and clay, pH 7.0) containing 0.38 mg
Cd dm–3 DM of soil. Two cabbage (Brassica oleracea subsp. capitata f. alba)
cultivars Ditmarska Najwczeœniejsza (DN; early, vegetation period 65-75
days), and Kamienna G³owa (KG; late, 150-160 days), were used. Plantlets
were produced from seeds and transplanted into soil at the stage of 6-8
leaves.

The soil and the plants were fertilized according to the agricultural
standards, but at the minimal level ensuring proper growth and develop-
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ment of the plants: N (NO3-N + NH4-N) – 105 (early cultivar) and 120 mg
dm–3 DM of soil (late cultivar), P (Ca(HPO4)2 –50 and 60 mg dm–3, K (KCl,
60% potassium salt) – 160 and 180 mg dm–3, respectively. Cadmium was
added to the soil 10 days before the planting, as CdSO4 ⋅ 8H2O, in the
amount of 10 and  40 mg Cd kg–1 DM of soil (according to ANTONKIEWICZ et
al. 2006). Control pots contained the same soil but without added Cd. The
level of the stress to plants was estimated during the 3rd and 8th week of
plantlets growing in the pots. The cell membrane disturbance was assayed
conductometrically and expressed as the ion leakage index (MARKOWSKI, SKRUD-
LIK 1995, B¥CZEK-KWINTA, KOŒCIELNIAK 2009). The chlorophyll content was meas-
ured photometrically with a SPAD chlorophyllometer (Konica Minolta, Ja-
pan). Additionally, in the 8th week, the photosynthetic apparatus was assayed
by analyzing the parameters of chlorophyll a fluorescence (FMS-2, Hansate-
ch, UK). Moreover, the maximal photochemical efficiency of photosystem II
(PSII), Fv/Fm, was taken into consideration. The measurements and analy-
ses were conducted on non-senescent, fully developed leaves (3rd to 5th,
counting from the developing head).

The plants were grown in pots for 113 days (DN) and 134 (KG). After
harvesting, the heads were dried and mineralized at 450oC. The content of
Cd in plants was assayed by inductively coupled plasma atomic emission
spectroscopy ICP-AES JY-238 Ultrace. The content of glucosinolates (GLS)
in plants was determined according to the EU official method (ISO 9167-1).
From freeze-dried plant material, GLS were extracted with boiling MeOH.
The extract was purified on anion-exchange resin with concomitant enzy-
matic hydrolysis of sulfate. Desulfo-GLS were analyzed using an Agilent Mod-
el 1100 HPLC system on a Lichrosphere RP-18e column. The separation
was performed by linear gradient elution (A – H2O, B – 20% acetonitrile;
0-25 min 0-100% B). The identification and quantification of desulfo-GLS re-
lied on glucotropaeolin used as an internal standard and reference material
(BCR-367 R, rapeseed). The detailed protocol of GLS determination has been
described elsewhere (KUSZNIEREWICZ et al. 2008).

Statistical analysis was carried out by one-way Anova and Duncan test
on the data for each cultivar.

RESULTS AND DISCUSSION

In the 3rd week of cultivation, the plantlets were stressed by Cd pres-
ence in the soil. Leaf cell membranes were injured, as the index of ion
leakage was generally higher in the case of Cd-treated plants than in the
control ones. However, DN plants were more severely affected by Cd than
those of KG, because their ion leakage was raised by just as little as 10 mg
Cd kg–1 DM of soil. There was no such increase in KG plantlets. Additional-
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ly, the higher dose of Cd (40 mg Cd kg–1 DM of soil) resulted in higher
electrolyte leakage values in DN that in KG compared to the control plants
(Figure 1). Degradation of the cell membrane due to lipid peroxidation is
a typical effect produced by heavy metals on plants (OURITI et al. 1997). The
reason is the overproduction of reactive oxygen species, which cause mem-
brane lipid peroxidation, leading to increased membrane leakiness to ions
(CHAOUI et al. 1997). Interestingly, in the 8th week, plants exhibited no symp-
toms of membrane injury. All the values determined were similar for each
treatment and the cultivar (Figure 1). This suggests immobilization of the
metal in vacuoles and cell walls, mainly in the older parts of the plant, or
in the stem, so that younger parts revealed no injury symptoms.

Fig. 1. The influence of Cd on the leaf cell membrane status, assayed conductometrically
as ion leakage. Mean ± SE was given (n=5). Means denoted with the same letters do not

differ significantly among the cultivar and the stage
(Duncan’s multiple range test; p=0.05)
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In the 3rd week, the chlorophyll content was depressed in leaves, but
the response of plants of both cultivars was not identical (Figure 2). In leaves
of DN, even the smaller dose of cadmium (Cd10) depressed the SPAD val-
ues, which was similar to the effect produced by Cd40. In KG plants, the
decline was caused only by Cd40, and it was smaller versus the control than
that established for DN. The chlorophyll content as well as the chlorophyll
a fluorescence parameter Fv/Fm are important markers providing informa-
tion on the photosynthetic ability of plants grown on media containing
a heavy metal (JASIEWICZ et al. 2004, EBBS, UCHIL 2008). Chlorophyll may be
destroyed by the substitution of Mg in its central part with Cd (KÜPPER et al.
1998) or else the synthesis of the pigment may be disturbed at the level of
its precursor, i.e. aminolevulinic acid (ALA, STOBART et al. 1985, NIKOLIÆ et al.
2008).

In DN plants, the inhibitory effect of Cd40 on SPAD persisted until the
8th week (Figure 2). However, at this stage, the difference in the chloro-
phyll content between the control and Cd40 plants was smaller than ob-

Fig. 2. The influence of Cd on the leaf chlorophyll content, assayed photometrically
as the SPAD index. Data in frames: values of the fluorescence parameter Fv/Fm, measured

parallel on the same leaves. Mean ± SE was given (n=5). Means denoted with the same
letters do not differ significantly among the cultivar and the stage

(Duncan’s multiple range test; p=0.05)
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served before (in the 3rd week). In KG plants, no such decline was observa-
ble in the 8th week (Figure 2), and in Cd10 plants an increase in chlorophyll
was even noticed. The analysis of the chlorophyll a fluorescence parameter
Fv/Fm revealed that in the 8th week the photochemical efficiency of photo-
system II of all plants grown on Cd-contaminated soil was at the control
level. Additionally, all SPAD values were higher in the 8th than in the 3rd

week (Figure 2). Such an effect was also observed by SCHEPERS et al. (1992)
or COSTA et al. (2003). This may suggest that Cd was incorporated into older
leaves and the stem of contaminated plants, thus not affecting chlorophyll
synthesis in younger plant parts. Thereby, plants were able to maintain an
adequate level of photosynthesis, the source of biomass production.

However, the initial chemical stress to which the plants grown on Cd40
contaminated substrate were subjected, had a residual effect on the yield of
heads. Cd40 diminished the fresh mass of DN by ca 30%, and that of KG by
15% in relation to the respective controls (Table 1).
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The accumulation of Cd in the dry mass of heads was high, as could
have been anticipated, and tended to rise with the increasing Cd content in
the soil. The highest Cd concentration was noticed in KG plants treated
with Cd40. Their heads accumulated ca 19 mg kg–1 DM of biomass, which
was about 560-fold more than accumulated in the control plants.

The post-harvest content of glucosinolates (GLS) is presented in Table 2.
As can be seen, plants of the cultivar KG are characterized by more effi-
cient biosynthesis (over 30%, in untreated and Cd exposed KG cabbage) of
GLS when compared to DN plants. In both cultivars, the exposure to Cd
stimulated GLS production. Importantly, the GLS synthesis capacity was par-
allel to the plants’ resistance to Cd, which was tolerated better by KG plants.
In sum, the data presented in Table 2 suggest that the synthesis of these
secondary metabolites may help to select the most appropriate cultivar for
phytoremediation.
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All these results suggest that cabbage has a potential to be exploited for
ion phytoextraction of Cd-polluted soil. Thlaspi caerulescens, well-known as
a Cd hyperaccumulator tested in field trials, may accumulate up to 3,600
mg kg–1 DW (ROBINSON et al. 1998). However, the shoot biomass of Thlaspi
is up to 3.89 t ha–1 (YANAI et al. 2006), whereas cabbage biomass is 60-
-90 t  ha–1 (JAB£OÑSKA-CEGLAREK, ROSA 2002). Therefore, the capacity of cab-
bage to remove cadmium from soil is 8–fold lower than that of Thlaspi caer-
ulescens. However, technologies for cultivation and harvesting cabbage have
been well designed and tested, in contrast to Thlaspi. Additionally, mineral
fertilization of the soil and the plants, which was implemented to optimize
vegetation, might have restrained the phytoextractive potential of cabbage
(GORLACH, GAMBUŒ 1991). The use of synthetic chelators, e.g. EDDS
((S,S-ethylenediaminedisuccinic acid), increases Cd accumulation in plants
used for phytoextracion (LUO et al. 2002), so it would be worthwhile eluci-
dating the benefits of EDDS addition in further experiments.

CONCLUSIONS

1. Cabbage plants are able to survive cadmium stress (40 mg Cd kg–1

DM of soil) and form the heads, which accumulate Cd.
2. The late cultivar Kamienna G³owa accumulates more Cd and reveals

less severe phytotoxic symptoms than cv. Ditmarska Najwczeœniejsza, there-
by it has a better potential for phytoextraction.

3.  The higher resistance to chemical stress, observed for the plants of cv.
Kamienna G³owa, may result from their more efficient biosynthesis of or-
ganic sulphur compounds, as reflected by the GLS content, which both in
untreated and Cd-exposed KG cabbage is about 30% higher than in the cul-
tivar Ditmarska Najwczeœniejsza.
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Abstract

The results presented in this paper have been obtained during a three-year experi-
ment (from the second cycle of four-year trials set up in 2004) established in Ba³cyny. The
following crops were grown in succession: potato, fodder barley, winter oilseed rape and
winter wheat. The fertilization treatments included: mineral NPK, FYM and organic fertili-
zation with composted and dried sewage sludge and composted municipal waste. Treatments
without soil enrichment or with mineral NPK fertilization were taken for comparison. Far-
myard manure and organic fertilizers were applied in two different ways: as a single dose
of 10 t ha–1 before planting the potato or in two doses, each 5 t d.m. ha–1, before planting
the potato and before sowing the oilseed rape. The effect of the applied fertilizers on as-
semblages of soil fungi was tested. The fungi were cultured on Martin medium.

The fertilizers were determined to have affected the populations of soil fungi. Yeast-
like fungi prevailed among the isolated colonies (60-85% of the total isolates). The richest
fungal community was obtained from the soil amended with dried and pelleted sewage
sludge or municipal green waste compost. However, suppressed growth of pathogenic fun-
gi represented by the species Aureobasidium pullulans, Botrytis cinerea, of the genus Fu-
sarium and Sclerotinia sclerotiorum was observed in the soil amended with natural fertili-
zers and composts. The growth of pathogens was most strongly inhibited in the soil
enriched with a double dose of FYM, composted urban green waste or with dried and pel-
leted sewage sludge in either of the two application variants. The pathogen-antagonistic
fungi, represented by three species of Gliocladium and four species of the genera Paecilo-
myces and Trichoderma, were more often isolated from the soil fertilized with FYM or
organic fertilizers than the unfertilized or NPK-nourished soil. The soil enriched with Dano
compost applied in a single rate of 10 t d.m. ha–1 was most abundantly populated by these
fungi. Among the remaining saprotrophs, fungi of the genus Penicillium and the orders
Mucorales and Sporotrichum olivaceum were isolated.

Key words: organic fertility, NPK fertility, soil pathogens, antagonists.
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ZBIOROWISKO GRZYBÓW GLEBOWYCH UKSZTA£TOWANE POD WP£YWEM
NAWO¯ENIA ORGANICZNEGO

Abstrakt

Pezentowane w pracy wyniki pochodz¹ z 3-letniego doœwiadczenia (z 2. cyklu 4-letnich
doœwiadczeñ za³o¿onych w 2004 r.) za³o¿onego w Ba³cynach. Uprawiano po sobie nastêpu-
j¹ce gatunki roœlin: ziemniak, jêczmieñ paszowy, rzepak ozimy i pszenicê ozim¹. Zastoso-
wano nawo¿enie mineralne NPK, naturalne obornikiem i organiczne: kompostowanymi i su-
szonymi osadami œciekowymi oraz kompostowanymi odpadami komunalnymi. Kombinacje
bez nawo¿enia i z nawo¿eniem mineralnym NPK uwzglêdniono jako porównawcze. Obor-
nik i nawozy organiczne aplikowano w dwojaki sposób: jednorazowo w dawce 10 t ha–1

przed sadzeniem ziemniaka lub dwukrotnie w dawce po 5 t s.m. ha–1 przed sadzeniem
ziemniaka i przed siewem rzepaku. W badaniach okreœlono wp³yw aplikowanych nawozów
na sk³ad zbiorowiska grzybów glebowych. Hodowlê grzybów prowadzono na pod³o¿u
Martina.

Stwierdzono wp³yw zastosowanych nawozów na populacjê grzybów glebowych. Naj-
czêœciej izolowano z gleby grzyby dro¿d¿opodobne (60-85% ogó³u izolatów). Najbogatsze zbio-
rowisko grzybów otrzymano z gleby u¿yŸnionej osadem suszonym i granulowanym oraz
kompostem z odpadów zieleni miejskiej. Jednak w glebie z zastosowanym nawo¿eniem na-
turalnym i kompostami stwierdzono ograniczenie liczebnoœci grzybów patogenicznych re-
prezentowanych przez gatunki: Aureobasidium pullulans, Botrytis cinerea, rodzaju Fusa-
rium, Sclerotinia sclerotiorum. Najbardziej zahamowany rozwój patogenów zanotowano
w glebie z wniesionym dwukrotnie obornikiem, kompostem z odpadów zieleni miejskiej oraz
osadem suszonym i granulowanym zastosowanymi w obydwu wariantach. Grzyby antago-
nistyczne wzglêdem patogenów, reprezentowane przez 3 gatunki Gliocladium, 4 gatunki
rodzaju Paecilomyces i Trichoderma, czêœciej ni¿ z gleby bez nawo¿enia i z nawo¿eniem
NPK izolowano z gleby nawo¿onej obornikiem i organicznie, z najliczniej zasiedlon¹ gleb¹
u¿yŸnion¹ Dano w dawce 10 t s.m. ha–1. Wœród pozosta³ych saprotrofów wyodrêbniono
grzyby rodzaju Penicillium, rzêdu Mucorales i Sporotrichum olivaceum.

S³owa kluczowe: nawo¿enie organiczne, nawo¿enie NPK, patogeny glebowe, antagoniœci.

INTRODUCTION

Organic substances are added to soil in order to improve its quality by
changing the physical (aggregation of soil particles) and microbiological prop-
erties (increased biomass content, microbial diversity and enzymatic activi-
ty) (DISSANAYAKE, HOY 1999, PUGET et al. 2000, CESPEDES LEON et al. 2006). Soil
improvement is achieved, inter alies, by adding more carbon to soil (SIKORA,
STOTT 1996, van BRUGGEN, SEMENOV 2000). In a study reported by KUNDU and
NANDI (1985), a broader C:N ratio stimulated the development of bacteria
while inhibiting that of fungi. This effect depended on the concentration of
chemical and biological components in organic matter. Natural fertilizers
applied in adequate doses, apart from large amounts of organic matter, en-
rich soil with some macro- and micronutrients. Certain characteristic micro-
bial communities develop in soil under the influence of these fertilizers. For
the phytosanitary safety, the share of fungi demonstrating antibiotic and
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parasitic activity is important. The fungi whose presence in soil is particu-
larly desirable are the ones with enzymatic properties belonging to the gen-
era Gliocldium and Trichoderma, which can inhibit the development of path-
ogens (not only the soil ones) by activating the following mechanisms:
antibiosis, competition and hyperparasitism (CHERNIN, CHET 2002). Organic fer-
tilizers (SARAIVA et al. 2004), composted plant waste (MAZZOLA, MULLINIX 2005),
municipal waste and sewage sludge (LEWIS et al. 1992, TRANKNER 1992) as
well as paper-mill residue (COOPERBAND 2001, STONE et al. 2003) provide effec-
tive plant protection against such pathogens as Botrytis cinerea, Pythium
spp., Phytophthora spp., Rhizoctonia solani, Sclerotinia sclerotiorum.

This paper contains an analysis of the structure of soil fungal assem-
blages shaped under the influence of mineral, FYM or organic fertilization.

MATERIAL AND METHODS

The experiment was carried out in 2008-2010 (the second cycle of a four-
year experiment started in 2004) on experimental plots in Ba³cyny, on grey-
brown podzolic soil originating from light silty loam, complex 4 class III (the
Polish Norms, BN-78/9180-11). Prior to the experiment, the concentration of
P (38.2 mg kg –1), K (105.8 mg kg –1) and Mg (48.3 mg kg –1) in the soil as
well as the soil pH = 5.04 were determined. The following crops were grown
in succession: potato, fodder barley, winter oilseed rape and winter wheat.
The applied fertilization consisted of natural fertilizer: mixed farmyard ma-
nure or organic fertilizers: sewage sludge composted with straw (municipal
sewage sludge from the WTP in Dzia³dowo, mixed with cereal straw in a 1 :
0.5 ratio and composted in heaps), dried and pelleted sludge (sludge from
the WTP in I³awa), sludge composted with no added substances (sludge from
the WTP in Ostróda), municipal waste compost (Dano compost from unsort-
ed municipal waste in Suwa³ki), and urban green waste compost from
Suwa³ki. The chemical composition of the organic fertilizers is presented in
Table 1. The treatments without fertilization or with the NPK mineral ferti-
lization were taken for comparison. The farmyard manure and organic ferti-
lizers were applied in two ways: in a single dose of 10 t d.m. ha–1 before
planting the potato or as two doses, each of 5 t d.m. ha–1 before planting
the potato and before sowing the oilseed rape. For the treatments with the
organic fertilizers, depending on their N-total content, nitrogen was balanced
to 150 kg ha–1 (under potato) and to 120 kg ha–1 (under oilseed rape). Spring
barley and winter wheat received only mineral fertilization.

For determination of the quantitative and qualitative composition of soil
fungal assemblages, in the early August each year, soil samples were col-
lected from the depth of 10 cm from all the plots (at three sites) which
made up a given experimental treatment. In the laboratory, the soil sam-
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ples were shaken and portions of 10 g each were weighed out to place in
250 ml flasks, in which they were shaken for 20 minutes in 90 ml of sterile
water, thus obtaining 10–1 dilution. The suspension was further diluted (from
10–2 to 10–4). Fungi were cultured on Martin medium at 22-23oC. Fungal
colonies grown after 5-day incubation were re-calculated per 1 gram of dry
matter of soil (DHINGRA, SINCLAIR 1995). Next, the fungi were inoculated onto
agar slabs for further species identification. The results of the in vitro tests,
carried out in a completely randomized design, were processed statistically
using analysis of variance (Statistica® 9.0 2010). The means were compared
with Duncan’s test at the significance level of 0.01.
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RESULTS AND DISCUSSION

The applied natural and organic fertilization differentiated counts of the
soil fungal populations; in total, 6,192 colonies of fungi were obtained, in
which yeast-like fungi made up 76.3%. Filamentous fungi were represented
by 50 species. The phytopathological tests have demonstrated that most of
the colony-forming units were obtained from the soil amended with urban
waste compost and dried and pelleted sludge (Figure 1). The literature con-
tains contradictory reports on the influence of soil organic amendments on
assemblages of soil fungi. GÓRSKA and STÊPIEÑ (2007) as well as PRATT (2008)
claim that organic fertilization does not differentiate the abundance of fila-
mentous fungal populations. AWAD and FAWN (2004) formulate contradictory
conclusions as they suggest that increasing rates of sewage sludge stimulate
the development of soil microorganisms and increase their diversity (WEY-
MAN-KACZMARKOWA et al. 2002). As researchers claim, the amount of organic
carbon added to soil plays an important role; to a lesser degree, added ni-
trogen affects microbial communities.
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In the present study, the dominant organisms in the fungal assemblages
were yeast-like fungi, which made up from 63 to 85% of total communities
(in the treatment with municipal waste compost 10 t d. m. ha–1 and urban
waste compost in both application variants, respectively) – Figures 2a,c,d.
Fifty species and non-sporulating colonies were identified among the fila-
mentous fungi The pathogenic fungi, important for the phytosanitary soil
condition, were represented by the following species: Aureobasidium pullu-
lans, Botrytis cinerea, four species of the genus Fusarium and Sclerotinia
sclerotiorum, most frequently colonizing the unfertilized and NPK-fertilized
soil: 4.6 and 3.6%, respectively, of the total number of isolates (Figures 3a,
2b). The smallest population of the above fungi was cultured from the soil
fertilized twice with FYM and urban green waste compost, under spring
barley (Figures 3d, 2d). A single application of these fertilizers stimulated
the development of potentially pathogenic fungi. However, this effect was
accompanied by a growing number of antagonistic fungi, whose presence in
soil is desirable (3 species of the genus Gliocladium, 5 – Paecilomyces and 4
– Trichoderma). Based on their experiments, SERRA-WITTLING et al. (1996)
concluded that natural fertilizers and composts inhibited the development of
Fusarium spp. fungi as well as those of Pythium and Phytophthora, all wide-

Fig. 1 Number of colony-forming units of fungi in the soil
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spread in soil. TSROR LAKHIM et al. (2001) as well as LAZAROVITZ et al. (2008)
report that the infection of potato by Rhizoctonia solani and Streptomyces
scabies is less severe in soil fertilized with cattle manure. Other researchers
(MILLS et al. 2002) point to less severe infection of solanaceous plants by
P. capsici, Alternaria solani and Septoria lycopersici in soil amended with com-
posted plant waste. CATXARRERA et al. (2002) observed weaker symptoms of Fusar-
ium wilt of tomato plants when the soil had been enriched with the fungus
Trichoderma asperellum and compost. BARAKAT and AL.-MASRI (2009) found out
a similar effect for the soil enriched with T. harzianum and sheep manure.

Fig. 2. Fungi isolated from soil fertilized with composted industrial waste (%)
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Our comparison of the analysed composted sewage sludge has demon-
strated that the most favourable soil conditions, in respect of the plants’
health, prevailed in the soil amended with dried and pelleted sludge, applied
in either of the two systems: 0.6% of the pathogens and 3% of the antago-
nists (Figure 4c,d). However, the highest number of antagonists colonized
the soil enriched with the compost made from unsorted municipal waste,

Fig. 3. Fungi isolated from unfertilized, NPK and FYM fertilized soil  (%)
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Fig. 4. Fungi isolated from soil fertilized with composted sewage sludge  (%)
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applied in a single dose under fodder barley (Figure 2a). For the phytosani-
tary safety of crops, it is desirable to maintain dynamic changes of fungal
populations in the soil. Organic fertilizers added to soil create favourable
conditions for the development of antagonistic fungi (HOITIN, BOEHM 1999,
PANDEY et al. 2006), especially the ones belonging to the genus (BULLOCK et
al. 2002). Such fungi produce antibiotic and parasitic effects on pathogenic
organisms, which means that they can be employed for the biological con-
trol of plant pathogens (PAPAVIZAS 1985, NELSON et al. 1983, ZAK et al. 2003).
Soil cropped with Brassicaceae has been demonstrated to contain a growing
population of the antagonists Streptomyces spp., which produce secondary
metabolites inhibiting the development of plant pathogens, e.g. Rhizoctonia
solani (MAZZOLA, MULLINIX 2005).

Among the saprotrophic fungi, the species of the order Mucorales pro-
duced the most numerous populations in the soil amended with the munici-
pal waste compost added in a dose of 10 t d.m. ha–1 (6.4%, Figure 2a). In
the treatments fertilized with composted sewage sludge and FYM
(Figures 3c,d, 4a-f), the highest counts of saprotrophs were isolated from the
soil amended with a double application of the fertilizers, except sewage
sludge composted with no added substances. Species of the genus Penicil-
lium had a similar share in the total number of fungi as saptrotrophs, and
their development was promoted by the soil environment amended with
a single dose of FYM or dried and pelleted sludge (Figures 3c, 4c). The sapro-
trophs of the genus Penicillium, analogously to those of the genus Aspergil-
lus, as well as the pathogens belonging to Fusarium spp. are the most com-
mon components of fungal assemblages dwelling in soil enriched with organic
fertilizers (SARAIVA et al. 2004).

Recapitulating, the positive influence of farmyard manure as well as
sewage sludge or composted municipal waste applied as soil amending sub-
stances on the structure of soil fungal assemblages is noteworthy. These
fertilizers have reduced the development of potential plant pathogens but
stimulated that of antagonistic fungi.

CONCLUSIONS

In brief, the experiment has demonstrated a suppressed growth of popu-
lations of pathogenic fungi in soil amended with farmyard manure or organ-
ic fertilizers. The highest count of fungal colonies was obtained from the
soil enriched with dried and pelleted sludge. At the same time, the soil from
this treatment presented the most desirable phytosanitary conditions, i.e.
a small count of pathogens but a high number of antagonistic fungi.
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Abstract

Biologically active substances of plant pesticides deposited on pesticide burial sites can
be a source of toxic substances threatening underground and surface waters and consequ-
ently drinking water. Mercury usually makes up about 0.7% of the total waste content,
copper - 4.3%, zinc – 4%, and chloroorganic compounds – 29.9%. The aim of the work was
to evaluate the quality of the environment in the vicinity of a pesticide burial site in Pod-
lasie, Poland. The study was carried out in September-November 2009. The burial site com-
prised three containers consisting of concrete circles insulated with roofing paper and ce-
ment. Samples for determinations were collected from the immediate surroundings of the
pesticide burial site. Soil samples were also taken from three holes made to the depth of
0.2-0.4 m and situated 15 m away from the burial site depth and from two sites under the
concrete well (0.5 m and 1.0 m). Moreover, water samples from two piezometers and sam-
ples of plants growing up to 30 m distance (pine needles, grasses, mushrooms, birch and
alder leaves and twigs, cabbage, and maize) were collected as well. Copper, mercury and
zinc were determined in samples of waters, soils and plants. The metal content in soils
corresponded to the natural levels; the concentrations in plant samples indicated no accu-
mulation and the water samples were not determined to contain elevated concentrations
of the above metals. It has been proven that the concrete wells were hermetic and the
environment around the pesticide burial site has not been polluted.

Key words: dump, metals, pesticide, water, soil, plant.
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OKREŒLENIE JAKOŒCI ŒRODOWISKA NATURALNEGO
W POBLI¯U MOGILNIKA PESTYCYDOWEGO

Abstrakt

Biologicznie aktywne substancje pestycydów sk³adowanych w mogilnikach mog¹ byæ
Ÿród³em substancji toksycznych migruj¹cych do wód podziemnych, powierzchniowych,
a w konsekwencji do wody pitnej. W przeciêtnym mogilniku iloœæ rtêci wynosi 0,7% masy
wszystkich odpadów, miedzi 4,3%, cynku 4%, zaœ zwi¹zków chloroorganicznych 29,9%. Pra-
ca przedstawia jakoœæ œrodowiska otaczaj¹cego mogilnik pestycydowy na Podlasiu. Badania
prowadzono w okresie wrzesieñ-listopad 2009 roku. Mogilnik zbudowany jest z betonowych
krêgów studziennych izolowanych lepikiem. Próbki do badañ pobierano w bezpoœrednim
s¹siedztwie mogilnika. Próbki gleby pobierano z g³êbokoœci 0,2-0,4 m w odleg³oœci do 15 m
od mogilnika, próbki gleby spod studni z g³êbokoœci 0,5 oraz 1,0 m pod dnem. Próbki wody
pobierano z dwóch piezometrów, zaœ roœlin w promieniu 30 m od mogilnika (ig³y sosny,
trawy, grzyby, dynie, broku³y). W próbkach wody, gleby i roœlin oznaczono miedŸ, cynk i rtêæ.
Gleby cechuj¹ siê naturaln¹ zawartoœci¹ tych pierwiastków, stê¿enia metali w próbkach
roœlinnych mo¿na okreœliæ jako akumulacjê ma³¹, a roœliny jako nie zanieczyszczone, nie
zanotowano tak¿e zwiêkszonej iloœci pierwiastków œladowych w wodach podziemnych. Mo¿e
to œwiadczyæ, ¿e ten mogilnik jest szczelny, a œrodowisko wokó³ niego nie jest zanieczysz-
czone.

S³owa kluczowe: mogilnik, metale ciê¿kie, pestycydy, woda, gleba, roœliny

INTRODUCTION

Dumps leaking to soil and water have been one of the most difficult
problems to solve for years; they make an extreme hazard for people as
well as the natural environment. Pesticides past the expiry date or unused,
often containing heavy metals compounds, become very dangerous waste
that, when inappropriately stored, penetrate the natural environment un-
controllably, which poses a serious threat to all life forms (BAGIÑSKA at al.
2008, BIZIUK 2001, CONESA et al. 2007). The Ministry of the Natural Environ-
ment Protection estimates that the total weight of pesticide waste in Poland
could be as high as 60 000 tons. Recent supervision of the technical condi-
tion of p[esticide burial sites has revealed that the situation is the worst in
eastern Poland. In total, there are 10 pesticide burial sites (including 5 liq-
uidated ones) and 13 storage sites with pesticide waste in the Province of
Bia³ystok (IGNATOWICZ 2009). Previously binding design and construction pro-
cedures did not take into account effects of long-term exploitation of pesti-
cide burial sites. Pesticide waste stored at former state farms is the most
severe threat because of the disastrous technical condition of those burial
stores. Besides, many burial sites are unsealed ground dumps. They are
a source of toxins and poisons emitted into the natural environment: soil,
water and air. The ground- and surface water, especially underground water
reservoirs near dumps, is contaminated (IGNATOWICZ 2007).
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On an average dumping site, mercury makes 0.7% of total waste, cop-
per 4.3%, zinc 4%, and chloroorganic compounds 29.9% (BIZIUK 2001, IGNATO-
WICZ 2009). In the past, heavy metals were also a component of pesticides.
Those compounds, as toxic ones by definition, are cancerogenic, teratogenic,
embryotoxic and mutagenic. They are detected in all elements of the natu-
ral environment: atmosphere, hydrosphere, geosphere, flora, fauna, and even
in human bodies. Water, soil and air near dumps are very rarely monitored,
hence the present study comprised analyses of water, soil and plants sam-
ples collected near pesticide burial sites in order to find out whether pesti-
cides past the expiry date and stored in leaky and corroded concrete con-
tainers could migrate into the environment. The paper presents results of
analyses of environmental samples collected from near operating, unsealed
and corroded concrete burials localized in Podlasi, performed in order to
assess the risk of migration of heavy metals, which are pesticide compo-
nents. It is an important issue because pesticides and some metals (Cd, Pb,
Hg, Ni), as stated by the European Parliament Directive 2008/105/WE on
environmental quality norms for water policies, are among priority substanc-
es. The aim of the research was to assess the quality of the environment in
the vicinity of pesticide burial sites.

MATERIAL AND METHODS

The study was carried out from September to November 2009 near an
operating pesticide burial site, which comprised three containers consisting
of concrete circles insulated with roofing paper and cement (Figure 1). The
estimated amount of stored waste (according to an inventory made in 2009
by the Regional Directorate for the Environmental Protection in Bia³ystok)
was 3.39 Mg. The burials were set on varied and medium-grain sands, which
are highly permeable (the filtration coefficient k = 10–7 ms–1). Any of the
stored hazardous substance can easily migrate from leaky containers along
with rainfall water. The burial is built at the level of about 1.6-3.0 m, while
the groundwater lies 3.0-5.0 m deep. The burial site lies close to an arable
cultivated field, 20 m away from crop plantations (maize, carrot, broccoli,
cabbage) and 100 m from a fruit orchard.

Samples for determinations were collected from the immediate surround-
ings of the pesticide burial site (Figure 2). Soil samples from the depth of
0.2-0.4 m were gathered by making three holes (S8, S9, S10) at a 15-meter
distance; additionally two samples under the concrete well (0.5 m and 1.0 m)
were taken (St. 3). Moreover, water samples from two piezometers (S8, S9)
and samples of plants growing up to 30 m away from the burial site (pine
needles, grasses, mushrooms, birch and alder leaves and twigs, cabbage,
and maize) were collected.
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The analyzed metals included copper, mercury and zinc. Soil was miner-
alized using a microwave system Mars 5 according to the EPA 3015 and EPA
3051 procedures. Determinations of copper and zinc were made with the
ICP-AES technique, while mercury was analyzed with the CV-AAS technique
in an AMA-254 analyzer (SIEPAK 1995, SIEPAK et al. 2008).

Fig. 1. Location of the pesticide burial site and the sampling points in Folwarki Tylwickie.
st 1, st 2, st 3 – three containers; S-7 - S-13 – sampling point
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RESULTS AND DISCUSSION

The content of the heavy metals determined in the soil samples is pre-
sented in Table 1. The values ranged from 22.76 to 41.76 mg Cu kg–1 (mean
31.42), 23.94 to 39.53 mg Zn kg–1 (mean 31.59), and less than 0.0005 to
0.025 mg Hg kg–1 (0.009, on average). The content of available and extracta-
ble trace elements in soils did not exceed permissible values set in the
Ordinance of the Minister for the Environment of 9.09.2002, and the soils
were classified as group B soils. With respect to the Ordinance of the Minis-
ter for the Agriculture and Rural Development of 21.03.2002, the analyzed
soils were light ones, i.e. containing up to 20% of the finest fraction. Com-
paring the determined concentrations of the heavy metals with the limit
values given by KABATA-PENDIAS (1999), it can be concluded that the soils
near the burial site did not contain elevated levels of these contaminants.
Their amounts were described as natural for group A soils with the zero
contamination level. These soils can be used for agricultural production.
These findings may be explained by the fact that the examined pesticide
burial site lies on light sandy soil, low in sorption capacity. Ion such soils,
trace elements are more easily available. However, in general, most of trace
elements are eluted from such soils and penetrate to the ground- and sur-
face water. The determined concentrations of copper were several-fold high-
er than the geochemical background. Therefore, copper concentrations were

Fig. 2. A view of the pesticide burial site in Folwarki Tylwickie
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elevated in relation to the average levels present in soils. This was probably
due to some leakage of pesticides containing copper. Copper forms hardly
mobile bonds with organic matter, sulfates or carbonates in soil (WIATER,
£UKOWSKI 2010), and therefore it is accumulated in soil layers beneath the
burial site, where they can be transported with groundwater. The presence
of heavy metals around the pesticide burial site has been confirmed. Out of
all the biosphere elements, soils are not only the main medium where many
chemicals accumulate, but they also act as some kind of a protective filter
for both components migrating to water and for volatile elements (KABATA-
PENDIAS 1999, WITCZAK, ADAMCZYK 1995). Artificial fertilizers and some plant
protection chemicals are an important source of trace elements in soils,
especially in their topmost layers. Long-term application and storage of pes-
ticides can lead to significant concentrations of As, Cu, Hg, and Pb in soils
(KABATA-PENDIAS 1999, WIATER, £UKOWSKI 2009).

It has been found that the Zn and Hg content was higher directly under
the well chamber and decreased with the soil sampling depth (Table 1). This
can be attributed to constant leakage of the metals from the unsealed well.
Considering the fact that zinc is one of the most mobile metals, it is proba-
bly further transported in light soils alongside the groundwater runoff.
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The concentrations of the metals determined in the water samples are
presented in Table 2. These values were below the detection limit for mer-
cury; for copper, they reached 0.003 mg dm–3 for both piezometers (the geo-
chemical background 0.001 mg dm–3), while for zinc they ranged from 0.013
to 0.023 mg dm–3 (the geochemical background 0.001 mg dm–3). The con-
centrations of the heavy metals in samples of underground water collected
from the piezometers did not attain increased values. The content of Cu,
Hg and Zn did not exceed the permissible levels for potable water as set in
the Ordinance of the Minister for Health of 29.03.2007 on potable water
quality (Journal of Law, 2006, no 123, item 858). The values were lower
than those obtained by the author in a study on natural water contamina-
tion around a pesticide burial site (IGNATOWICZ 2010). However, the zinc con-
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centration in spring 2009 (0.12 mg dm–3 in a dug and 1.43 mg dm–3 in a drilled
well) sugegsts that the analyzed water requires special protection (Zn>0.2 mg
dm–3 ) and treatment before supplied as potable water (Zn>0.8 mg dm–3).

The concentrations of the metals determined in the plant samples are
presented in Table 3. All the metals were detected in the collected plant
samples (max Cu 0.927, Zn 2.288, Hg 0.02 mg kg–1). According to the Ordi-
nance of the Minister for Health of 27.12.2000 (Journal of Law, 2001, no 9,
item 72) and the limit values given by KABATA-PENDIAS (1999), the recorded
concentrations can be considered as low accumulation and the plants as not
contaminated. Plants growing on metal-contaminated soils develop adapta-
tion or protection mechanisms. On strongly polluted soils, those characteris-
tics weaken and concentrations of metals increase proportionally to their
occurrence in the subsoil (TERELAK et al. 2000). Beside the phytotoxic action,
excessive amounts of trace elements can pollute the whole feeding chain.
The issue requires special attention when elements hazardous to animals
and people are involved. In view of the Ordinance of the Minister for Health
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of 13.01.2003 on the maximum levels of chemical and biological contami-
nants allowed in food from, the collected edible plant samples (cabbage, maize
and mushrooms) contained excessive levels of mercury, whose concentration
reached 0.02 mg Hg kg–1, whereas the permissible value is 0.01 mg Hg kg–1.

Table 4 presents the coefficients of correlation between the analyzed
metals in soil and plant samples. For the soil, the strongest dependencies
were determined for Hg and Cu as well as Hg and Zn. Among the plant
samples Cu and Zn were most strongly correlated.
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CONCLUSIONS

The determined level of pesticide contamination has demonstrated that
the concrete wells did not leak. The determined concentrations of the heavy
metals in soil, water and plants proved no pollution of cooper, zinc and
mercury originating from the pesticide waste. The soil was characterized by
a natural content of these elements and can be used for all agricultural and
horticultural crop cultivation. Particular concentrations of the metals in plant
samples can be considered as low accumulation and plants were not con-
taminated. Likewise, the groundwater was not detected to contain higher
amounts of the analyzed trace elements.
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Abstract

The aim of this study, conducted in 2005-2007, was to determine changes in the che-
mical composition of extracts from the rhizosphere of tomatoes and of drainage water in
tomato culture set up on rockwool, perlite and expanded clay and nourished with one of
the two nutrient solutions containing different concentrations of macronutrients (EC I:
2.4 mS cm–1 and EC II: 3.6 mS cm–1). Perlite and extended clay were placed in foil sle-
eves, whose shape and volume corresponded to the weight of rockwool. The tomatoes were
grown with a dripping fertilization system and a closed nutrient solution circulation sys-
tem, without recirculation, for watering. The solution supply frequency, controlled by a sol-
timer, depended on the intensity of solar radiation. The concentration and proportions of
macronutrients in the nutrient solutions were adjusted to the requirements of particular
developmental phases of the plants, in accordance with the current recommendations. The
plants were grown in a prolonged cycle for 22 clusters (from the beginning of February to
mid-October). Extracts from the rhizosphere and drainage water for analyses were sam-
pled at a set time of the day, every four weeks, since the plants were placed on the mats.
The analysis of the results revealed significantly more nitrate ions, phosphorus, potassium,
calcium, magnesium, sulphates and sodium in extracts from the rhizosphere and in dra-
inage waters sampled from treatments fertilized with the concentrated solution (EC II),
compared to the basic solution. In the drainage water from treatments fertilized with a so-
lution of the basic macronutrient composition (EC I), the increase of ion concentrations
appeared in the following order: N-NH4 > P-PO4 > Ca > S-SO4 > K > N-NO3 > Mg, whe-
reas in the drainage water flowing from the treatments fertilized with the solution conta-
ining 25% more macronutrients (EC II), the ion concentration range was as follows:
N-NH4 > P-PO4 > Ca > N-NO3 > S-SO4 > K > Mg. In the present study, the sodium
content in drainage water was depressed compared to the nutrient solution dosed under
plants with either of the two liquid feeds.

Key words: rockwool, perlite, extended clay, EC of nutrient solution, rhisosphere, drain-
age waters.
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ZMIANY SK£ADU CHEMICZNEGO ŒRODOWISKA KORZENIOWEGO POMIDORA
UPRAWIANEGO W POD£O¯ACH INERTNYCH W CYKLU WYD£U¯ONYM

Abstrakt

Celem badañ przeprowadzonych w latach 2005-2007 by³o okreœlenie zmian sk³adu che-
micznego wyci¹gów ze œrodowiska korzeniowego oraz wód drenarskich w uprawie pomido-
ra w we³nie mineralnej, perlicie i keramzycie z zastosowaniem dwu po¿ywek o zró¿nicowa-
nej koncentracji makrosk³adników (EC I: 2.4 mS cm–1 oraz EC II: 3.6 mS cm–1). Perlit
i keramzyt umieszczono w rêkawach foliowych, formuj¹c kszta³t i ustalaj¹c objêtoœæ odpo-
wiadaj¹c¹ macie we³ny mineralnej. W uprawie wykorzystano kroplowy system nawo¿enia
i nawadniania z zamkniêtym obiegiem po¿ywki, bez recyrkulacji. Czêstotliwoœæ dostarcza-
nia po¿ywki, sterowana „soltimerem”, by³a uzale¿niona od natê¿enia promieniowania s³o-
necznego. Koncentracja oraz proporcje makrosk³adników w po¿ywce by³y ró¿nicowane
wzglêdem wymagañ poszczególnych faz rozwojowych roœlin zgodnie z aktualnymi zalece-
niami. Roœliny uprawiano w cyklu wyd³u¿onym na 22 grona (od pocz¹tku lutego do po³owy
paŸdziernika). Wyci¹gi ze œrodowiska korzeniowego oraz wody drenarskie do analiz pobie-
rano o ustalonej porze dnia co 4 tygodnie, pocz¹wszy od ustawienia roœlin na matach. Ana-
liza wyników wykaza³a istotnie wiêcej jonów azotanowych, fosforu, potasu, wapnia, ma-
gnezu, siarczanów i sodu w wyci¹gach ze œrodowiska korzeniowego i w wodach drenarskich
pobranych z obiektów nawo¿onych po¿ywk¹ zatê¿on¹ (EC II), w porównaniu z po¿ywk¹
podstawow¹. W wodach drenarskich z obiektów nawo¿onych po¿ywk¹ o podstawowym sk³a-
dzie makroelementów (EC I) stwierdzono wzrost zatê¿enia jonów w kolejnoœci: N-NH4 >
P-PO4 > Ca > S-SO4 > K > N-NO3 > Mg, natomiast w wodach drenarskich wyp³ywaj¹cych
z obiektów nawo¿onych po¿ywk¹ zawieraj¹c¹ 25% wiêcej makroelementów (EC II) szereg
zatê¿enia jonów by³ nastêpuj¹cy: N-NH4 > P-PO4 > Ca > N-NO3 > S-SO4 > K > Mg. W ba-
daniach wykazano zmniejszenie zawartoœci sodu w wodach drenarskich w porównaniu z roz-
tworem pokarmowym dozowanym pod roœliny z wykorzystaniem obu rodzajów po¿ywki.

S³owa kluczowe: we³na mineralna, perlit, keramzyt, EC po¿ywki, œrodowisko korzeniowe,
wody drenarskie.

INTRODUCTION

Growing plants on inert substrates with a precise fertilization and wa-
tering system is gaining in popularity as it ensures high and good quality
fruit yield (JAROSZ, DZIDA 2005, GAJC-WOLSKA et al. 2008). According to many
authors (BREŒ, RUPRIK 2006, KOMOSA, KLEIBER 2007), systems allowing for re-
circulation of liquid solution dosed under plants are a necessity created by
ecological and economical reasons. Implementation of nutrient solution re-
circulation, however, requires the knowledge of changes in nutrient concen-
trations in the plant rhizosphere and in drainage waters, compared to the
solution dosed under plants (KLEIBER, KOMOSA 2008). The rhizosphere as well
as in drainage water typically contain high concentrations of nutrients,
a result of an increased water uptake and selective ion uptake by plants.
According to DYŒKO and KOWALCZYK (2005), changes in the rhizosphere’s chem-
ical composition are also significantly affected by a developing root system
and interactions between particular nutrients. Modifications in the composi-
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tion of the rhizosphere and drainage water, however, depend on the substra-
tum, crop species and even on a cultivation system.

When growing tomatoes on inert substrates, the general ion concentra-
tion (EC) in a nutrient solution is frequently elevated, which improves the
taste and certain biological value parameters of fruit (GRAVA et al. 2001, HAO,
PAPADOPOULOS 2004). However, this solution may lead to excessive concentra-
tions of certain ions in the rhizosphere, which disturbs the uptake and dis-
tribution of ions in plants (GRAVA et al. 2001).

The objective of this study has been to determine changes in the chemi-
cal composition of the rhizosphere and drainage water in a tomato cv. Cunero
F1 culture, depending on growing substrate (rockwool, perlite, extended clay)
and two nutrient solutions with different concentrations of macronutrients.

MATERIAL AND METHODS

The study were conducted 2005-2007, in a greenhouse of the Depart-
ment of Soil Cultivation and Fertilization of Horticultural Plants, University
of Life Sciences in Lublin. Tomato plants of the cultivar Cunero F1 were
grown on rockwool (Grodan), perlite (Agroperlit) and extended clay (Optiroc-
Gniew). Perlite and extended clay were placed in foil sleeves, with their
shape and volume corresponding to the weight of rockwool. The tomato
culture was conducted with a dripping fertilization and watering system with
a closed solution circuit but no recirculation. Two types of nutrient solution
were applied:
a) basic solution (I) with EC 2.4 mS cm–1, containing on average (in mg dm–3):

N-NH4 – 17.0; N-NO3 – 188; P-PO4 – 45; K – 280; Ca – 205; Mg – 75;
S-SO4 – 140; Na – 14.7; Cl – 12.3 ; Fe – 1.25; Mn – 0,55; B – 0.30 Cu – 0.05;
Zn – 0,30; Mo – 0.03 and pHH2O – 5,60;

b) concentrated solution (II) by EC 3.6 mS cm–1 containing 25% more macronu-
trients, of the average composition (in mg dm–3): N-NH4 –  21.2; N-NO3 –
235; P-PO4 – 56.5; K – 350; Ca – 256; Mg – 94; S-SO4 – 185; Na – 26; Cl – 18.5;
Fe – 1.25; Mn – 0.55; B – 0.30; Cu – 0.05; Zn – 0.30; Mo – 0.03 and pHH2O – 5.65.

The concentration and proportions of macronutrients in the nutrient
solutions were adjusted to the requirements of particular developmental
phases of plants, in accordance with the current recommendations (ADAMICKI

et al. 2005). The solutions were prepared taking the following chemical com-
position of water into account (in mg dm–3): N-NH4 – 0.02; N-NO3 – 5.0;
P-PO4 – 4.0; K – 1.4; Ca – 121; Mg –13.8; S-SO4 – 32.0; Cl – 9.5; Na – 2.7;
Fe – 0.24; Mn – 0,026; Cu – 0.001; Zn – 0.038; pHH2O – 7.44, EC – 0.71 mS cm–1.
The daily outflow of the solution, depending on the developmental phase of
plants ranged from 1.8 to 4.2 dm3 plant–1. The frequency of solution supply,
controlled by a soltimer, depended on the intensity of solar radiation. A two-
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factorial experiment was established in a completely randomized design, with
seven replications. Each replication was a culture slab, on which two plants
grew. The plants were placed on the substrates in the first decade of Febru-
ary (04.02.2005; 07.02.2006; 09.02.2007). The cultivation was conducted in
a prolonged cycle (22 clusters), at the plant density of 2.3 plants m–2, until mid-
October (20.10.2005; 17.10.2006; 12.10.2007). Plant protection and other treat-
ments were performed in accordance with the recommendations (ADAMICKI

et al. 2005).
Extracts from the rhizosphere and drainage water for analyses were

sampled at a set time of the day, every four weeks, since the plants started
to grow on the mats. Extracts from the cultivation mats were taken with
a syringe, mid-way between the plants and from central part of the mat’s
height. Each time, the following determinations were completed in the col-
lected samples: ammonium and nitrate nitrogen with Bremner’s method (as
modified by Starck), phosphorus by colorimetry with ammonium vanadomo-
lybdate (Thermo, Evolution 300), potassium, calcium, magnesium and sodi-
um with the ASA method (Perkin-Elmer, Analyst 300), sulphates by neph-
elometry with barium chloride, and electric conductivity (EC) by
conductometry (NOWOSIELSKI 1988).

Statistical elaboration of the results was performed with the variance
analysis method on mean values, applying Tukey’s test for assessing differ-
ences at the significance level of α=0.05. The results are average values for
all the dates of analyses from the three years of the experiment.

RESULTS AND DISCUSSION

A closed nutrient solution circuit system with recirculation saves signifi-
cant amounts of water and mineral fertilizers (VAN OS 2001). It also limits
the pollution of soil and groundwater with biogenic elements (KOMOSA, KLEIB-
ER 2007). However, re-using a nutrient solution flowing out in the form
of drainage water requires purification, disinfection and regulation of the con-
centrations of particular nutrients. Although there are many successful meth-
ods for disinfecting a nutrient solution before its reintroduction into cultiva-
tion, it is still necessary to know exactly the ranges of an increase or
a decrease in the concentrations of particular elements in drainage water
depending on a crop species, substrate and a cultivation technology (VAN OS

2001, KOMOSA, KLEIBER 2007, KLEIBER, KOMOSA 2008).
The statistical analysis of our results revealed significant changes in the

concentrations of elements in the rhizosphere and in drainage water, com-
pared to those in the supplied nutrient solutions, depending on both of the
examined factors (Table 1). The highest increase in the ion concentrations
in drainage water flowing out of the mats was reported for ammonium cati-
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ons (Table 2). This increase, compared to the nutrient solution supplied to
plants, was on average + 96.41% for the basic solution (EC I) and +124.9%
for the solution with an increased content of macronutrients (EC II). Con-
trary results were obtained by KOMOSA et al. (2010), who demonstrated
a decrease in ammonium nitrogen from 11.7 to 26.6% in the rhizosphere of
tomato grown on rockwool and fiber wood. Irrespective of the type of the
applied solution, the content of N-NH4 in drainage water (40.53 mg dm–3)
was significantly higher than the concentration of these ions in the rhizo-
sphere of tomato grown on perlite (28.00 mg dm–3). Many articles empha-
size that the concentration of ammonium cations in tomato rhizosphere
should not exceed 10% of the total amount of mineral nitrogen, as an ex-
cess of NH4

+ may inhibit the uptake of calcium and magnesium (HO et al.
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1999). While analyzing the composition of extracts from the rhizosphere in
the examined treatments, it was noticed that proper ratios between these
ammonium cations and mineral nitrogen became unbalanced when growing
tomato on extended clay.

 In the present experiment, no significant differences were found in the
concentration of nitrate ions in the rhizosphere of tomato growing on the
examined substrates and in drainage water flowing out of the mats. Irre-
spective of a sampling site, significantly more N-NO3 (307.9 mg dm–3) was
reported in treatments fertilized with solution containing 25% more macroe-
lements (EC II). The increased concentration of nitrates in drainage water
compared to the nutrient solution dosed under plants ranged from 25.87 to
39.15% (Table 2). An event of nitrate ion concentration rise in plant rhizo-
sphere and drainage water compared to a nutrient solution has been report-
ed in other studies (DYŒKO and KOWALCZYK 2005, KOMOSA et al. 2009)

The analysis of extracts from the rhizosphere of tomato growing on ex-
tended clay revealed significantly less phosphorus (76.39 mg dm–3) compared
to the remaining substrates (Table 1). DYŒKO at al. (2008) demonstrated that
the content of phosphorus available to plants is closely related to the reac-
tion of the rhizosphere. In their study, an increase in the pH in the dosed
nutritional solution was followed by a higher reaction in the rhizosphere
reaction, which in turn was accompanied by a significant decrease in the
content of plant-available phosphorus. As it is well known, extended clay
granules are characterized by high primary reaction, which causes alkaliza-
tion of the rhizosphere of plants growing on this substrate in the initial
weeks of cultivation. This phenomenon, also observed in the authors’ own
research, might have affected the results. Besides, MEINKEN (1997) points to
possible temporary accumulation of certain nutrients, including phosphate
ions, inside extended clay granules, which an considerably modify the com-
position of the rhizosphere.

In this experiment, significantly more phosphorus was found in extracts
and drainage water from treatments fertilized with the solution containing
a higher concentration of macroelements. Compared to the liquid fed through
a dripper, an increase in the phosphate ion concentration in drainage water
was 77.29% for the basic solution (EC I) and 53.40% for the concentrated
solution (EC II). BREŒ and RUPRIK (2006), as well as KOMOSA et al. (2010)
reported a decrease in the phosphate content in the rhizosphere and drain-
age water compared to the solution dosed under plants.

In the present tests, no significant differences were found in the con-
centrations of potassium, calcium and magnesium in the rhizosphere and
drainage water of the tomato grown on the examined substrates. Signifi-
cantly more of these elements (460.4 mg K dm–3, 382.3 mg Ca dm–3 and
108.8 mg Mg dm–3) were found after the application of the concentrated
solution (EC II) compared to the basic one (EC I). The analysis of the re-
sults demonstrated distinctly higher concentrations of potassium, calcium



394

and magnesium in drainage water flowing out of the cultivation mats com-
pared to the liquid feed dosed through a dripper. Depending on the applied
solution, the increase of potassium concentration ranged from 23.37% to
39.46%, calcium 38.28%-43.02% and magnesium 12.55%-23.76%. Similar re-
sults are presented by KOMOSA et al. (2009). A much higher concentration of
these elements was reported by BREŒ, RUPRIK (2006). In another study com-
pleted by KOMOSA et al. (2010), a decrease in magnesium was reported in the
rhizosphere of tomato grown on rockwool and wood fiber, compared to the
solution dosed through a dripper.

Interesting results showing changes in sodium concentration in the ex-
amined treatments are noteworthy. Most of the references claim that it is
a ballast element, reaching the highest concentration in drainage water,
which therefore should be diluted before eing re-introduced under plants
(DYŒKO, KOWALCZYK 2005, KOMOSA, KLEIBER 2007, KOMOSA et al. 2009, 2010). In
the present study, a decrease in thesodium ion content was observed (from -
8.160 to -29.69%) compared to the amount of this element supplied under
plants in the form of a nutrient solution.

The analysis of the results obtained from the present experiment has
demonstrated differences in the composition of drainage water depending on
the applied nutrient solution. In the drainage water from the treatments
fertilized with the solution of basic macronutrient composition (EC I), the
following ion concentration range was found: N-NH4 > P-PO4 > Ca > S-SO4
> K > N-NO3 > Mg. In the drainage water flowing out of the treatments
fertilized with the solution containing 25% more macronutrients (EC II), the
ion concentration range was the following: N-NH4 > P-PO4 > Ca > N-NO3 >
S-SO4 > K > Mg. The ranges of ion concentrations in drainage water pro-
duced while growing tomato on inert substrates, quoted in the literature,
are different (KOMOSA et al. 2009, 2010). Thus, the composition of drainage
water depends on the concentration of nutrients in the initial solution, as
well as on the quantity of ions selectively taken up by particular cultivars.
These results prove that it is necessary to monitor the chemical composi-
tion of drainage water before its reintroduction under plants through a fer-
tigation system which allows solution recirculation.

CONCLUSIONS

1. Significantly more ions of nitrates, phosphorus, potassium, calcium,
magnesium, sulphates and sodium were found in extracts from the rhizo-
sphere and in drainage water collected from the treatments fertilized with
the concentrated solution (EC II).
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2. In the drainage water from the treatments fertilized with the basic
solution (EC I), the increase in ion concentrations appeared in the following
order: N-NH4 > P-PO4 > Ca > S-SO4 > K > N-NO3 > Mg, whereas when the
concentrated solution (EC II) was applied, it turned to be: N-NH4 > P-PO4 >
Ca > N-NO3 > S-SO4 > K > Mg.

3. A decrease in the sodium concentration in drainage water was dem-
onstrated compared to the nutrient solution dosed under plants with either
of the two liquid feeds.
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Abstract

Magnesium, calcium, potassium and sodium occur in soil in various forms but for plant
nutrition their exchangeable forms are the most important. Cations bonded in soil colloids
constitute a specific reservoir of nutrients.

The aim of this research was to determine sorption properties and to evaluate the
distribution of exchangeable cations in the profiles of soils of the Drawskie Lakeland. Sam-
ples were taken from 6 soil profiles formed from glacial till of the Baltic glaciation in the
vicinity of Z³ocieniec and Czaplinek. In general, the sampled soils had the grain-size com-
position of loams. The reaction of most soil samples was acid. Exchangeable cations were
extracted with the BaCl2 solution according to PN-ISO 11260. The cation exchange capaci-
ty (CEC) ranged from 52.6 to 216.6 mmol(+) kg–1 of soil. The soils, despite acid reaction,
were sorption-saturated. Alkaline cations were dominated by calcium, whose highest share
in the sorption capacity was identified in the horizons of the parent material of all the
examined soils. The lowest amounts of exchangeable calcium and magnesium were found
in horizons Ap and Eet. The horizons rich in clay fraction contained higher contents of
Ca2+ and Mg2+, which was confirmed by significantly positive correlation. The acid reaction
did not affect significantly either the content of exchangeable cations or their distribution
in the soil profiles. The highest content of K+ in arable-humus horizons of some of the
soils can be related to potassium fertilisation and the weathering of minerals containing
that metal. The highest content of magnesium and calcium cations in horizons Bg and the
parent material of Gleysols point to the possibility of some overlapping of the top-down
gleyic process features with lessivage features.

Key words: Luvisols and Gleysols, glacial till, exchangeable cations.
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KOMPLEKS SORPCYJNY WYBRANYCH GLEB POJEZIERZA DRAWSKIEGO

Abstrakt

Magnez, wapñ, potas i sód wystêpuj¹ w glebie w ró¿nych formach, z których najwa¿-
niejsze w aspekcie od¿ywiania roœlin s¹ ich formy wymienne. Zasorbowane w koloidach
glebowych kationy stanowi¹ swoisty rezerwuar sk³adników pokarmowych.

Celem badañ by³o okreœlenie w³aœciwoœci sorpcyjnych oraz ocena rozmieszczenia ka-
tionów wymiennych w profilach gleb Pojezierza Drawskiego. Próbki do badañ pobrano
z 6 profili gleb wytworzonych z gliny zwa³owej zlodowacenia ba³tyckiego z okolic Z³ocieñca
i Czaplinka. Badane gleby charakteryzowa³y siê na ogó³ uziarnieniem glin. Wiêkszoœæ pró-
bek glebowych mia³a odczyn kwaœny. Kationy wymienne ekstrahowano roztworem BaCl2
zgodnie z norm¹ PN-ISO 11260. Pojemnoœæ wymienna (CEC) wynosi³a od 52,6 do 216,6
mmol(+) kg–1 gleby. Badane gleby pomimo kwaœnego odczynu by³y sorpcyjnie nasycone.
Wœród kationów zasadowych dominowa³ wapñ, którego najwy¿szy udzia³ w pojemnoœci
sorpcyjnej stwierdzono w poziomach ska³y macierzystej wszystkich badanych gleb. Najmniej
wymiennego wapnia i magnezu stwierdzono w poziomach Ap i Eet. Poziomy zasobne w i³
koloidalny zawiera³y wiecej Ca2+ i Mg2+, co potwierdzi³a istotnie dodatnia korelacja. Kwa-
œny odczyn nie wp³yn¹³ w istotny sposób na zawartoœæ kationów wymiennych oraz ich roz-
mieszczenie w profilach gleb. Najwy¿sz¹ zawartoœæ K+ w poziomach orno-próchnicznych kil-
ku gleb mo¿na wi¹zaæ z nawo¿eniem potasem oraz wietrzeniem minera³ów zawieraj¹cych
ten metal. Najwy¿sze zawartoœci kationów magnezu i wapnia w poziomach Bg oraz stropie
ska³y macierzystej gleb opadowo-glejowych wskazuj¹ na mo¿liwoœæ nak³adania siê cech pro-
cesu odgórnego oglejenia na cechy procesu lessivage.

S³owa kluczowe: gleby p³owe i opadowo-glejowe, glina zwa³owa, kationy wymienne.

INTRODUCTION

The chemical composition of soil is mostly determined by the origin and
the mineral composition of parent material, the effect of which on soil prop-
erties decreases along with its development. As a result of the effect
of different soil-formation processes in genetically-homogenous parent mate-
rial, soils representing different soil types can be formed (TARGULIAN, KRASIL-
NIKOV 2005). In arable soils, the differentiation of their physicochemical prop-
erties is strengthened by agrotechnical treatments (PATERSON, RICHTER 1986).
The soil sorption properties connected with the ionic exchange between the
soil solution and the sorption complex determine the plant uptake of nutri-
ents or their leaching deep into the soil profile (HARTMANN et al. 1998). In
soils poor in nutrients, the highest content of nutrients available to plants
is usually observed in arable-humus horizons (JOBBÁGY, JACKSON 2001). The
mineral soil sorption capacity depends on the grain size composition, the
type of minerals, the humus content and on the fertilisation level (ASKE-
GAARD et al. 2005, ERSAHIN et al. 2006). The type of the fertilisation applied
considerably affects the quantitative and qualitative composition of exchange-
able cations in arable soils. In many cases, high nitrogen fertilisation doses
result in a decrease in the saturation of the sorption complex with cations



399

Ca+2, Mg+2, Na+ (PANAK et al. 1996). A decisive effect on the content of
cations bonded in soil colloids is also attributed to oxydo-reducing conditions
of soils. The dynamics of aerobic conditions transformations to the total
anaerobiosis of the soil environment depends on the amount of precipitation
and the infiltration process. The intensity of that process is also affected by
the grain size composition, reaction and the content of organic matter, espe-
cially visible in Gleysols, which, beside Luvisols, have been covered by the
present research. In Gleysols profiles, stagnating water generally covers the
eluvial horizon and illuvial horizons, determining their reducing conditions,
thus changing the availability of many nutrients, and the oxygen anaerobic
states can trigger permanent changes in the chemical composition of the
crops (STÊPNIEWSKI, PRZYWARA 1992).

The aim of the present research was to evaluate the sorption complex
of Luvisols and Gleysols formed from glacial till of the Baltic glaciation.

MATERIAL AND METHODS

The soil was sampled from 6 soil profiles formed from glacial till in the
vicinity of Z³ocieniec and Czaplinek in the Drawskie Lakeland (Figure 1).
Profiles PD1, PD2, PD5 represented Luvisols, while PD3, PD4 and PD6

were qualified as Gleysols. All the analy-
ses were performed in air-dry samples
passed through a sieve with the mesh
2.0 mm in diameter. The grain size com-
position was determined with the Cassa-
grande erometric method modified by
Prószyñski; the exchangeable acidity – po-
tentiometrically in the solution of 1 M
KCl; the content of organic carbon – with
Tiurin method: the hydrolytic acidity with
Kappen method. Exchangeable cations
were extracted with barium chloride so-
lution, (ISO 11260), and their content was
determined with an atomic absorption
spectrometer (Philips PU 9100X). The re-
sults were statistically verified, using Sta-
tistica 8.0 software.

Fig. 1. A map showing the analyzed area
and location of the soil profiles
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RESULTS AND DISCUSSION

The Luvisols and Gleysols demonstrated the grain size composition
of loams (PTG 2009), except for the parent material horizon (IIC) of soil
PD5, which showed the grain-size-composition of medium sand (Table 1).
A detailed analysis demonstrated very fine sandy loam and sandy loam in
arable-humus horizons (Ap) as well as sandy clay loam and clay loam in the
enrichment horizons. Total organic carbon (TOC) ranged from 8.2 to 11.9 g
kg–1 in Ap horizons. As for the reaction, in most samples it was acidic. The
pH values determined in 1 M KCl ranged from 3.8 to 5.3. The samples from
the parent material formation of soil PD1 and the sample from horizon C of
soil PD6 were neutral and alkaline in their reaction (Table 1). The alkaline
reaction in those horizons was caused by the presence of calcium carbonate,
whose content ranged from 7.5 to 9.5%. The hydrolytic acidity (Hh) ranged
from 2.0 to 57.5 mmol(+) kg–1 (Table 2). The highest Hh values were ob-
served in the arable-humus horizon, and in soil PD6 – in Bg horizon. The
values of cation exchange capacity (CEC) of the soils ranged from 52.6 to
216.6 mmol(+) kg–1 of soil. The content of exchangeable magnesium cations
ranged from 1.2 to 23.0 mmol(+) kg–1. A slightly higher content of Mg2+ was
identified in the soils formed from glacial till of the Krajeñskie Lakeland
mesoregion (KOBIERSKI, PYTLARZ 2006). The parent material of those soils,
however, showed a higher content of the clay fraction than the parent ma-
terial of soils of the Drawskie Lakeland.

The examined soils, despite the acid reaction, must be considered as
sorption-saturated ones. It was only in horizon Ap of soil PD3 that the de-
gree of saturation of the sorption complex with alkaline cations (V) was
below 50%. The highest share of alkaline cations was identified in the par-
ent material horizons of all the soils. The base saturation was dominated by
Ca2+, the content of which was significantly positively correlated with the
cation exchange capacity (Table 3). The highest share of calcium cations in
CEC was observed in illuvial horizons and the roof of the parent material.
The ratio of cations Ca+2/Mg+2 was narrowing with the soil depth, which
could have been due to its partial leaching and magnesium uptake by plants
when exposed to insufficient magnesium fertilisation. In soils PD1, PD2,
PD6, the arable-humus horizons were richest in exchangeable potassium,
which must be related to potassium fertilisation and the process of mineral
weathering. The lowest content of exchangeable potassium was found in the
horizons rich in the clay fraction, which is significantly confirmed by the
negative correlation between those parameters (Table 3). The amounts of
potassium released to the soil solution as a result of the weathering of
minerals and K+ desorption depend on the content of exchangeable potassi-
um and the type of clay minerals, mostly illites (KOBIERSKI et al. 2005). The
content of exchangeable sodium varied across the soils researched and
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ranged from 0.9 to 15.8 mmol(+) kg–1, and the share of Na+ in CEC ranged
from 1.0 to 21.1%. The share of magnesium cations in the cation exchange
capacity ranged from 1.2 to 14.9%. A similar share of Mg2+ in CEC (from 5.3
to 10.6%) was recorded in Luvisols and Cambisols formed from glacial till of
the Inowroc³awska Plain (KOBIERSKI et al. 2005).

Analysing the exchangeable magnesium distribution in the profiles of the
soils, it was found that their content varied in respective genetic horizons.
The highest content of that cation was noted in the sorption complex of the
horizons richest in the clay fraction. The statistical analysis of the results
demonstrated a significantly positive correlation between the content of ex-
changeable magnesium and the content of the clay fraction (Table 3). A sim-
ilar relationship was reported by B£ASZCZYK (1998) who found that exchangea-
ble Mg resources in soils formed from glacial tills increased with the
increasing amount of clay fraction. The lowest share of magnesium cations
in CEC, whose mean content of Mg2+ was 1.7 mmol(+) kg–1, was identified
in the sorption complex of eluvial horizons (Eet) of soils PD2. Arable-humus
horizons of soils demonstrated a lower variation in the content of that cati-
on, and its average content was 5.4 mmol(+) kg–1, thus being similar to the
average content of Mg2+ in gleyic horizons (6.2 mmol(+) kg–1). The highest
content of exchangeable magnesium was reported in illuvial horizons of soils
PD1, PD2, PD4, PD6, for which the values of the Mg2+ distribution index
across the profiles were the highest (1.0-1.8). The values of the distribution
index calculated from the ratio of the content of cations in the solum genet-
ic horizon to its mean content in the parent material also confirm the pedog-
enic nature of Ca2+ accumulation in the profiles of Luvisols. Magnesium is
very easily leached from genetic horizons within the solum. Exchangeable
cations triggered as a result of chemical weathering of minerals reach the
soil solution, from which they are taken up by plants, can be bonded by soil
colloids or leached deep down the soil profile. In the examined Gleysols of
the mesoregion, the highest content of exchangeable magnesium cations in
the deepest genetic horizons of solum and the roof of the parent material
was identified. A similar relationship was recorded for calcium cations. These
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findings can suggest some overlapping of the features of the surface gleyic
process involving precipitation waters with lessivage features, characteristic
for Luvisols. The distribution of nutrients in the soil profile depends consid-
erably on the grain size composition and the physicochemical properties of
soil, especially pH, an increase of which results in a clear increase in the
content of easily-soluble magnesium (LIPIÑSKI, BEDNAREK 1998). The present
results, however, did not coincide with a significant effect of the reaction on
the content of exchangeable magnesium in the profiles of the investigated
soils. The nature and the durability of organic-mineral bonds of the sorption
complex depend on the existing acidic-alkaline equilibrium of soil. The prop-
erties determine the form of occurrence of elements and their leaching down
the soil profile, which concerns mostly soils under intensive agricultural
use, in which agrotechnical treatments affect the rate and the direction of
changes in physicochemical properties (SK£ODOWSKI, ZARZYCKA 1995).

CONCLUSIONS

1. In the Luvisols of the Drawskie Lakeland, the lowest amount of ex-
changeable calcium

and magnesium was observed in arable-humus and eluvial horizons. The
highest content of Ca2+ and Mg2+, both in the profiles of Luvisols and Gley-
sols, was identified in the deepest genetic horizons of the solum and in the
roof of the parent material, which points to the possibility of overlapping
of the features of the surface gleyic process with the lessivage features. The
exchangeable potassium and sodium distribution in the profiles of the ana-
lysed soils varied.

2. Horizons rich in the clay fraction contained a significantly higher con-
tent of Ca2+ and Mg2+ and a significantly lower content of K+, which
is confirmed by the results of the analysis of correlation.

3. The acidic reaction did not affect significantly either the content
of exchangeable cations or their distribution in soil profiles.
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CONTENT OF SOME ELEMENTS
IN GRAIN OF SPRING WHEAT CV. ZEBRA
DEPENDING ON SOIL TILLAGE SYSTEMS

AND CATCH CROPS

Piotr Kraska
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University of Life Sciences in Lublin

Abstract

The aim of the present study was to evaluate the effect of plough and conservation
tillage treatment as well as various catch crops on the chemical composition of the grain
of spring wheat grown in monoculture. The study was carried out in 2006–2008, using an
experiment established in 2005. The experimental field was located on medium and heavy
mixed rendzina soil. The design of a static two–factor experiment, set up using the split-
-plot method in four replications, included the plough tillage system (A) and two conserva-
tion tillage methods – with autumn (B) or spring (C) disking of catch crops. The other
factor comprised four methods for regeneration of the spring wheat monoculture stand
using the following catch crops: undersown red clover (b) and Westerwolds ryegrass (e);
lacy phacelia (c) and white mustard stubble crops (d); and the control treatment without
catch crops (a). The concentrations of potassium, manganese and sulphur in the spring
wheat grain harvested from the ploughed plots were higher than in the conservation tilla-
ge treatment. In the plough tillage treatments, grain Mg content was higher than in the
conservation tillage variant with spring disking of the catch crops. Conservation tillage had
an effect on the increase in phosphorus and copper content in spring wheat grain compa-
red to plough tillage. Zn and Fe content in the grain from the conservation tillage treat-
ments with autumn disking of the catch crops was lower than in that from the plough
and conservation tillage treatments with spring incorporation of the catch crops. Iron con-
tent in the grain obtained from the treatments with red clover and lacy phacelia was the
highest. At the same time, phosphorus content in spring wheat grain was the highest in
the control treatments and in the treatment with Westerwolds ryegrass and white mu-
stard. In the plots where a lacy phacelia stubble crop had been sown, zinc and copper
content in grain was determined to be the highest. In turn, the highest manganese con-
tent was found in the grain from the control treatments, whereas total sulphur content
was the highest in the control plots and in the plots with the stubble crops.

Key words: conservation tillage, plough tillage, catch crops, spring wheat, chemical com-
position of grain.
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ZAWARTOŒÆ WYBRANYCH PIERWIASTKÓW W ZIARNIE PSZENICY JAREJ
ODMIANY ZEBRA W ZALE¯NOŒCI OD SYSTEMÓW UPRAWY ROLI

ORAZ MIÊDZYPLONÓW

Abstrakt

Celem badañ by³a ocena wp³ywu uprawy p³u¿nej i konserwuj¹cych sposobów uprawy
roli oraz ró¿nych miêdzyplonów na sk³ad chemiczny ziarna pszenicy jarej uprawianej w mo-
nokulturze. Badania przeprowadzono w latach 2006-2008, wykorzystuj¹c doœwiadczenie za-
³o¿one w 2005 r. Pole doœwiadczalne by³o po³o¿one na œredniej i ciê¿kiej rêdzinie mieszanej.
Schemat statycznego, dwuczynnikowego doœwiadczenia za³o¿onego metod¹ split-plot,
w 4 powtórzeniach, uwzglêdnia³ p³u¿ny system uprawy roli (A) oraz 2 sposoby uprawy kon-
serwuj¹cej – z jesiennym (B) lub wiosennym (C) talerzowaniem miêdzyplonów. Drugim
czynnikiem by³y 4 sposoby regeneracji stanowiska w monokulturze pszenicy jarej w posta-
ci takich miêdzyplonów, jak: wsiewki miêdzyplonowe koniczyny czerwonej (b) i ¿ycicy we-
sterwoldzkiej (e), miêdzyplony œcierniskowe facelii b³êkitnej (c) i gorczycy bia³ej (d) oraz
obiekt kontrolny bez miêdzyplonów (a). Zawartoœæ potasu, manganu i siarki w ziarnie psze-
nicy jarej z obiektów uprawianych p³u¿nie by³a wiêksza ni¿ z uprawy konserwuj¹cej.
W obiektach z upraw¹ p³u¿n¹ zawartoœæ Mg w ziarnie by³a wiêksza ni¿ w wariancie upra-
wy konserwuj¹cej z wiosennym talerzowaniem miêdzyplonów. Konserwuj¹ca uprawa roli
wp³ywa³a na wzrost zawartoœci fosforu i miedzi w ziarnie pszenicy jarej, w porównaniu
z upraw¹ p³u¿n¹. Zawartoœæ Zn i Fe w ziarnie z uprawy konserwuj¹cej z jesiennym tale-
rzowaniem miêdzyplonów by³a mniejsza ni¿ z uprawy p³u¿nej i konserwuj¹cej z wiosen-
nym talerzowaniem miêdzyplonów. Zawartoœæ ¿elaza w ziarnie z obiektów z koniczyn¹ czer-
won¹ i faceli¹ b³êkitn¹ by³a najwiêksza. Jednoczeœnie zawartoœæ fosforu w ziarnie pszenicy
jarej by³a najwiêksza w obiektach kontrolnych, z ¿ycic¹ westerwoldzk¹ oraz z gorczyc¹ bia-
³¹. Najwiêksz¹ zawartoœæ cynku i miedzi w ziarnie stwierdzono w obiektach, na których
wysiewano miêdzyplon œcierniskowy facelii b³êkitnej. Z kolei najwiêksz¹ zawartoœæ manga-
nu stwierdzono w ziarnie z obiektów kontrolnych, natomiast siarki ogólnej z poletek kon-
trolnych oraz z miêdzyplonami œcierniskowymi.

S³owa kluczowe: uprawa konserwuj¹ca, uprawa p³u¿na, miêdzyplony, pszenica jara, sk³ad
chemiczny ziarna.

INTRODUCTION

The quality of cereal grain plays an important role in obtaining high
quality food product. In recent years, attempts have been made to reduce
expenditure related to cereal growing technology. Conservation tillage, while
reducing expenditure on soil tillage, at the same time limits water and wind
erosion, stimulates biological diversity and increases the content of organic
substances and macronutrients in the topsoil (ZIMNY 1999, DZIENIA et al. 2006,
WEBER 2010). The growing proportion of cereals in the crop structure leads
to adverse changes in the soil, the infection of plants with stem base diseas-
es that become more severe over time, and an increased level of weed in-
festation. This affects grain quality and yield (WOZNIAK, 2004). Plants sown
as catch crops can largely reduce the negative effects of cereal-cropping fre-
quency in crop rotations (ANDRZEJEWSKA 1999, KURASZKIEWICZ 2004). Catch crops
influence soil properties as well as the growth and development of the main

´
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crop, ultimately affecting yield quality (KURASZKIEWICZ 2004, KWIATKOWSKI, 2009).
They can be a significant source of nutrients, including microminerals
(£OGINOW, 1985).

The long-term production use of crop fields may lead to the depletion
of reserves of available micronutrients in the plough layer, which results in
an insufficient supply of these minerals to crop plants (WRÓBEL 2000). The
uptake of copper, manganese and zinc by the plant root system in soils with
a high pH, even when the average soil availability of these elements is mod-
erate, is inferior so that the three elements can become the mineral compo-
nents reducing the yield amount and quality (CZUBA 2000, £ABÊTOWICZ,
RUTKOWSKA, 2000). An adequate content of micronutrients in grain of high
quality wheat is an important trait for the consumer and for the nutritive
value of grain as raw product (ZIÊBA et al. 1992, STANIS£AWSKA-GLUBIAK et al.
1996, CZUBA 2000, GEMBARZEWSKI 2000, KOCOÑ 2005). Deficiency of both micro–

and macronutrients in the plant first of all depresses its resistance to ad-
verse environmental conditions and subsequently decreases the yield and its
quality (STANIS£AWSKA-GLUBIAK, KORZENIOWSKA 2007, KORZENIOWSKA 2008). GEM-
BARZEWSKI (2000) emphasizes that the micronutrient content in yield is im-
portant for its nutritive and feeding value. At the same time, RUSZKOWSKA et
al. (1996) express the opinion that obtaining high yields for a number of
consecutive years entails the need to control the status of micronutrient
supply to plants.

The aim of the present study was to evaluate the effect of plough and
conservation tillage systems as well as of various catch crops on the chemi-
cal composition of grain of spring wheat grown in monoculture on rendzina
soil under the conditions prevailing in south-eastern Poland.

MATERIAL AND METHODS

The study was carried out in 2006-2008, using an experiment estab-
lished in 2005 at Bezek Experimental Farm (N: 51o 19', E: 23o 25'), owned
by the Lublin University of Life Sciences. The experimental field was locat-
ed on medium and heavy mixed rendzina soil developed from chalk rock
with the grain size distribution of medium silty loam. This soil was charac-
terized by alkaline pH (7.35), a high content of phosphorus (117.8) and po-
tassium (242.4) as well as a very low content of magnesium (19) (the values
are expressed in mg kg–1 of soil), while the organic carbon content was
24.7 g kg–1. The soil was classified as soil quality class IIIb and defective
wheat complex.

The total rainfall from April to August in 2006 was higher than the
long-term average, but it was attributable to the heavy rainfall that oc-
curred in August. In 2008, the total rainfall during the analogous period was
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similar to the long-term norm, whereas in 2007 it was distinctly higher.
The mean air temperatures in all those years were higher than the long-
term mean (Table 1). In order to make a more complete analysis of the
weather conditions, Selyaninov’s hydrothermic index (K) was calculated:

     p
K = ––––– ,

      Σ t
where:

P – monthly total rainfall in mm,
Σ t – sum of mean daily temperatures for a given month in oC.
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The values of Selyaninov’s hydrothermic index indicate that a signifi-
cant water deficit occurred in June and July 2006 (Table 2).

The design of a static two-factor experiment, set up using the split-plot
method in four replications, included the plough tillage system (A) and two
conservation tillage methods – with autumn (B) or spring (C) disking of the
catch crops. The other factor comprised four methods for regeneration of
the spring wheat monoculture stand in the form of undersown crops (red
clover – b; Westerwolds ryegrass – e) or stubble crops (lacy phacelia –
c; white mustard – d). The plots without catch crops were the control treat-
ment (a). The harvest plot area was 30 m2. Winter wheat grown in this
field for 3 years was the forecrop for spring wheat. In 2005, spring wheat
and all the catch crops, both the intercrops and stubble crops, were sown
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and the soil tillage was carried out in accordance with the methodological
assumptions, taking this year as the preliminary one.

Plough tillage, preparing the field for spring wheat, started with skim-
ming and harrowing after harvesting the forecrop. Ploughing was done to
an average depth before the winter. In the spring, harrowing was performed
and, before sowing, both cultivating and harrowing were completed. Phos-
phorus and potassium fertilizers were introduced during this period; the first
portion of nitrogen fertilizers was also applied at the rate of 60 kg N ha–1 N
in the form of ammonium nitrate. Phosphorus fertilizers were applied at
the rate of 30.5 kg P ha–1 in the form of triple superphosphate, while potas-
sium fertilizers were incorporated in the spring at 74.7 kg K ha–1 in the
form of 60% potassium salt. The second dose of nitrogen at the rate of
40 kg ha–1 was introduced at the beginning of shooting (BBCH growth stag-
es 30-33). Spring wheat cv. Zebra (technological value E – elite wheat) was
sown at the rate of 5 million seeds per ha at a row spacing of 10 cm. Seeds
were dressed with the seed dressing Panoctine 350 SL (350 g dm–3 guaza-
tine in the form of acetate). Red clover cv. Dajana (20 kg ha–1) and Wester-
wolds ryegrass cv. Mowester (20 kg ha–1) were sown on the date of spring
wheat sowing. Lacy phacelia cv. Stala (20 kg ha–1) and white mustard cv.
Borowska (20 kg ha–1) were sown following the harvest of spring wheat and
after performing post-harvest treatments.

In the conservation tillage treatments (B and C), after the forecrop was
harvested in the plots without undersown red clover and Westerwolds rye-
grass, grubbing to a depth of 18-20 cm and harrowing were done. Subse-
quently, lacy phacelia and white mustard were sown, in the same way as in
the plough tillage treatment. In treatment (B) the cover crops were disked
before the winter, whereas in treatment (C) they were left as mulch for the
winter and disking was done in the spring. In the treatments with autumn
disking of the catch crops (B), spring tillage was the same as in the plough
tillage treatment. In the plots with the other conservation tillage treatment
(C), the field was harrowed after disking had been done, and then harrow-
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ing was repeated before sowing spring wheat. The wheat crop protection
programme included Chwastox Extra 300 SL 3.5 dm3 ha–1 (300 g dm–3

MCPA) – (BBCH 23-29), and Alert 375 SC 1 dm3 ha–1 (125 g dm–3 flusilazole
and 250 g dm–3 carbendazim) – (BBCH 26-29).

The elements were determined in collective samples in three replica-
tions using the following methods: P – colorimetric method; K – flame pho-
tometry; Mg, Cu, Zn, Mn, Fe – atomic absorption spectrometry (AAS); total
S – nephelometric method. The results were statistically processed using
the analysis of variance. The means were compared using least significant
differences (LSD) based on Tukey’s test.

RESULTS

Compared to plough tillage, conservation soil tillage had a significant
effect on the increase in phosphorus and copper content in spring wheat
grain, whereas plough tillage promoted a significantly higher total sulphur
content compared to conservation tillage (Table 3). The spring wheat grain
from the conservation tillage treatment with spring disking of the catch
crops had the lowest potassium content, while a significantly higher content
of potassium was found in the grain obtained from the plough and conserva-
tion tillage treatments with autumn incorporation of the catch crops. The
grain harvested from the ploughed plots was characterized by a significantly
higher content of magnesium than that from the conservation tillage treat-
ment in which the catch crops were left for the winter period (Table 3).

The highest zinc and iron content was found in the grain from the plots
where conservation tillage with spring disking of the catch crops had been
used; the zinc content was significantly lower for the plough tillage treat-
ment, being the lowest when conservation tillage with autumn incorpora-
tion of the catch crops had been applied (Table 3). The grain harvested from
the plots where conservation tillage with autumn incorporation of the catch
crops had been used was characterized by the lowest content of manganese;
the grain manganese content was significantly higher in the case of conser-
vation tillage with spring incorporation of catch crop biomass, but the high-
est content of this mineral was determined in the grain from the plough
tillage treatment (Table 3).

The phosphorus content in the spring wheat grain harvested from the
plots with Westerwolds ryegrass and white mustard as well as from the
control treatment was significantly higher than in the grain from the plots
where red clover and lacy phacelia had been sown (Table 4). Catch cropping
did not have a significant effect on potassium and magnesium content in
spring wheat grain (Table 4). Sowing a lacy phacelia stubble crop increased
significantly zinc and copper content in spring wheat grain compared to the
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other plants sown as catch crops. The grain obtained from the control treat-
ment without catch cropping was characterized by the lowest content of the
above elements (Table 4).
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The significantly lowest content of manganese was found in the grain
from the treatments with the red clover and Westerwolds ryegrass under-
sown crops, while this content was significantly higher in the grain from
the plots with the lacy phacelia and white mustard stubble crops and the
highest in the control treatment (Table 4). The highest iron content was
found in the spring wheat grain in the treatment with the red clover inter-
crop, a significantly lower content in the grain from the plot with the lacy
phacelia stubble crop, in the control plots without catch crops, and in the
treatment with white mustard. Iron content in the grain from the plots
where Westerwolds ryegrass had been undersown was the lowest (Table 4).
The lowest grain sulphur content was obtained in the treatments with un-
dersown red clover and Westerwolds ryegrass, while it was significantly high-
er in the plots with the stubble crops and in the control plots (Table 4).

Among the analyzed elements, the largest amounts of zinc, manganese
and iron in spring wheat grain were found in 2008, copper in 2007, and
phosphorus in the first year of the study (Table 5). Magnesium and total
sulphur content in grain in 2007 and 2008 was significantly higher than in
2006, whereas potassium content was higher in 2006 and 2008 compared to
2007 (Table 5).
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DISCUSSION

Phosphorus content in the grain of spring wheat grown using plough
tillage was lower by 7.9% to 9.1% compared to both conservation tillage
methods. At the same time, phosphorus content in the grain harvested from
the plots where red clover had been undersown was lower by 7.0% to 15.7%
compared to the other treatments. In the study of RUSZKOWSKA et al. (1993),
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phosphorus content in spring wheat grain ranging 2.8-4.4 g kg–1 was lower
than that obtained in the present study. This could have resulted from a good
phosphorus supply to spring wheat grown on rendzina soil that was charac-
terized by high phosphorus availability. At the same time, many authors
indicate the accumulation of phosphorus in the topsoil under no–tillage sys-
tems (W£ODEK et al. 2003, BLECHARCZYK et al. 2007, WEBER 2010). The content
of phosphorus, potassium and magnesium found in spring wheat grain was
higher than obtained by KRASKA (2007) in winter wheat grain for wheat crops
grown on the same soil.

Conservation soil tillage with spring incorporation of the catch crops
promoted higher content of zinc and iron in grain; zinc content was higher
by 2.4% to 2.8%, while iron content increased by 0.5% to 8.3% compared to
plough and conservation tillage with autumn disking of the catch crops.
Moreover, copper content was higher by 3.5% to 3.8% in the grain obtained
from both conservation tillage treatments compared to that harvested from
the ploughed plots. This could have been attributable to higher availability
of these elements in the soil, thereby the possibility of their uptake by
wheat in the conservation tillage treatments. ZIMNY (1999) and WEBER (2010)
report that conservation tillage promotes higher availability of nutrients in
the arable layer compared to plough tillage. At the same time, the introduc-
tion of catch crops as a factor mitigating the negative consequences of mo-
noculture cropping of spring wheat increased zinc and copper content in
grain compared to the control treatment without catch cropping. Many au-
thors consider catch crops as a source of nutrients, thus increasing nutrient
availability in the surface soil layer and thereby improving the level of nu-
trient supply to plants (ANDRZEJEWSKA 1999, ZIMNY 1999, MA£ECKA et al. 2004,
WEBER 2010). Zinc content in the grain of cv. Zebra wheat was lower than
that given by GEMBARZEWSKI et al. (1995) in their study in which zinc content
ranged from 31 to 38 mg kg–1. SPIAK and WALL (2000) found that zinc con-
tent in winter wheat grain was related to the concentration of available
forms of this element in the soils. Similarly, STANIS£AWSKA-GLUBIAK et al. (1996)
think that changes in micronutrient content in spring wheat grain is condi-
tioned by the level of yield and the richness of the soil in available forms of
micronutrients. In turn, in the study of PARYLAK et al. (2000) Cu, Zn and Mn
content in wheat grain was not dependent on the availability of these min-
erals in the soil. Likewise, NOWAK (2000) shows that the type of forecrop and
the amount of organic biomass ploughed-in had no effect on micronutrient
content in winter wheat grain. However, PARYLAK et al. (2000) found grain
zinc concentration to have decreased by 3.8% after the application of green
manure. A slightly different correlation was found in the present study. Zinc
content in the grain from the catch-cropped treatments was higher by 0.9%
to 8.4% compared to the control.

GEMBARZEWSKI (2000) draws attention to copper deficiency in cereal grain.
A decrease of copper content in plant products in Poland is a significant
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threat to the health of humans and animals. KORZENIOWSKA (2008) thinks
that copper deficiency in soil can cause a reduction in grain yields by as
much as 20% and a decrease in grain copper content. GEMBARZEWSKI et al.
(1995) report that Polish wheats contain an average of 3.1-3.4 mg of copper
per kg of grain. In our study, grain copper content was slightly larger, and
in 2007 it was distinctly higher (5.68 mg kg–1), but that was the season in
which grain yield was the lowest. After the application of green manure,
PARYLAK et al. (2000) recorded a slight decrease (3.7%) of copper content in
wheat grain. In the present study, the introduction of catch crops increased
copper content in wheat grain from 4.2% to 11.8% compared to the control
without catch cropping.

The spring wheat grain from the plough tillage treatments was charac-
terized by a higher content of manganese by 1.5% to 6.1% relative to that
from the conservation tillage treatments. At the same time, the use of catch
crops promoted a decrease in manganese content in grain from 3.5% to
5.6% relative to the control treatment. The application of green manure in
the study of PARYLAK et al. (2000) also caused a decreasing tendency in the
content of this nutrient in wheat grain by 16.6% compared to the results
obtained in the stands fertilized with NPK alone. STANIS£AWSKA-GLUBIAK et al.
(1996) found that manganese content in spring wheat grain was dependent
on soil pH. When wheat was grown on soil with a slightly acidic pH (6.1),
manganese accumulated in the grain as the level of yield increased. In soil
with neutral pH (6.7), grain manganese concentration gradually decreased.
The low concentration of manganese in the grain determined in the present
study, compared to its content reported by GEMBARZEWSKI et al. (1995), could
have arisen from the fact that the results were obtained in an experiment
set up on rendzina soil with alkaline pH.

Undersowing Westerwolds ryegrass resulted in decreased grain iron con-
tent from 4.3% to 13.2% compared to the other catch-cropped treatments.
In this study, iron content in spring wheat grain was lower than that given
by GEMBARZEWSKI et al. (1995), which ranged from 47 to 56 mg kg–1 depend-
ing on wheat grain yield. £ABÊTOWICZ and RUTKOWSKA (2000) as well as KOCOÑ

(2005) report that the uptake of copper, iron, manganese and zinc by the
plant root system in soils with a high pH, even with an average availability
of these elements in the soil, is worse and they can become the mineral
components that reduce yield amount and quality.

Similarly to manganese and potassium, total sulphur content in the
wheat grain from the ploughed plots was higher than in that from the con-
servation tillage treatments. The application of stubble crops promoted high-
er sulphur content in grain compared to the undersown crops. MOTOWICKA-
-TERELAK et al. (1993) as well as MOTOWICKA-TERELAK and TERELAK (2000) report
that sulphur content in most plants, including crop plants, ranges from 0.5
to 15.0 g kg–1. In wheat grain, this range of sulphur content is between 0.3
and 3.1 g kg–1.
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The content of most minerals in spring wheat grain in the last year of
the study (2008) was higher than in the first year (2006). This could have
resulted from the adverse weather conditions in 2006. Water deficit occurred
in June and July, which could have affected the rate of nutrient uptake by
the plants. Only grain copper content was the highest in the second year of
the study, while for phosphorus this happened in the first year of the study;
however, the potassium content was similar in all the analyzed seasons.
Catch cropping, which improves chemical properties of soil and consequent-
ly the nutrient supply to plants, could have contributed to this outcome.
TRZEBSKA-JESKE et al. (1976) also found that Fe, Zn, Mn and Cu content in
wheat grain depended on weather conditions prevailing in the successive
years of the study. MAKARSKA and MICHALAK (2003) obtained similar correla-
tions with respect to the chemical composition of spring barley grain. Like-
wise, investigating the chemical composition of spring wheat grain,
CHRZANOWSKA-DRO¯D¯ et al. (1999) found it to be primarily dependent on weath-
er patterns and genetic properties of cultivars, and to a lesser degree
on agricultural practices.

CONCLUSIONS

1. Higher potassium, manganese and sulphur content was found in the
grain of spring wheat grown using plough tillage compared to the conserva-
tion tillage treatments. Magnesium content in the grain from the ploughed
plots was higher than in the conservation tillage treatments in which the
catch crops had been disked in the spring.

2. Phosphorus and copper content in the grain obtained from the con-
servation tillage treatments was higher than in the grain from the plough
tillage treatments. In turn, zinc and iron content in the grain from the
conservation tillage treatments with autumn disking of the catch crops was
lower than in the other tillage treatments.

3. Copper and zinc content in the grain of spring wheat grown after the
catch crops was higher, while manganese content was lower, compared to
the treatments without catch cropping. The highest zinc and copper content
was found in the grain of wheat grown after lacy phacelia.

4. Iron content in the grain harvested from the plots with the under-
sown red clover and the lacy phacelia stubble crop was higher, whereas
phosphorus content was lower than in the grain from the other treatments
under evaluation.

5. In the grain obtained from the plots with undersown red clover and
Westerwolds ryegrass, sulphur content was lower than in the grain from
the plots where the stubble crops had been sown.
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6. Meteorological conditions in the successive years affected the content
of the analyzed elements in spring wheat grain. In the last year of the
study, the content of most of these elements in the grain were higher than
in the first year.
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Abstract

Changes in nutrient availability in wetlands have been observed during the recent
years, mostly due to human pressure. A shift from N limitation to P or K limitation causes
changes in plant species composition, nutrient use efficiency, plant growth, interspecific
competition and plant species performance. Several studies have shown that stoichiometry
indices such as N:P and N:K ratios in plant biomass can be a good indicator of nutrient
limitation. However, the implications of an N:K ratio for wetland vegetation have hardly
been investigated.

In order to estimate a critical N:K ratio that can indicate the type of nutrient limita-
tions, a greenhouse experiment has been established. The response of two grass species:
Holcus lanatus and Molinia caerulea, to the range of N and K supply was analysed for
two years. The effect of six combinations of N:K supply ratios (from 0.5 to 225), combined
with two levels of fertility in a factorial design, on aerial biomass production, nutrient con-
centrations and nutrient resorption efficiency was tested.

The aerial biomass increased with an increasing N:K supply ratio during both vegeta-
tion seasons at the low level of supply. Significant differences were observed not only be-
tween species but also between the N:K ratios during the two years. In the first year, the
optimal N:K supply ratio was 4.5 for Holcus lanatus and 225 for Molinia careluea at the
high fertility level. In 2010, the optimal N:K supply ratio was similar for both grasses. At the
high fertility level, the shoot biomass was the highest at an N:K supply ratio of 13.5; at the
low level, shoot productivity reached the peak at a 225 N:K supply ratio. Moreover, both
plant species showed the same pattern of aerial biomass production to N:K supply ratios at
both fertility levels, but differences in the N:K biomass ratios make it impossible to determi-
ne a critical N:K ratio. The N:K nutrient supply ratio was a better indicator of plant perfor-
mance than the N:K biomass ratio of the analysed species. The tested graminoids did not
show a similar response to N:K supply ratios at the high and low levels of supply, indicating
that nitrogen was the most important factor limiting the plant growth during the two years,
and that these plant species were less sensitive to K shortage than to N deficiency.

Key words: N:K ratio, fertilisation, growth experiment, stoichiometry indices, wetlands.
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REAKCJA DWÓCH GATUNKÓW TRAW Z SIEDLISK PODMOK£YCH
NA ZRÓ¯NICOWANE DAWKI N:K W DWULETNIM

DOŒWIADCZENIU KONTROLOWANYM

Abstrakt

W ostatnich latach w wyniku antropopresji na obszarach wodno-b³otnych obserwuje
siê zmiany dostêpnoœci zwi¹zków biogennych. Zmiana czynnika limituj¹cego, w szczególno-
œci azotu, na rzecz fosforu i potasu wp³ywa na zmiany sk³adu gatunkowego roœlinnoœci,
efektownoœæ poboru zwi¹zków biogennych przez roœliny, wzrost roœlin, konkurencjê miê-
dzygatunkow¹ oraz inne ich parametry. Badania wskazuj¹, ¿e wskaŸniki stechiometryczne
zawartoœci biogenów w roœlinach, takie jak N:P i N:K, mog¹ byæ dobrymi indykatorami
czynnika limituj¹cego wzrost roœlin na mokrad³ach. Jednak zastosowanie stosunku N:K
w odniesieniu do roœlinnoœci mokrade³ jest dot¹d w niewielkim stopniu rozpoznane.

W celu wyznaczenia krytycznej wartoœci stosunku zawartoœci azotu do potasu (N:K)
w biomasie roœlin, wskazuj¹cego, który z biogenów jest czynnikiem limituj¹cym wzrost ro-
œlin na obszarach podmok³ych, przeprowadzono doœwiadczenie kontrolowane w warunkach
szklarniowych. Reakcja dwóch gatunków roœlin Holcus lanatus i Molinia caerulea na na-
wo¿enie zró¿nicowanymi dawkami azotu i potasu by³a badana w okresie dwóch lat. Wp³yw
nawo¿enia N i K na produkcjê nadziemnej biomasy roœlin, zawartoœæ zwi¹zków biogennych
oraz resorpcjê biogenów badano w szeœciu kombinacjach stosunku N do K (od 0.5 do 225)
na dwóch poziomach nawo¿enia – niskim i wysokim (3 x niski). Dawki azotu przy niskim
poziomie nawo¿enia waha³y siê od 9.30 mg do 146.69 mg wazon–1 rok–1, a potasu od 18.53
do 0.65 mg wazon–1 rok–1. Nadziemna biomasa roœlin zwiêksza³a siê wraz ze wzrostem
stosunku N:K w przypadku niskiego poziomu nawo¿enia w ci¹gu dwóch lat. Statystycznie
istotne ró¿nice stwierdzono nie tylko miêdzy badanymi gatunkami traw, ale tak¿e miêdzy
analizowanymi latami. W pierwszym roku badañ najwiêksz¹ biomasê wytworzy³ Holcus la-
natus, gdy stosunek N:K wynosi³ 4,5, natomiast Molinia caerulea, gdy stosunek N:K wy-
nosi³ 225. W drugim roku wegetacji najwiêksz¹ biomasê wytworzy³y obydwa gatunki w przy-
padku nawo¿enia N:K równego 13,5, ale tylko przy wysokim poziomie nawo¿enia. Mimo
i¿ reakcja badanych traw na nawo¿enie by³a analogiczna, to ró¿nice w zawartoœci N i K
w komórkach tych roœlin uniemo¿liwiaj¹ wyznaczenie granicznej wartoœci N:K, która wska-
za³aby sk³adnik limituj¹cy wzrost roœlin. Wykazano, ¿e stosunek N:K w aplikowanych na-
wozach by³ lepszym wskaŸnikiem oceny reakcji roœlin na zmianê dostêpnoœci zwi¹zków bio-
gennych ni¿ stosunek N:K wyznaczony na postawie koncentracji N i K w roœlinach.
Zró¿nicowane reakcje badanych traw w przypadku wysokiego i niskiego poziomu nawo¿e-
nia wykaza³y, ¿e azot by³ g³ównym czynnikiem limituj¹cym wzrost roœlin. Analizowane tra-
wy by³y mniej wra¿liwe na niedobory potasu ni¿ na niedobór azotu. Niedobór potasu by³
obserwowany tylko wówczas, gdy dawki nawo¿enia azotowego by³y bardzo wysokie.

S³owa kluczowe: stosunek N:K, nawo¿enie, eksperyment kontrolowany, wskaŸniki ste-
chiometryczne, mokrad³a.

INTRODUCTION

Human activities such as farming, flood control, mowing, grazing, natu-
ral environment conservation and management have impacts on natural or
semi-natural vegetation. Global environmental changes, e.g. anthropogenic
eutrophication, high atmospheric N deposition or acidification, have resulted
in changes in nutrient availability (VITOUSEK, HOWARTH 1991, VERHOEVEN et al.
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1996a,b, BOBBINK et al. 1998, RUSTAD et al. 2001). Nutrient enrichment of an
ecosystem causes changes of plant species composition, primary productivi-
ty, nutrient use efficiency, plant growth, interspecific competition and plant
species performance (VERHOEVEN et al. 1996a,b, GÜSEWELL et al. 2005). It is
usually associated with an increase in biomass productivity and a decrease
in the diversity of plant communities in all the succession stages and with
shifts in the dominance of species (OLDE VENTERINK et al. 2003, ROEM, BER-
ENDSE 2000, GÜSEWELL et al. 2005).

The biomass production by wetland plants is most commonly limited by
the availability of N, P and/or K. Fertilization experiments have shown that
biomass production is generally limited by N in young fens, whereas old
fens, which are mown and harvested for over 40 years, tend to be limited
by P and/or by K (OOMES et al. 1996, OLDE VENTERINK et al. 2003, OLDE VEN-
TERINK et al. 2009). It has been suggested that addition of a limiting nutrient
enhances the biomass production but supplementation with a non-limiting
nutrient will have little or no effect (VITOUSEK, HOWARTH 1991, VERHOEVEN et
al. 1996b). However, simultaneous limitation by two nutrients might also
occur. Besides, different species may show different responses to various
nutrients, depending on their ability to take up and use a certain nutrient,
their nutrient requirements or on their responsiveness to enhanced nutri-
ent supply (PEREZ-CORONA, VERHOEVEN 1999, EL-KAHLOUN et al. 2000, GÜSEWELL

et al. 2003b).
The relative availability of N and P in soil is reflected in the concentra-

tions of these nutrients in plant tissues (VERHOEVEN et al. 1996a, GÜSEWELL,
KOERSELMAN 2002). Several fertilization studies carried out on wetlands have
shown that N:P ratios in plant biomass are a good indicator of nutrient
limitation (KOERSELMAN, MEULEMAN 1996, GÜSEWELL et al. 2003a). Some studies
have suggested that a decreased species diversity, changes in nutrient use
efficiency, plants growth, interspecific competition and plant species perform-
ance are associated with increasing N:P or N:K ratios (VERHOEVEN et al. 1996a,
ROEM, BERENDSE 2000, SEASTEDT, VACCARO 2001) but these mechanisms are not
well understood. The N:K and P:K ratios are less frequently used as indica-
tors due to shortage of information (HOOSBEEK et al. 2002, OLDE VENTERINK et
al. 2003, LAWNICZAK et al. 2009). Therefore, the recognition of a N:K ratio in
wetland plant tissues can be a useful method for diagnosing nutrient limita-
tion, which can be a helpful tool for wetland protection (OLDE VENTERINK et
al. 2009).

According to field studies, a critical N:K biomass ratio ranges from 1.75
to 2.1 (DE WIT, 1963, OLDE VENTERINK et al. 2003). HOOSBEEK et al. (2002)
suggested a critical N:K ratio of 1.2 and 1.4 for bog vegetation, indicating
that either N or K can be a limiting factor. The N:K ratio < 1.2 indicated
N-limitation and sites with N:K > 1.4 were characterised by K-limitation,
whereas the ones with N:K between 1.2 and 1.4 were co-limited by N and K.
In fertilisation experiments, limitation by K was observed only where the
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N:K ratio for whole vegetation was higher than 2.1 (OLDE VENTERINK et al.
2003). However, a study of LAWNICZAK et al. (2009) in a controlled experiment
showed an increase in biomass production following K fertilisation at a bio-
mass N:K ratio around 4.0. However, that experiment was conducted only
for one year. As suggested by a study of GÜSEWELL et al. (2003b), a similar
response of the shoot biomass N:P ratio to N and P nutrient supply was
observed after many years, as determined in field fertilisation experiments.
This raised the need to study the N:K ratio over more than one vegetation
season (LAWNICZAK et al. 2009) in order to recognise whether it can be used
as an indicator of nutrient limitation in wetlands.

In order to estimate a critical N:K ratio which can indicate the type of
nutrient limitations, a greenhouse experiment has been established. Anoth-
er aim of the study has been to test the response of two grass species to
the range of N and K supply within two years.

MATERIAL AND METHODS

The two plant species included in the experiment are common herba-
ceous grasses: Holcus landaus L. (Yorkshire-fog) and Molinia caerulea (L.)
Moench, Meth. (Purple Moor Grass). These species occur at sites different
in nutrient availability. Holcus lanatus prefers nutrient-rich wet meadows,
in contrast to Molinia caerulea, which favours nutrient-poor sites with fluc-
tuating groundwater levels (EL-KAHLOUN et al. 2000).

The experiment was carried out in a greenhouse of the Department of
Ecology and Environmental Protection, at the Poznan University of Life
Sciences, from April 2009 to September 2010. In March 2009, seeds of two
grasses were sown on wet substrate and germinated until a sufficient
number of plants reached the height of 6 cm. Seeds were obtained from the
Plant Breeding and Acclimatization Institute (IHAR) in Bydgoszcz. At the
beginning of May, seedlings were transplanted to polyethylene pots of
15×15 cm width and 25 cm height. Pots were filled with pure quartz sand
(source: Antoninek Glassworks, Poznañ) and placed in 4 l buckets filled with
deionised water. Pots were regularly shifted around the greenhouse to pre-
vent heterogeneity in light and temperature. In winter, the plants were
stored outdoors. However, all the pots were isolated to prevent nutrient and
water supply. In March, the plants were moved back to the greenhouse to
continue the experiment. Some specimens died during the first vegetation
season or did not survive the winter. Therefore, some combinations consist-
ed of only three replicates.

The design of the experiment was based on some previous greenhouse
investigations, which focused on the effect N:K and N:P supply ratios on
plant growth (GÜSEWELL et al. 2003b, LAWNICZAK et al. 2009). The treatments
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combined six N:K supply ratios with two nutrient levels of fertility (high
and low). Each combination consisted of four replicates. In total, 48 pots of
Holcus lanatus and 48 pots of Molinia caerulea were analysed.

Each plant received 5 ml of KCl and NH4NO3 solution and 2 ml of the
appropriate solution weekly during 15 weeks in 2009 (June-September) and
during 16 weeks in 2010 (May-August). The first application of nutrients
began three weeks after transplanting seedlings into their pots. The fertility
levels were calculated using the geometric mean of the total amount of N
and K supplied per plant over the entire growth period (Table 1). Additional-
ly, an N:K ratio supply of 225 was added. The high nutrient supply level
was three-fold higher than the low one (Table 1). Furthermore, all other
nutrients were supplied in non-limiting amounts (10 mg P, 52 mg Ca, 16 mg
Mg, 15 mg S, 5 mg Fe, 0.03 mg Cu, 0.5 mg B, 0.24 mg Mn, 0.1 mg Mo,
0.12 mg Zn per pot). Stock solutions and water were prepared every two
weeks. Every week, the applied solution was adjusted to pH of approximate-
ly 7.0, using diluted HCl, and added to pots using a pipette. Every three
weeks, pots were leached with deionised water to prevent toxic effect
of nutrient accumulation.
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Every year, plants were harvested after 3-4 months of growth, i.e. on 4th

September in the first year and on 5th September in the second year. Shoots
were clipped 1 cm above ground. The collected material was separated into
living and senescent parts. During the growing seasons, senescent leaves were
collected every two weeks, dried and weighed. All harvested material was
dried for 48 h to constant mass and weighed. For further nutrient analyses,
four replicates per species and treatment were ground and digested with
a modified Kjeldahl procedure (1 h at 200oC and 340oC in a mixture of con-
centrated sulphuric acid, salicylic acid, copper, and selenium) (Bremner and
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Mulvaney 1982). N concentrations in the diluted digested material were de-
termined colorimetrically on a Srecord 40, and K concentrations were as-
sessed with flame emission spectroscopy, on a Shewood Model 425.

Statistical analysis

All statistical analyses were performed using Statistica (StatSoft, Poland)
software. Shoot biomass (living parts only), senescent shoot biomass, N and
K concentrations and the N:K ratio of shoots and senescent leaves were
square-transformed to assess the homogeneity of variance. Four-way interac-
tions of the effect of species, N:K supply ratios, nutrient supply levels and
time on the studied variables were tested with analyses of variance (ANOVA).

RESULTS

Nutrient supply influenced significantly all variables used to describe
the plant growth of the analysed species (Table 2). In general, the shoot
biomass depended more strongly on the fertility levels than on N:K supply
ratios, whereas the N and K concentrations, as well as N:K biomass ratios
were determined by the N:K supply ratios. Four-way differences between
N:K supply ratios, fertility levels, plant species and studied years were sig-
nificant with respect to N:K biomass ratios and senescent biomass. Howev-
er, this effect was much weaker than the main effects (Table 2).

The aerial biomass increased with an increasing N:K ratio supply dur-
ing the first vegetation season (Table 2). The shoot biomass ranged from
1.15 g to over 93.23 g during the first year and from 18.68 to 314.8 g during
the second year (Figure 1). In 2009, the biomass was significantly lower
than in 2010, particularly at the low fertility level. Holcus lanatus had high-
er shoot biomass than Molinia caerulea during both years. The maximum
shoot biomass differed not only between the species but also among the
N:K ratios. In 2009, the optimal N:K supply ratio was 4.5 for Holcus lana-
tus at the high fertility level. At the low fertility level for both species, as
well as at the high fertility level for Molinia caerulea, the maximum shoot
biomass occurred at the 13.5 supply ratio (Figure 1). In 2010, the optimal
N:K supply ratio was similar for both grasses; at the high fertility level, the
shoot biomass was the highest for the N:K supply ratio of 13.5; at the low
level, the shoot productivity reached the peak at the 225 N:K supply ratio.

The senescent biomass increased with increasing N:K supply ratios (Fig-
ure 2). It was significantly higher at the high fertility level and improved
during the second vegetation season. Holcus lanatus was characterised by
significantly faster senescence than Molinia caerulea, suggesting its higher
biomass turnover.
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Nutrient concentrations in both species differed between the nutrient
treatments (Table 2, Figs 3, 4). N concentrations generally increased with
high N supply (Figure 3), whereas K concentrations increased with high K
and declined with high N supply (Figure 4). In the first year, this effect was
much stronger than in the second one. However, increased N concentra-
tions were mostly observed at N:K supply ratios above 13.5 at the high
fertilization level. During the second year, this effect was detected at 40.5
and 225 N:K supply ratios. At the low level, reduction of N was observed
during both years, except for Holcus lanatus. K concentrations decreased
twofold between the lowest and highest N:K supply ratios. The grasses re-
sponded quite similarly to the treatments. However, some differences be-
tween the species were observed. Holcus lanatus had higher K concentra-
tions in the second year than Molinia caerulea.

The N:K ratio of shoot biomass increased eleven-fold across the range
of N:K supply ratios (Figure 5). In the first year, the N:K ratios of Holcus
lanatus and Molinia caerulea covered the same range of values in response
to the N:K supply ratios. In the second year, the biggest changes were ob-

Fig. 1. Shoot biomass of two grass species grown for two years (2009 and 2010)
at six N : K supply ratios and two levels of nutrient supply (low and high supply;

high supply = 3 * low supply). Data are means ± se. n = 4
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served in Molinia caerulea; its N:K biomass ratios increased twenty-fold at
the high fertility level. At the N:K supply ratio of 13.5, the N:K biomass
ratio was the highest and remained at that level even when N supplies
increased. The N:K biomass ratios in Holcus lanatus increased with en-
hanced N:K supply ratios during both years.

Nutrient concentrations in senescent leaves, analysed only during the
second year of growth, strongly depended on the nutrient treatments and
varied considerably between the plant species. N concentrations during leaf
senescence decreased by 5-65% (Figure 6a). The main differences appeared
in Holcus lanatus at both fertilisation levels. K concentrations decreased by
25-98% during senescence (Figure 6b). Reduction of K was generally similar
in both grass species, except Holcus lanatus at the 225 N:K supply ratio at
the high fertility level. At the highest N:K supply ratios, K concentrations
in senescent shoot parts were 77–97% lower than in living shoots. These
differences were comparable to the results obtained in one-year fertilisation
experiments (LAWNICZAK et al. 2009). Nutrient concentrations in senescent
leaves indicate that substantial parts of K were withdrawn from leaves be-
fore senescence. This is one of the indicators of K deficiency, because leach-
ing by rainfall or watering was excluded.

Fig. 2. Senescent biomass of two grass species grown for two years (2009 and 2010)
at six N:K supply ratios and two levels of nutrient supply (low and high supply;

high supply = 3 × low supply). Data are means ± se. n = 4
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DISCUSSION

The results showed a significant effect of the N:K supply ratios on growth
of the two grasses. During the first year, in both species, the biomass in-
creased with an enhanced N:K supply ratio at the low fertility level and in
Molinia carulea it also rose at the high fertility level, indicating that N was
a limiting factor of the plant growth. At the high fertility level, Holcus lan-
tus produced the highest biomass at the 4.5 N:K supply ratio, indicating the
influence of K shortage on the plant growth. A shift from N-limited to
K-limited growth was observed especially during the second vegetation sea-
son at the high level of nutrient supply. At the 13.5 N:K supply ratio and
the high fertility level, the biomass production was the highest in both spe-
cies over the entire range of N:K supply ratios. At the 40.5 and 225 N:K
supply ratios, a decrease in the aerial biomass was observed, suggesting

Fig. 3. Nitrogen concentrations in the living shoot parts of two grass species grown for two
years at six N:K supply ratios and two levels of nutrient supply

(high supply = 3 x low supply). Data are means ± se. n = 4
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strong K deficiency. At the low nutrient supply level, during both years,
a significant increase in biomass production between the N:K supply ratios
above 13.5, 40.5 and 225 indicated that the plant growth at the 13.5 N:K
supply continued to be N-limited.

However, a similar pattern of biomass production during the second year
of growth occurred in both species across the range of N:K supply ratios but
the N:K biomass ratios differed significantly. At the highest biomass, the
N:K biomass ratio in Holcus lanatus was 4.5 while the N:K biomass ratio in
Molinia careulea was very high, namely 58. These results seem to indicate
that the species have different strategies of nutrient use, thus making it
difficult to determine a critical N:K biomass ratio.

The shoot biomass of the tested grasses in the second year of the study
was significantly higher, even at the high fertility level. This was in con-
trast to the N:P supply ratios, for which the biomass in the second year of
experiment was higher at the low rather than high N:P supply ratios. This

Fig. 4. Potassium concentrations in the living shoot parts of two grass species grown
for two years at six N:K supply ratios and two levels of nutrient supply

(high supply = 3 x low supply). Data are means ± se. n = 4
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suggested that N was more important than K in limiting the plant growth
between the two years.

Decreased biomass production at the 13.5 N:K supply ratio was observed
in both years, indicating that strong K shortage may influence the plant
growth. LAWNICZAK et al. (2009), in a similar type of experiment, did not
observe a sharp decrease in shoot biomass between N:K supply ratios of
13.5 and 40.5, as recorded in this study. These variations may have oc-
curred due to some specific differences between the species. On the other
hand, SZCZEPANIAK (2004) suggested that the real effect of potassium fertiliza-
tion on plant yields may be expected at low available K content in soil and
under water stress during the plant growth.

On the other hand, at very high N:K supply ratios, a negative effect of
NH4

+ could have occurred due to some imbalance between Mg+2, Ca+2 and
other cations (KRUPA 2003). Although all pots were washed with deionised
water every three weeks to prevent negative effect of NH4

+ accumulation,

Fig. 5. The N:K biomass ratio of two grass species grown for two years at six N:K supply
ratios and two levels of nutrient supply (high supply = 3 x low supply).

Data are means ± se. n = 4
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high amounts of nitrogen were added weakly. Compared to other growth
experiments (WASSEN et al. 1995), N concentrations of the analysed plants at
the high N:K supply ratios such as 13.5 and 40.5 were generally low, with
values below 20 mg g–1, i.e. similar to the concentrations in the same spe-

Fig. 6. Reduction in a) nitrogen and b) potassium concentrations during senescence for the
two grass species in relation to the N:K supply ratios and levels of nutrient supply during
the second vegetation season. Values represent the difference in nutrient concentrations
between living and senesced shoot parts. as percentage of concentration in living shoot

parts. Data are means ± se.
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cies growing on a field (EL KAHLOUN 2004). It was only at the high level of
225 N:K supply ratio that Molinia caerulea accumulated a high amount of N
in plant tissues, suggesting some toxic effect of NH4

+ accumulation. Alter-
natively, K concentrations were rather low, with values below 8 mg g–1,
which indicated strong K deficiency according to DE WIT (1963) and WASSEN

et al. (1995). Cumulative effects of these factors could have caused decreased
shoot biomass at the high level of nutrient supply.

Also, this diverse response of the studied graminoids to the N:K supply
ratio may have resulted from some interspecific differences. Holcus lanatus
is characteristic for moderately nutrient-rich sites and Molina caerulea grows
on sites of lower fertility, particularly with strong P-limitation (EL-KAHLOUN

et al. 2000). According to ELLENBERG et al. (1991), on a 1 to 9 scale, the
nutrient indicator value of H. lanatus is 5 and that of M. caerulea just 1,
indicating different preferences of these species to N availability in soil. In
the first year of growth, these species positively correlated with Ellenberg’s
values; Holcus grew faster than Molinia. These results are also confirmed
by the studies of GÜSEWELL (2004) and RYSTER, LAMBERS (1995), who observed
stronger growth of species from nutrient-rich sites than from nutrient-poor
ones despite low nutrient supply only in the first year of fertilisation. In the
current study, this relationship disappeared in the second year only for Mo-
linia, which suggested that it was less sensitive to K shortage than Holcus.
Molinia was characterized by luxury consumption of the nutrient during the
second year of growth. This species, at the low and high levels of nutrient
supply, benefited more from available nutrients than H. lanatus by produc-
ing higher aerial biomass. My observations confirm the hypothesis stated by
GÜSEWELL et al. (2003b) that species from nutrient-poor sites react more read-
ily to N supply than species from nutrient-rich sites. Also, PEREZ-CORDONA,
VERHOEVEN (1996) observed higher adaptation of species from poor-nutrient
sites to enhanced nutrient availability.

Difficulties in estimating a critical N:K biomass ratio may have also
been caused by different physiological roles of these nutrients. In an agri-
cultural study, MARSCHNER et al. (1996) suggested that nitrogen uptake is
sufficient only at a certain amount of potassium. GAJ (2010) showed that it is
important to analyse additionally Ca ions since, together with Mg and other
solutes, they may partly replace K in some processes (LINDHAUER et al. 1990).

Moreover, the current study did not show a similar response of the two
grasses to the N:K supply ratio in the second year of growth. This response
should be studied in a long-term experiment and include more species. In
short-term experiments, plant species tend to produce very high biomass in
a very short time (RYSTER 1996, GÜSEWELL 2004, 2005), but these differences
may become smaller or disappear altogether with time (ELBERSE, BERENDSE

1993, RYSTER 1996).
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CONCLUSIONS

1. The response of the two grass species to the N:K supply ratios showed
different patterns between the first and second years of the plant growth.
During the second growing season, at the N:K supply ratio o 13.5 and the
high fertility level as well as the 225 N:K supply ratio and the low fertility
level, aerial biomass production was the highest in the both species.

2. The N:K biomass ratio differed between the two tested species at the
maximum stand, which makes it impossible to determine a critical N:K ra-
tio based on N and K concentrations in plant tissues.

3. The N:K nutrient supply ratio was a better indicator of plant per-
formance than the N:K biomass ratio of the examined species.

4. The analysed graminoids did not show a similar response to N:K sup-
ply ratios at the high and low levels of supply, indicating that nitrogen was
the most important factor limiting the plant growth during the two years,
and that these plant species were less sensitive to K shortage than to N
deficiency.
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Abstract

Analyzing the content of bioelements and toxic metals in honeys of various botanical
origin is important for the consumers’ health. In addition, many authors notice that re-
sults of such analyses can help to identify the botanical and geographical origin of honey
and to use the product as a bioindicator of the overall contamination of the environment.

The content of As, Cd, Pb, Zn, Cu, Mn, Ni, Mg, Fe, Cr was determined in samples
of nectar honey (acacia, linden, goldenrod, multifloral, buckwheat, oilseed rape) originating
from some areas in the Province of Lower Silesia unexposed to industrial and traffic emis-
sions. In order to demonstrate differences in concentrations of the metals in particular
honey samples, one-factor analysis of variance or the Kruskal-Wallis test was applied, and
the correlation between levels of individual metals in the honeys was investigated. Simila-
rities between the honeys with regard to the metal content were determined using Ward’s
method of cluster analysis.

Among the analyzed nectar honeys from Lower Silesia, the content of zinc was the
highest in linden flower honey (13.41 mg kg–1), copper and manganese – in buckwheat
(1.50 mg kg–1 and 9.40 mg kg–1, respectively), nickel – in multifloral (1.03 mg kg–1) and
buckwheat (1.25 mg kg–1), magnesium – in goldenrod (29.6 mg kg–1) and iron – in linden
flower (2.11 mg kg–1) and goldenrod (2.00 mg kg–1) honeys. The content of arsenic, cad-
mium and lead did not exceed the permissible values, i.e. 0.20, 0.03 and 0.30 mg kg–1. The
correlation analysis performed on the concentrations of the metals in the honeys demon-
strated that manganese was positively correlated with copper and nickel, while iron corre-
lated with zinc.
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Oilseed rape and acacia, as well as multifloral and goldenrod honeys were most simi-
lar to each other in the accumulation of the metals. Using the accumulation of metals in
honey as a bioindicator of environmental pollution should be verified on material origina-
ting from areas where there are differences in the content of especially dangerous metals,
cadmium and lead in particular.

Key words: honey, honey variety, bioelements, metals, bioindicator.

ZAWARTOŒÆ BIOPIERWIASTKÓW I METALI TOKSYCZNYCH W MIODACH
O RÓ¯NYM POCHODZENIU BOTANICZNYM Z DOLNEGO ŒL¥SKA

Abstrakt

Badanie zawartoœci biopierwiastków i metali toksycznych w miodach o ró¿nym pocho-
dzeniu botanicznym ma przede wszystkim znaczenie z uwagi na zdrowie konsumentów.
Wielu autorów zauwa¿a te¿ mo¿liwoœæ kategoryzacji na tej podstawie pochodzenia bota-
nicznego i geograficznego miodu, a tak¿e stosowania tego produktu jako bioindykatora ³¹cz-
nego ska¿enia œrodowiska.

W próbkach miodów nektarowych: akacjowego, lipowego, naw³ociowego, wielokwiato-
wego, gryczanego i rzepakowego pochodz¹cych z terenów województwa dolnoœl¹skiego
w niewielkim stopniu nara¿onych na oddzia³ywanie emisji przemys³owych i komunikacyj-
nych okreœlono zawartoœæ: As, Cd, Pb, Zn, Cu, Mn, Ni, Mg, Fe, Cr. Do wykazania ró¿nic
w zawartoœci metali w poszczególnych odmianach miodu zastosowano test jednoczynniko-
wej analizy wariancji lub test Kruskala-Wallisa. Zbadano korelacje miêdzy zawartoœci¹ po-
szczególnych metali w miodach. Do okreœlenia podobieñstwa odmian miodów pod wzglê-
dem gromadzenia metali zastosowano analizê skupieñ, u¿ywaj¹c metody Warda.

Spoœród miodów nektarowych pochodz¹cych z Dolnego Œl¹ska najwiêcej cynku zawie-
ra³ miód lipowy (13,41 mg kg–1), miedzi i manganu – gryczany (odpowiednio 1,50 mg kg–1

i 9,40 mg kg–1), niklu – wielokwiatowy (1,03 mg kg–1) i gryczany (1,25 mg kg–1), magnezu –
naw³ociowy (29,6 mg kg–1), a ¿elaza – lipowy (2,11 mg kg–1) i naw³ociowy (2,00 mg kg–1).
Zawartoœæ arsenu, kadmu i o³owiu nie przekroczy³a dopuszczalnych wartoœci, tj. odpowied-
nio 0,20, 0,03 i 0,30 mg kg–1. Analiza korelacji zawartoœci poszczególnych metali w miodach
pozwoli³a stwierdziæ, ¿e zawartoœæ manganu by³a dodatnio skorelowana z zawartoœci¹ mie-
dzi i niklu, a ¿elaza z cynkiem.

Najwiêksze podobieñstwo, jeœli chodzi o kumulacjê metali, wykaza³y miody rzepakowy
i akacjowy oraz wielokwiatowy i naw³ociowy. Wykorzystuj¹c ten fakt do bioindykacji ska¿e-
nia œrodowiska, nale¿a³oby zweryfikowaæ go na materiale pochodz¹cym z obszarów, gdzie wy-
st¹pi³yby ró¿nice w zawartoœci metali szczególnie niebezpiecznych, zw³aszcza kadmu i o³owiu.

S³owak kluczowe: miód, odmiana miodu, biopierwiastki, metale, bioindykator.

INTRODUCTION

In recent years, there has been an increasing interest in analyzing me-
tallic elements in bee honey, reflected by a growing body of the relevant
literature (POHL 2009). The research is stimulated by the importance of hon-
ey in human diet. Honey is a source of many vital elements (KOT, ZARÊBA

2008). However, when present in excessive amounts, some of these elements
may become a health hazard.
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The content of mineral components in honey is affected by the soil in
the area where the nectar is collected and by the plant speciation. Studying
the content of elements in honeys may therefore be useful for classification
of honeys with respect to their geographical and botanical origin, and for
verification of the information given by the producers (BOGDANOV et al. 2007,
MADEJCZYK, BARALKIEWICZ 2008, POHL 2009).

The metals in honey are also of anthropogenic origin (mines, smelters,
industrial and urbanized areas, transportation routes). Hence, the product
may serve as a bioindicator of the overall contamination of soil, plants, wa-
ter and air of the area where bees collect the nectar (POHL 2009, YAZGAN et
al. 2006, SPODNIEWSKA, ROMANIUK 2007). Cadmium and lead are among the
most toxic elements in honey that have an anthropogenic origin (BOGDANOV

et al. 2007). However, these authors indicate difficulties in using honey for
bioindication due to differences in its botanical origin.

In view of the above, it seemed recommendable to determine whether
honeys of various botanical origin produced in Lower Silesia were safe for
consumers, and to compare their content of bioelements, thus finding the
varieties which accumulate metals to a similar extent.

MATERIAL AND METHODS

Tests have been performed on honeys made in 2007 at movable apiaries
set in areas very slightly exposed to industrial and traffic emissions and
situated in Lower Silesia. The content of arsenic, zinc, copper, manganese,
nickel, magnesium, iron, chromium, cadmium and lead was determined in
samples of acacia, linden, goldenrod, multifloral, buckwheat and oilseed rape
honeys.

Honey samples were mineralized in concentrated nitric acid under pres-
sure, in a CEM Mars 5 mineralizer. The content of the metals was assayed
with the plasma spectrometry method (emission) ICP-AES and the results
were expressed as mg kg–1 of dry mass.

In order to determine the differences in the content of the metals be-
tween the honey types, one-way analysis of variance (Fisher’s test) was ap-
plied. The means were compared using Tukey’s test. When the data did not
meet the criteria of the classical variance analysis (a negative result of the
variance homogeneity test), the non-parametric Kruskal-Wallis test was used
(Statistica 7).

Correlation between the levels of individual metals in the honeys was
investigated, i.e. correlation coefficients were found at the corresponding
probability levels.
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Similarities between the honey types in the accumulation of the metal-
lic elements were determined by the cluster analysis of standardized data,
using Ward’s method and the Euclidean distance.

RESULTS AND DISCUSSION

None of the honey samples contained arsenic, cadmium and lead in ex-
cess of the allowable levels of contamination, i.e. 0.20, 0.03 and 0.30 mg kg–1,
respectively (Regulation of the Minister for Health 2003) – Table 1. Hence,
in this respect, they can be deemed as safe for the health.

The highest mean content of zinc (13.41 mg kg–1) was found in linden
flower honey. The content of Zn in the other honey types ranged from 1.54
to 2.87 mg kg–1. Significantly less zinc than in linden honey appeared in
buckwheat and oilseed rape honeys (Table 1). Linden honey was found to
contain more zinc than acacia or oilseed rape honey in a study conducted in
Switzerland by BOGDANOV et al. (2007). In unpolluted areas of Romania, the
zinc content was the highest in linden honey and the smallest in oilseed
rape honey (BRATU, GEORGESCU 2005), analogously to our tests completed in
Lower Silesia. In honey samples collected in various regions of Poland, the
Zn content was the largest in oilseed rape and linden honeys (KOT, ZARÊBA

2008). The zinc content in linden, buckwheat and oilseed rape honeys col-
lected in Pomerania was on average: 4.33, 6.66 and 4.17 mg kg–1, respec-
tively (PRZYBY£OWSKI, WILCZYÑSKA 2001).

Significantly the highest amounts of copper (on average 1.40 mg kg–1)
were in buckwheat honey, compared to all the other varieties. Less copper
in honeys was found by BOGDANOV et al. (2007): 0.180 mg kg–1 in acacia,
0.382 mg kg–1 in linden and 0.265 mg kg–1 in oilseed rape honey. The ex-
periment conducted in Poland by KOT and ZARÊBA (2008) showed that buck-
wheat honey accumulated the largest amounts of copper (0.30 mg kg–1),
with linden, oilseed rape and acacia honeys to follow. A high content of
copper in buckwheat honey may be due to buckwheat’s ability to absorb
from the soil some hardly available elements, including copper, which in
soil occurs in its hardly mobile forms.

The highest content of manganese (9.40 mg kg–1) was characteristic for
buckwheat honey, being significantly lower in acacia (0.27 mg kg–1) and
oilseed rape honeys (0.45 mg kg–1). Similarly to our experiment in the Low-
er Silesia, BOGDANOV et al. (2007) found a higher content of manganese in
linden than in acacia and oilseed rape honeys, whereas KOT and ZARÊBA (2008)
reported the highest manganese content in acacia and buckwheat honeys.

The content of nickel in multifloral (1.03 mg kg–1) and buckwheat hon-
ey (1.25 mg kg–1) was significantly higher than in oilseed rape honey (0.54 mg
kg–1). The study in Switzerland (BOGDANOV et al. 2007) showed less nickel
(on average 0.152 mg kg–1) in nectar honeys than in those of Lower Silesia.
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The highest content of magnesium was characteristic for goldenrod
(29.6 mg kg–1), multifloral (25.4 mg kg–1) and oilseed rape (17.4 mg kg–1)
honeys. More detailed information on the differences in the Ni content be-
tween honeys of different botanical origin can be found in Table 1. Higher
magnesium content in nectar honeys (38.1 mg kg–1 on average) was found
in the Czech Republic (LACHMAN et al. 2007).

Significantly more iron was determined in linden and goldenrod honeys
(2.11 and 2.00 mg kg–1, respectively) than in the other varieties. KOT and
ZARÊBA (2008) found the highest Fe content in linden honey and the lowest -
in acacia one. The Swiss experiment (BOGDANOV et al. 2007) demonstrated
that acacia honey was the poorest in iron.

The content of chromium exceeded 0.005 mg kg–1 only in acacia honey.
BOGDANOV et al. (2007) obtained values lower than 0.005 mg kg–1 for all the
honey varieties they studied.

Differences in the content of metals between particular honey types from
areas only slightly exposed to pollution are a result of the differentiated accu-
mulation of metals in nectars of the respective varieties, which depends on
the species-specific physiology of plants and the environmental conditions, es-
pecially the properties of the soil on which the nectar-bearing plants grow.

Our analysis of the correlations between the concentrations of the metals
in the honeys demonstrated that manganese was positively correlated with
the content of copper and nickel, while iron correlated with zinc (Table 2).
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The cluster analysis showed that oilseed rape and acacia honeys were
the most similar varieties in terms of the content of the analyzed metals,
followed by multifloral and goldenrod honeys. In this respect, buckwheat
honey differed the most (Figure 1). This fact may be taken into account
when verifying the botanical origin of honey and when using honey as an
environmental bioindicator.
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CONCLUSIONS

1. Among the analyzed nectar honeys made in Lower Silesia, the con-
tent of zinc was the highest in linden honey, copper and manganese – in
buckwheat, nickel – in multifloral and buckwheat, magnesium – in golden-
rod, and iron – in linden and goldenrod honey. The content of arsenic, cad-
mium and lead did not exceed the permissible values.

2. With respect to the accumulation of metals, oilseed rape and acacia
honeys were most similar to each other, followed by multifloral and golden-
rod honey types. Using the accumulation of metals in honey as a bioindica-
tor of environmental pollution should be verified on material originating
from areas where there are differences in the content of especially danger-
ous metals, cadmium and lead in particular.
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ACCUMULATION OF POTASSIUM,
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AND COLD STORED LEAVES
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AFTER CaCl2 FOLIAR TREATMENT
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Abstract

The aim of this study has been to determine the effect of foliar application of CaCl2
before harvest on the accumulation of K, Mg and Ca in fresh and stored lettuce heads.
The experimental material comprised cv. Omega lettuce, which was grown in a greenho-
use at the Department of Cultivation and Fertilization of Horticultural Plants of the Uni-
versity of Life Sciences in Lublin. CaCl2 solutions of the concentrations of 0.1 M and 0.2 M
were sprayed over plants 20 and 10 days before harvest. After harvest, some plants were
analysed immediately (fresh plants), while the remaining lettuce heads were cold-stored at
4oC for 7 and 14 days in dark polyethylene bags. The levels of dry matter, K, Mg and Ca
were determined in whole leaves and leaf blades (without the midrib) of fresh and stored
plants. The accumulation of dry matter, K, Mg and Ca varied depending on the leaf part,
CaCl2 treatment and time of storage. The Ca content was lower leaf blades than in whole
leaves of fresh plants not treated with CaCl2, but the K and Mg concentrations were on
a similar level in both parts of leaves. The results of this study indicated that CaCl2 foliar
spray of plants caused higher K and Mg concentrations in whole leaves compared to the
control plants (no CaCl2 treatment) but decreasing Ca and K levels were observed in leaf
blades without the midrib from fresh plants treated with 0.2 M CaCl2. During the 14-day
cold storage of lettuce, the Ca and Mg levels in decreased whole leaves but increased in
leaf blades of the control plants and after the 0.2 M CaCl2 treatment. Changes in the K,
Mg and Ca accumulation affected the K:Mg and K:(Ca+Mg) ratios, which rose in whole
leaves of stored plants compared to fresh ones.

Key words: lettuce, CaCl2 treatment, potassium, magnesium, calcium, cold storage.
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AKUMULACJA POTASU, MAGNEZU I WAPNIA W ŒWIE¯YCH
I PRZECHOWYWANYCH W WARUNKACH CH£ODNICZYCH LIŒCIACH SA£ATY
(LACTUCA SATIVA L.) PO DOLISTNYM TRAKTOWANIU CaCl2 PRZED ZBIOREM

Abstrakt

Celem pracy by³o okreœlenie wp³ywu dolistnego traktowania CaCl2 sa³aty przed zbio-
rem na akumulacjê K, Mg i Ca w œwie¿ych i przechowywanych g³ówkach. Materia³ badaw-
czy stanowi³a sa³ata odmiany Omega, uprawiana w szklarni Katedry Uprawy i Nawo¿enia
Roœlin Ogrodniczych Uniwersytetu Przyrodniczego w Lublinie. Na roœliny 20 i 10 dni przed
zbiorem zastosowano roztwory CaCl2 o stê¿eniu 0,1 M i 0,2 M. Czêœæ roœlin analizowano
bezpoœrednio po zbiorze (roœliny œwie¿e), natomiast pozosta³e przechowywano w temp. 4oC
przez 7 i 14 dni w ciemnych foliach polietylenowych. Zawartoœæ suchej masy, K, Mg, i Ca
oznaczono w ca³ych liœciach i blaszkach liœciowych (bez g³ównego nerwu liœciowego) roœlin
œwie¿ych i przechowywanych. Stwierdzono, ¿e akumulacja suchej masy, K, Mg i Ca by³a
zró¿nicowana w zale¿noœci od czêœci liœcia, stosowania CaCl2 i okresu przechowywania. Za-
wartoœæ Ca w blaszkach liœciowych by³a mniejsza w œwie¿ych roœlinach nie traktowanych
CaCl2 ni¿ w ca³ych liœciach, natomiast zawartoœæ K i Mg by³a podobna w obu czêœciach liœci.
Wykazano, ¿e dolistne traktowanie roœlin CaCl2 spowodowa³o zwiêkszenie koncentracji K
i Mg w ca³ych liœciach w porównaniu z roœlinami kontrolnymi (bez traktowania CaCl2) na-
tomiast w blaszkach liœciowych bez g³ównego nerwu liœciowego zaobserwowano zmniejsze-
nie zawartoœci Ca i K w œwie¿ych roœlinach traktowanych CaCl2 w stê¿eniu 0,2 M. Podczas
14 dni przechowywania sa³aty w warunkach ch³odniczych zawartoœæ Ca i Mg w ca³ych li-
œciach zmala³a, natomiast wzros³a w blaszkach liœciowych roœlin kontrolnych i po zastoso-
waniu CaCl2 w stê¿eniu 0,2 M. Zmiany w akumulacji K, Mg i Ca mia³y wp³yw na stosunki
K:Mg i K:(Ca+Mg). Zanotowano ich zwiêkszenie w ca³ych liœciach roœlin przechowywanych
w porównaniu ze œwie¿ymi.

S ³owa k luczowe : sa³ata, traktowanie CaCl2, potas, magnez, wapñ, przechowywanie
ch³odnicze.

INTRODUCTION

Leaf vegetables are an important component of a balanced diet, which
promotes consumption of more fruit and vegetables. Lettuce leaves, which
contain vitamins C and E, carotenoids, phenolic acids with anti-free radical
activity, and minerals, are an important part of the human diet. There is
evidence which supports the role of mineral elements in cardiovascular dis-
eases. Magnesium is important for the metabolic activity because it is relat-
ed to many enzymes controlling the metabolism of carbohydrates, fats, pro-
teins and electrolytes (CHAKRABORTI et al. 2002, HAARENEN 2003). Magnesium
deficit and anomalies in metabolism are an important aspect when consider-
ing the aetiology of diabetes and the pathophysiology of many cardiovascu-
lar diseases in humans, such as cardiac arrhythmia, congestive heart fail-
ure, dyslipidemia, hypertension, myocardial ischaemia, atheromatosis and
myocardial infraction. Its deficit gradually contracts coronary vessels, signif-
icantly blocking the flow of oxygen and nutrients to muscle fibres of the
heart (SINGH et al. 1997, GAZMURI et al. 2001, CHAKRABORTI et al. 2002, HAARENEN
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2003). It is known that magnesium deficit distorts the balance of other im-
portant macrominerals such as calcium, potassium and sodium. This sug-
gests some dependence between cellular ion transport mechanisms and mag-
nesium levels (BIJVELDS et al. 1997). Magnesium deficit may increase the
level of intracellular Ca2+, support the formation of oxygen radicals, pro-
inflammatory factors, and induce changes in the membrane permeability
and transport processes in the heart muscles (SINGH et al. 1997). A high
Ca:Mg ratio favours blood coagulation (SEELIG 1994, HAARENEN 2003).

The main macroelements, i.e. potassium, magnesium and calcium, are
vital nutrients for metabolism and transport across cell membranes. They
support different cellular functions, such as controlling ion charge and con-
centration gradients in membranes which are used in transport processes,
osmosis, cytoplasmic pH regulation, stabilisation of ribosome and nucleic acid
structure, activation of DNA, RNA and protein synthesis enzymes (CAMPO et al.
2000, GHARIEB 2001).

Calcium increases the membrane permeability (BHARTI et al. 1996) and
may influence the growth and ageing of plants (MAKSYMIEC, BASZYÑSKI 1998).
It is one of the key initiators of signal processing in cells of higher plants,
including processes such as bud formation, polar growth, control of gas ex-
change, light- and hormone-controlled growth and development (BHARTI et al.
1996, HUBER et al. 1996, SAURE 1998, RUIZ et al. 1999, BURTON et al. 2000).

Certain disorders in plants, for example tipburn, are related to Ca2+

deficiency (SAURE 1998, BARTA, TIBBITTS 2000). It was found that calcium salts
can be used for shelf stability as a firming agent in different fruit (LUNA-
-GUZMAN, BARRETT 2000). Lettuce is one of the vegetables whose quality
is limited by a short shelf life.

The objective of this study was to determine the effect of pre-harvest
foliar application of different concentrations of CaCl2 on the accumulation
of K+, Mg2+ and Ca2+ in whole leaves and leaf blades (without the midrib)
of fresh and cold-stored lettuce heads.

MATERIAL AND METHODS

The study involved a pot experiment conducted in a greenhouse of the
Department of Cultivation and Fertilization of Horticultural Plants of the
University of Life Sciences in Lublin. The experimental material comprised
cultivar Omega lettuce. Two-litre pots were filled with transitional peat with
the pH of 5.4 and limed to 6.4 with calcium carbonate. The peat was en-
riched with 4 g of superphosphate, equivalent to 0.8 g of phosphorus, per
pot. The micronutrient concentrations in 2 L of the substrate were: Cu –
26.6 mg, Mn – 10.2 mg, B – 3.2 mg, Mo – 7.4 mg, Zn – 1.48 mg. The
culture medium was added to the pots three times: before planting the let-



448

tuce on 17th March and twice afterwards, on 31th March and 7th April. The
total content of mineral components in the medium was after planting in
experiment: N – 0.7 g, K – 1.5 g and Mg – 0.45 g. The temperature in the
greenhouse was maintained at 18oC at night and 23oC during the day. Two
weeks after planting, the vegetables were sprayed with CaCl2 solutions of
two different concentrations. For this purpose, plants were divided into three
groups. The first group was treated with a CaCl2 solution of the concentra-
tion 0.1 M, the second one – 0.2 M, while the third group, which served as
the control, was sprayed with water. The plants were sprayed twice until
the first drop, 20 and 10 days before harvest. The applied CaCl2 concentra-
tions were determined during the preliminary study (PERUCKA et al. 2007).
The experiments were carried out in a randomized block design with five
replications. After harvest, some plants were analysed immediately (fresh
plants), while the remaining lettuce heads were cold-stored at 4oC for 7 and
14 days in dark polyethylene bags. Five plants were sampled from each plot
for chemical analysis. The plants were washed with distilled water before
analysis. Leaf blades (without the midrib) and whole leaves were dissected.
The prepared material was dried at room temperature, ground and mineral-
ized in a muffle furnace at 300-500oC. The levels of K, Mg and Ca were
determined in an atomic absorption spectrometer (Unicam 939/395). The con-
tent of macronutrients was determined according to the analytical curve
with the method described by PERUCKA et al (2007). The weight ratios of
Ca:Mg, K:Ca, K:Mg, K:(Ca+Mg) were also calculated.

Statistical analysis consisted of an analysis of variance (Anova), using
Statgraphics v 3.1 for Windows. Tukey’s test (P<0.05) was used to detect
significant differences among the means from three replicates.

RESULTS AND DISCUSSION

The results of the study on the effect of pre-harvest CaCl2 foliar applica-
tion on the accumulation of potassium, magnesium, calcium and dry matter
in fresh and cold-stored lettuce are presented in Tables 1 and 2. The data
indicate that the dry matter ranged from 3.17% to 4.19% and depended on
the concentration of CaCl2 and time of storage (Table 1). Foliar CaCl2 appli-
cation had a statistically significant influence on modifications in the con-
tent of dry matter. It was found that more dry matter was accumulated in
the whole leaves of plants treated with the CaCl2 solution of the concentra-
tion of 0.2 M and in leaf blades after using the CaCl2 solution of either
concentration. During the storage, the level of dry matter increased in whole
leaves and leaf blades compared to the control plants due to water loss.

Potassium in lettuce leaves was within the range of 43.75-63.76 g kg–1 of
dry matter (Table 1). It generally depended on a CaCl2 solution concentra-



449

tion applied during the pre-harvest foliar treatment. More potassium was
noticed in the whole leaves of fresh plants after the CaCl2 treatment with
a solution of either 0.1 M or 0.2 M concentration; the lowest potassium con-
tent appeared in the leaf blades of plants treated with CaCl2 of the concen-
tration of 0.2 M, compared to the control. During the 14-day storage under
cold conditions, the potassium level was observed to be higher in whole
leaves of the control plants and after the CaCl2 treatment with a solution
of the higher concentration than in fresh plants.

Magnesium ranged from 3.88-6.67 g kg–1 of dry matter. It depended on
the level of CaCl2 treatment and time of storage (Table 2). In fresh plants,
it increased in the whole leaves of plants after the application of CaCl2 in
either concentration whereas while in leaf blades it rose only when the
0.1 M solution was applied. During the 14 days of storage in cold, the mag-
nesium concentration increased in leaf blades of the control plants and treat-
ed with the CaCl2 solution of the concentration of 0.2 M, but Mg decreased
in whole leaves compared to fresh plants treated with calcium chloride in
the same dose.
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Calcium in cv. Omega lettuce ranged from 8.19 to 13.42 g kg–1 d.m.
(Table 2). The accumulation of this element was distinctly affected by both
CaCl2 solution concentrations, part of leaves and storage time. A statistical-
ly significant higher calcium content was noted in whole leaves of fresh
control plants than in leaf blades. During the 14-day storage, the calcium
concentration decreased in whole leaves, in contrast to leaf blades, in which
the accumulation of this element increased in the control plants and after
the application of CaCl2 of the concentration of 0.2 M.

These results correspond to the ones obtained by MICHA£OJÆ and HORODKO

(2006), who found that foliar treatment of sweet pepper plants with calcium
ions had a weak effect on the potassium and magnesium content but the
level of dry matter was higher in fruit of plants treated with Ca2+ ions.
Foliar spray with calcium ions, both as CaCl2 and Ca(NO3)2, increased the
content of this ion in leaves and fruit of pepper compared to the control.
Lettuce belongs to vegetables that have a low demand for nutrients but are
sensitive to the ion concentration in soil, both during germination and in
the vegetative period (CHIBA, SHIMIZU 2008, NURZYÑSKI at al. 2009).

The results obtained in our preliminary experiments on lettuce plants
indicated that the application of CaCl2 in the concentration 0.1 M decreased
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the level of Mg2+ and increased Ca2+ in fresh whole leaves (PERUCKA et al.
2007). The increasing soil calcium content had an effect on potassium and
calcium concentrations in lettuce. Calcium increased but potassium slightly
decreased in plants when calcium in soil reached the highest level (NURZYÑSKI

et al. 2009).
An increase in the calcium chloride level in soil caused a proportional

rise in calcium concentrations in both roots and leaves of other plants. In
tobacco plants, calcium ions were more likely to accumulate in leaves than
in roots, indicating that the ion permeation system differs in roots and
leaves (RUIZ et al. 1999). Identical results were obtained by other authors in
experiments on Sesamum indicum (BHARTI et al. 1996). In a study on bean
plants, higher calcium levels in the substrate resulted in greater accumula-
tion of calcium in the plant (MAKSYMIEC, BASZYÑSKI 1998).

BRES and WESTON (1992) concluded that the accumulation of calcium and
magnesium in lettuce leaves was cultivar-dependent and significantly higher
in cv. Summer Bibb than in cv. Buttercrunch. Lower calcium levels in cv.
Buttercrunch could be responsible for a higher incidence of disease observed
in this cultivar, most likely due to its increased sensitivity to adverse envi-
ronmental conditions, as manifested by lower calcium concentrations in
young leaves. According to a study conducted by LAZOF and BERNSTEIN (1999)
into the transport of micronutrients to the youngest leaves of lettuce, it was
found that the transport of calcium ions was halved in comparison with
potassium ions, but no changes in the transport of magnesium ions to the
youngest lettuce leaves were noted.

The results obtained in our experiments indicated that the concentra-
tions of Mg and Ca in leaf blades were higher than in whole leaves during
the 14 days storage of lettuce under cold conditions (Table 2). It may be
affected by the transport of these elements from the midrib of whole leaves
to leaf blades.

The ratios of mineral nutrients are an important indicator of the nutri-
tive value of a diet. According to the present results (Table 3), the Ca:Mg
ratio in whole leaves of fresh plant of cv. Omega lettuce was optimum, but
the K:Mg and K:Ca ratios were twice as high as the optimum ones in a diet:
less than 6.0 for K:Mg, 2.0 for K:Ca and 3.0 for Ca:Mg (KOTOWSKA, WYBIERAL-
SKI 1999, FRANCKE 2010).

It was noticed that the Ca:Mg and K:Mg ratios in the whole leaves of cv.
Omega lettuce were higher than in the leaf blades, but K:(Ca+Mg) was on
the same level in both parts of fresh plants (Table 3). The CaCl2 treatment
of lettuce before harvest caused a decrease in the Ca:Mg and K:Mg ratios
compared to the control, which was a result of the increasing content of Mg
in whole leaves in response to a higher CaCl2 concentration. During the 14
days of storage under cold conditions, the K:Mg, K:(Ca+Mg) ratios increased
in the whole leaves depending on the CaCl2 doses versus the fresh plants.
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 CONCLUSIONS

The results show that foliar treatment of lettuce with CaCl2 in rising
concentration stimulated the K and Mg accumulation in whole leaves of
fresh plants. No significant changes in the Ca content were observed. In
leaf blades without the midrib, the application of the higher CaCl2 dose
caused a decline in the Ca2+ and K+ concentrations in fresh plants. This
depressed the Ca:Mg and K:Mg ratios. During 14-day storage of lettuce in
the cold, a decrease in the Ca levels in whole leaves and an increase in leaf
blades in the control plants and after the application of the CaCl2 solution
of the concentration of 0.2 M were observed. The same tendency was no-
ticed for the Mg content. In general, the changes in the K levels under the
same conditions were not statistically significant but the K:Mg and
K:(Ca+Mg) ratios increased in whole leaves compared to fresh plants.
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Abstract

Mineral components (bioelements) are one of the five major groups of nutrients in
human diet, next to proteins, lipids, carbohydrates and vitamins. The required daily amo-
unts per capita are over 100 mg of macroelements and less than 100 mg of microelements.
Every industrial processing technology applied to vegetable produce causes precipitation
of bioelements and consequently undesirable losses of these components.

The purpose of this study has been to analyze the content of bioelements (Ca, Mg,
Zn, and Fe) determined in homogenizates and extracts from three red cabbage cultivars
(Koda, Haco POL, Kissendrup SWE). Correlation coefficients served to assess the concor-
dance between the plant material preparation methods used for determination of bioele-
ments. The correlation between the content of Mg versus Ca and Zn versus Fe in edible
parts of cabbage (homogenizates) compared to the levels of these metals in red cabbage
extracts was tested.

Two methods for the preparation of plant material for chemical analyses were used:
homogenization and extraction. Citric acid solution of the concentration of 0.1 mol dm–3

was used for extraction. The content of bioelements was determined using atomic absorp-
tion spectrophotometry (AAS).
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The content of Ca and Zn in red cabbage depended on the method applied to the
plant material preparation, i.e. homogenization or extraction. The content of Mg and Fe
depended on the cabbage cultivars. Irrespective of the plant material preparation methods,
the red cabbage cultivars Kissendrup SWE and Koda contained the highest average levels
of Ca, Mg, Zn, and Fe, while the lowest ones were determined in cv. Haco POL. High
correlation obtained for Mg enables us to convert the content of this element in homoge-
nizates (A) into its content of extracts (B) – conversion factor A:B = 0.9. Positive and high-
ly significant correlations were found between the content of the bioelements: Ca and Mg,
Zn and Fe in cabbage homogenizates.

Key words: red cabbage, homogenizates, extracts, bioelements, atomic absorption spec-
trophotometry.

U¯YCIE DWÓCH METOD PRZYGOTOWANIA MATERIA£U ROŒLINNEGO
DO OKREŒLENIA ZAWARTOŒCI BIOPIERWIASTKÓW W KAPUŒCIE CZERWONEJ

(BRASSICA OLERACEA L. VAR. CAPITATA L. F. RUBRA)

Abstrakt

Sk³adniki mineralne (biopierwiastki) z ¿ywieniowego punktu widzenia stanowi¹ jedn¹
z piêciu podstawowych grup sk³adników od¿ywczych dla cz³owieka, oprócz bia³ek, t³uszczów,
wêglowodanów i witamin. Dzienne zapotrzebowanie na sk³adniki mineralne dla 1 osoby
wynosi: makroelementy powy¿ej 100 mg i mikroelementy poni¿ej 100 mg. Ka¿da obróbka
przemys³owa produktów roœlinnych powoduje wytr¹cenie siê biopierwiastków, i w konse-
kwencji niepo¿¹dane straty tych sk³adników.

Celem pracy by³o zbadanie zawartoœci biopierwiastków (Ca, Mg, Zn i Fe) oznaczonych
w homogenizatach i w ekstraktach z trzech odmian kapusty czerwonej (Koda, Haco POL,
Kissendrup SWE). Oceniono zgodnoœæ zastosowanych metod przygotowania materia³u ro-
œlinnego do oznaczania biopierwiastków za pomoc¹ wspó³czynnika korelacji. Poszukiwano
korelacji miêdzy zawartoœci¹ Mg a Ca oraz Zn i Fe w czêœci jadalnej kapusty czerwonej
(homogenizatach) i w otrzymanych z niej ekstraktach.

Zastosowano dwie metody przygotowania materia³u roœlinnego do analiz chemicznych:
homogenizacjê i ekstrakcjê. Do ekstrakcji zastosowano roztwór kwasu cytrynowego o stê-
¿eniu 0.1 mol dm–3. Zawartoœæ biopierwiastków oznaczono metod¹ atomowej spektrometrii
absorpcyjnej.

Zawartoœæ Ca i Zn w kapuœcie czerwonej zale¿a³a od metody przygotowania materia³u
roœlinnego do badañ, zawartoœæ Mg i Fe – od odmiany kapusty. Niezale¿nie od metody przy-
gotowania materia³u roœlinnego, odmiany kapusty czerwonej Kissendrup SWE i Koda za-
wiera³y najwiêcej Ca, Mg, Zn i Fe, a najmniej odmiana Haco POL. Wysoka korelacja w przy-
padku Mg daje mo¿liwoœæ przeliczenia zawartoœci tego pierwiastka w homogenizatach (A)
na zawartoœæ w ekstraktach (B) – przelicznik A:B = 0.9. Stwierdzono dodatni¹ i wysoce
istotn¹ zale¿noœæ miêdzy zawartoœci¹ biopierwiastków Ca i Mg, Zn i Fe w homogenizatach
z kapusty.

S³owa kluczowe: kapusta czerwona, homogenizaty, ekstrakty, biopierwiastki, atomowa
spektrometria absorpcyjna.
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INTRODUCTION

For nutritionists, mineral components (bioelements) are one of the five
major groups of nutrients for humans, next to proteins, lipids, carbohydrates
and vitamins. Mineral components are divided into macroelements (e.g. Ca,
Mg, P, Na) and microelements (e.g. Fe, Zn, Mn, Cu, Co). The required daily
amounts per capita are over 100 mg of macroelements and less than 100 mg
microelements (ZIEMLAÑSKI 2001).

Deficiency of macroelements in an organism, especially that of Ca and
Mg, is a problem that appears in many human populations. Supply of essen-
tial bioelements is sometimes insufficient and tends to decline (SIKORSKI 1994,
WATTS 1995). One possible measure to counteract such problems involves
supplementation with mineral preparations (O¯AROWSKI 2001), which in addi-
tion to bioelements contain anthocyanins, able to form complexes with met-
als. Ions of metals enhance the stability of anthocyanins and protect prod-
ucts from decoloration (SHAKED-SACHRAY et al. 2002, SALINAS et al. 2005, SMYK

et al. 2008). Such preparations are produced via technological processing of
fruit (chokeberry, elderberry, cranberry) or vegetables (red cabbage). It has
to be added, however, that any industrial processing of plant products leads
to precipitation of elements. Extraction of mineral substances, for example
while boiling or scalding vegetables, causes unwanted losses of about
30-65% K, 15-70% Mg and Cu, 20-24% Zn and many other elements
(NABRZYSKI 1996). The efficiency of extraction to a large degree depends on
the kind of an applied solvent (PLISZKA, HUSZCZA-CIO£KOWSKA 2009b). The liter-
ature dealing with the content of bioelements in red cabbage most often
discusses homogenizates; in contrast, few references regard the issue of bioe-
lements in extracts (SINGH et al. 2009). The question arises whether such
extracts can be considered as a natural and good source of bioelements.

The objective of this study has been to assess the content of anthocy-
anins and several bioelements (Ca, Mg, Fe, and Zn) determined in homoge-
nizates and extracts from cultivars of red cabbage (Koda, Haco Pol, Kissend-
rup SWE). Correlation coefficients served to assess the concordance between
the plant material preparation methods used for determination of bioele-
ments. The correlation between the content of Mg versus Ca and Zn versus
Fe in edible parts of cabbage (homogenizates) compared to the levels of
these metals in red cabbage extracts was tested.
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MATERIAL AND METHODS

Sample preparation
The material consisted of three cultivars of red cabbage (Brassica olera-

cea L., var. capitata L., f. rubra), which differed in the growing season dura-
tion: Koda (an early cultivar), Haco POL (medium early) and Kissendrup
SWE (medium late). The cultivars were grown in a one-year experiment (in
2003), in a garden at the Experimental Station of the University of Warmia
and Mazury in Olsztyn, Poland.

Having partly removed stalks from cabbage heads, some of the heads
were shredded to size 1-5 mm fragments). The plant material was stored
frozen (–18oC) until it was analyzed.

Two methods for the preparation of plant material for chemical analyses
were used. Edible parts of red cabbage were homogenized in a mortar
(method A). For extraction (method B), 30 g of each red cabbage sample
was weighed out and macerated in 300 cm3 of citric acid solution
(C6H8O7⋅H2O) of the concentration of 0.1 mol dm–3. The samples were left
in the dark at 2ºC for 24 h, after which they were shaken in a water bath
at 37oC. The extracts were filtered through Whatman No 1 filter paper.

The samples were prepared in three replicates.

Analytical measurements
In order to determine the content of bioelements, the plant material

obtained from red cabbage: homogenizates (method A) and extracts (method
B), was mineralized in a Teflon® microwave digestion bomb.

For mineralization, 0.2 g of homogenizates and 2 cm3 concentrated ni-
tric acid (HNO3) were used. When the extracts were mineralized, 1 cm3

extract and 2 cm3 concentrated HNO3 acid were used. Once mineralized,
the samples were quantitatively transferred to 25 cm3 measuring flasks,
which were filled up to full capacity with deionized water. The content of
bioelements (Ca, Mg, Zn and Fe) was determined using atomic absorption
spectrophotometry (AAS).

Analytical grade reagents were used for all the chemical analyses.

Statistical analysis
The results of the determinations of bioelements underwent analysis

of variance. Significance of differences in the content of bioelements was
tested with Student t-test at P = 0.01 (to demonstrate interactions), using
Statistica 8.1 programme. In order to test concordance of the results ob-
tained from the two plant preparation methods, correlation coefficients were
computed for the content of each bioelement determined in homogenizates
and in extracts. Regression analysis was performed on the results. In addi-
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tion, correlation analysis was completed to test the content of Mg versus Ca
and Zn versus Fe in homogenizates and in extracts from red cabbage.

RESULTS AND DISCUSSION

Concentrations of macroelements (Ca, Mg) and microelements (Zn, Fe)
in homogenizates (method A) and extracts (method B) from red cabbage are
presented in Table 1.

Calcium
High mean concentrations of Ca were determined in two red cabbage

cultivars: Kissendrup SWE and Koda (20.70 and 18.76 mg 100 g–1, respec-
tively), which did not differ statistically in the content of this element. In con-
trast, cv. Haco POL contained significantly less calcium (15.27 mg 100 g–1).

The average Ca content in red cabbage was more strongly dependent on
the sample preparation method than on the cultivar of this vegetable. Like-
wise, the interaction between these factors was significantly high. In the
homogenizates (method A), the mean Ca content was ca 5-fold higher than
in extracts (method B).

In the material obtained with method A, significant differences in the
content of Ca were established for all the three cultivars. The highest Ca
content was found in cv. Kissendrup SWE (35.48 mg 100 g–1), and the low-
est one – in cv. Haco POL (25.38 mg 100 g–1). According to MAJKOWSKA-
-GADOMSKA and WIERZBICKA (2008), the highest Ca content in red cabbage (in
dry matter) appeared in cv. Koda (0.69 g 100 g–1), and the lowest one – in
cv. Kissendrup SWE (0.41 g 100 g–1). Other authors (KUNACHOWICZ et al. 2003,
2005) report that red cabbage can contain 46 mg Ca 100 g–1 of edible parts.

In our study, the extracts (method B) of red cabbage of all the three
cultivars contained similar levels of Ca (from 5.17 to 7.51 mg 100 g–1). An-
other experiment completed by PLISZKA and HUSZCZA-CIO£KOWSKA (2009a) also
demonstrated a low level of calcium in extracts from red cabbage (nearly
six-fold less than in edible parts). Further tests are needed to clarify the
reasons why Ca appears in such low amounts. SINGH et al. (2009) report that
the content of Ca in cabbage extracts ranged from 19.3 to 68.5 mg 100 g–1

fresh matter.
No significant correlation was found between the Ca content in the plant

material prepared by the two methods; the correlation coefficient was low
(r = 0.350).
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Magnesium
Among all the tested factors, it was the cabbage cultivar that most

strongly differentiated the content of Mg. Independently from the method
applied to prepare tested samples of plant material, the mean Mg ranged
between 10.73 to 15.21 mg 100 g–1. All the three cultivars were significant-
ly different in the content of this element. The highest Mg level was found
in cv. Kissendrup SWE (16.31 and 14.10 mg 100 g–1, method A and B respec-
tively) and the lowest one in cv. Haco POL (10.81 and 10.66 mg 100 g–1,
method A and B respectively). KUNACHOWICZ et al. (2005) report that red cab-
bage contains 12 mg Mg 100 g–1 of edible parts, which is similar to the
present result (13.81 mg Mg 100 g–1). MAJKOWSKA-GADOMSKA and WIERZBICKA

(2008) demonstrated that the three cultivars of red cabbage (Koda, Haco Pol,
Kissendrup SWE) had identical levels of Mg (0.13 g 100 g–1 of dry matter).

The content of Mg in homogenizates obtained from red cabbage (method
A) was significantly higher than in extracts (method B), and the values ob-
tained in the tested samples produced with both methods were correlated
(r = 0.974, significant at P = 0.01). Such high correlation suggests that it is
feasible to use only one method of sample preparation for determination of
Mg in red cabbage. Results obtained from tests on homogenizates can be
converted into the ones produced by tests on plant extracts using the fol-
lowing regression equation: y = 0.6079x + 3.9358, where: y – content of Mg
in extract; x – content of Mg in homogenizates. Both sample preparation
methods proved to be comparably efficient in evaluating differences between
the three red cabbage cultivars in magnesium content. The conversion fac-
tor for converting the content of Mg in homogenizates (method A) into the
content of this element in extracts (method B) is A:B = 0.9.

Zinc
Like calcium, the content of Zn in red cabbage was more strongly relat-

ed to the sample preparation method than to the cultivar. Analogously, the
interaction between these factors was high. The highest mean Zn content
was determined in cv. Kissendrup SWE (0.40 mg 100 g–1) and cv. Koda
(0.35 mg 100 g–1), with no statistically significant differences in the level of
this element between these two cultivars. In turn, statistically significant
less zinc was found in cv. Haco POL (0.29 mg 100 g–1).

Among the homogenizates, cv. Kissendrup SWE had the highest Zn con-
tent (0.63 mg 100 g–1), while the cultivars Koda and Haco POL contained
much less zinc (0.39 and 0.35 mg 100 g–1, respectively). KUNACHOWICZ et al.
(2003, 2005) report that red cabbage contains 0.43 mg Zn 100 g–1 of edible
parts.

The average Zn content in homogenizates from red cabbage was two-
fold higher than in extracts (0.46 mg 100 g–1 versus 0.24 mg 100 g–1). As
SINGH et al. (2009) determined, the content of Zn in red cabbage extracts
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ranged from 211.7 to 266.7 µg 100 g–1 of fresh matter, thus being similar to
our determinations. The relationships between the content of Zn in particu-
lar cultivars determined in the samples prepared by the two methods were
different, which confirmed the significance of the cultivar´sample prepara-
tion method interaction.

No correlation was found for the content of Zn between samples pre-
pared by the two methods. The correlation coefficient r = –0.499 indicated
a tendency towards a negative relationship between the results obtained
from homogenizates and extracts.

Iron
The content of Fe in red cabbage, like that of magnesium, was signifi-

cantly differentiated by the cultivar. It did not depend on the sample prepa-
ration method (methods A and B).

High and similar mean content of Fe (0.52-0.56 mg 100 g–1) in red cab-
bage was determined for two cultivars: Koda and Kissendrup SWE, irrespec-
tive of the sample preparation method. Less iron was detected in cv. Haco
POL (0.19 mg 100 g–1) (about 2.8-fold less than in the other two varieties).
MAJKOWSKA-GADOMSKA and WIERZBICKA (2008) report that the Fe content (con-
verted into dry matter) was the highest in cv. Koda (57.50 mg kg–1), and
the lowest in cv. Kissendrup SWE and cv. Haco Pol (52.0 and 50.0 mg kg–1,
respectively). Other authors (KUNACHOWICZ et al. 2003, 2005) demonstrated
that red cabbage contained 0.5 mg Fe 100 g–1 of edible parts. SINGH et al.
(2009) in turn report that the content of Fe in red cabbage extracts varied
from 327.7 to 1146.0 µg 100 g–1 of fresh matter. The present results of the
determinations of the Fe content in the extracts are within the limits cited
by SINGH et al. (2009).

No correlation was found between the amounts of Fe determined in the
tested material obtained by the two methods. The correlation coefficient
r = 0.559 indicated a tendency towards a positive relationship between the
results.

Correlation between the content of Ca and Mg, and between Zn and Fe
Positive and highly significant correlation was determined between the

content of the following pairs of elements: Ca and Mg (r = 0.930; significant
at P = 0.01) and Zn and Fe (r = 0.860; significant at P = 0.01) in homogeni-
zates (method A) – Figure 1. JÊDRZEJCZAK et al. (1999), who determined the
content of Ca and Mg in homogenized vegetables and fruit, demonstrated
the presence of positive correlation between these bioelements in carrot
(r = 0.5986) and strawberries (r = 0.5764).

In our study, no such correlation was found in red cabbage extracts
(method B), either for Ca and Mg (r = 0.288), whereas for Zn and Fe,
a tendency for positive correlation was observed (r = 0.427). There are no
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data in the literature on mutual dependences between Ca, Mg, Zn and Fe
in red cabbage extracts.

Some earlier studies on bioelements in fruit extracts revealed correla-
tion between the content of Ca and Mg, which was independent from the
extraction method (H2O and HCl methods). However, no such correlation
was proven for the content of Zn and Fe in fruit extracts obtained by the
above methods (PLISZKA et al. 2008).

The mean Ca content in the homogenizates of red cabbage (irrespective
of the cultivar) was higher than that of Mg, unlike in the extracts, which
contained more Mg and Ca. No differences were observed in the mean con-
tent of Zn and Fe in homogenizates, while in extracts the content of Fe was
higher than that of Zn. Content of bioelements in fruit and vegetable ex-
tracts heavily depends on the method applied for extraction (PLISZKA et al.
2008, NASCENTES et al. 2009, PLISZKA, HUSZCZA-CIO£KOWSKA 2009b, SINGH et al.
2009).

When searching for natural and good sources of bioelements (Ca, Mg,
Zn and Fe) from red cabbage, one should take into consideration both culti-
var-dependent traits and a method applied to plant material preparation for
consumption.

CONCLUSIONS

1. The content of Ca and Zn in the three red cabbage cultivars depend-
ed on the sample preparation methods: homogenization and extraction.
A very high level of Ca and Zn as well as some differences in the content of
this element between the cultivars occurred in homogenizates.

Fig. 1. Correlation between the content of Ca and Mg as well as Zn and Fe
in homogenizates from red cabbage (method A)
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2. Determination of the content of Mg and Fe was mainly dependent on
the cabbage cultivar. In general, higher content of Mg and Fe was deter-
mined in the homogenizates rather than the extracts from the particular
red cabbage cultivars.

3. Irrespective of the plant material preparation method, the red cab-
bage cultivars Kissendrup SWE and Koda were characterised by the highest
mean content of bioelements, while cv. Haco POL was the lowest content of
the bioelements among the tested cabbage varieties.

4. It was only for Mg that it proved possible, owing to the high correla-
tion for Mg, to convert the amount of this element present in homogenized
material (method A) into its corresponding quantity in an extract (method B).
The conversion factor was A:B = 0.9.

5. Positive and highly significant correlations were found between the
content of the bioelements: Ca and Mg as well as Zn and Fe in red cabbage
homogenizates.
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Abstract

This paper contains the results of research of the content Na, K, Ca and Mg in wa-
ters drained from three agricultural river basins in Lower Silesia. The investigations cove-
red two objects situated close to Wroc³aw and one in the border region between the Bol-
ków-Wa³brzych Plateau and the Wa³brzych Mountains. The effect of the agricultural use of
the land on changes in the concentrations of the analyzed macroelements in the water
flowing from the river basins has been assessed. Between 58 and 91 samples of waters for
chemical analyses were taken once a month.

Our analysis has shown that the concentrations of the analyzed elements were consi-
derably different, both in the water flowing into and from the basins. The effluent water
from the river basins was characterized by an elevated content of calcium and low concen-
trations of potassium. However, the content of magnesium was typical for the conditions
in Poland.

The content of magnesium in waters drained from all the river basins was higher
than in the water flowing into the basins and the correlation coefficients for the concen-
trations in both of these cross-sections ranged from 0.7846 to 0.8603. Likewise, for so-
dium, calcium and potassium, dependences were found between the concentrations of the-
se elements above and below the analyzed objects but the correlation coefficients were
lower. Distinctly lower values of the correlation coefficients were obtained for the village
of Samotwór. The agricultural use of the river basin area contributed to a higher magne-
sium and calcium content in waters and an insignificantly raised content of sodium. These
changes were accompanied by a decrease in the concentration of potassium.
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It has been found out that differences in the  Na : K : Ca : Mg ratio between the
seasons of the year (early spring, late summer) are connected with the dynamics of the
calcium concentration. The growth in the concentration of this element caused evident diffe-
rences in the Ca : Mg ratio, reaching 0.7 to 1.2. An increase in the value of the Ca : Mg
ratio in late summer reduces the outflow of potassium in most cases. Agricultural practice
does not show any direct influence on seasonal changes of the Ca : Mg ratio and its effect
on  the value of this ratio is not unambiguous.

Key words: water, river basin, sodium, potassium, calcium, magnesium.

STÊ¯ENIE Na, K, Ca I Mg W WODACH ODP£YWAJ¥CYCH
ZE ZLEWNI U¯YTKOWANYCH ROLNICZO NA DOLNYM ŒL¥SKU

Abstrakt

W pracy przedstawiono wyniki badañ zawartoœci: Na, K, Ca i Mg w wodach odp³ywa-
j¹cych z trzech zlewni u¿ytkowanych rolniczo na Dolnym Œl¹sku. Badania realizowano na
dwóch obiektach po³o¿onych w pobli¿u Wroc³awia i jednym na pograniczu Pogórza Bolkow-
sko-Wa³brzyskiego i Gór Wa³brzyskich. Ocenie poddano wp³yw sposobu rolniczego u¿ytko-
wania gleb na zmiany stê¿enia analizowanych makroelementów w wodzie odp³ywaj¹cej ze
zlewni. Próbki wody do analiz chemicznych pobierane by³y raz w miesi¹cu, ich liczba wyno-
si³a od 58 do 91.

Analiza wykaza³a ¿e stê¿enia tych sk³adników, zarówno w wodzie dop³ywaj¹cej, jak
i odp³ywaj¹cej z tych obiektów, istotnie siê ró¿ni¹. Woda odp³ywaj¹ca ze zlewni mia³a pod-
wy¿szon¹ zawartoœæ wapnia i niskie stê¿enie potasu. Natomiast zawartoœæ magnezu by³a
typowa dla warunków polskich.

Zawartoœæ magnezu w wodach odp³ywaj¹cych ze wszystkich zlewni by³a wy¿sza ni¿
w wodzie dop³ywaj¹cej, wspó³czynnik korelacji miêdzy stê¿eniami w obu tych przekrojach
wynosi³ od 0,7846 do 0,8603. Dla sodu, wapnia i potasu równie¿ uzyskano istotne zale¿no-
œci miêdzy stê¿eniem powy¿ej i poni¿ej obiektu, ale wspó³czynniki korelacji by³y ni¿sze. Zde-
cydowanie ni¿sze wartoœci wspó³czynnika korelacji uzyskano dla Samotworu. Rolnicze
u¿ytkowanie zlewni sprzyja³o zwiêkszeniu w wodach zawartoœci magnezu, wapnia i w nie-
wielkim stopniu sodu oraz obni¿eniu koncentracji potasu.

Stwierdzono, ¿e zró¿nicowanie stosunku Na : K : Ca : Mg w poszczególnych okresach
(przedwioœnie, póŸne lato) jest zwi¹zane z dynamik¹ stê¿enia wapnia. Wzrost stê¿enia tego
pierwiastka spowodowa³ widoczne ró¿nice w stosunku stê¿eñ Ca:Mg, wynosz¹ce od 0,7 do
1,2. Wzrost wartoœci stosunku Ca : Mg w okresie póŸnego lata sprzyja w wiêkszoœci przy-
padków ograniczeniu odp³ywu potasu w tym okresie. Dzia³alnoœæ rolnicza nie wykazuje bez-
poœredniego wp³ywu na sezonowe zmiany stosunku Ca : Mg, równie¿ jej oddzia³ywanie na
wartoœæ tego stosunku nie jest jednoznaczne.

S³owa kluczowe: woda, zlewnia, sód, potas, wapñ, magnez.
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INTRODUCTION

Protection of water resources is one of the major challenges for the
contemporary society. Assurance of suitable quantity and quality of water
determines further development of civilization on our planet. The crucial
role in this process is performed by agriculture because arable lands often
make up a large percentage of the area of many countries. This makes the
water outflow from parts of river basins used for agriculture affect signifi-
cantly the water quality in watercourses and water bodies. It is important
to provide a suitable quantity of water for agriculture as the competition on
behalf of other water users is growing stronger (DE FRAITURE, WICHELNS 2010).
With the food demand on the increase, the water balance can be improved
by using low-grade water (DE FRAITURE et al. 2010), implementing economic
irrigation systems (POKLADEK, NYC 2005) and changing people’s eating habits.
Production of vegetarian food requires just about 40% of the water used up
for production of food for a diet based on beef (RENAULT, WALLENDER 2000).

Water is a very good solvent, which enables plants to obtain substances
essential for their growth. Any excess of water in soil, however, causes an
undesirable outflow of nutrients. The mass of nutrients removed with water
depends mainly on the volume of water discharged from a given area (PU-
LIKOWSKI 2004). Most of this mass is composed of macronutrients and alka-
line elements (ORZEPOWSKI, PULIKOWSKI 2008). These elements are highly im-
portant for the physiology of plants and their content in water is essential
when using water for the purposes connected with the supply of human
population and industry.

The content of elements in water drained from river basins used agri-
culturally depends on the kind of soils and on the land management (CYMES,
SZYMCZYK 2005). Irrigation and drainage also play a crucial role. Irrational
use of irrigation, for example, can cause some accumulation of magnesium
(KARAIMOV et al. 2009) whereas a depressed Ca : Mg ratio favours the release
of potassium (JALALI 2008). Drainage elevates the outflow indicator and con-
sequently depletes soil from macronutrients. Drainage systems can be used
for soil desalination (KELLENERS et al. 2000).

The purpose of this work has been to assess the influence of agricultural
use of land on changes in concentrations of several macronutrients in water
flowing from river basins situated in Lower Silesia and used agriculturally.

MATERIAL AND METHODS

This study was conducted in 1996-2008 and comprised analyses of select-
ed elements in water sampled at three locations: Bogaczowice, Miêkinia and
Samowtór.
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Bogaczowice is situated on the border between the Bolków-Wa³brzych
Plateau and the Wa³brzych Mountains, in the region of the Central Sudetes.
The research included the basin of a ditch, covering a total area of 29 hec-
tares, within the B-II section. This ditch basin is located at an altitude of
400-500 meters above sea level, on northern and north-eastern slopes. The
slopes are very steep, of the gradient from 52 to 84‰. About 50% of the
area of this basin is covered by fields drained by a drainage system. In the
upper part of the B-II section, an area of 6.6 hectares was distinguished and
marked as the B-I section. This basin covers a cultivated field which is not
drained. Between sections B-I and B-II, there is an outflow of water from a
drainage system which drains 14.47 hectares of arable land. Samples of wa-
ter for chemical analyses were taken from sections B-I and B-II.

In the Bogaczowice object, there are pseudo-podsolic soils of the grain
size composition of medium and heavy clays with a large content of the
skeleton.  Soil profiles are shallow, reaching 1.2 m deep, and rest on rocky
rubble. The main crops are cereals such as barley, wheat and maize.

The second object (Miêkinia) is a compact, 720-hectare complex of
drained cropland and forest areas situated in a small basin of a watercourse
called the Zdrojek, which flows into  the Jeziorka River. The Zdrojek runs
through the centre of the object, along a distance of about 3 kilometres,
and locally is the main water source. At the turn of 1980/90, the object was
drained by regulating the main section of the watercourse, developing regu-
lar  water gates on the watercourse and reconstructing an irregular net-
work of single ditches carrying water into the Zdrojek. This pattern of ditches
and water gates on the Zdrojek River, located centrally in relation to the
borders of the object, ensures effective influence of the water heads. Over
the recent years, there have been some changes in the use of the land
within the basin of the Zdrojek River. At present, cropland makes 54% and
forests cover 20%, including approx. 3%of new forests; the remaining 26% of
the land is occupied by industrial or residential areas as well as some land
left for future investment projects.

The soils in the object are permeable mineral (52%) and organic (48%)
deposits, lying mostly on weak loamy sands and loose sands. Permanent
grasslands cover mainly muck and mineral soils as well as some local low
peats. Arable lands most often lie on degraded black soils and pseudo-podsol-
ic soils of different soil classes and good hydraulic conduction.

The fall of the ground surface is mostly within 3.0-6.0‰, and locally up
to15 ‰. Samples of waters for chemical analyses were taken in section M-I
(above the object) and M-II (below the object).

The village of Samotwór, the third of the examined objects, is situated
20 kilometres west of the centre of Wroc³aw, in the lower part of the Bystrzy-
ca River basin. This is a 100-hectare complex of arable fields, which consti-
tutes a closed, local hydrological basin. The drainage system consists of the
main ditch A with its tributary. These ditches receive waters from drainage
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outlets. In the lower part of the object, on the main ditch A, there is a water
gate used for annual regulation of the water outflow. The fall of the ground
surface is within 1-5‰, and locally 0.5-1‰. In the past, the object was used
as cropland but at present above 50% of this area is wasteland. Distances
between hydrometric sections on the main water flow (S-I and S-II), at which
the quality of inflowing and outflowing water was assessed, are about 600
meters. This is a typical object irrigated by water from own retention and
dependent on atmospheric precipitation. It is only some periodic excess of
rainfall that is drained outside the system.

The soils of the object are shallow and medium deep deposits, moder-
ately permeable and permeable, of the grain size composition of heavy loamy
sand and also light sandy loam. They lie on permeable sandy or sand and
gravel deposits. These are mainly brown soils, and in the valley of the
Bystrzyca River, there are also fen soils, classified as good and very good
rye complex  as well as good rye soils.

Samples of water for chemical analyses were taken once a month. The
content of magnesium and calcium was determined with the versenate meth-
od, whereas concentrations sodium and potassium were assayed using flame
photometry. All the determinations were carried out at the Laboratory of
Water and Sewage of the Institute of the Environmental Development and
Protection of  the Wroc³aw University of Environmental and Life Sciences.
Each series consisted of 58 to 91 of samples. The evaluation of differences
in the average composition of water originating from different measuring
sections was performed based on a one-way analysis of variance (the F test)
at the significance level equal p=0.05. The significance of the linear correla-
tion between concentrations in inflowing and effluent water was tested at
the significance level p=0.05. For statistical calculations, a Statistica soft-
ware package was applied.

RESULTS AND DISCUSSION

The results of our tests deal with the objects differentiated in respect of
the landscape, soils and water management. Our analysis of the Na, K, Ca
and Mg concentrations showed that waters flowing to these objects differed
significantly in the content of sodium, potassium, calcium and magnesium
(Figure 1).

An analogous situation occurred in reference to the water flowing away
from these objects (Figure 2). The average concentrations of sodium, potas-
sium and calcium were highly varied. Magnesium was an exception in that
that its average concentration was from 18.2 mg Mg dm–3 in Samotwór to
25.3 mg Mg dm–3 in Bogaczowice. These concentrations are higher than
determined in agricultural river basins in north-eastern Poland (GLIÑSKA-
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-LEWCZUK, KOBUS 2005) but lower than reported by TERELAK and PONDEL (1990)
for the Lubartów Plain. Notable is the high concentration of calcium in
both inflow and effluent water from Miêkinia – it is significantly higher
than determined at the remaining objects or  given in literature (GLIÑSKA-
-LEWCZUK, KOBUS 2005, KOC, DUDA 2009). A very high Ca : Mg ratio, i.e. 3.6:1
in Samotwór up to 9.1:1 in Miêkinia, does not favour the leaching of potas-
sium (JALALI 2008). The determined concentrations of potassium are signifi-
cantly lower than given by DURKOWSKI, WORONIECKI  (2001) and DURKOWSKI

(2005).
 For a number of reasons, and particularly for the physiology of plants,

it is not only essential to have proper concentrations of elements but also
to secure proper ratios between these elements in water available to plants.
This study involved an analysis of the Na : K : Ca : Mg ratio as well as
a detailed Ca : Mg ratio over a year relation and during two characteristic
seasons of the year, namely early spring and late summer (Table 1).

It was demonstrated that the differentiation of the above ratios in the
analyzed seasons of the year (early spring, late summer) was connected with
the dynamics of the calcium concentration. Concentrations of this element
were significantly higher in summer, at a smaller outflow of water from the

Fig. 1. Concentrations of elements in inflowing waters:
           a – sodium, b – potassium, c – calcium, d – magnesium
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Fig. 2. Concentrations of elements in effluent waters:
           a – sodium, b – potassium, c – calcium, d – magnesium

objects Considering the fact that this element is easily leached, one ought
to suppose that the amount of leached calcium was analogous to that
leached in, which obviously corresponded to higher concentrations of calci-
um. This caused visible differences in the Ca : Mg ratio, which ranged from
0.7 to 1.2. An increase of the value of the Ca : Mg ratio in late summer
limits the outflow of potassium; concentrations of this element late summer
tended to be lower. In Bogaczowice, the Ca : Mg ratios in inflow and efflu-
ent water were almost identical, although in the other two objects this ratio
was variable. In Miêkinia, for example, this ratio increased  by about 0.4 ÷ 0.5
below the object (in this cross-section, a significant growth in the concentra-
tion of calcium in the water flowing to to the object was determined. In
Samotwór, the value of this ratio below the object was lower by about
0.3÷0.4. However, seasonal changes did not show any connected with the
agricultural activity because they were almost identical in sections above
and below the objects.

 Another analyzed dependence was the concentration of the macronutri-
ents in effluent water versus their concentration in inflow water. The corre-
lation coefficients for this dependence are presented in Table 2. All the cor-
relations were significant at p = 0.05. For sodium, calcium and potassium,
the correlation coefficients for each object were similar, with significantly
smaller values obtained in Samotwór (Table 2). In all the objects, the maxi-

.

.
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mum values of the correlation coefficients were calculated for magnesium,
and the maximum value for this element, in contrast to the other ones,
appeared (Figure 3). From the above analysis, it can be concluded that the
concentration of magnesium in water flowing from a basin area used agri-
culturally is to a small extent relative to the type of water management.
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 Finally, differences between concentrations of elements in inflow and
effluent water from the objects were analyzed. For sodium, it was evident
that drainage  affects the leaching of this element as its concentration was
higher in water from both drained objects, although  these differences were
not always significant. In the water flowing away from Miêkinia, the con-
centration of sodium was actually smaller than its concentration above the
object (Figure 4). The concentrations of potassium in the outflow water were
actually smaller in Bogaczowice and Miêkinia, whereas in Samotwór a some-
what higher value was determined in the water below the object, although
the difference was not significant. In Bogaczowice and Miêkinia, a higher
concentration of calcium was found below the objects, which can suggest
the leaching of this element from the river basin.  Such a situation did not
appear in Samotwór. Unambiguous results were obtained only for magnesi-
um (Figure 5), whose concentration rose in the water flowing away from all
the objects,  but it was only in Bogaczowice that this difference was signifi-
cant at the assumed level of significance of p =  0.05.

Fig. 3. Relations between concentrations of elements in inflow (Cd) and effluent (Co)
water in Samotwór: a – sodium, b – potassium, c – calcium, d – magnesium
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It can be concluded that the agricultural use of the river basins fa-
voured an increase in the concentration of magnesium, calcium and, slight-
ly, sodium  but depressed the concentration of potassium.

Fig. 4. Concentration of sodium in inflow and effluent waters in:
           a – Bogaczowice, b – Miêkinia, c – Samotwór
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CONCLUSIONS

1. The magnesium content in effluent waters from all the river basins
was higher than in the inflow water, with the correlation coefficients for the
concentrations of the element in both sections varying from 0.7846 to 0.8603.
As or the remaining elements, significant dependences were found between

Fig. 5. Concentration of magnesium in inflow and effluent waters in:
           a – Bogaczowice, b – Miêkinia, c – Samotwór – Samotwór
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their the concentrations above and below the objects, but the correlation
coefficients were lower than for magnesium.

2. The differentiation of the Na : K : Ca : Mg ratio in particular seasons
of the year (early spring, late summer) is connected with the dynamics of
the calcium concentration. Concentrations of this element were significantly
higher in summer.

3. An increase in the in value of the Ca : Mg ratio during late summer
reduces the leaching of potassium; concentrations of this element tended to
be lower during this season.

4. Agricultural activity does not show any direct influence on seasonal
changes of the Ca : Mg ratio. Likewise, its effect on the value of this ratio
is not univocal.
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Abstract

Zinc is an essential element for maintaining proper functions of animal bodies. It is
a component of many hormones and enzymes and a participant in the metabolism of car-
bohydrates or the synthesis of nucleic acids and proteins. Animal tissues typically contain
10-200 mg of zinc kg–1. Most of this amount (98%) can be found inside the cells. Zinc
toxicity is associated mainly with the secondary copper deficit. The aim of the present in-
vestigation has been to assess zinc contamination of the environment with coats of dome-
stic and feral cats being the indicator. Urban feral cats are synantrophic animals, living in
an urbanized environment and scavenging on human food waste. Thus, they can be tre-
ated as a bioindicator of the presence of certain elements in the environment. Analyses of
the zinc content in cats’ hair have been performed to check whether the zinc level is con-
nected with cats’ coat colour, living conditions and gender. The coat samples were collected
from the middle abdominal region. Then they were degreased and mineralized in a micro-
wave apparatus, in concentrated nitric acid under increased pressure. The zinc content
was determined by the ICP-OES method. The mean zinc content in the investigated coat
samples was 238.9 mg kg–1. The lowest zinc content was observed in white hair and the
highest – in tortoiseshell hair. The results have confirmed that the content of zinc depends
on the hair saturation with melanin. Statistical analysis has shown significant differences
between the group of female cats living in the wild (268.09 mg kg–1) and the group of
breeding female cats (214.49 mg kg–1) at p=0.05. A higher zinc content was observed in
the group of older cats. The mean values did not differ from mean values of the zinc
content in the coat and hair of other mammals. Considering the living conditions of the
animals, the highest zinc content was noted in the group of animals living in the wild
(feral ones).

Key words: zinc, hair, feral cats, domestic cats.
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ZAWARTOŒÆ CYNKU W SIERŒCI KOTÓW DOMOWYCH
I WOLNO ¯YJ¥CYCH (FELIS CATUS)

Abstrakt

Cynk jest pierwiastkiem niezbêdnym do prawid³owego funkcjonowania organizmów
zwierz¹t. Stanowi sk³adnik wielu hormonów i enzymów, a tak¿e bierze udzia³ w metaboli-
zmie wêglowodanów, syntezie kwasów nukleinowych oraz bia³ek. Jego zawartoœæ w tkan-
kach zwierz¹t wynosi od 10 do 200 mg kg–1, przy czym 98% znajduje siê w przestrzeniach
wewn¹trzkomórkowych. Dzia³anie toksyczne tego pierwiastka jest zwi¹zane g³ównie z wtór-
nymi niedoborami miedzi. Celem badañ by³o u¿ycie sierœci kota jako indykatora ska¿enia
œrodowiska cynkiem z wykorzystaniem okrywy w³osowej kotów domowych oraz zdzicza³ych
kotów miejskich. Koty zdzicza³e jako zwierzêta synantropijne bytuj¹ce w zurbanizowanym
otoczeniu miejskim ¿ywi¹ siê g³ównie odpadkami pokonsumpcyjnymi cz³owieka, dlatego
mog¹ byæ traktowane jako bioindykator zwartoœci wybranych pierwiastków w œrodowisku.
Analizy zawartoœci cynku przeprowadzono z uwzglêdnieniem wp³ywu czynników, takich jak:
zabarwienie w³osa, warunki bytowania oraz p³eæ zwierz¹t. Próby sierœci pobrano z okolicy
œródbrzusza. Poddano je odt³uszczaniu i mineralizacji w aparacie mikrofalowym z dodat-
kiem stê¿onego kwasu azotowego pod ciœnieniem. Zawartoœæ cynku w badanym materiale
okreœlono metod¹ ICP-OES. Œrednia zawartoœæ cynku w sierœci kotów by³a na poziomie
238.9 mg kg–1. Najni¿sz¹ wartoœæ stwierdzono w sierœci koloru bia³ego, najwy¿sz¹ zaœ
w okrywie w³osowej zwierz¹t o umaszczeniu szylkretowym. Uzyskane wyniki potwierdzi³y
zale¿noœæ miêdzy zawartoœci¹ cynku we w³osie a jego wysyceniem melanin¹. Odnotowano
istotne statystycznie ró¿nice p=0.05 miêdzy grup¹ samic wolno ¿yj¹cych (268.09 mg kg–1)
oraz samic domowych (214.49 mg kg–1). Wy¿sz¹ zawartoœæ cynku stwierdzono w sierœci
pozyskanej od zwierz¹t starszych. Œrednia zawartoœæ cynku w sierœci kotów nie ró¿ni³a siê
od wartoœci odnotowanych u innych gatunków ssaków. Uwzglêdniaj¹c warunki bytowania
zwierz¹t, wy¿sze wartoœci zaobserwowano w grupie kotów wolno ¿yj¹cych.

S³owa kluczowe: cynk, sierœæ, koty wolno ¿yj¹ce, koty domowe.

INTRODUCTION

Zinc is an essential element for maintaining proper functions of animal
bodies. It is a component of many hormones and enzymes and a participant
in the metabolism of carbohydrates or the synthesis of nucleic acids and
proteins. Zinc stimulates the formation and mineralization of bones. Zinc is
necessary for the synthesis of collagen and activity of alkaline phosphatase
(KIRSCH et al. 2000, ZHANG et al. 2003, PALACIOS 2006). On the other hand,
zinc inhibits the activity of osteoclasts, which reabsorb the osseous tissue
(LAI, YAMAGUCHI 2005). Zinc is stored in the liver, kidneys, pancreas, heart
and hair. Bodies of older animals contain more zinc than those of newborns
and the content of zinc in an animal’s organism mainly depends on its
amount in the feed (SADURSKI 1984). Zinc deficiency may lead to the growth
inhibition and disorders in sexual development (hypogonadism). Animals suf-
fering from zinc shortage have decreased glucose tolerance, which causes
infections, hair loss and improper growth of hair, wool or bird feathers. Zinc
toxicity is associated mainly with the secondary copper deficit but zinc shows
a relatively low toxicity to animals (PASTERNAK, MAJDANIK 1999).
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Zinc may prevent carcinogenesis by inhibiting the formation of free rad-
icals as a SOD (superoxide dismuthase) cofactor. However, its toxicity can
result in harmful health effects (AL-EBRACHEEM et al. 2009). It has been con-
cluded from animal studies that Zn plays an important role in the mecha-
nism of Cd carcinogenesis. The exact mechanism by which Zn modifies this
process has not been fully elucidated. It is known that Zn may participate
in many stages of the carcinogenesis including the growth of cells, inactiva-
tion of reactive free radicals and the repair of DNA (BRZÓSKA, MONIUSZKO-
-JAKONIUK 2001).

A feline population living in towns could be divided into several catego-
ries: (a) cats living exclusively in human houses, totally depending on peo-
ple’s care, whose impact on the state of sanitary environment is only slight;
(b) stray and feral animals living close to human houses. These animals use
human food resources either indirectly (waste) or directly (intentional extra
feeding); (c) domestic cats which are let out; an intermediate group between
animals from groups (a) and (b) (NATOLI 1994, GUNTHER, TERKEL 2002).

The skeleton, coat and blood serum are considered to be the zinc index
tissues in the organism (BODKOWSKI et al. 2006, UNKIEWICZ-WINIARCZYK et al.
2009). Hair is good material for investigating the state of supply of mineral
components, especially microelements, in the organism because their con-
tent in hair is usually higher than in blood. It is also useful for determina-
tion of the status of trace elements in the organism, especially intra vitam
(RADOMSKA et al. 1991, ANKE et al. 1994, BODKOWSKI et al. 2006). In recent
years, the human hair trace element content has become a subject of toxi-
cological, ecological, hygienic and clinical research (DIETZ et al. 2001, RASHED,
SOLTAN 2005). Animal coat is a better indicator of environmental pollution
than human hair because of its exposure to the soil contamination through
the trophic chain (SMOLIANINOW, ASHURBEKOV 1974). Until now, hair samples
from domesticated and wild species such as cattle, horse, goat, sheep, cam-
el, European bison, moose, brown bear, wild boar, squirrel and seal have
been used as a bioindicator of metal pollution (MEDVEDEV 1999, LIU 2003,
IKEMOTO et al. 2004, RASHED, SOLTAN 2005, HAWKINS, RAGNARSDOTTIR 2009, SKIB-
NIEWSKI et al. 2010).

The aim of the present study has been to determine the zinc content in
cats’ coat, depending on their living conditions, gender and hair colour.

MATERIAL AND METHODS

The investigation material (n=40) comprised cats kept at home (10 fe-
males and 10 males) and living in the wild (10 females and 10 males). The
free living animals were caught alive in Ursynów, an area of Warsaw, as
part of the effort to limit the population of stray and feral cats. They were
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all typical European cats. Having been caught into special traps, the ani-
mals were subjected to surgical spaying. The group of domestic cats consist-
ed of animals of documented origin. On the basis of clinical examination,
a group of twenty males and twenty females which did not show any patho-
logical signs was selected. The males were subjected to the procedure of
orchiectomy and the females underwent ovariohysterectomy. The age of the
homeless animals was determined on the basis of dentition. Coat samples,
which were the indicators of zinc contamination of the organisms, were col-
lected from the middle abdominal area. Topographically this area consisted
of two regions: regio umbilicalis and regio abdominis lateralis, and the coat
samples were collected from both of these regions. The samples were de-
greased in 70% ethanol in a Soxlete apparatus, washed in hot distilled wa-
ter, rinsed in redistilled water and then transferred into Teflon containers.
Next, they were mineralized in concentrated nitric acid under pressure in
a microwave apparatus. The zinc content in the cats’ hair was determined
using the method of emission atomic spectrometry with inductively coupled
plasma optical emission spectrometry (ICP-OES) in an accredited laboratory,
standardizing the results with reference samples. The results were proc-
essed statistically with the programme Statistica™.

RESULTS

The results of the zinc content in the cats’ coat depending on their
living conditions and gender are presented in Table 1. The average zinc
content in the analyzed coat samples reached 238.9 mg kg–1 of air dried
hair. In the group of free living cats (feral ones), the mean zinc content was
at the level of 250.52 mg kg–1 of air dried hair, and in the group of domes-
tic (breeding) cats, it equalled 227.28 mg kg–1. The statistical test showed
significant differences between the group of free living female cats (268.09 mg
kg–1) and the group of breeding female cats (214.49 mg kg–1) at p=0.05. The
content of zinc in hair depending on the cats’ age is presented in Table 2.
Although a higher zinc content was observed in the group of older cats
(242.14 mg kg–1), the age of cats did not affect the hair level of zinc in
a statistically significant way.

In addition, analyses of the zinc content in the cats’ coat depending on
the colour were performed, assuming that the colour depends on the hair
saturation with melanin, thus testing whether zinc is melanin-dependent.
The results are presented in Table 3. The lowest zinc content was found in
white hair, higher in red and then in black hair; yet higher zinc levels were
determined in the feral cats’ hair, i.e. in brownish grey, and the highest –
in tortoiseshell hair. The results confirmed that the content of zinc depends
on the hair saturation with melanin.
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DISCUSSION

The values detected in our study do not differ from the mean zinc con-
tent in the coat and hair of other mammals (ANKE et al. 1994, CZAPSKA et al.
1999, HOUSE 1999, CHYLA, ZYRNICKI 2000). SADURSKI (1984) reports that the
mean zinc content in animal hair was within 40-480 mg kg–1, which agrees
with the values obtained in our own investigations. Our results demonstrate
that free living cats have a higher zinc content in their coats, which sug-
gests that they consumed feed with a higher content of this element. Urban
feral cats are synanthropic animals, whose staple food is human food waste.

The highest zinc content was noted in the group of free living females
(268.09 mg kg–1). Similar results were obtained by other authors (DEEMING,
WEBER 1978, CZAPSKA et al. 1999, UNKIEWICZ-WINIARCZYK et al. 2009). A higher
zinc level in women’s hair of was observed by DEEMING and WEBER (1978).
Statistical analysis revealed a significant difference in the zinc content be-
tween women’s (208 mg kg–1) and men’s hair (176 mg kg–1). While investi-
gating the zinc content in human hair, UNKIEWICZ-WINIARCZYK et al. (2009)
also observed a generally higher content of this element in women as com-
pared to men. In a group of women aged 20-30 years, the zinc content was
at the level of 272.75 mg kg–1, while in an older group, aged 50-60 years,
the content of this element was lower, namely 229.6 mg kg–1. Among men,
the zinc level was distinctly lower in younger men (203 mg kg–1) and higher
in older ones (251.75 mg kg–1). The results obtained in our investigation
concerning the zinc content coincide with the results reported by UNKIEWICZ-
WINIARCZYK et al. (2009), except the zinc content in hair obtained from young
men, where a lower zinc content was observed than in our study.

A higher level of zinc in women’s hair was also observed by other au-
thors (£UKASIAK et al. 1998, CZAPSKA et al. 1999). A study on the zinc content
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in the coat of European bison (KOŒLA et al. 2004) showed a reverse depend-
ence, i.e. a lower amount of this element in females (181.5 mg kg–1) than
in males (199.5 mg kg–1).

CONCLUSIONS

The following conclusions could be drawn on the basis of the performed
analyses:

1. The observed mean values of zinc in the analyzed samples of cats’
hair do not differ from the zinc content in the coat or hair of other mam-
mals.

2. Considering the living conditions of the cats, the highest zinc content
was found in the group of free living animals (feral ones).
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SILICON IN MEDICINE AND THERAPY
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Abstract

Trace elements are a very important factor affecting functions of living organisms.
Silicon, the third most abundant trace element in the human body, is present in all heal-
thy tissues of people. It is especially strongly associated with connective tissues, as it has
been found to participate in bone development, collagen formation and mineralization of bo-
ne matrix. Silicon has also been suggested to be involved in mammalian hormonal control
and to protect people from heart diseases.

An average dietary intake of silicon is about 20-30 mg/person/day, with higher intakes
for men than women. Silicic acid or orthosilicic acid are the bioavailable forms of silicon,
found mainly in food rich in fibre and whole grains, in vegetables, fruit and in drinking
water. Various alcoholic beverages such as beer or wine also contain considerable amounts
of silicon. Silicon provided with food is digested in the gastrointestinal tract to silicic acid,
which is then absorbed. With blood, it is distributed into various tissues and organs, where
it can exerts its action. The highest amounts of silicon are accumulated in the kidneys,
liver, bone, skin, spleen, lungs, while free orthosilicic acid, not bounded to proteins, occurs
in blood. The amount of silicon in tissues decreases with age. Depleted levels of silicon
have also been observed in some pathological states e.g. atherosclerosis.

The aim of the paper has been to present the role of dietary silicon in living organi-
sms. Silicon is necessary for the growth and bone calcification and as a biological cross-
linking agent of connective-tissue-based membrane structures. This element is considered
to have beneficial effects on several human disorders, including osteoporosis, ageing of
skin, hair and nails or atherosclerosis. It has also been suggested that silicon and silicic
acid may decrease the bioavailability of aluminium by blocking the uptake of the latter by
the gastrointestinal tract and impeding its reabsorption in the kidneys, thus protecting an
organism against the toxic (especially neurotoxic) action of aluminium. Anticancer, antia-
therosclerotic and antidiabetic effects of silicon have also been suggested.

Key words: silicon, silicon metabolism, bone, connective tissue, aluminium toxicity.
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KRZEM W MEDYCYNIE I LECZNICTWIE

Abstrakt

Pierwiastki œladowe s¹ bardzo wa¿nym czynnikiem warunkuj¹cym prawid³owe funk-
cjonowanie organizmów ¿ywych. Krzem, trzeci pierwiastek œladowy pod wzglêdem rozpo-
wszechnienia w organizmie cz³owieka, jest obecny we wszystkich zdrowych tkankach.
Szczególn¹ rolê odgrywa krzem w tworzeniu i funkcjonowaniu tkanki ³¹cznej, poniewa¿
bierze on udzia³ w rozwoju koœci, tworzeniu kolagenu i mineralizacji macierzy kostnej.
Krzem uczestniczy równie¿ w kontroli hormonalnej u ssaków oraz w ochronie przed cho-
robami serca u ludzi.

Dzienna dawka krzemu dla doros³ego cz³owieka powinna wynosiæ 20-30 mg, przy czym
zapotrzebowanie na krzem jest wiêksze u mê¿czyzn ni¿ u kobiet. Przyswajaln¹ form¹ krze-
mu jest kwas krzemowy lub kwas ortokrzemowy, którego Ÿród³em w diecie s¹ zbo¿a, wa-
rzywa, owoce oraz woda pitna. Krzemiany z po¿ywienia s¹ w przewodzie pokarmowym hy-
drolizowane do ³atwo przyswajalnego kwasu ortokrzemowego, który wraz z krwi¹ jest
rozprowadzany do wszystkich tkanek i organów. Najbogatsze w krzem s¹ nerki, w¹troba,
koœci, skóra, œledziona oraz p³uca, a we krwi krzem wystêpuje w postaci wolnego kwasu
ortokrzemowego, niezwi¹zanego z bia³kami. Wszystkie tkanki zawieraj¹ du¿o krzemu, gdy
s¹ ca³kowicie zdrowe, natomiast jego poziom zmniejsza siê w nich wraz z wiekiem cz³owie-
ka i tkanki ulegaj¹ wówczas stopniowej degeneracji. Zani¿ony poziom krzemu obserwuje
siê równie¿ w pewnych stanach chorobowych, na przyk³ad w mia¿d¿ycy.

Celem pracy by³a prezentacja zale¿noœci miêdzy krzemem przyswajanym z po¿ywienia
a wp³ywem, jaki wywiera on na organizmy ¿ywe. Krzem jest niezbêdny w procesie wzro-
stu oraz wapnienia i mineralizacji koœci, jest równie¿ czynnikiem sieciuj¹cym struktury
tkanki ³¹cznej. Pierwiastek ten wywiera korzystny wp³yw w pewnych schorzeniach, takich
jak osteoporoza, starzenie siê skóry, w³osów i paznokci, mia¿d¿yca. Krzem ma unikatowe
w³aœciwoœci wi¹zania metali ciê¿kich w nierozpuszczalne kompleksy, ograniczaj¹c ich szko-
dliwe dzia³anie. Dodatkowo, kwas krzemowy hamuje wch³anianie glinu i jest antidotum na
jego toksyczne dzia³anie. Sugeruje siê równie¿ jego dzia³anie przeciwcukrzycowe, przeciw-
mia¿d¿ycowe oraz przeciwnowotworowe.

S³owa kluczowe: krzem, metabolizm krzemu, koœci, tkanka ³¹czna, toksycznoœæ glinu.

INTRODUCTION

Trace elements are a very important factor, affecting functions of living
organisms. Although silicon is the second most abundant element in bio-
sphere after oxygen, due to its very poor bioavailability to the human or-
ganism, its influence on metabolic processes is only fragmentarily known
and poorly understood (BIRCHALL et al. 1996).

The daily recommended intake (DRI) has not been determined yet, al-
though a suggested daily dose of silicon should reach 20-30 mg for an adult,
which corresponds to 0.28-0.43 mg kg–1 b.w. a day for a man weighing 70 kg.
Dietary sources of silicon are grains (rice, barley, oat, wheat) and grain
products (breakfast cereals, bread, pasta), root vegetables (carrots, beetroot,
radish, onion, potatoes), bean, corn, fruit (especially bananas) as well as
dried fruit (raisins) and nuts. Silicon is highly available from drinking water



491

and its concentration depends upon the geology of water intake surround-
ings because Si is derived from weathering rocks and soil minerals (JUGDA-
OHSINGH et al. 2002, SRIPANYAKORN et al. 2005). Beer and wine are also rich
sources of dietary silicon, containing quite high amounts of orthosilicic acid,
a Si bioavailable form (THIEL et al. 2004, GONZÁLEZ-MUÑOZ et al. 2008). Drink-
ing infusions of silicon containing herbs (like Common Horsetail, Knotweed,
Red Hemp-nettle, Lungwort) can supplement dietary deficits of that element
as well as to alleviate symptoms of some diseases (ZIELECKA 1996).

Silicates from food are hydrolyzed into readily available orthosilicic acid
in the gastrointestinal tract (BAREL et al. 2005). The exact site where silicic
acid is absorbed from the gastrointestinal canal has not been established,
although it has been suggested that silicon compounds from food in the
presence of hydrochloric acid and other gastric acids in the stomach are
broken down into orthosilicic acid, which easily diffuses through mucous
membranes into the blood circulation system. In the Framingham and Fram-
ingham Offspring studies, values of an average daily silicon availability have
been determined as 12.1-13.5 mg for men and 9.9-10.2 mg for women (JUGD-
AOHSINGH et al. 2002, JUGDAOHSINGH et al. 2004). The peak increase in the
serum silicon concentration was observed 60-84 minutes after orthosilicic
acid consumption (REFFITT et al. 1999) and 100-120 minutes after ingestion of
a silicon-rich meal (13.15 mg) (JUGDAOHSINGH et al. 2002). Kidneys play a key
role in silicon turnover. Silicon is readily filtered by the renal glomerulus
because it does not form any bonds with plasma proteins (SRIPANYAKORN et al.
2005). Hence, about 70-80% of plasma silicon is eliminated by kidneys with-
in 3-8 hours after meal ingestion (POPPLEWELL et al. 1998). Thus, urinary Si
excretion is a good surrogate marker of silicon absorption (WIDNER et al.
1998, REFFITT et al. 1999). Silicon in the form of inorganic silicate occurs in
large quantities in kidneys and is a constant component of urine. Silica also
fulfils a role of protective colloid preventing appearance of urinary stones,
although silicon excess may lead to formation of renal deposits and calculus
(ZIELECKA 1996). Studies on kinetics of silicon absorption and elimination dem-
onstrated that the organs and tissues characterized by the highest concen-
trations of silicon are connective tissues, bone, skin liver, heart, muscle,
kidneys and lungs (POPPLEWELL et al. 1998, JUGDAOHSINGH 2007). The amount
of silicon in tissues decreases with age, probably because the organ respon-
sible for silicon absorption and turnover in an organism is the thymus, which
undergoes atrophy with age.



492

INFLUENCE OF SILICON ON THE DEVELOPMENT
AND FUNCTIONS OF A LIVING ORGANISM

For a long time, silicon has been thought to be an inactive substance,
not participating in biochemical processes due to its overall unavailability to
living organisms. Only recently it has been recognized as one of the most
essential trace elements in human metabolism.

The highest concentrations of silicon have been found in organs consist-
ing of connective tissues such as the aorta, trachea, bones and skin. The
content of silicon in human skin is 49.5 µg g–1 of tissue, in hair 42.0 µg g–1

of tissue and in nails 26.12 µg g–1 of tissue. A high content of silicon in the
connective tissue is attributed to its presence in protein complexes, which
form the structure of the tissue as a cross-linking entity (ZIELECKA 1996). In
animal studies, the aorta, trachea and tendons were found 4 or 5-fold richer
in silicon than the liver, heart and muscles. In blood, silicon occurs in the
form of free orthosilicic acid, not bounded with proteins, reaching a concen-
tration from 50 to 200 µg L–1, depending on its content in a diet (D’HAESE et
al. 1995). The overall silicon content in a man weighing 70 kg is from 140
to 700 mg, which classifies that element as the third most abundant mac-
roelement, after zinc and iron (SRIPANYAKORN et al. 2005). All tissues contain
large amounts of silicon when they are perfectly healthy, but its amount
decreases with age and then the tissues undergo gradual degradation. De-
pleted levels of silicon have also been observed in some pathological states
like atherosclerosis or neoplastic diseases (BISSÉ et al. 2005).

In vitro studies showed that orthosilicic acid in a physiological concen-
tration stimulates collagen synthesis and, through an increase in prolylhy-
droxylase activity in human osteoblasts, it stimulates their differentiation
(REFFITT et al. 2003, JUGDAOHSINGH et al. 2004). Much silicon has also been
found in human osteoblasts, highly metabolically active cells. In the human
organism, silicon is mainly accumulated in sites of active bone growth. Nu-
merous studies have confirmed that silicon actively participates in the proc-
ess of bone calcification and accelerates the rate of bone mineralization. Sili-
con deficiency causes deformations or delay in bones formation as well as
disorders in joint cartilage and connective tissue formation (RICO et al. 2000).

There is evidence that dietary silicon is able to lower the plasma total,
VLDL and LDL cholesterol level (WACHTER et al. 1998) and to significantly
inhibit the atherosclerotic process induced by a cholesterol rich diet (PELUSO,
SCHNEEMAN 1994). According to some authors, silicon exerts antiatherosclerot-
ic action mainly through increasing membrane permeability and the basal
substance of arteries. Studies carried out on animals proved that silicon
administered in the form of silica prevented occurrence of endoxan or strep-
tozotocin-induced diabetes (OSCHILEWSKI et al. 1986). Antineoplastic properties
of silicon, which can be associated with its influence on the connective tis-
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sue synthesis, thereby reducing progress and propagation cancer, have been
reported. Synthetic silicon compounds, e.g. silitrans derivatives, applied to-
gether with cytostatics, improved manifold the effectiveness of the latter
(JANCZARSKI, JANCZARSKI 1991). Silicon also plays a role in immune functions
influencing lymphocytes proliferation (SEABORN et al. 2002).

Silicon has a unique property of binding heavy metals into insoluble
complexes, thereby limiting their possible harmful effects. Additionally, sil-
icic acid inhibits the gastrointestinal absorption of aluminium, a metal
of neurodegenerative action, whose role in the pathogenesis of Alzheimer’s
disease is stated to be significant. Silicon is reported to be an antidote to
aluminium toxicity as it reduces Al bioavailability (BELLIA et al. 1996, REFFITT

et al. 1999, DOMINGO 2006).
Silicon metabolism is connected with the turnover of numerous macro-

and microelements. With calcium, silicon is involved in the processes of bone
decalcification as well as calcification. Silicon is calcium-antagonist, there-
fore it can regulate calcium and magnesium turnover. It acts synergistically
with copper, thus depressing the zinc concentration in tissues. It also antag-
onises harmful effects of aluminium on osteogenesis. Additionally, silicon
influences the metabolism of such elements as P, Cl, Na, K, S, Mo, Co
(O’CONNOR et al. 2008). This element is required to remove harmful and toxic
heavy metals from the brain (BIRCHALL et al. 1996, PERRY, KEELING-TUCKER 1998,
BOGUSZEWSKA et al. 2003).

Disturbances in silicon turnover have been reported in patients suffer-
ing from different skin problems or tuberculosis and in persons treated with
antibiotics and chemotherapeutics for a long time (O¯AROWSKI 1996, CALOMME,
VANDEN BERGHE 1997).

SILICON AND BONE

In the 1980s, the earliest studies on silicon biochemistry, carried out by
Carlise, suggested strong connection between a proper level of dietary sili-
con intake and normal growth of animals (chickens and rats) (CARLISLE 1980).
Particularly collagenous tissues, like bones, cartilages, skin and hair were
markedly abnormal in Si-deprived animals. Bone health subsequently became
the main subjects for researchers studying the biological role of silicon, main-
ly because osteoporosis, characterized by low bone mass, is a growing health
problem worldwide and leads to marked disability, increased mortality and
raised health care costs (SRIPANYAKORN et al. 2005, JUGDAOHSINGH 2007).

According to recent studies, silicon is co-located with calcium in the
osteoid tissue, thus some interactions between these elements were sus-
pected to occur in processes of bone growth and mineralization (PERRY, KEEL-
ING-TUCKER 1998). In the earliest stage of calcification, in active calcification
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sites in young bones, there is a direct relationship between silicon and calci-
um when the calcium content of the preosseous tissue is very low. There-
fore, it has been suggested that silicon is associated with calcium in the
early stage of bone formation. It was demonstrated that dietary silicon in-
creased the rate of mineralization, especially in calcium-deficient rats (KIM

et al. 2009). Evidence has been obtained to indicate that when rats are fed
low calcium diets, bone composition is affected by silicon deprivation: the
deprivation depressed concentrations of calcium, magnesium, and phospho-
rus in the tibia and skull (CARLISLE 1980). Additionally, silicon was found to
promote the union of a bone after a fracture, in contrast to calcium, which
can actually slow down the healing process or interfere with it altogether,
especially when calcium levels are very high. All these facts can be inter-
preted as promoting bone mineralization by silicon under the conditions of
a low level of calcium in a diet, but on the other hand in may also indicate
interactions between calcium and silicon in the gut lumen, which can re-
duce the gastrointestinal absorption of silicon (SRIPANYAKORN et al. 2005, JUGD-
AOHSINGH 2007).

SILICON AND SKIN, HAIR AND NAILS

Many studies on silicon influence on bone and cartilage formation con-
firmed, that the element’s primary effect is thought to be on matrix synthe-
sis rather than mineralization (CALOMME, VANDEN BERGHE 1997). Silicon in form
of orthosilicic acid at physiological concentrations was found to stimulate
collagen type 1 synthesis in human osteoblast-like cells and skin fibroblasts.
Silicon treatment also enhanced osteoblastic differentiation. The suggested
mechanism of orthosilicic acid is to modulate activity of prolyl hydroxylase,
an enzyme involved in conversion of hydroxylate proline to hydroxyproline
in the process of collagen formation, rather than alteration in collagen type
1 gene expression (REFFITT et al. 2003). Silicon was also reported to be nec-
essary in formation of glycosaminoglycans in bone and cartilage due to its
structural role in the cross-linking of glycoaminoglycans in connective tis-
sue. As type 1 collagen and its monomer hydroxyproline are major constitu-
ents of skin, the improvement in skin parameters, like hydratation or mi-
crorelief (roughness), after silicon supplementation indicates on potential
regeneration or de novo synthesis of collagen fibers. Treatment with silicon
also might improve the glycosaminoglycan structure in the dermis and the
keratin structure in hair and nails, what was seen through decrease in hair
and nails brittleness (BAREL et al. 2005).
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SILICON AND ALUMINIUM TOXICITY

Despite the widespread occurrence of aluminium in the environment as
well as its presence in trace amounts in almost all plants and animals, for
a long time Al has been considered to be indifferent to living organisms.
However, aluminium can have deleterious effects on plants, animals as well
as on human beings. In the terrestrial environment, that is in plants, it is
responsible for the development of a stunted and brittle root system;
in animals and human it causes growth disorders and disturbed neurological
functioning (Alzheimer type senile dementia, amyotrophic lateral sclerosis,
a type of Parkinson’s disease) (DOMINGO 2006). Aluminium is even more toxic
in the aquatic environment, where it can be fatal to fish. Acute aluminium
toxicity can be associated to its ability to bind to biologically important lig-
ands, like phosphate groups in membranes, DNA and ATP. Aluminium is
also able to bind to aionic sites on fish gill epithelia, stimulating excessive
mucus production, which causes potentially lethal disturbances in respira-
tion as well as ion transport (PERRY, KEELING-TUCKER 1998). The idea that
silicon may be involved in a mechanism to protect against aluminium poi-
soning, inspired by Si-Al interactions observed in inorganic chemistry, has
been checked in numerous experiments. The most recent research shows
that silicic acid interacts with metal ions that are basic at physiological pH,
such as aluminium. Silicon is involved in relieving Al toxicity in many dif-
ferent biological systems as well as in reducing aluminium bioavailability in
humans by reducing its gastrointestinal absorption and enhancing its renal
excretion (BIRCHALL et al. 1996, REFFITT et al. 1999). Orthosilicic acid from
beer was found to increase the urinary output of aluminium, perhaps by
interacting with filterable Al in renal tubules, forming hydroxyaluminosili-
cates and thus preventing re-absorption of aluminium (BELLIA et al. 1996).
These findings may benefit transplant patients in clearing the accumulated
aluminium as well as other patients, protecting them from harmful effects
of aluminium excess.

The role of silicon in human biology is poorly understood, although the
above findings and studies may suggest beneficial influence of silicon on the
human organism in some diseases, like osteoporosis, atherosclerosis,
progress of diabetes, propagation of neoplastic process as well as occurrence
of heart diseases (TURNER et al. 2008). Silicon was also found to reduce nega-
tive effects of some processes as skin, hair and nails ageing (JUGDAOHSINGH et
al. 2002). It is very important for regenerating tissues, activating vital proc-
esses of cells and improving the general immunity of organism. Therefore,
further studies on silicon biology, biochemistry as well as silicon homeosta-
sis and its interactions with essential mineral elements as well as with oth-
er biologically important molecules are necessary.
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