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Professor Kazimierz Pasternak
- Remembering a Friend

On 5%h September 2011, we lost
a dear friend. Professor Kazimierz Paster-
nak, PhD, who for many years had been
the Deputy Chairman of the Polish Socie-
ty for Magnesium Research, Chairman of
the Lublin Branch of the Society, and
Head of the Chair and Institute of Medi-
cal Chemistry at the Medical University
of Lublin, passed away. He died after ba-
rely sixty years of a hard-working life. De-
ath of any person evokes sorrow, pain and
nostalgia. But when a close friend dies,
the sorrow intensifies, the pain grows and
the feeling of nostalgia becomes so over-
whelming that we begin to rebel against such a premature and unexpected
death, which has deprived us of someone so close, beloved and respectful.

To many, Professor Kazimierz Pasternak was, and will remain, a true
friend, someone who endeared himself to us with his good nature, friendly
manner and constant willingness to help others. His assistance not only led
to numerous research projects and publications, but also - and perhaps more
importantly — inspired others to preserve and continue work All Professor
Pasternak's assistants and students as well as everyone who has had the
honour of collaborating with him can testify to this.

Professor Pasternak was not only an outstanding chemist but also an
eminent physician, who understood our human needs. While reviewing his
impressive scientific attainments, we notice than many of his articles and
conference reports were produced in collaboration with clinical doctors re-
presenting various branches of medicine. Internists, paediatricians, surge-
ons and gynaecologists owe him a debt of gratitude, but the professor was
also familiar with issues related to toxicology and immunology. Being fully
aware of the importance of chemistry in medicine, Professor Pasternak in-
troduced elements of this science into clinical medicine. He devoted most of
his attention to both beneficial and adverse effects of various elements on
the human organism. Magnesium was certainly his favourite element. He
also investigated the role of free radicals and biogenic amines, metabolism
of amino acids and behaviour of enzymes in healthy and ill patients.
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Professor Kazimierz Pasternak will remain in our memory as an excel-
lent leader, full of creative passion. He proved his leadership skills as the
Head of the Chair of Medical Chemistry, Deputy Dean of the Faulty of Nur-
sing and Health Science, Chairman of the Society of Friends of the Univer-
sity of Medicine in Lublin but - above all - as the main founder, deputy
chairman and chairman of the Lublin Branch of the Polish Society of Ma-
gnesium Research. He was truly the moving spirit behind all initiatives of the
society.

Professor Pasternak understood young researchers and created the best
possible environment for their development. He supervised nearly twenty
doctoral dissertations and many more master theses. And he gave his stu-
dents an up-to-date and comprehensible chemistry textbook.

Professor Pasternak worked rationally, passionately and cheerfully. When
Kazio — as his close friends called him — smiled, he made others smile, and
then any obstacle proved surmountable. Always active and full of energy, he
wanted to work and knew how to do so. He continued to be busy working
and making plans for the future until the very last days. Suddenly, prema-
turely and unjustly, his beautiful and fruitful life came to an end.

With the death of Professor Kazimierz Pasternak, the Polish Society
of Magnesium Research lost a distinguished Deputy Chairman and a devoted
researcher, for whom the Society and its affairs were the aim and essence
of a professional career. Professor Pasternak organised and participated in
many conventions, conferences and symposia, where he earned the respect
and friendship of other participants.

On 15 September this year, we paid our last respects to Professor Kazi-
mierz Pasternak, at the cemetery in Lipowa Street, in Lublin. His grieving
family were consoled by the Professor's friends, colleagues, students and
acquaintances, many with tears in their eyes ...

We shall remember his as a good and warm person, and we shall never
forget him. One must never forget a true friend!

Andrzej Papierkowski



Profesor Kazimierz Pasternak
- wspomnienie o Przyjacielu

W dniu 5 wrzesnia 2011 roku zmart
Profesor dr hab. Kazimierz Pasternak,
wieloletni wiceprezes Polskiego Towarzy-
stwa Magnezologicznego, prezes Oddziatu
Lubelskiego, kierownik Katedry i Zaktadu
Chemii Medycznej Uniwersytetu Medycz-
nego w Lublinie. Odszedl w széstej deka-
dzie pracowitego zycia. Smier¢ czlowieka
przynosi z soba smutek, cierpienie i tesk-
note. Gdy umiera przyjaciel, poteguje sie
smutek, narasta cierpienie i poglebia te-
sknota, a wraz z nimi pojawia sie uczucie
protestu przeciwko przedwczesnej, niespo-
dziewanej S$mierci, zabierajacej sposrod
nas kogo$ bardzo nam bliskiego, kochanego i szanowanego.

Profesor Kazimierz Pasternak byt i pozostanie przyjacielem wielu ludzi,
ktorych zjednywat sobie dobrocia, zyczliwo$cig i statg gotowoscia do niesie-
nia pomocy, owocujacej nie tylko licznymi prowadzonymi wraz z Nim bada-
niami i ich publikacja, lecz takze — a moze przede wszystkim — inspirowang
przez Niego zachetg do dalszej tworczej pracy.

Wiedza o tym Jego asystenci i uczniowie, wiedza wszyscy ci, ktorzy mie-
li satysfakcje i przyjemnosé z Nim wspotpracowaé. Byt Profesor nie tylko
znakomitym chemikiem, lecz rowniez — §wiatlym, rozumiejacym ludzkie po-
trzeby lekarzem.

Przegladajac Jego imponujacy dorobek naukowy, spostrzegamy, iz znacz-
na liczba publikacji i doniesien zjazdowych jest efektem wspotdziatania z kli-
nicystami réznych specjalnosci. Zawdzieczaja Mu niemato internisci, pedia-
trzy, chirurdzy, ginekolodzy; nieobce byly Mu zagadnienia toksykologii
i immunologii. Rozumiejac doskonale znaczenie chemii w medycynie, wpro-
wadzal jej elementy do nauk klinicznych. Najwiecej uwagi poswiecit korzyst-
nemu i niekorzystnemu wptywowi réznych pierwiastkow na organizm ludzki
1 zwierzecy, a ulubionym Jego pierwiastkiem byt bez watpienia magnez. Ba-
dat znaczenie wolnych rodnikéw i amin biogennych, przemiany aminokwa-
sow i zachowanie sie enzymow w stanach zdrowia i choroby.
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Profesor Kazimierz Pasternak pozostanie w naszej pamieci doskonalym,
pelnym tworczej inwencji organizatorem pracy. Dowiodt tego jako kierownik
Katedry, prodziekan Wydziatu Pielegniarstwa i Nauk o Zdrowiu, prezes To-
warzystwa Przyjaciot Akademii Medycznej w Lublinie, a przede wszystkim
jako gltéwny kreator, wiceprezes i prezes Lubelskiego Oddziatu Polskiego
Towarzystwa Magnezologicznego. Byl niczym spiritus movens wszelkich jego
poczynan.

Rozumiat potrzeby mlodych i chetnie stwarzal im optymalne mozliwosci
rozwoju. Byl promotorem blisko 20 rozpraw doktorskich i wielu prac magi-
sterskich a studentom pozostawil nowoczesny i zarazem przystepny podrecz-
nik biochemii.

Pracowat z rozumng pasja i zawsze z uSmiechem a u$émiech Kazia rozja-
$nial twarze i niweczyl przeszkody. Wypelniata Go energia i aktywnoscé, chciat
i potrafil pracowaé. Pracowal i planowat dalszg dziatalnos¢ do ostatnich dni.
Niespodziewanie, przedwczesnie i niesprawiedliwie nadszedt jednak kres Jego
pieknego, pozytecznego zycia...

7 odejsciem Profesora Kazimierza Pasternaka Polskie Towarzystwo Ma-
gnezologiczne traci nie tylko zastuzonego wiceprezesa, traci tez oddanego
mu badacza, dla ktorego Towarzystwo i jego sprawy byly celem i esencja
dziatalno$ci. Organizowat wiele zjazdéw, konferencji i sympozjow, aktywnie
w nich uczestniczyt i zawsze zdobywat sympatie i szacunek ich uczestnikéw.

W dniu 15 wrzeénia br. zegnaliSmy Profesora na cmentarzu przy ulicy
Lipowej w Lublinie. Pograzona w bélu Rodzine otoczyli Jego przyjaciele,
koledzy, uczniowie i znajomi, a w wielu oczach pojawity sie 1zy...

Zapamietamy Go jako dobrego, cieptego czlowieka, i nie zapomnimy,
bo nie wolno zapominaé o Przyjacielu!

Andrzej Papierkowski
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ORIGINAL PAPERS

CONCENTRATION AND POOLS OF HEAVY
METALS IN ORGANIC SOILS IN POST-FIRE
AREAS USED AS FORESTS AND MEADOWS

Adam Bogacz, Przemyslaw Wozniczka, Beata Labaz

Institute of Soil Science and Environmental Protection
Wroclaw University of Environmental and Life Sciences

Abstract

High concentration of heavy metals in organic soils may be the result of intensive,
deep-seated fires causing high temperatures. This research has been carried in four post-
fire areas, located in forests or on meadows in Lower Silesia. The aim has been to deter-
mine the impact of some parameters on the content of heavy metals in soils under post-
fire meadows and forests. The concentration and pool of the analyzed heavy metals were
determined in soils against the background of such parameters as the depth in a horizon,
organic matter content, soil colour and soil reaction. Twenty Histosol soil profiles (85 soil
samples) were analyzed, representing peat-muck, muck (Mtllcl, MtIllcl) and mineral-muc-
ky (Mell) and on-muck soils (according to the Polish taxonomy of soils). The soils were
strongly desiccated. Some physicochemical and chemical properties of pyrogenic soils were
analyzed in dry samples collected into plastic bags with an Instorfu auger. Heavy metals
(Zn, Cu, Pb, Ni, Cr) were determined in HCI + HNO,. Pools of heavy metals were recalcu-
lated into g m™2 in 0-20 cm layers of soils and compared among forest and meadow soils.
Due to intensive fires, the reaction of pyrogenic soils was slightly acid, neutral or alkaline.
As a consequence of the high temperatures, a broad spectrum of soil colours was noticed.
The results showed increased concentrations of heavy metals in the topmost and muddy
soil horizons. The alkaline soil reaction favoured accumulation of heavy metals. Pools of
heavy metals in soils were significantly lower in forest than in meadow areas, which could
be attributed to different time periods which elapsed since the fires. The Hue tint of the
colour of soil horizons containing ashes indicated the presence of oxidized iron forms and

dr hab. M.D. Adam Bogacz, Institute of Soil Science and Environmental Protection, Wro-
ctaw University of Environmental and Life Sciences, 50-357 Wroctaw, Grunwaldzka 53,
e-mail: adam.bogacz@up.wroc.pl
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a low content of organic carbon. The accumulation of heavy metals in post-fire sites in
Lower Silesia was negatively correlated with the soil’s strongly acid reaction. The determi-
ned concentrations of heavy metals did not exceed the threshold values set for unpolluted
soils.

Keywords: soil, peat, fire, heavy metals, valley areas, dewatering process.

KONCENTRACJA I ZASOBNOSC METALI CIEZKICH W GLEBACH
ORGANICZNYCH NA OBSZARACH POPOZAROWYCH UZYTKOWANYCH
JAKO LASY I LAKI

Abstrakt

Wysoka koncentracja metali ciezkich w glebach organicznych moze byé wynikiem in-
tensywnych, wysokotemperaturowych pozaréw wglebnych. Badania prowadzono na le$nych
i lakowych obszarach popozarowych Dolnego Slaska. W glebach okreslono koncentracje
oraz zasoby wybranych metali ciezkich na tle: glebokosci w profilu, zawartoSci materii or-
ganicznej, barwy gleby oraz odczynu Srodowiska glebowego. Lacznie przeanalizowano
20 profilow ptytkich gleb: torfowo-murszowych, murszowych (Mtllcl, MtIllcl), murszowa-
tych (Mell) i namurszowych (85 prébek glebowych). Wtasciwosci fizykochemiczne i che-
miczne gleb popozarowych oznaczono w probkach suchych pobranych $widrem Instorf do
plastikowych woreczkow. Zawarto§¢ metali ciezkich (Zn, Cu, Pb, Ni, Cr) w glebie oznacza-
no po mineralizacji w mieszaninie HCI+HNOg. Zasoby metali ciezkich w glebie przeliczano
na g m2 w 0-20 cm warstwie gleby i poréwnywano z glebami lesnymi i lakowymi. Bada-
nia pokazaly wzrost koncentracji metali ciezkich oraz ich zasoby w poziomach powierzch-
niowych 0-20 cm. Poziomy popozarowe gleb wykazywaly odczyn lekko kwasny, obojetny
lub zasadowy. W konsekwencji temperatury pozaréw mozna obserwowac zréznicowane
spektrum kolorow gleb. Pozary na glebach lesnych i lgkowych wzbogacity wiele poziomoéw
w Zn, Cu, Pb, Ni, Cr. Koncentracje metali w glebach obserwowano gltéwnie w powierzch-
niowych i zamulonych poziomach. Odczyn gleb sprzyjat koncentracji metali cigzkich. Zaso-
by metali ciezkich w glebach byly wyraZnie nizsze na obszarach lesnych niz lakowych. Bylo
to m.in. zwiazane z czasem, jaki uptynal od zakonczenia pozaréw. Odciern barwy Hue w po-
ziomach z popiolem byl warunkowany intensywnym utlenianiem zelaza i niska zawartoScig
wegla ogolnego. Gromadzenie si¢ metali ciezkich na obszarach popozarowych Dolnego Sla-
ska bylo negatywnie skorelowane z silnie kwasnym odczynem s$rodowiska. Nie obserwo-
wano przekroczenia warto$ci granicznych metali ciezkich w przypadku gleb niezanieczysz-
czonych.

Stowa kluczowe: gleba, torf, pozar, metale ciezkie, obszary dolinowe, przesuszenie.

INTRODUCTION

Significant increase in the content of heavy metals is observed in ashes
generated by peat fires, especially the ones causing high temperatures
(ZAIDELMAN et al. 1999). The main reasons are the loss of organic matter and
elevated quantities of mineral particles in ash (Bannikov et al. 2008). The
concentration of trace elements is several-fold higher in ash than in peat,
depending on analyzed trace elements (ZaIDELMAN et al. 2003, Dikici, YLMAZ
2006).
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This research has been carried out to determine the impact of some
physical and chemical parameters on concentration of heavy metals (Pb, Zn,
Cu, Cr and Ni) in soils of post-fire meadow and forest areas and to compare
distribution of metals in the described soil horizons.

METHODS

Soil samples have been collected from two post-fire forest sites: Gro-
madka (GR) in Chocianéw Forest Division and Mikorzyce-Gérowo (MG) in
Wolow Forest Division, and from two meadow sites: Lubsko (LLU) and Sobin-
Jedrzychow (SdJ). The forest fires occurred in 1986 and 1992 and the mead-
ow fires broke out in 2006 and 2008. In total, 20 soil profiles were analyzed
and 85 soil samples were collected. Forest soil samples were collected from
profiles No 9-12MG (12 years after a fire) and profiles No 1-8GR (21 years
after a fire). Meadow soil samples were collected from profiles No 12-15LU
(immediately after a fire) and profiles No 16-20SJ (2 years after a fire). The
soil samples represented the following soil subtypes: muck, peat-muck, min-
eral-mucky and on-muck soils. The horizons represented strongly dried peat-
muck soils and medium deep (Mtllcl and Mtlllcl) and mineral-mucky (Mell)
and on-muck soil (Okruszko 1974). The peat found in post-fire sites has
a distinctly high degree of organic matter decomposition (Bocacz 2009, Bocacz
at al. 2010). In the collected soil samples, the following properties were
determined: soil colour according to Munsell notation, ash content by peat
combustion in a muffle furnace at 550°C for 4 hours, bulk density with
100 cm—3 Kopecky’s metal rings, organic carbon content in a Bushi analyzer,
pH in HyO and 1 mol dm=3 KC1 (pH KCI) potentiometrically at a 1:2.5 soil to
solution ratio, total content of the heavy metals such as zinc (Zn,), copper
(Cuy), lead (Pby), nickel (Ni;) and chromium (Cr;) with the flame atomic ab-
sorption spectroscopy (FAAS). The samples had been digested in mixed
HCI+HNO; Concentrations of trace elements were analyzed in this mix-
ture, in mg kg~l. Afterwards, their pools were converted into g m™2 in the
0-20 cm layer of soil and compared between forest and meadow soils. For
each of the investigated sites, a correlation coefficient was determined be-
tween concentration of heavy metals, pH and depth. Differences between
pools of heavy metals in soil used as forests and meadows were calculated
using the mean standard deviation (SD) and basic analyses of variance. Sta-
tistical analyses were made using logarithmic data with Stat-Soft Statistica
software, version 8.0.
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RESULTS AND DISCUSSION

The organic post-fire soils under forests and meadows were character-
ized by strongly acid and acid reaction in a deeper horizon, but neutral and
alkaline pH in the horizons with ashes (Table 1). A study performed by ZAIDEL-
MAN et al. (2003) on pyrogenic peat soil in Moscow region confirms this regu-
larity. The lowest carbon content was observed in muddy horizons and those
with ashes, whereas the highest one, exceeding 500 g kg1 of soil, appeared
in bog peat and intermediate peat horizons. Following an intensive fire, the
reaction of pyrogenic soils is neutral or alkaline. As a consequences of the
high temperature, a very broad soil colour spectrum, between N, 10YR and
5YR, can be observed (Table 1).

According to the Polish norms prepared for arable soils by the Threshold
quantities... (1985), an elevated Pb content in the surface and subsurface
layers of post-fire soils (ashes and horizons with ashes) occurred in some
samples. Excessive metal concentrations were determined versus the Polish
soil quality standards and Polish ground quality standards (Ordinance...2002).
Generally, the highest levels of metals appeared in the topmost horizons,
just a few centimetres thick, which with time might be dispersed by wind
or leached by water. Fires enriched many horizons of meadow and forest
soils with Zn, Cu, Cr and Ni. The highest Pb concentration was observed in
the Olfh layers of litter, zinc in the thin layers of peat and litter, copper in
muck and also in a thin layer of peat. The chromium content was observed
mainly in ash horizons A and organic muddy horizons Om. No such regular
tendencies were observed for nickel (Table 1).

Pools of lead in the analyzed forest soils layer ranged from 0.76 to 9.09 g
m~2. The Zn content was less varied and did not exceed 3.0 g m~2. Copper,
chromium and nickel were found to appear in even less diverse quantities,
for example below 1.0 g m™2 in the 0-20 cm forest soil layer (Table 2).
In post-fire meadow soils, which had been ravaged by a fire just a couple
of years before, concentrations of the metals were different. Significantly
higher pools of microelements, such as lead, zinc and copper as well as
chromium and nickel, were observed in surface layers (Table 2).

Large quantities of organic carbon have been observed in soils under
the two analyzed meadows and under forests, in layers unaffected by high-
or low-temperature fires (Hoca et al. 1992). These layers were characterized
by black colour 10YR 2/1. The research conducted by AFREMOV and AFREMOVA
(2000) on deep peat soils implied a high carbon content, over 600 g kg1
of soil, in layers affected by a low-temperature fire. An increase in the car-
bon content in surface layers may also be influenced by the initially low
microbial activity (JastrzEBska, KucHARskI 2006), resulting in organic matter
decomposition (TsiBaART, GENNADIEV 2008). In horizons where ash suggested
occurrence of fires generating temperatures over 200°C (ULERY, GRAHAM 1995),
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Table 2
Heavy metals pools in upper horizons of pyrogenic soils in forests areas
Site | Layer Heavy metals calculated (g m2)
No. | (cm) Pb Zn Cu Cr Ni

1/GR 0-10 | 1.24 0.78 0.65 0.16 0.14

10-20| 046 | 1.70 | 1.09 | 1.87 | 043 | 1.08 | 0.15 | 0.31 | 0.14 | 0.28
2/GR 0-10 | 041 0.61 0.26 0.09 0.08

10-20 | 0.35 | 10.76 | 0.29 | 0.90 | 0.54 | 0.80 | 0.27 | 0.36 | 0.13 | 0.21
3/GR 0-10 | 1.20 1.23 0.43 0.17 0.17

10-20 | 057 | 11.77| 043 | 166 | 031 | 0.74 | 0.14 | 0.31 | 0.18 | 0.35
4/GR 0-10 | 4.82 2.77 1.06 0.38 0.23

10-20 | 0.15 | 1497 | 025 | 3.02 | 0.19 | 125 | 0.05 | 043 | 0.06 | 0.29
5/GR 0-10 | 2.37 1.07 0.57 0.28 0.16

10-20| 021 | 258 | 0.33 | 140 | 0.13 | 0.70 | 0.04 | 0.32 | 0.07 | 0.23
6/GR 0-10 | 1.49 1.50 0.38 0.40 0.30

10-20 | 1.95 | 1344 | 1.01 | 251 | 050 | 0.88 | 0.59 | 0.99 | 0.64 | 0.94
7/GR 0-10 | 1.15 1.12 0.30 0.18 0.16

10-20 | 1.40 | 1255| 0.77 | 1.89 | 0.26 | 0.56 | 0.38 | 0.56 | 0.26 | 0.42
8/MG 0-10 | 1.65 0.82 0.30 0.28 1.40

10-20| 193 | 358 | 193 | 2.75 | 031 | 0.61 | 047 | 0.75 | 252 | 3.92
IMG 0-10 | 2.95 091 0.79 0.24 0.15

10-20| 661 | 956 | 125 | 216 | 031 | 1.10 | 0.19 | 043 | 0.19 | 0.34
10/MG | 0-10 | 1.30 0.52 0.40 0,23 0.18

10-20| 0.09 | 139 | 055 | 1.07 | 0.74 | 1.14 | 0.01 | 024 | 041 | 0.59

0-10 | 1.27 0.20 0.24 0.13 0.10

11/MG
10-20 | 2.04 | 331 | 031 | 051 | 031 | 055 | 0.26 | 0.39 | 0.16 | 0.26

Key: GR — Gromadka, MG — Mikorzyce-Gérowo

a decrease in the organic matter content was observed (Table 1). This phe-
nomenon has been pointed out by many scientists studying post-fire soils
(ZAaiDELMAN et. al. 2003, Kania et. al. 2006). It has also been confirmed by the
colour of a horizon containing ashes, such as red-yellow Hue 5YR, indicat-
ing the presence of oxidized iron forms and a low content of organic carbon
(Table 1).

The accumulation of organic matter determined in the analyzed post-

fire sites in Lower Silesia was negatively correlated with strongly acid reac-
tion of the soil environment (r=-0.60%*, p<0.01, n=85) — Table 3. After a fire,
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these soils were enriched with different heavy metals in post-ash or ash
horizons. This is also clearly confirmed by the correlation coefficients for
the depth and concentration of Pb (r=-0.39%), Cu (r=-0.26*) and Zn (r=-0.26%)
p<0.05, n=85). The Cr and Ni content in soils depends not only on their
concentration in ashes but also on the intensity of mud formation in soils,
a process which is often observed in deeper horizons (Tables 2 and 4). The
negative correlation coefficients computed between chromium and nickel
depth and concentration were not significant (Table 3). A study completed by
ArkHIPOVA and KaraTateva (2002) on vast peat areas in Siberia confirms the
above findings. Ashes generated by fires neutralize organic acids occurring
in peat, mainly in surface layers, and change base saturation by adding
easily soluble, alkaline substances (GYNIKovA, SYMPILOVA 1999, KRASNOSHCHEKOV
1994).

Table 3
Coefficients of correlation between concentration of heavy meta
and properties of pyrogenic soils in post-fire areas
Value Pb, Cr, Ni; Cuy Zn pH C-total

Depth -0.39%* 0.13 0.07 -0.26 -0.26 -0.32% -0.10
Pb, 0.14 0.04 0.25 0.17 0.17 0
Cr, 0.03 0.06 0.06 0.30%* -0.15
Ni; 0.07 -0.02 0.25% -0.05
Cu, 0.53%* 0.26%* 0.08
Zn, 0.25% 0.06
pH -0.60*

Key: n=85, correlation ratio significant at: *p<0.05, **p< 0.01

The latter authors also emphasize a sudden decrease in the pH value,
just a few years after a fire, due to migration of soil components induced by
intensive precipitation and flowing water (ZAipELMAN et al. 2003). The accu-
mulation of new acid products of plant decomposition on the soil surface
may also intensify this process (ZAIDELMAN et al. 1999). Higher pH values,
resulting from neutral or alkaline reaction, are a consequence of heavy metal
accumulation in post-fire soils (Dikici, YLmMaz 2006). This is confirmed by the
correlation coefficient between the reaction of a soil horizon and its depth
(r=-0.32*, p<0.05, n=85) — Table 3. Many studies on heavy metal transloca-
tion in organic post-fire soils (ZAIDELMAN et al. 2003, KuTiELL, SHAVIN 1993,
JonnstoN, ELior 1998, LynHAM et al. 1998) clearly indicate a high rate of metal
migration, mainly during the first years after a fire. In the present study,
important changes were observed in the content of heavy metals in surface
layers of forest and meadow soils, and differences were noticed relative to
the time lapse after a fire. These changes were mainly noticeable in the
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Table 4
Heavy metal pools in upper horizons of pyrogenic soils in meadow areas
Site | Layer Heavy metals calculated (g m™2)
No. | (cm) Pb Zn Cu Cr Ni
12/LU 0-10 | 2.31 5.58 1.14 0.68 0.34
1020 | 2.05 | 436 | 1.12 | 670 | 053 | 1.67 | 121 | 1.89 | 0.36 | 0.70
13/LU 0-10 | 1.43 1.47 0.18 0.64 0.22
1020 | 220 | 363 | 197 | 344 | 102 | 1.20 | 199 | 263 | 065 | 0.87
14/LU 0-10 | 5.34 5.30 1.63 2.24 1.07
10-20 | 401 | 933 | 366 | 896 | 122 | 285 | 349 | 573 | 1.08 | 2.15
15/LU 0-10 | 2.65 3.40 0.96 1.29 0.73
10-20 | 222 | 487 | 155 | 495 | 052 | 148 | 120 | 249 | 060 | 1.33
16/5J 0-10 | 2.83 1.69 3.70 0.37 0.34
10-20 | 2.09 | 492 | 094 | 263 | 090 | 487 | 040 | 0.77 | 046 | 0.80
17/SJ 0-10 | 1.40 1.40 1.54 0.40 1.51
1020 | 153 | 293 | 067 | 207 | 036 | 1.90 | 048 | 0.88 | 093 | 2.44
18/SJ 0-10 | 1.75 1.09 1.38 0.44 1.04
1020 | 166 | 341 | 079 | 1.88 | 1.71 | 3.08 | 046 | 0.90 | 1.02 | 2.06
19/SJ 0-10 | 4.60 2.92 3.33 1.19 2.30
10-20 | 450 | 9.10 | 060 | 352 | 042 | 375 | 0.19 | 138 | 094 | 3.24
20/SJ 0-10 | 2.58 1.45 1.88 0.61 2.65
10-20 | 337 | 595 | 196 | 338 | 121 | 3.09 | 0.74 | 135 | 2.79 | 544
Key: LU — Lubsko, SJ — Sobin - Jedrzychow
Table 5
Pools of heavy metals in post fire soils used as meadowand forests
(1)1’[3*181) Type of use x SD dx cv
Pb forest 3.24 0.294
meadow 5.39 0.177 2.15 0.022606
Zn forest 1.79 0.232
meadow 4.17 0.225 2.38 0.002537
Cu forest 0.86 0.129
meadow 2.65 0.203 1.80 0.000007
forest 0.46 0.182
Cr meadow 2.00 0.282 1.54 0.000025
Ni forest 0.71 0.368
meadow 2.11 0.302 1.40 0.001118

Key: x — arithmetic mean, SD — standard deviation, dx — difference of arithmetic means,
CV — coefficient of variation, n — number of samples
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case of lead, zinc and copper (Tables 2 and 4). Statistically significant differ-
ences were observed between pools of heavy metals and land use type (Ta-
ble 5), a relationship which was particularly strong for Cu, but the least
significant for Pb.

CONCLUSIONS

A fire causes raises the soil reaction and enlarges pools and concentra-
tion of some heavy metals, mainly in surface layers. A decrease in organic
matter is also observed, especially in surface layers with ash. Generally, the
threshold values set up by the norms on soil quality standard and ground
quality standard (Ordinance...2002) were not exceeded. In a few cases, how-
ever, a slight excess in heavy metals was noticed versus the norms estab-
lished by the Threshold quantities... (1985) for arable soils. Forest soils had
a lower content and poorer pools of heavy metals in surface layers than
meadow soils. This is mainly due to changes in pH, organic matter loss and
a different time lapse after a fire.
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Abstract

The study characterizes specific therapeutic waters in Polish health resorts, which con-
tain iodide, fluoride, silicon, sulphides, iron(II), carbon dioxide and radon in concentrations
that ensure the therapeutic status of water and specify how it can be used for medical
treatment.

Based on the physicochemical analysis, it has been verified that among 160 waters
from 39 health resorts, 37 contain Fe(II) in concentrations > 10 mg dm™3, which means
that they can be classified as ferruginous. Twelve waters containing fluoride in concentra-
tions > 2 mg dm™3 were recognized as therapeutic fluoride waters. Five waters were clas-
sified as siliceous ones owing to the content of silicon compounds above 70 mg dm™
(HySi0g). Twenty-eight of the analysed waters contain sulphides (H,S+HS™) in concentra-
tions > 1 mg dm=3 and 64 waters contain iodide in concentrations > 1 mg dm=3. Carbon
dioxide, which occurs in 72 waters in concentrations above 1 g dm™ (acidulous waters),
proved to be the most widespread component. Waters which contain radon in an amount
corresponding to the radiation of 74 Bq (2 nCi) in 1 dm3 are classified as radon waters.
Ten of the analysed waters were found to contain this element.

The waters were highly varied in chemical composition and type of specific compo-
nents. Sulphurous waters are mainly used for mineral baths; ferruginous waters are drunk;
fluoride and silicon-rich waters are taken for mineral baths and iodide waters are used for
mineral baths and inhalations. Using these waters in balneotherapy is an important part
of spa treatment and defines different healing profiles of Polish health resorts.

Key words: specific therapeutic waters, sulphides, iodides, fluorides, iron (II), silicon, ra-
don, carbon dioxide.

inz. Michal Drobnik, National Institute of Public Heath — National Institute of Hygiene,
Department of Health Resort Materials, Stowackiego 8, 60-823 Poznan, Poland, e-mail:
mdrobnik@pzh.gov.pl



526

PIERWIASTKI O SWOISTEJ AKTYWNOSCI BIOLOGICZNEJ W WODACH
LECZNICZYCH POLSKICH UZDROWISK

Abstrakt

W pracy przedstawiono charakterystyke leczniczych wod swoistych polskich uzdrowisk.
Sa to wody zawierajace jodki, fluorki, zwigzki krzemu, zwiazki siarki (II), zelazo (II), dwu-
tlenek wegla i radon w stezeniach decydujacych o statusie leczniczym wody i sposobie jej
wykorzystania do zabiegéw kuracyjnych.

Na podstawie wynikéw analiz fizykochemicznych stwierdzono, ze sposrod 160 wod
pochodzacych z 39 miejscowosci uzdrowiskowych 37 wod zawiera zelazo (II) w stezeniu >
10 mg dm= wymaganym dla uznania wody za zelazista; 12 wéd zawierajacych fluorki w ste-
zeniu > 2 mg dm™ uznano za lecznicze wody fluorkowe; 5 wéd ze wzgledu na zawartosé
zwiazkéw krzemu w stezeniu > 70 mg dm=3 (H,Si04) zaliczono do wéd krzemowych; 28 wéd
zawiera zwiazki siarki (II) w stezeniu > 1 mg dm=3 (HS™ + HyS), a 64 wody zawieraja jodki
w stezeniu > 1 mg dm™3. Najczeéciej wystepujacym skladnikiem swoistym wdéd leczniczych
jest dwutlenek wegla, ktérego stezenie w 72 wodach przekracza 1 g dm™3 (szczawy). Wody
zawierajace radon w ilosci, ktorej odpowiada aktywnos§é promieniotworcza co najmniej 74 Bq
dm™3 (2 nCi), sa zaliczane do wéd radonowych. Pierwiastek ten wystepuje w 10 badanych
wodach.

Omawiane wody charakteryzujg sie duzym zréznicowaniem podstawowego sktadu che-
micznego oraz zawartoscia ww. sktadnikow swoistych. Wody swoiste siarczkowe sa wyko-
rzystywane gtownie do kapieli, wody zelaziste do kuracji pitnych, wody fluorkowe i krze-
mowe do kapieli, a jodkowe do kapieli i inhalacji. Stosowanie tych woéd w balneoterapii
stanowi wazng cze$¢ dziatalno$ci uzdrowiskowej i uzasadnia rézne profile lecznicze polskich
uzdrowisk.

Stowa kluczowe: swoiste wody lecznicze, zwigzki siarki (II), jodki, fluorki, zelazo (II),
krzem, radon, dwutlenek wegla.

INTRODUCTION

In the literature dealing with balneology and in spa practice, the follow-
ing elements have significant influence on the human body: macroelements
(sodium, potassium, calcium, chlorides, bicarbonates, sulphurs) and specific
components (iodides, compounds with sulphur(Il), silicon, fluorine, iron(II)
and radon as well as carbon dioxide). In some waters, concentration of these
components determines their therapeutic properties and specifies the type
of treatment, e.g. drinking water, mineral baths or inhalation therapy. The
minimum concentration of these components for healing applications is set
in the Regulation of the Minister for Health of 13 April 2006 (Journal of Law,
2006.80.565).

The aim of the study has been to demonstrate some characteristics
of the therapeutic properties of specific waters containing sulphlides, iodides,
fluorides, iron, silicon, radon and carbon dioxide, which occur in some of the
Polish spas and which are currently used.
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MATERIAL AND METHODS

This review is based on the authors’ own results of physical and chemi-
cal analyses of spa waters, which were performed during the certification
of spa waters in 2007-2010. The results from the previous years, 1998 to
2006, originate from own analyses as well as from data supplied by other
institutions authorized to analyse water.

The composition of 160 waters from 39 spas in four regions of Poland,
i.e. the Carpathian Mountains, an area of Miocene marine sediments, the
Sudety mountains and the Polish Lowland, was analyzed.

RESULTS AND DISCUSSION

Acidulous waters (over 1 g dm™3 CO,) and waters containing carbon
dioxide

The most common component of specific water is carbon dioxide, which
occurs in 88 of all the analysed healing waters from the south of Poland.
In 16, the concentration of CO, was 250-1.000 mg dm=3 (waters contalnlng
carbon dioxide) and in 72, the concentration was above 1.0 g dm~3, which
means that they belong to acidulous waters. The concentration of CO, in
such water can reach 3,316 mg dm3 (intake Zofia II in Zegiestéw), but is
normally in the range from 2,800 to 2,970 mg dm™3, especially in the in-
takes in Wysowa and Krynica. Carbon dioxide usually occurs in the water
types: HCO4-Cl-Na/Ca, I (Rymanéw, Wysowa, Szczawnica, Rabka, Kudowa);
HCO3 -Ca- Mg, HCO3-Ca (Muszyna, Krynica); HCO3-Na (Krynica, Szczawno),
and in low mineralized ferruginous and radon waters (Swieradéw, Ladek).
In balneochemistry, when characterising mineral water, names of dominant
anions and cations are given in the order of decreasing concentrations. Con-
centration is expressed in milligram-equivalent per 1 dm3.

Carbon dioxide is a natural stabilizer of mineral water composition.
It maintains carbonic acid and solubility balance, thereby preserving bio-ac-
cessible forms of chemical compounds of calcium, magnesium, iron and man-
ganese. This is very important when acidulous waters are used for drinking
treatment, which is the main application of these waters.

It is less popular to use acidulous waters for mineral baths due to their
limited resources. However, there are clinical observations confirming good
localised effect as well as positive influence of carbon dioxide on the human
body during a bath, as a result of the release of tissue hormones in the
skin, expansion of capillaries, decreased heart rhythm, lowered blood pres-
sure, improved diuresis, accelerated metabolism and improved blood rheolo-
gy (DroBNIK, LaTOUR 2001, 2002, 2006, GUTENBRUNNER 1990). At present, the
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acidulous waters available in Polish health resorts are not available as bot-
tled water to continue treatment outside a spa.

Ferruginous waters

There are 42 iron water intakes in 15 Polish spas which have water
with at least 10 mg dm=3 of iron(II); this is the threshold level to assume
that they are ferruginous waters. The highest concentration of iron(Il) in
the range from 217.7 to 270.0 mg dm=3 was found in the intakes in Swiera-
déow and Wysowa; in the area of Krynica-Zegiestow, Kudowa, Goczatkowice
and Swinoujscie, it ranged from 47.5 to 95.1 mg dm=3 and in Konstancin,
Busko, Swieradéw and Wysowa, it varied from 20 to 40 mg dm=3. Iron(II)
usually occurs in the following water types: Na-Cl (brine with the general
mineral content higher than 1.5%), (11 intakes), acidulous waters —HCO3-
-Mg-Ca (8 intakes); — HCO4-Na-Ca (6 intakes); —Cl-Na (4 intakes), all char-
acterised by a different level of mineralization. Many ferruginous waters
contain other specific components, mainly iodides and carbon dioxide.

Iron (II) in essential for haemoglobin production. It also has positive
influence on the growth and development of muscles, as well as the forma-
tion and activity of enzymes which control the heart and improve the im-
mune system (REINHoLD 1995).

When formulating therapeutic recommendations for waters containing
iron(Il), it is important to consider the general mineralization of water and
concentration of other components. Iron in mineral water can have a me-
dicinal effect only when administered per os. Consequently, the best results
can be achieved by drinking such waters as acidulous waters HCO4-Mg-Ca,
HCO4-Na-Ca, low mineralized waters, mineralized waters and Cl-Na with
mineralization lower than 0.9%.

Iron occurs in many brine waters used for mineral baths (in significant
concentrations, e.g. in Goczatkowice, Swinoujs$cie), but then it does not have
any influence on the human body.

Iodide waters

Waters from 61 intakes in 17 spas have been classified as iodide waters,
containing at least 1.0 mg I~ dm3. Iodides in concentrations above 10 mg
dm=3 occur in 2 intakes in Busko, 2 intakes in Iwonicz, 1 intake in Ustron,
and in all the intakes in Rabka (5 intakes) and Goczaltkowice (3 intakes).
The highest iodide concentration was found in Ustror (31.9 mg I~ dm™3),
Goczatkowice (19.0-22.2 mg dm—3) and Rabka (12.9-21.2 mg dm=3). Iodide
waters are generally Cl-Na waters (also brine), C1-SO,-Na waters, and car-
bonated waters or acidulous waters ClI-HCOg-Na (low and medium mineral-
ized).
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Iodides produce various effects on the human body, depending on the
type of treatment. Iodides from Cl-SO,-Na waters (Busko), waters contain-
ing carbon dioxide or acidulous waters like CI-HCO4-Na (Iwonicz) used as
drinking water affect production of the thyroid hormones and metabolism.
Iodides from CI-Na and brine waters used for mineral baths and inhalations
have a beneficial influence on the skin and act as a disinfectant (DEUTSCH,
KuEBeR 1982).

Fluoride waters

Eleven waters, mainly from Klodzka Valley, contain fluorides in concen-
trations > 2.0 mg dm™ (Jedlina, Cieplice, Ladek, and Busko). The water
from Cieplice contains 11-12 mg F~ dm=3, from Ladek-Dtugopole 7.6-10.0 mg
F- dm3, and from Busko 3.5 mg F~ dm™3. In Poland, fluorides occur main-
ly in low mineralized waters: radon waters, siliceous waters and thermal
waters (Cieplice), or radon and ferruginous waters (Ladek-Dtugopole).

The use of fluoride waters in Poland is inadequate. Nowadays, they are
used for mineral baths, owing to other properties like the content of sul-
phur, hydrogen sulphide (Busko, Ladek, Jedlina), radon (Ladek), or as ther-
mal waters (Cieplice). The effect of fluorides on the skin as well as their
diffusion have not been fully recognised yet. It is known that fluorine is
absorbed by mucous membranes of the mouth and has a positive influence
on the structure of teeth (OcaarDp 1999). Therefore, such water can be used
as mouth wash (also as bottled water, outside a spa) or for manufacturing
anti-decay dental products (Czaska et al. 1998, DroBNIK 1999, Iracki, WIERZ-
BICKA 2005).

Siliceous waters

Waters with silicon concentration higher then 70 mg H,SiO, dm™3 are
classified as siliceous waters. Five waters from the spas: Cieplice (3 intakes),
Swieradéw (1 intake), and Kudowa (1 intake) are in this category. The maxi-
mum concentration of metasilicic acid of 106 mg dm™3 occurs in the intake
called Jan II in Swieradéw.

With the content of silicon compounds (silicon dioxide, metasilicic acid),
the above waters belong to specific therapeutic waters but are not assigned
any kind of therapeutic treatment. They are rather an additional factor in
the therapeutic properties of mineral baths (Cieplice, Swieradéw) or drink-
ing treatment (Kudowa). Siliceous waters contain mainly silicon dioxide in
the colloidal state, which participates in mineralization of bones and harden-
ing of connective tissue. Silicon limits permeability of blood vessel walls and
keeps the skin and collagen fibers elastic (Puzanowska-TArAsIEWICZ et al. 2009).
For those reasons, siliceous waters are nowadays used more often in cos-
metology (DEINEKA, Lukasiak 2005, CZERPAK, JABLONSKA-TRYPUC 2008).
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Sulphurous waters

Twenty-eight of the analysed waters contain sulphur(Il) compounds (H,S,
HS-, 82032‘, HSO457) in a concentration of 1.0 mg dm=3 determined idomet-
rically. These compounds occur in concentrations from just a few to hun-
dreds of mg dm™3 in 10 spas (Busko, Solec, Wieniec, Horyniec, Swoszowice,
Wapienne, Wysowa, Ladek-Dlugopole, Kudowa, Przerzeczyn). The highest
concentration was found in the water (3.97% Cl-Na) from the intake Malina
near Solec (830 mg dm™3), in therapeutic waters (1.6-2.0% C1-SO4-Na) from
Solec (49.6-278.0 mg dm™3) and in Cl-Na waters from Busko (29.7-40.9 mg
dm™3). The richest sulphide-hydrogen sulphide resources are in the spas
Busko and Solec.

The concentration of sulphides, especially > 20 mg dm™3, indicates that
the water is suitable for mineral baths. Sulphurous waters containing <10 mg
S(I) dm™3, either low and medium mineralized, are also used as drinking
cure. Sulphides diffused through the skin or taken per os result in an in-
creased glutathione level in blood serum, -SH groups in tissues, mucosal
secretions and histamine release. They also lower the blood sugar level and,
by binding heavy metals, detoxify the organism. When in contact with the
skin, they produce keratolytic and keratoplastic effects on the metabolism
of cutaneous and subcutaneous tissues (Banaszkiewicz et al. 1992). Waters
containing sulphide-hydrogen and sulphide are successfully used as a perio-
dontium wash in the periodontitis therapy. These waters, in the raw form,
are broadly used in cosmetology, both in spas and at home (added to creams,
gels and emulsions).

Radon waters

Underground waters which contain radon in an amount in 1 dm3 of water
that corresponds to the radiation of 74 Bq (2 nCi) are classified as radon
waters. Radon occurs in 4 low mineralized acidulous waters in Swieradéw
(from 96.2 to 592.0 Bq dm3) and 6 low mineralized waters, fluoride waters,
and sulphurous waters in Ladek (from 179 to 1124 Bq dm~3). Radon is found
in concentrations from 113.6 to 193.1 Bq dm™3 in 0.13-0.22% of acidulous
waters HCO3-Ca-Na in Kudowa and Szczawno. Intakes of therapeutic radon
waters, pursuant to the Mining Law classified as basic mineral deposits,
occur in the Sudety Mountains and in the Fore-Sudetic Block, which
is related to the geologic structure of Lower Silesia (PrzyLIBSKI et al. 2004).

Radon is a gas with a short half-life time of 3.825 days. It easily evapo-
rates from water during a bath. Therefore, during mineral baths in radon
waters, a patient is exposed to radon through the skin and via inhalation.
The biological action of radon has not been recognized yet. However, it is
claimed that radon stimulates endocrine glands, mainly the pituitary, and
stimulates biological processes. However, the latest research shows that ra-
don waters should be used carefully, with each course of treatment adjusted
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to an individual patient (FALKENBACH 2000, 2001, FALKENBACH et al. 2000,
DEETJEN 1992).

Specific components in significant concentrations suitable for therapeu-
tic purposes occur in different combinations (GUNDERMANN 2009, ScHWARZ, MOR-
sTADT 2010). Sixty-four waters contain one specific component, mainly io-
dides and carbon dioxide. In 71 waters there are two specific components
and 12 contain three types of specific components. The distribution of the
specific components is shown in Figure 1.

CONCLUSIONS

1. Mineral and low mineralized specific therapeutic waters from Polish
spas are highly varied in the basic chemical composition as well as the type
and concentration of specific components.

2. Sulphurous as well as siliceous waters in the raw form are nowadays
used in spas most often for the skin care. These waters as well as fluoride
waters are used for production of cosmetics (cream, gel, emulsion, paste)
used in many spas, beauty parlours or at home for the oral prophylaxis,
dental care, hair and skin treatment.

3. Owing to the specific biochemical properties and the number of known
groundwater natural resources, sulphurous, iodide and acidulous waters de-
serve special attention.
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Abstract

In 1986-2001, a two-factor, strict experiment was conducted on a field subjected to sta-
tic fertilization, situated in the Rzeszow Foothills (Pogérze Rzeszowskie, S-E Poland). The
experiment was set up in a random sub-block design with 4 replications. The first variable
was liming (A) and the second one consisted of different mineral fertilization variants (B).
The basic level of fertilization (N; P; K;) was 80 kg N ha1, 100 kg P,05 ha-! and 120 kg
K,0 ha=1 under spring barley and 90 kg N hal, 80 kg P,05 ha=1, 100 kg K,0 ha=! under
winter wheat. Liming did not prove to have any significant effect on the cadmium content
in spring barley and winter wheat grain, although the latter tended to decline in response
to the treatment.

Mineral NPK fertilization, applied in higher doses, significantly raised the content
of cadmium, especially in spring barley grain, but less in winter wheat grain. No statistical
correlation was proven between the influence of liming and mineral fertilization on the
cadmium content in grain of the two cereals. However, the cadmium content was general-
ly lower in grain of cereals cultivated on fertilized objects where liming was applied.
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WPLYW WAPNOWANIA I NAWOZENIA MINERALNEGO NA ZAWARTOSC KADMU
W ZIARNIE JECZMIENIA JAREGO (HORDEUM VULGARE L.) I PSZENICY OZIMEJ
(TRITICUM AESTIVUM L.) UPRAWIANYCH NA GLEBIE LESSOWEJ

Abstrakt

W latach 1986-2001 przeprowadzono dwuczynnikowe statyczne do$wiadczenie polowe
zlokalizowane na Podgérzu Rzeszowskim (potudniowo-wschodnia Polska). Doswiadczenie
dwuczynnikowe w 4 powtérzeniach zatozono metodg blokéw losowanych z podblokami.
Pierwszym czynnikiem bylo wapnowanie (A), drugim — niezalezne od wapnowania zrézni-
cowane nawozenie mineralne (B). Podstawowy poziom nawozenia (N;P,K;) dla jeczmienia
jarego wynosit: 80 kg N ha™l, 100 kg P,04 ha-1l i 120 kg K,0 hal, natomiast dla pszenicy
ozimej: 90 kg N ha~l, 80 kg P04 ha-!, 100 kg K,0 ha~l. Nie udowodniono istotnego wply-
wu wapnowania na zawarto§¢ kadmu w ziarnie jeczmienia jarego i pszenicy ozimej, jed-
nakze zaobserwowano tendencje do zmniejszania si¢ zawartosci kadmu w ziarnie zb6z pod
wplywem wapnowania.

Nawozenie mineralne NPK stosowane w wysokich dawkach miato istotny wplyw na
wzrost zawartosci kadmu, szczegélnie w ziarnie jeczmienia jarego, w mniejszym stopniu
w ziarnie pszenicy ozimej. Nie stwierdzono istotnych statystycznie interakcji wapnowania
inawozenia mineralnego w ksztaltowaniu sie¢ zawarto$ci kadmu w ziarnie badanych zbodz,
jakkolwiek zawarto§é kadmu byta generalnie nizsza w ziarnie zb6éz uprawianych w obiek-
tach nawozowych z zastosowaniem wapnowania.

Stowa kluczowe: kadm, wapnowanie, nawozenie mineralne, jeczmien jary, pszenica ozima.

INTRODUCTION

Accumulation of cadmium in soils and plants is determined by the sub-
soil geological type (GorrAcH 1995, Kantuczak, HAJpuk 1995, GorLacH, GAMBUS
1996, Kantuczak, Haspuk 2000, LiriNskr 2000), as well as any use of waste for
fertilization (MERCIK et al. 1997, Kocar et al. 2008) and intensive phosphorus
fertilization (GorracH, GamBus 1997, Kantuczak, Haspuk 2000). Besides, atmos-
pheric emissions caused by natural processes and human activities add their
share of cadmium. Industry, including power industry, and transportation
are among more significant sources of trace elements emitted to the atmos-
phere (Pacyna, Pacyna 2001, FriesL-HanL et al. 2009).

Cadmium is extremely readily taken up by plants, both by their roots
and leaves, usually in proportion to the cadmium content in the environ-
ment. Contamination of soil with cadmium may reduce the mass of aerial
parts and vary the concentration of macronutrients in plants (WyszKowsKi,
Wyszkowska 2009). Cadmium is assimilated by plants independently from soil
properties. Such good phyto-assimilation of cadmium poses a risk of its di-
rect intake in excessive quantities. Cereal grains are a potential threat, too,
because bakery and flour products constitute approx. 20% of human diet.
Cadmium accumulation in wheat grain is positively correlated with the quan-
tity of silt and with its content in soil (LipiNski 2000), but is negatively
affected by the soil pH value and sorptive capacity (WrasniEwskl 2000). Much
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research has dealt with the cadmium concentration in grain of cereals
(wheat, rye, barley, oats) cultivated on soils with natural content of this
element. Wherever the soil lay in a zone affected by refineries and oil-
industry, the cadmium content in harvested grain exceeded acceptable lev-
els for edible plants (INDEKA, KarRaczUN 2000). The results of this research
indicate another source of cadmium in cereal grain, i.e. atmospheric precipi-
tation. It is very important for human health to reduce cadmium in cereal
grain. Cadmium in wheat grain can be limited by soil liming (OLIVER et al.
1996). Liming and manure fertilization also lower the cadmium content in
wheat and spring barley grain (SiNGH et al. 1989). In addition, liming and
mineral NPK Mg fertilization restrict the phyto-assimilation of cadmium
(Kantuczak 1997). Cadmium solubility is controlled by soil pH (Jansson 2002).

The purpose of this research has been to determine the effect of agro-
chemical treatments (liming and mineral fertilization) on the behavior
of cadmium in grain of spring barley (Hordeum vulgare L.) and winter wheat
(Triticum aestivum L.).

MATERIAL AND METHODS

In 1986-2001, a two-factor, strict experiment was conducted on a field
subjected to static fertilization, situated in the Rzeszéw Foothills (Podgorze
Rzeszowskie). The experiment was set up in a random sub-block design with
4 replications. The area of each plot (fertilization treatment) was 30 m?2.
The first variable was liming (A) and the second consisted of different min-
eral fertilization variants (B), independent from liming. In this experiment,
the first sub-block was left without liming (A;) and the second one was
limed (A,). The following crops were cultivated in a four-year crop rotation
cycle: potato, spring barley, fodder sunflower, (fodder cabbage in the 15t crop
rotation cycle) and winter wheat. The study covered 4 crop rotation cycles.
Spring barley was grown in 1989, 1993, 1997 and 2001, whereas winter wheat
was cultivated in 1987, 1991, 1995 and in 1999. The soil on which the exper-
iments were set up was formed from loess of grey-brown podzolic type (Hap-
lic luvisols), of the grain-size distribution of fine silt, and was characterized
by high acidification in the Ap arable humus layer and Bt enrichment layer.
The total content of trace elements (Cu, Zn, Ni, Co, Cd, Pb) in the soil was
on the natural level and did not differ from their content in loess soils in
other regions of Poland.

The mean content of cadmium in the mineral fertilizers applied in this
experiment ranged from 0.03 mg Cd kg~! in magnesium sulfate, through
0.36 mg Cd kg! in limestone oxide fertilizer, to 5.36 mg Cd kg~! in triple
superphosphate.
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Liming was applied every 4 years (in a dose calculated per 1Hh), prior
to sowing a consecutive crop in the rotation. Different mineral NPK fertili-
zation covered 14 fertilized plots in each sub-block. The basic level of fertili-
zation (N; P; K;) was 80 kg N ha~!, 100 kg P,05 ha~! and 120 kg K,O ha!
under spring barley and 90 kg N hal, 80 kg P,05 ha=1, 100 kg K,0 ha-1
under winter wheat. Potatoes, spring barley and winter wheat were ferti-
lized with magnesium in a dose of 40 kg MgO ha!l; the magnesium dose for
fodder sunflower was 120 kg MgO ha™! (in crop rotations 1986-1989 and
1990-1993), but was reduced to 40 kg MgO ha~! in the two subsequent crop
rotations (1994-1997 and 1998-2001). Grain samples were dried at 105°C and
mineralized in a mixture of concentrated acids (HNO4 : HCIO, : HySO,) in
20:5:1 proportions, using a Tecator digestion system DS 40. The cadmium
content was determined using flame spectrophotometry (FAAS), after APDC
complexing and extraction of the formed complex to the organic phase of
methyl-isobutyl ketone (MIBK). The data were statistically processed using
two-factor analysis of variance and calculating the lowest significant differ-
ence (LSD) with Tukey’s test at significance levels p=0.05 and p=0.01.

RESULTS AND DISCUSSION

The mean content of cadmium in spring barley and winter wheat grain
varied largely depending on liming (A) and mineral fertilization (B) — Tables
1, 2. Cadmium in grain of barley and wheat cultivated on unlimed soil var-
ied within a wider range compared to the cereals grown on limed soil. The
maximum threshold level for cadmium in edible plants, as set by the Polish
Institute of Soil Science and Plant Cultivation (IUNG) (i.e. not higher than
0.15 mg kg! of dry matter), was exceeded in the grain of barley fertilized
with the double dose of NPK fertilizer (KaBaTa-PENDIAS et al. 1993). The cad-
mium content in wheat grain was within the above standard. Cadmium in
cereal grain harvested from the plots fertilized with the higher dose of N, P,
K and NPK did not exceed the values established as the maximum permis-
sible concentrations by the Act on Food and Fodder Safety of 25 August
2006 (Act... 2006) with later amendments, which corresponds to the EU regu-
lations such as the Commission Regulation (EC) No. 466/2001 (Regulation...
2001) with subsequent amendments.

Cadmium appeared in varied concentrations in cereal grains during the
years of the experiment (Tables 1, 2) and ranged between 0.050 and 0.120 mg
kg1 in 1993 or between 0.000 and 0.054 mg kg~! in 1997 in grain of spring
barley cultivated on unlimed soil. In another study (OLIVER et al. 1996), cad-
mium concentrations in cereal grain were even more variable.

Statistically, the cadmium content in grain of spring barley and winter
wheat depended highly significantly on mineral fertilization (B), irrespective-
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ly of liming, and higher levels of this element occurred after using higher
NPK doses (Table 1). Increasing cadmium concentrations in cereal grain are
associated with phosphorus fertilization (GorrLacH, GamMBUS 1997, KANIUCZAK
1997) and with deposition of dust from the atmosphere on the soil surface
and on plants (INDEKA, KaraczuN 2000, KABATA-PENDIAS 2002). WLNGSTRAND et
al. (2007) confirmed that the grain Cd concentration increased with an in-
creasing N fertilizing rate, irrespective of the Cd concentration in soil and
grain.

No evidence was found to support any statistically significant effect
of liming on the cadmium content in grain of barley and wheat. However,
less cadmium was found in grain of cereals cultivated on limed soil. Cadmi-
um solubility in soil depends on soil pH (SiNGH et al. 1989, GorLACH, GAMBUS
1996, OLIVER et al. 1996, Kantuczak, Haipuk 2000, JanssoN 2002). Some research-

Table 1

Content of cadmium in grain of spring barley (mg kg=! d.m.) cultivated on loessial soil
(mean for 4 years)

Treatments Ay Ay Mean (B)
of fertilizers (B) mean range mean range
Ny P, K, 0.097 0.02-0.16 0.082 0.03-0.15 0.089
Ny P, Ky 0.098 0.02-0.17 0.064 0.01-0.10 0.081
Nos P; K 0.083 0.03-0.17 0.078 0.05-0.13 0.080
N, P, Ky 0.061 0.00-0.09 0.047 0.02-0.10 0.054
N,s P, K 0.111 0.09-0.21 0.051 0.01-0.10 0.081
N;, Py, K 0.086 0.09-0.13 0.066 0.02-0.10 0.076
N, Py K 0.099 0.09-0.18 0.063 0.02-0.12 0.081
N, P,; K 0.121 0.04-0.24 0.047 0.01-0.08 0.084
N, P; K, 0.069 0.06-0.18 0.030 0.00-0.05 0.049
N, P, K, 0.050 0.06-0.11 0.047 0.05-0.10 0.048
N, P, K, 0.131 0.03-0.17 0.093 0.04-0.26 0.112
Nys Pos Kos 0.150 0.09-0.18 0.119 0.05-0.31 0134
Nys Pys K5 0.145 0.04-0.27 0.138 0.04-0.25 0.141
Ny Py K, 0.171 0.05-0.32 0.165 0.05-0.30 0.168
Mean of A 0.100 - 0.076 - -
LSD A = ns, B¥=0.024
AB =ns

A; — NPK fertilization + Mg constans, A, — NPK fertilization + Mg, Ca constans,

LSD — lowest significant difference for: A — liming, B — mineral fertilization (irrespective of liming),
AB - interaction between liming and mineral fertilization, *significant at p = 0.01,

ns — differences not significant
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ers (SiNgH et al. 1989, GorracH, GamBUS 1996, OLIVER et al. 1996, KANTUCZAK
1997, JanssoN 2002) suggest that it is possible to reduce the content of cad-
mium in plants through liming. An increase in pH values from 4 to 5 as
a result of applying burnt lime reduced the cadmium concentration in wheat
grain (OLIVER et al. 1996). In most of the experiments carried out by JaNssoN
(2002), the cadmium content in plants depended significantly on soil pH.
Our own studies did not demonstrate statistically significant interaction be-
tween liming and mineral fertilization (AB). Nonetheless, on all the ferti-
lized objects that were limed, the cadmium content in grain of the analyzed
cereals was lower, compared to grain harvested from on unlimed soil

(Table 1, 2).

Table 2

Content of cadmium in grain of winter wheat (mg kg~! d.m.) cultivated on loessial soil
(mean for 4 years)

Trea.lt.ments A Ay Mean (B)
of fertilizers (B) mean range mean range
Ny Py K, 0.077 0.05-0.10 0.040 0.02-0.06 0.058
Ny P, K 0.091 0.07-0.12 0.033 0.00-0.05 0.062
Nys P; K 0.085 0.03-0.14 0.034 0.00-0.06 0.059
N; P, K 0.089 0.04-0.14 0.023 0.00-0.07 0.056
N;; P, K 0.107 0.09-0.14 0.099 0.08-0.11 0.103
N, P, K; 0.067 0.00-0.11 0.062 0.00-0.12 0.064
N, Py; K 0.099 0.04-0.17 0.095 0.07-0.14 0.097
N, P,; K 0.103 0.07-0.14 0.068 0.01-0.11 0.085
N, P; K, 0.062 0.00-0.10 0.045 0.01-0.09 0.053
N, P, K, 0.070 0.03-0.09 0.046 0.04-0.08 0.058
N, P, K, 0.056 0.01-0.08 0.036 0.03-0.06 0.046
Nos Pos Kos 0.078 0.02-0.10 0.031 0.02-0.06 0.054
Nys Pys K5 0.102 0.07-0.12 0.096 0.06-0.14 0.099
Ny, Py K, 0.120 0.04-0.16 0.100 0.07-0.15 0.110
Mean of A 0.086 - 0.058 - -
LSD A =ns, B¥*=0.030
AB =ns

A, — NPK fertilization + Mg constans, A, — NPK fertilization + Mg, Ca constans,

LSD — lowest significant difference for: A — liming, B — mineral fertilization (irrespective of liming),

AB - interaction between liming and mineral fertilization, *significant at p = 0.01,

ns — differences not significant
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The cadmium content in grain of the examined cereals was within the
range provided by some monitored research (KaBaTa-PEnDIAS 2002, SzZTEKE,
Bocuszewska 2000). Among the analyzed grain, wheat grain usually accumu-
lates more cadmium (INDEKA, KaRACZUN 2000, WiNGSTRAND et al. 2007). These
values are comparable with the ones found in other European countries and
in the other parts of the world.

CONCLUSIONS

1. Liming did not prove to have any significant effect on the cadmium
content in grain of spring barley and winter wheat. However, in response to
this treatment, the cadmium content in cereal grain tended to decline.

2. Mineral NPK fertilization, applied in higher doses, had significant im-
pact by raising the cadmium content, especially in spring barley grain and
to a lesser degree in winter wheat grain.

3. No statistical relationship was proven between liming and mineral
fertilization in shaping the cadmium content in grain of spring barley or
winter wheat. However, the cadmium content was generally lower in grain
of cereals cultivated on fertilized objects where liming was applied.

4. The cadmium content in grains of spring barley and winter wheat,
fertilized with high doses of NPK, did not exceed the level (0.20 mg Cd kg1
of fresh matter) considered as the maximum permissible one in crops in-
tended for human consumption.
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Abstract

Soil richness in available magnesium, phosphorus and potassium forms is one of the
key factors of fertility, which ensures the potential of soil for satisfying nutritional requ-
irements of plants. The aim of the present research has been to determine the effect of
crop rotation and varied mineral and organic fertilisation on the content of available Mg,
K and P forms. Soil was sampled from a long-term experiment, carried out on Luvisol
formed from sandy loam (soil valuation class IVa, very good rye complex). The experiment
was performed in a 3-factor design, which included two types of crop rotation as well as
FYM and nitrogen fertilisation. Basic physicochemical properties of soil were determined.
The content of available forms of magnesium was defined with Schachtschabel method
and the content of potassium and phosphorus — with Egner-Riehm method (DL). The re-
action in the arable-humus horizon of the soils ranged from 4.7 to 6.2. It was found that
the Corg to Nt ratio in the arable-humus horizon of soils of all the experiment variants
was typical of biologically active soils. The content of available magnesium ranged from
27.8 to 58.3 mg kg ! of soil, while its water-soluble forms varied from 3.5 to 6.8 mg kg!
of soil. The highest content of magnesium, potassium and phosphorus forms available to
plants was observed after the application of FYM in the doses of 60 and 80 t ha=! combi-
ned with mineral nitrogen fertilisation, in both crop rotation regimes. The content of ma-
gnesium and phosphorus forms available to plants was significantly positively correlated
with the content of organic carbon. Soil sampled from those plots demonstrated higher
classes of the content of that element. The research data proved that the analysed soils
showed moderate and high richness in nutrients available to plants. High doses of organic
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and mineral fertilisation, however, did not increase significantly the electrolytic conductivi-
ty of the soil solution.

Key words: soil, available nutrients (Mg, K, P), long-term experiment, fertilization.

ZAWARTOSC PRZYSWAJALNYCH FORM MAGNEZU, FOSFORU I POTASU
W GLEBIE POD WPLYWEM ZMIANOWANIA I NAWOZENIA

Abstrakt

Zasobno$é gleby w dostepne dla roslin formy magnezu, fosforu i potasu jest jednym
z wazniejszych elementow jej zyznosci, warunkujacych mozliwosci gleby do zaspokojenia po-
trzeb pokarmowych ro§lin. Celem badari bylo okres§lenie wplywu zmianowania i zréznico-
wanego nawozenia mineralno-organicznego na zawarto$¢ przyswajalnych form Mg, K i P.
Probki do badan pobrano z wieloletniego doSwiadczenia statycznego, prowadzonego na gle-
bie ptowej wytworzonej z gliny lekkiej (IVa klasa bonitacyjna, kompleks zytni bardzo do-
bry). Doswiadczenie prowadzono w ukladzie 3-czynnikowym, obejmujacym: 2 typy zmiano-
wania; nawozenie obornikiem i nawozenie azotem. Oznaczono podstawowe wtasciwosci
fizykochemiczne gleb. Zawartosé przyswajalnych form magnezu okres§lono metoda Schacht-
schabela, a potasu i fosforu metodg Egnera-Riehma (DL). Odczyn w poziomie orno-préch-
nicznym badanych gleb wahat sie¢ od 4,7 do 6,2. Stwierdzono, ze stosunek Corg do Nt w po-
ziomie orno-prochnicznym gleb we wszystkich wariantach do$wiadczenia byt typowy dla gleb
aktywnych biologicznie. Zawartoéé magnezu przyswajalnego wynosita od 27,8 do 58,3 mgkg!
gleby, natomiast jego form wodno-rozpuszczalnych od 3,5 do 6,8 mg kg1 gleby. Najwyzsza
zawarto$¢ przyswajalnych dla roslin form magnezu, potasu i fosforu zaobserwowano po za-
stosowaniu obornika w dawkach 60 i 80 t ha-! lgcznie z nawozeniem azotem
mineralnym, w obu rodzajach zmianowania. Zawarto$¢ form magnezu i fosforu przyswajal-
nych dla roslin byta istotnie dodatnio skorelowana z zawartoScia wegla organicznego. Gle-
be z tych poletek mozna bylo zaliczyé do wyzszych klas zawartosci tego pierwiastka. Na
podstawie wynikéw badan stwierdzono, ze analizowane gleby charakteryzowaly si¢ $rednig
i wysoka zasobno$ciag w skladniki pokarmowe dla roslin. Wysokie dawki nawozenia orga-
nicznego i mineralnego nie wplynely w istotny sposéb na wzrost przewodnictwa elektroli-
tycznego roztworu glebowego.

Stowa kluczowe: gleba, sktadniki pokarmowe (Mg, K, P), dos§wiadczenie wieloletnie,
nawozenie.

INTRODUCTION

Intensive agricultural use of soil frequently causes soil degradation. Un-
balanced fertilisation, inadequate crop rotation or defective agricultural soil
reclamation treatments can trigger unfavourable changes in the soil proper-
ties connected with their acidity, inferior sorption capacity, depleted organic
matter resources as well as a lower content of nutrients available to plants.
The soil richness in magnesium, potassium and phosphorus forms available
to plants is a key fertility factor, which ensures the potential for satisfying
the nutritional requirements of plants (AskEGaarD et al. 2005). Numerous
research centres perform long-term, multifactor experiments to determine
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the effect of crop rotation and varied organic and mineral fertilisation on
the properties and parameters connected with soil fertility (MERCIK et al.
2000, JASKULSKA, JASKULSKI 2003, MURAWSKA, SPYCHAJ-FaBISIAK 2009). The chem-
ical composition of soil solution and the concentration of particular elements
determine the uptake of nutrients by plants. As for magnesium and potassi-
um, a considerable share of these metals occurs in a form strongly bound to
or incorporated in crystalline forms of minerals. Those are the resources
which make up hardly available soil reserve of these elements (Braszczyk
1998). Plants can use some amounts of potassium in the non-exchangeable
form, derived from interpackage layers of clay minerals, mostly illites (Ko-
BIERSKI, DABKOWSKA-NASKRET 2005). The content of nutrients available to plants
is affected by the reaction and soil grain size composition (LiPINSKI, BEDNAREK
1998; Rutkowska et al. 2006). A considerable share of phosphorus taken up
by plants occurs as ions HPO42_ and HyPO,~ in the soil environment of pH
5.0. Alkaline and strongly acid reactions depress the availability of phospho-
rus to plants. The content of water-soluble forms of Mg, K, P and Ca in
arable soils is usually higher than the content of those elements in forest
soil solution (SmaL, MiszraL 1996). Fertilised soils contain relatively more
nutrients than non-fertilised ones. By taking up nutrients, crops reduce their
content in soil and determine their circulation. Most frequently, it is the
circulation of phosphorus and potassium, which usually accumulate in the
soil surface layer, that is affected (JoBBaGY, JAckson 2001, Foryma et al. 2005).

The aim of the present research has been to determine the effect of crop
rotation and varied mineral-and-organic fertilisation on the content of nutri-
ents available to plants as well as on selected physicochemical properties of
soil. The following were determined: the content of magnesium, potassium
and phosphorus available to plants and their water-soluble forms, as well as
the electrolytic conductivity of soil solution for respective experimental vari-
ants.

MATERIAL AND METHODS

The research material was made up of soil sampled from the arable-
humus horizon of soils after 22 years of a long-term experiment located at
the IUNG Research Station in Grabéw near Putawy. The experiment was
set up in 1980 on Luvisol: Ap-Eet-Bt-C1-C2 (IUSS Working Group WRB 2007)
of the grain size composition of loamy fine sand and fine sandy loam in
surface horizons and sandy loam in the parent material. The soils belonged
to the very good rye complex, soil valuation class IVa. The content of car-
bon in organic compounds (Corg) in the soil prior to the establishment of the
experiment was 7.7 g kg™1.
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The field experiment was performed in a 3-factor design:

Factor I: crop rotation A — plants considered as humus-depleting ones
(potato, winter wheat, spring barley, corn) and crop rotation B — plants con-
sidered as humus-enriching ones (potato, winter wheat + white mustard in
intercrop, barley with an undersown mixture of red clover with grasses),
factor II: different rates of FYM fertilisation under potato (0, 20, 40, 60, 80 t
ha™1); factor III: different rates of mineral nitrogen fertilisation (NO — no
nitrogen; N1 — 170 kg N ha™! in crop rotation A and 275 kg N ha! in crop
rotation B; N2 — 340 kg N ha! in crop rotation A and 550 kg N ha™! in
crop rotation B) per rotation. Throughout the experiment, phosphorus and
potassium fertilisers were applied under respective plant species in the fol-
lowing doses: P,O5 — potato, spring barley and winter wheat — 60 kg ha1,
corn and a mixture of red clover with grasses — 80 kg ha1; K50 — potato:
140 kg ha™1, spring barley: 90 kg ha~!l, winter wheat: 100 kg ha1, corn and
a mixture of red clover with grasses: 160 kg ha~l. The experiment was
performed in four replications for each treatment.

The following were determined in the soil samples: the grain size compo-
sition with the Cassagrande aerometric method, modified by Prészynski; pH —
potentiometrically in 1M KCI solution; the content of organic carbon and total
nitrogen with a TOCN FORMACS™ analyser provided by SCALAR. The con-
tent of available phosphorus — P, and potassium — K, was determined with
Egner-Riehm method (DL), whereas the content of magnesium — Mg, — with
Schachtschabel method. The content of water-soluble (active) cations and the
electrolytic conductivity (EC) were defined in distilled water extract in a 1:5
soil to water ratio. The content of elements in the extracts was determined
using an atomic absorption spectrometer (Philips PU 9100X). The results were
statistically verified with Statistica 8.0 software.

RESULTS AND DISCUSION

The arable-humus horizon of the analysed soils was found to represent
the grain size composition of loamy fine sand and fine sandy loam (Table 1).
The experiment was established on soils in which the sand fraction pre-
vailed and the content of clay fraction was relatively low. According to the
breakdown into agronomic categories, the soil was classified as light one.
The soil reaction was acid and slightly acid and the highest acidity was
recorded in the soil samples of crop rotation B. It was found that mineral
fertilisation in crop rotation A, without FYM and with FYM in the doses of
20 and 40 t ha™l, resulted in a decrease in the content of Corg in soil.
It was not until the higher FYM doses (60 and 80 t ha1) were applied that
the content of organic carbon in soil increased. In crop rotation B, an aver-
age 25% increase in the Corg content in soil was identified as compared
with its content in soil prior to the experiment (7.7 g kg~1). The content
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Table 1
Selected soil properties of long-term field experiment soils
Experimental Iggl Corg Nt EC Sand | Silt Clay
treatments Corg Ny (uS cm™1)
(gkg™) (%)
A-0-NO 59 6.8 0.6 13.0 330.8 75 20 5
A-0-N1 6.0 6.5 0.6 10.8 342.5 72 23 5
A-0-N2 5.7 6.6 0.6 11.0 333.3 71 25 4
A-20-NO 5.8 6.2 0.6 10.3 333.6 70 24 6
A-20-N1 59 6.9 0.6 115 350.6 71 25 4
A-20-N2 6.0 6.4 0.6 10.7 343.2 75 23 4
A-40-NO 5.8 7.6 0.7 10.9 342.5 77 18 5
A-40-N1 5.7 7.2 0.7 10.3 412.3 78 18 4
A-40-N2 55 7.1 0.7 10.1 357.0 77 19 4
A-60-NO 6.2 8.7 0.7 12.4 428.0 61 34 5
A-60-N1 6.0 8.2 0.7 11.7 439.6 71 22 7
A-60-N2 59 7.8 0.7 111 419.8 78 16 6
A-80-NO 5.9 7.4 0.7 10.6 343.9 68 25 7
A-80-N1 59 7.8 0.7 11.1 522.3 70 25 5
A-80-N2 5.8 8.0 0.7 114 554.9 67 26 7
B-0-NO 4.9 8.8 0.8 11.0 386.5 71 23 6
B-0-N1 4.9 8.3 0.8 104 337.9 78 16 6
B-0-N2 4.7 9.3 0.9 10.3 352.8 69 23 8
B-20-NO 5.0 9.6 0.9 10.7 354.2 74 21 8
B-20-N1 5.0 9.6 0.9 10.7 361.6 77 15 8
B-20-N2 5.1 9.8 0.9 10.9 465.2 70 24 6
B-40-NO 5.1 9.3 0.9 10.3 347.5 66 26 8
B-40-N1 5.1 9.7 0.9 10.8 413.8 69 25 6
B-40-N2 5.0 9.6 0.9 10.7 395.3 75 20 5
B-60-NO 5.1 9.9 0.9 11.0 318.7 71 24 5
B-60-N1 54 10.1 0.9 11.2 329.7 70 24 6
B-60-N2 5.3 9.6 0.9 10.7 347.1 68 25 6
B-80-NO 53 10.1 0.9 11.2 397.8 74 22 4
B-80-N1 54 10.2 1.0 10.2 491.0 69 25 6
B-80-N2 5.3 109 1.0 109 390.7 73 22 5

A, B — crop rotation, 0-80 — FYM doses in t ha=1, NO, N1, N2 — nitrogen dose kg ha™1,
EC - electrolytic conductivity
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of total nitrogen (N,) in the analysed soils was determined by all the three
experimental factors. In crop rotation B, the N, content in soil was higher
than in soil from the crop rotation A plots. The ratio of carbon to nitrogen
in the arable-humus horizon of soils in all the experimental variants was
typical of biologically active soils.

Soil abundance in magnesium, potassium and phosphorus available to
plants is one of the key soil fertility factors. The content of available mag-
nesium forms in the tested soils ranged from 27.8 to 58.3 mg kg1 (Table 2).
It was slightly lower than reported in Luvisols by Krauze and Bowszys (1998).
The statistical analysis showed that the FYM fertilisation had a significant
effect on the content of available magnesium forms in both crop rotation
variants. The content of available magnesium rose by 39.2% (the dose of
80t ha=l) compared with its content in soil from plots not amended with
FYM (Table 3), while the statistical analysis did not demonstrate any signifi-
cant effect of mineral fertilisation on the content of available magnesium.

The content of potassium available to plants ranged from 52.4 to
234.0 mg kg1 (Table 2). In the samples from crop rotation A plots, its aver-
age content was 124.6 mg kg, thus being 27.7% higher than recorded in
the crop rotation B soil. A significant effect on the content of available po-
tassium in soil was also noted for FYM fertilisation, especially with doses of
60 and 80 t ha~l. The soil from these plots belonged to higher classes of the
content of this element. According to ASKEGAARD et al. (2005), the content of
available potassium is mostly determined by the grain size composition, min-
eral composition, soil moisture and the amount of potassium supplied as
mineral fertiliser and FYM. Long-term FYM application most considerably
increases the content of exchangeable and active potassium and, to a much
lesser extent, available potassium (SzymaNska et al. 2005).

The statistical analysis did not show any significant effect of the crop
rotation applied in the field experiment on the content of available phospho-
rus (Table 2). Its average content in the soil samples from the crop rotation
A plots was 76.7, while in the soil sampled from crop rotation B it equalled
78.5 mg kg1. Likewise, no effect of mineral fertilisation on the content of
available phosphorus forms was detected. However, FYM fertilisation was
found to have produced a significant effect on the content of this form of
phosphorus (Table 3). SiENKIEWICZ et al. (2009) claimed that a combined appli-
cation of FYM and mineral fertilisers resulted in a significant increase in
the content of Mg, P and K available to plants, as compared with the con-
tent recorded following the application of mineral fertilisation alone.

The content of water-soluble magnesium (Mg-H,0), referred to as an
active form of this element, ranged from 3.5 to 6.8 mg kg~! (Table 2). The
statistical analysis did not show any significant effect of the crop rotation
variants on the content of water-soluble magnesium (Table 4). A different
effect was reported for FYM fertilisation. The average Mg-H,0 content in
the soil sampled from the plots exposed to organic fertilisation tended to
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Content of available nutrients and their water-soluble forms (mg kg’l)

Table 2

Available forms Content of water-soluble forms
Experimental
treatments Mg, | Ky | Py |MgH,0| KH)0 | CaH,0|NaH,0
(mg kg™

A-0-NO 27.8 83.3 68.0 3.6 31.0 10.9 2.7
A-0-N1 28.8 74.9 56.2 4.0 38.1 10.7 2.4
A-0-N2 29.2 60.2 574 3.6 32.2 10.1 1.6
A-20-NO 35.2 90.0 58.8 4.4 36.7 11.0

A-20-N1 35.3 83.2 68.6 4.3 35.8 13.2 4.2
A-20-N2 37.8 98.5 614 45 34.1 14.4 2.9
A-40-NO 394 151.5 73.3 4.4 33.0 11.0 3.3
A-40-N1 428 105.0 724 54 47.3 12.7 2.9
A-40-N2 31.3 82.6 7.7 3.8 34.3 12.0 29
A-60-NO 45.5 173.0 97.0 5.3 49.8 14.2 2.9
A-60-N1 51.0 166.1 98.0 5.7 56.3 144 5.2
A-60-N2 47.6 172.7 102.4 4.8 54.5 13.0 2.0
A-80-NO 48.5 151.2 89.0 4.3 38.2 15.6 4.7
A-80-N1 49.0 234.1 88.4 6.0 64.0 16.1 2.9
A-80-N2 494 142.8 82.1 5.7 47.0 16.5 2.7
B-0-NO 35.5 61.2 77.2 3.9 16.3 5.2 1.0
B-0-N1 31.9 53.4 68.3 4.3 18.0 4.9 1.3
B-0-N2 32.1 67.9 74.5 3.8 15.8 5.1 15
B-20-NO 36.7 61.3 70.2 3.5 23.9 6.0 12
B-20-N1 36.6 53.3 71.8 5.0 21.4 7.1 1.9
B-20-N2 38.6 52.4 70.9 4.3 20.2 7.8 2.2
B-40-NO 40.8 82.8 80.0 5.0 335 8.8 34
B-40-N1 42.8 83.1 68.0 4.3 28.5 7.6 2.3
B-40-N2 39.5 68.5 60.3 3.6 22.2 6.1 11
B-60-NO 48.3 105.2 86.1 5.7 44.0 13.8 8.5
B-60-N1 48.6 135.1 90.4 6.3 37.7 16.2 3.1
B-60-N2 46.7 98.0 82.5 4.9 35.2 10.5 6.8
B-80-NO 57.3 166.1 96.7 5.3 56.2 13.0 2.0
B-80-N1 58.3 157.7 94.8 6.8 56.2 15.8 2.8
B-80-N2 424 106.0 86.0 6.1 48.5 11.3 9.3

A, B — crop rotation, 0-80 — FYM dose in t ha=! FYM, NO, N1, N2 — nitrogen doses kg ha~!
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Table 3

Results of the analysis of variance for the content of available magnesium, potassium
and phosphorus forms in soil (mg kg~1)

Factors Mg, Ky Py
A 39.9 LSD 124.6 LSD 76.7 LSD
I — crop rotation 1
B 424 n.s. 90.1 8.57 785 n.s.
0 30.9 66.8 66.9
20 36.7 73.1 66.9
LSD LSD LSD
_ -1
II - FYM (t ha™!) 40 39.4 717 95.5 43.99 71.9 936
60 479 141.6 92.7
80 50.8 159.6 89.5
NO 415 112.5 79.6
III — nitrogen LSD LSD LSD
fertiliser (kg N ha1) N1 425 n.s. 1145 n.s. 716 n.s
N2 39.4 94.9 75.5

A, B — crop rotation, 0-80 — FYM doses in t ha™1, N0, N1, N2 — nitrogen doses kg ha™!

increase when an FYM dose was applied. Analogously, mineral fertilisation
has a significant effect on the content of active magnesium in soil. The
highest content of the active form of this element was found for the doses
of mineral nitrogen variant N1. The content of water-soluble magnesium in
the analysed soils was twice as high as the one observed by Murawska and
SpycHAJ-FABISIAK (2009) in soil under long-term field experiment.

Water-soluble potassium in soil was significantly affected by all the three
experimental factors. A higher content of the water-soluble potassium form
was reported in the soil samples where crop rotation A had been applied, as
compared with the soil under crop rotation B, while organic fertilisation
showed a similar effect on water-soluble potassium as in the case of the
Mg-H,0O content. Similarly, the content of water-soluble potassium in soil
tended to rise as the FYM doses increased (Table 4). The statistical analysis
showed that mineral fertilisation affected the content of active potassium
forms. The highest content of water-soluble potassium in soil was noted for
nitrogen dose N1.

The content of water-soluble calcium in soil ranged from 4.9 to 16.5 mg
kg1 (Table 2). A significant effect of both crop rotation and organic fertilisa-
tion on the content of Ca-H,O in soil was detected. The average content of
active calcium in the soil samples exposed to crop rotation A was 13.0 mg
kg1, being 28.5% higher than in the soil under crop rotation B (Table 4). It
was also found that the content of Ca-HyO in soil increased with the in-
creasing FYM doses, from 7.8 mg kg~! for the dose of 0 t ha=! to 14.7 mg
kg! for the dose of 80 t ha-l. However, no significant effect of any of the
experimental factors on the content of water-soluble sodium in the analysed
soil samples was confirmed.
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Table 4
Results of the analysis of variance for the content of water-soluble cations
of Mg2+, K¥, Ca2*, Na* in soil (mg kg™1)
Factors Mg-H,,0 K-H,0 Ca-H,0 Na-H,0
— crop rotation
B 4.8 n.s. 31.8 3.13 93 0.91 3.2 n.s.
0 3.8 25.2 7.8 1.7
20 4.3 28.6 9.9 2.7
LSD LSD LSD LSD
_ -1
II -FYM (tha™') | 40 4.4 0.85 33.1 743 9.7 914 2.6 ns
60 5.4 46.2 13.6 4.7
80 5.7 51.6 14.7 4.1
11 — nitrogen NO 4.5 Leb 36.2 Lsb 10.9 LD 3.3 LD
fertilisation N1 5.2 40.3 11.8 2.9
ke N ha-1) 0.54 4.76 n.s. n.s.
(kg N2 | 45 34.4 106 3.3

A, B — crop rotation, 0-80 — FYM doses in t ha™1, N0, N1, N2 — nitrogen doses kg ha™!

In biologically active soils, the content of elements available to plants
depends mostly on the reaction, grain size composition, amount and quality
of humus compounds, oxidation-reduction potential and on the interactions
between individual parameters (Bronick, LAL 2005). The soil use is a limit-
ing factor for available magnesium soil resources, although when we com-
pare the analysed arable soils with Luvisols under orchards (LiczNAR, LicZNAR
2008) which had similar humus content, grain size composition and pH, the
determined differences begin to blur. RuTkowska et al. (2006) report that the
ion concentration in soil solution depends on the grain size composition,
and especially on the content of silt and clay fractions. Similarly, HoLmqvisT
et al. (2003) claim that the amount of potassium released to soil solution in
mineral soil depends on its grain size composition and the intensity of min-
eral weathering. In the analysed soils, however, no such relationship was
noted. The content of organic carbon was significantly positively correlated
with the content of magnesium and phosphorus available to plants and with
the concentration of water-soluble magnesium (Table 5). Significantly posi-
tive correlation was verified between the content of available magnesium
and the content of potassium and phosphorus available to plants (r=0.75 and
0.80 for p<0.05). High organic and mineral fertilisation doses applied during
the 22 years of the field experiment did not have any significant effect on
the electrolytic conductivity of the soil solution. By analogy, MurRAawska and
SpycHAJ-FaBisiak (2009) did not observe any effect of long-term intensive fer-
tilisation with nitrogen and potassium (32 years of a field experiment) on
soil salinity.
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Table 5
Significant coefficients of correlation between the investigated parameters (n=35)

Parameters Mg, Ky Py Mg-H,0 | K-H,0O | Ca-HyO | Na-H,O
EC 0.54 0.52 0.42 0.49 0.50
Corg 0.44 0.42 0.39
Mg, 0.75 0.80 0.79 0.71 0.61
Ky 0.75 0.65 0.86 0.78
Py 0.68 0.66 0.53
Mg-H,0 0.73 0.66 0.40
K-H,0 0.83

EC - electrolytic conductivity; confidence level p<0.05

CONCLUSIONS

1. FYM fertilisation significantly affected the content of magnesium, po-
tassium and phosphorus forms available to plants. High content of those ele-
ments was recorded following the application of 40, 60 and 80 t FYM ha!.

2. The crop rotation applied had a significant effect on the content
of potassium available to plants. More potassium was noted following the
humus-depleting crop rotation variant.

3. Significant effect of FYM fertilisation in the doses of 60 and 80 t ha!
and mineral fertilisation in the dose of 170 kg N ha~! on the content
of water-soluble forms of magnesium and potassium was detected. The con-
tent of active potassium in soil was also significantly affected by crop rota-
tion.

4. The content of magnesium and phosphorus forms available to plants
was significantly positively correlated with the organic carbon content. Sig-
nificantly positive correlation between the content of magnesium and potas-
sium available to plants and the content of their water-soluble forms was
confirmed.

5. The correlation results did not imply any significant effect of organic
and mineral fertilisation on the electrolytic conductivity of the soil solution.
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Abstract

The Woolly Foxglove (Digitalis lanata) is one of the herbal plants cultivated in Po-
land. It is grown as important plant material for production of cardenolides used in the
pharmaceutical industry. The aim of the research has been to determine the chemical com-
position and mole ratios in leaves of cv. Victoria Woolly Foxglove affected by mineral ferti-
lisation. For this purpose, a strict, one-factor, micro-plot field experiment was set up in
randomised blocks with four replications. The experimental factor was NPK mineral ferti-
lisation applied to soil in the following doses per hectare. A; — no mineral fertilisation, A; —
40 kg N + 1748 kg P + 498 kg K, A, — 80 kg N + 34.96 kg P + 99.6 kg K, A; — 120 kg
N + 5244 kg P + 1494 kg K. For chemical analyses, samples of 0.50 kg of leaves were
taken from each plot. Dried, melted and wet mineralised in sulphuric(VI) acid, the samples
were analysed and concentrations of the following elements were determined: nitrogen by
Kjeldahl method, total phosphorus by the colorimetric method with ammonium molybdate,
potassium, calcium and sodium by flame photometry, and magnesium by atomic absorption
spectrometry (AAS). Mole ratios of the chemical elements in leaves were also calculated.
In general, the use of mineral fertilisation induced a significant increase in the content of
total nitrogen, total phosphorus and potassium, but reduced the sodium concentration in
leaves of the Woolly Foxglove compared to the control. After the applied fertilisation doses,
the K:Ca and K:Na ratios in leaves were significantly broadened and the Ca:P ratio was
narrowed. Significantly higher values of the K:(Ca + Mg) ratio were observed in leaves
after applying the medium (A,) and highest NPK ha-! (A3) doses. The Ca:Mg ratio in le-
aves of the Woolly Foxglove was distinctly narrowed versus the control after using the
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lowest fertilisation dose (Al). However, after applying the medium dose of NPK (A2),
the K:Mg ratio was broader than in the control treatment.

Key words: Woolly Foxglove, fertilisation, macronutrients, chemical composition, mole
ratios.

ZAWARTOSC MAKROELEMENTOW I WARTOSCI STOSUNKOW MOLOWYCH
W LISCIACH NAPARSTNICY WELNISTEJ (DIGITALIS LANATA EHRH.)
UPRAWIANEJ W WARUNKACH ZROZNICOWANEGO NAWOZENIA MINERALNEGO

Abstrakt

Jedng z roslin zielarskich uprawianych w Polsce jest naparstnica welnista. Stanowi
ona wazny surowiec kardenolidowy wykorzystywany w przemysle farmaceutycznym. Ce-
lem badan byla ocena sktadu chemicznego oraz proporcji molowych w liSciach naparstnicy
welnistej odmiany Victoria pod wplywem zréznicowanego nawozenia mineralnego. W zwigz-
ku z powyzszym zalozono $ciste jednoczynnikowe doswiadczenie mikropoletkowe, metoda
losowanych blokéw, w czterech powtérzeniach. Czynnikiem doswiadczenia bylo nawozenie
mineralne NPK zastosowane doglebowo w nastepujacych dawkach na 1 ha: Aj — bez na-
wozenia mineralnego, A; — 40 kg N + 17,48 kg P + 49,8 kg K, A, — 80 kg N + 34,96 kg
P + 99,6 kg K, A; — 120 kg N + 52,44 kg P + 149,4 kg K. Do analiz chemicznych pobrano
reprezentatywne proby w iloSci po 0,50 kg lisci z kazdego poletka. Po wysuszeniu, zmiele-
niu i mineralizacji na mokro w kwasie siarkowym(VI) okreslono w nich zawartosci: azotu
ogélnego metodg Kjeldahla, fosforu ogdolnego metodg kolorymetryczng z molibdenianem
amonu, potasu, wapnia oraz sodu metodg fotometrii plomieniowej, a magnezu metods ab-
sorpcyjnej spektroskopii atomowej. Obliczono réwniez stosunki molowe pierwiastkow w li-
Sciach. Zastosowane nawozenie mineralne, w odniesieniu do obiektu kontrolnego, powodo-
wato na ogét istotny wzrost zawartosci azotu ogolnego, fosforu ogélnego, potasu, natomiast
zmniejszenie koncentracji sodu w liSciach naparstnicy wetnistej. Pod wplywem stosowanych
dawek stwierdzono istotne rozszerzenie wartosci stosunkow K:Ca i K:Na oraz zawezenie
Ca:P w liSciach. Znaczace rozszerzenie wartosci stosunku K:(Ca + Mg) w liSciach uzyskano
po zastosowaniu dawek: §redniej (A,) oraz najwyzszej NPK ha-1 (Ag). Wartos¢ stosunku
Ca:Mg w naparstnicy ulegla wyraznemu zawezeniu w poréwnaniu z obiektem kontrolnym,
po zastosowaniu dawki najnizszej (A;). Natomiast po aplikacji éredniej dawki NPK (A,)
stwierdzono rozszerzenie stosunku K:Mg w odniesieniu do obiektu kontrolnego.

Stowa kluczowe: naparstnica welnista, nawozenie, makroelementy, sktad chemiczny, sto-
sunki jonowe.

INTRODUCTION

Growing herbs is one of the newest plant production branches. Accord-
ing to the FAO data, about 50 thousand plant species are used by man,
including 700 grown by farmers. It has been estimated that about 15-20
thousand species, i.e. 3 to 5% of the global plant resources, are used for
medicinal purposes (SEIDLER-Lozykowska 2009). Poland produces around 50%
of the herbal raw material made in Europe, which corresponds to about
20% of the global production. Thus, Poland belongs to the countries with
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high herbal production potential, verified by high quality of herbal raw ma-
terial and herbal processing (Mikorasczyk-GrzeLak 2008). The Woolly Foxglove,
an important raw material for cardenolides, is one of the plants cultivated
in Poland. It is a biennial plant, which in the first year forms a rosette of
lanceolate, dark green leaves that are harvested together with seeds in the
following year, making tradable raw material. In the second year of vegeta-
tion, a foxglove plant produces a stem which is about 150 cm long. The
flower head of Digitalis lanata forms a bunch consisting of numerous bell-
shaped flowers white and creamy-brown in colour. The plant blooms in late
June and early July. Seeds mature gradually from August to the end of
September. Cardiac glycosides contained in leaves of the Woolly Foxglove
(SucHORSKA, WEGLARZ 1988) are used for treating circulatory deficiency by im-
proving the contractility of the heart muscle. Although the literature con-
tains agronomic guidelines concerning the cultivation of this plant, we still
lack precise recommendations on how to fertilise it. Moreover, there is no
information about mole ratios in leaves of the plant as shaped by mineral
fertilisation. Therefore, the present research has been undertaken to deter-
mine the chemical composition and mole ratios in leaves of cv. Victoria
Woolly Foxglove as modified by mineral fertilisation.

MATERIAL AND METHODS

In 2006-2008, at the research station owned by the Faculty of Agricul-
ture of the University of Technology and Life Sciences in Bydgoszcz and
located in Wierzchucinek near Bydgoszcz, a strict, multiple, one-factor, mi-
cro-plot experiment was set up in four replications according to the method
of randomised blocks. The experimental factor was NPK fertilisation applied
to soil in the following doses per hectare:

0 — with no mineral fertilisation,

A, -40kg N + 17.48 kg P + 49.8 kg K = 107.3 kg NPK;
A, — 80 kg N + 34.96 kg P + 99.6 kg K = 214.6 kg NPK;
Ag — 120 kg N + 52.44 kg P + 149.4 kg K = 321.8 kg NPK.

Phosphorus and potassium fertilisation was applied before seeding in
the form of Polifoska 6 (6-20-30). Nitrogen fertilisation was applied in three
dosages: before seeding as Polifoska 6, and — in two equal doses — after
sprouting and three weeks later as ammonium nitrate (V).

The experiment was conducted on Luvisol typical soil (Pw), good rye
complex, characterized by the following physicochemical parameters:

— pHg - 6.6,
— content of bio-available forms of phosphorus — 55 P mg kg~! of soil (mean
fertility),
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— content of bio-available forms of potassium — 55 K mg kg1 of soil (mean
fertility),

— content of bio-available forms of magnesium — 49 Mg mg kg! of soil (mean
fertility).

The mean air temperature in the years when the research was conduct-
ed, during the vegetation period of the Woolly Foxglove (from March to
September), did not diverge from the multi-year mean. However, some dif-
ferences appeared in the precipitation (Figures 1). The highest rainfall dur-
ing the plant’s growth occurred in 2007 (on average 428.2 mm). In June and
July, the mean total precipitation was by 50.6 mm and 33.6 mm higher,
respectively, than the multi-year mean for these months. In contrast, June
and July in 2006 had the lowest total precipitation (by 33.1 mm and 46.6 mm
less, respectively, than the multi-year mean). The lowest precipitation was
recorded in 2008, especially in May and June, when the mean total precipi-
tation was lower than the multi-year mean by 31.5 mm and 39.4 mm,
respectively.
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Fig. 1 Rainfall in the vegetation period of the Woolly Foxglove

Digitalis lanata, preceded by spring barley as forecrop, was sown every
year. Its leaves were gathered manually from the 3 m2 plots in the first
decade of September. Representative samples of 0.50 kg of leaves were tak-
en from each plot to make chemical analyses. Dried, melted and wet miner-
alised in sulphuric(VI) acid, the samples were analysed to determine the
content of: nitrogen by Kjeldahl method, total phosphorus by the colorimet-
ric method with ammonium molybdate, potassium, calcium and sodium by
flame photometry, and magnesium by atomic absorption spectrometry (AAS).
The mole ratios of chemical elements in leaves were also calculated.

The findings were statistically processed by the one-way analysis of var-
iance (ANOVA), and the differences between the means were estimated by
Tukey’s test at the significance level a = 0.05.
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RESULTS AND DISCUSSION

The research revealed that the applied doses of nutrient components
generally had a significant effect on the chemical composition of the Woolly
Foxglove leaves (Table 1). The fertilisation affected most strongly the con-
tent of total nitrogen in leaves, which ranged on average from 18.54 g kg1
to 23.29 g kgl. In response to the subsequently higher NPK rates, the
content of this element in leaves rose considerably, i.e. by 12.3%, 20.8%,
and 25.6%, respectively, compared to the control treatment. It should be
emphasized that a significant increase in the content of total phosphorus in
leaves of Digitalis lanata was observed every year during the research, in
all the fertilised treatments except A; in 2007. The highest amount of total
nitrogen (on average 23.89 g kg1) was determined in the leaves gathered
in 2006, when it significantly surpassed the results obtained in the other
years. The lowest amounts of total nitrogen were observed in the leaves
harvested in 2007, which was also the driest year (the lowest total precipita-
tion). Nitrogen belongs to elements which are easily transported in the plant
(labile elements). The deficiency of this element retards the growth of plants
and causes chlorosis on the oldest leaves. Proteins are products of the syn-
thesis of nitrogen, which is the basic structural material in plants. This
element participates in stimulating the synthesis of growth regulators, i.e.
auxins and gibberellins. It is also essential for the biochemistry of herbal
plants because some alkaloids and natural protective substances contain ni-
trogen (Pozsonyl 2002, KorpaNa et al. 1998).

The total phosphorus content in the Woolly Foxglove’s leaves was also
significantly modified by fertilisation. On average, it reached 2.65 g kg~1. Most
phosphorus (2.85 g kg~1) was accumulated by leaves gathered from the plots
fertilised with the highest dose (object Aj). The increase was 21.8% with
reference to the control. Under the medium dose of NPK (object A,), an
increase in the total phosphorus content was slightly lower — 18.8% more
than the control. The NPK fertilisation considerably increased the mean
content of this macronutrient in leaves of Digitalis lanata in particular years
of the research. The mean content of total phosphorus in leaves was signifi-
cantly higher in 2007 than in the other years of the research.

The content of potassium in the air-dried leaves of Digitalis lanata, ex-
cept the 34 year of the research, was significantly modified by the doses of
fertiliser. Generally, an increase in the content of this element in the dried
mass of leaves was observed in all of the fertilized treatment. Significantly
less potassium was accumulated by the leaves gathered in 2006 compared
with 2007 and 2008. The differences were 6.5 and 7.9%, respectively. On
average, during the three-year research period, the highest amount of po-
tassium (20.21 g kg™!) was accumulated by leaves of the Woolly Foxglove
fertilised by the A, dose, where the increment was 4.6% compared to the
control. A slightly lower content of potassium (19.72 g kg™!) in leaves was
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Table 1
The content of macronutrients in leaves of the Woolly Foxglove
. Fertilisation treatment
Nutrient Years Mean
A, A, A, A,
2006 20.53 23.92 25.64 25.46 23.89
2007 16.25 17.38 18.79 20.74 18.29
Total nitr{)gen 2008 18.85 21.17 22.77 23.68 21.62
(gke™) mean | 1854 | 20.82 22.40 23.29 21.26
LSD: for fertilisation in years: 2006 — 2.041
for years — 0.626 2007 — 1.352
for fertilisation — 0.382 2008 — 1.233
2006 1.92 2.23 247 2.56 2.29
2007 2.72 2.98 3.05 3.10 2.96
Total phospflorous 2008 2.37 2.66 2.82 2.89 2.68
(kg™ mean | 234 | 2.62 2.78 2.85 2.65
LSD: for fertilisation in years: 2006 — 0.106
for years — 0.109 2007 - 0.168
for fertilisation — 0.048 2008 — 0.155
2006 18.75 18.76 19.48 18.29 18.82
2007 19.25 20.03 20.28 20.61 20.04
Potassilllm 2008 19.95 20.37 20.88 20.10 20.31
(gke™) mean | 19.32 | 19.72 20.21 19.67 19.73
LSD: for fertilisation in years: 2006 — 0.595
for years — 0.298 2007 — 0.679
for fertilisation — 0.354 2008 — n.s.
2006 5.96 5.85 5.98 5.79 5.89
2007 448 4.31 4.35 431 4.36
Calciuin 2008 5.07 4.93 5.02 4.90 4.98
(gke™) mean | 5.17 5.03 5.12 5.00 5.08
LSD: for fertilisation in years: 2006 — 0.187
for years — 0.217 2007 — n.s.
for fertilisation — 0.133 2008 — 0.165
2006 3.72 3.62 3.30 3.13 3.44
2007 3.64 4.01 4.09 4.18 3.98
Magnesium 2008 4.60 4.77 4.62 457 4.64
(gkg™h mean 3.99 4.13 4.00 3.96 4.02
LSD: for fertilisation in years: 2006 — 0.283
for years — 0.085 2007 - 0.317
for fertilisation — 0.116 2008 — n.s.
2006 4.96 4.76 441 4.38 4.63
2007 2.35 2.24 2.04 2.01 2.16
Sodiulln 2008 4.57 4.38 3.88 3.69 4.13
(gkg™) mean | 396 | 3.79 3.44 3.36 364
LSD: for fertilisation in years: 2006 — 0.221
for years — 0.192 2007 — 0.141

for fertilisation — 0.081

2008 — 0.265
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achieved after applying the lowest fertilisation dose. Potassium content in
herbal plants varies greatly depending on the region of cultivation (AJjasa et
al. 2004, SHEDED et al. 2006, WodciecHOwSKA 2008), type of raw material (SINGH,
GaARG 1997) and soil fertility (SHEDED et al. 2006, ZAREBA, BLONIARZ 2008).

The mean content of calcium in leaves of Digitalis Lanata was signifi-
cantly modified by fertilisation. The increasing level of mineral fertilisation
induced a lower content of this chemical element in the air-dried matter of
leaves, which proved significant for the treatments A; and A; with reference
to the control combination (2.7% and 3.3% less, respectively). In 2007, no
significant effect of the applied fertilisation on the calcium content in the
Woolly Foxglove’s leaves was observed. In 2007, the concentration of this
element was significantly lower (by 35.1 and 14.2%) than in leaves collected
in 2006 and 2008. Calcium in plants is responsible for the rate of the uptake
of mineral components and their transport. Its deficiency in soil may dis-
turb the uptake of ions. The content of calcium in plants depends considera-
bly on the type of fertilisation, physicochemical characteristics of soil, air
temperature and the amount of precipitation during the plant vegetation
period, as well as on the age of the plant (WoJcik 1998).

Magnesium, a basic component of chlorophyll and an element that acti-
vates many enzymatic processes during the syntheses of proteins, nucleic
acids, lipids and hydrocarbons, plays a key role in the plant metabolism.
It has been demonstrated that after the fertilisation the mean content of
magnesium in Digitalis lanata was the highest in the treatment fertilised
with the lowest dose of NPK (A;). The content of magnesium in the air-
dried matter of leaves from the other treatments was similar to the control.
Most magnesium was accumulated in leaves gathered in 2008.

The physiological role of sodium is less thoroughly recognised than that
of the other macronutrients. Based on the response to fertilisation with this
element, the plants are divided into natriophytes and non-natriophytes. The
content of sodium in plants usually varies from 0.1 to 5 g kg~! but in natri-
ophytes it reaches from 15 to 25 g kg1 (ZargBa, BroNiarz 2008). As seen
from the above, the Woolly Foxglove does not belong to natriophytes and
the content of sodium in its leaves may be modified by mineral fertilisation
(Table 1). In comparison to the control, a significant decrease in the content
of sodium in leaves of the Woolly Foxglove was observed after applying the
experimental fertilisation doses. The lowest amounts of sodium were in
leaves gathered from the plot fertilised with the highest NPK dose (Aj),
where the decrease was 15.2%. The lowest sodium concentrations were typi-
cal of leaves gathered in 2007 (2.16 g kg~1). Compared to 2006 and 2008, the
differences were significant and equalled to 2.47 g kgl and 1.97 g kg™},
respectively.

The optimum content of mineral components in herbal plants ensures
proper quantitative ratios between the elements in herbal raw material and
is beneficial for the bio-availability and efficacy of products extracted from
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Table 2
The values of mole ratios in leaves of the Woolly Foxglove
Fertilisation object
Ratio Year Mean
AO Al A2 AS
1 2 3 4 5 6 7
2006 2.44 2.08 1.92 1.80 2.06
2007 1.27 1.12 1.10 1.07 1.14
CaP 2008 1.65 1.43 1.38 1.32 1.44
mean 1.79 1.55 1.47 1.40 1.55
LSD: for fertilisation in years: 2006 — 0.171
for years — 0.133 2007 — 0.008
for fertilisation — 0.037 2008 — 0.121
2006 0.99 1.01 1.13 1.15 1.07
2007 0.75 0.65 0.65 0.63 0.67
2008 0.67 0.63 0.66 0.65 0.65
Ca:Mg mean | 080 | 0.76 0.81 0.80 0.80
LSD: for fertilisation in years: 2006 — 0.109
for years — 0.066 2007 — n.s.
for fertilisation — 0.037 2008 - n.s
2006 3.17 3.21 3.26 3.16 3.20
2007 4.42 4.77 4.80 491 4.72
K:Ca 2008 4.05 4.24 4.27 4.21 4.19
mean 3.88 4.07 4.11 4.10 4.04
LSD: for fertilisation in years: 2006 — n.s.
for years — 0.266 2007 — 0.255
for fertilisation — 0.053 2008 — 0.123.
2006 3.13 3.23 3.68 3.64 3.42
2007 3.30 3.11 3.09 3.07 3.14
2008 2.70 2.66 2.82 2.74 2.73
KMg mean 3.04 3.00 3.20 3.15 3.10
LSD: for fertilisation in years: 2006 — 0.368
for years — 0.069 2007 — n.s.
for fertilisation — 0.122 2008 — n.s.
2006 2.23 2.32 2.60 2.46 2.40
2007 4.82 5.26 5.85 6.02 5.49
2008 2.57 2.73 3.17 3.21 2.92
K:Na mean | 320 | 344 3.87 3.90 3.60
LSD: for fertilisation in years: 2006 — n. s.
for years — 0.161 2007 - 0.410
for fertilisation — 0.097 2008 — 0.313




563

cont. Table 2

1 2 3 4 5 6 7

2006 1.57 161 1.73 1.69 1.65

2007 1.88 1.88 1.88 1.89 1.88

2008 1.62 1.63 1.70 1.66 1.65

Ki(Ca+Mg) mean | 1.69 171 1.77 1.75 1.73
LSD: for fertilisation in years: 2006 — 0.106
for years — 0.053 2007 — n.s.
for fertilisation — 0.043 2008 — 0.069

2006 2.28 2.30 2.39 2.38 2.34

2007 2.27 2.24 2.20 2.20 2.23

2008 2.25 2.23 2.23 2.17 2.22

®eNa)(CarMe) I can | 227 | 226 2.28 225 2.26
LSD: for fertilisation in years: 2006 — n. s.
for years — 0.078 2007 —n. s.
for fertilisation — n.s. 2008 — n. s.

such plants. The present study has proven that the effect of mineral fertili-
sation doses on mole ratios in leaves of Digitalis lanata was not unidirec-
tional (Table 2). The values of the Ca:P ratio varied from 1.40 to 1.79 and
tended to narrow down as the doses of applied fertiliser rose. The optimum
mole Ca:P ratios in crop plants, acc. to FiLipEk (1987), ought to be 1.5:1; the
present research has showed similar values for treatments A; and A,. It is
worth noticing that mole ratios in herbal plants are rarely discussed in the
literature

The use of NPK dose A; significantly narrowed the Ca:Mg ratio versus
the control. Further increase in the fertiliser dose did not alter the ratio
between these elements in leaves. The effect of the applied doses of fertilis-
er on the chemical composition of the Woolly Foxglove’s leaves was also
confirmed by changes in the K:Ca ratio. The research showed that the ap-
plied fertilisation significantly increased the above ratio in leaves of Digital-
is lanata relative to the control, which resulted from a rise in the potassi-
um content and a drop in the level of calcium in leaves when the NPK dose
was higher. Assuming that the optimum mole ratios of these elements in
crops are 2:1 (Panak, WoiNowska 1982), the K:Ca ratio in leaves of the Woolly
Foxglove should be recognised as high.

A significant increase in the K:Mg ratio with reference to the control
was observed after using the medium dose of NPK (A,). It should be em-
phasized that this dose is recommended for Digitalis lanata. The fertilisa-
tion induced a statistically confirmed enlargement of the K:Na ratio from
3.20 in the control to 3.90 in the plants fertilised with the highest dose
of NPK (Ay).
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A significant growth in the ratio of potassium to the total of calcium
and magnesium with reference to the object without mineral fertilisation
was observed after using the highest (1.75) and the medium NPK dose (1.77).
In 2006 and 2008, the mean value of this ratio significantly increased com-
pared to the control. Mineral fertilisation did not change significantly the
ratio of the total sum of monovalent ions to the total sum of bivalent ions
compared with the control. The mean value of the above ratio was 2.26.
Analogously, no such changes were observed in the particular years of the
research. The value of total monovalent to total bivalent ion ratio is shaped
by antagonisms, for example between calcium and potassium, which affect
the plant’s water management. The effect of calcium on transpiration may
also depend on the proportion between the content of this element and the
content of potassium and sodium.

The research has clearly demonstrated that the weather conditions, dif-
ferent during the vegetation season in the consecutive years, affected mole
ratios of the elements in leaves of the Woolly Foxglove. The fact that the
changes in the calculated ratio values were not unidirectional (Table 2.) was
mainly the result of the unequal distribution and amount of precipitation.

In the above research, the highest NPK dose (Aj3), exceeding the recom-
mend one, caused significant changes in the chemical composition of leaves
of Digitalis lanata, a development which was also reflected by changes in
proportions of mineral compounds in leaves. This finding may imply that
higher quality raw material can be obtained by optimised fertilisation.

CONCLUSIONS

1. The tested mineral fertilisation generally induced a significant increase
in the content of total nitrogen, total phosphorus, and potassium, but de-
pressed the sodium concentration in leaves of the Woolly Foxglove com-
pared to the control.

2. After applying 107.3 kg NPK ha~!, the content of calcium and magne-
sium increased, while the ratio between these chemical elements decreased
in leaves of Digitalis Lanata in comparison to the control.

3. The increased mineral fertilisation significantly widened the ratios
of K:Ca and K:Na, and narrowed the Ca:P ratio in leaves.

4. A significantly broader K:(Ca+Mg) ratio in leaves was observed after
applying the medium and the highest NPK doses.

5. After applying 214.6 kg NPK hal, an increase in the K:Mg ratio
in leaves was observed versus the control.
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CONCENTRATION OF SELECTED
METALS IN BUTTER LETTUCE
(LACTUCA SATIVA L. ) CONTAMINATED
WITH ANTHRACENE AND PYRENE

Slawomir Krzebietke
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University of Warmia and Mazury in Olsztyn

Abstract

PAHs (polycyclic aromatic hydrocarbons) are widespread in the natural environment.
They are suspected to have mutagenic, carcinogenic and teratogenic effect on our organi-
sms. Production of wholesome and high quality vegetables does not necessarily involve
selection of adequate farmlands or substrates used for vegetable growing. Combustion pro-
cesses are a source of PAHs in the soil and air. Excessive levels of PAHs are accumulated
when the balance between their decomposition in soil and supply from other sources is
disrupted. The objective of the present research has been to evaluate the effect of anthra-
cene and pyrene on the concentration of selected trace elements in butter lettuce (Lactuca
sativa L.), cultivar Vilmorin, grown on substrates with different nutrient abundance. A pot
experiment in four replications was carried out twice in the spring of 2007 and 2008. The
pots were maintained in a greenhouse at the University of Warmia and Mazury in Olsz-
tyn. Lettuce was grown under the minimum (optimum) and triple (II fertilization level)
substrate abundance in nutrients. In the second variant o the experiment, when the nu-
trient abundance was elevated, nitrogen was split into two doses: 2/3 of the whole rate
were added before planting lettuce seedlings, and 1/3 of the rate was introduced 10 days
afterwards. In the first variant, when the nutrient abundance was minimal, all of the ni-
trogen was added in a single dose. Spraying the lettuce plants with anthracene (ANT),
pyrene (PYRO or their mixture started 10 days after planting. Foliar introduction of the
tested PAHs continued for 25 days (in the amount of 1.8 c¢cm3 day! at a concentration of
100 mg dm™3) until the vegetative season finished. At the same time, an identical total
amount of the PAHs was added to soil as aqueous solution, at 7-day intervals, according to
the same pattern. Determinations of the concentrations of heavy metals (Cd, Cu, Ni, Cr,
Zn, Mn) was performed with the ASA method, having first mineralised (HCIO,+HCI+HNOj)
the plant material which had been dried at 60°C. The determinations were compared with
certified material (CTA-VTL-2). Concentrations of the trace elements in butter lettuce were

dr inz. Stawomir Krzebietke, Chair of Agricultural Chemistry and Environment Protection,
University of Warmia and Mazury in Olsztyn, Oczapowskiego Street 8, 10-744 Olsztyn,
Poland, e-mail: slawomir.krzebietke@uwm.edu.pl
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significantly varied depending on the experimental factors. A more abundant substrate si-
gnificantly raised the levels of Cd, Zn and Mn, but had no effect on concentrations of Cu,
Ni and Cr. The way the PAHs were applied did not have any influence on modifications in
the determined levels of the metals. Out of the two analysed PAHs, anthracene, especially
when applied to soil, increased the concentrations of Zn nd Cr in lettuce leaves.

Key words: anthracene, pyrene, Lactuca sativa L., heavy metals, substrate abundance.

KONCENTRACJA WYBRANYCH METALI W SALACIE
(LACTUCA SATIVA L. ) SKAZONEJ ANTRACENEM I PIRENEM

Abstrakt

WWA (wielopierScieniowe weglowodory aromatyczne) sa zwigzkami powszechnie wy-
stepujacymi w Srodowisku. Przypisuje sie im dzialanie mutagenne, rakotworcze i terato-
genne na nasze organizmy. Produkcja zdrowych i dobrych jakoSciowo warzyw nie zawsze
jest zwiazana z wyborem odpowiednich terenéw lub podlozy do ich uprawy. erédtem WWA
zaré6wno w glebie, jak i w powietrzu sa procesy spalania. Do nadmiernego ich nagromadze-
nia dochodzi na skutek zachwiania réwnowagi miedzy rozkladem w glebie a przychodem
zinnych zrédel. Celem badan byta ocena wplywu antracenu oraz pirenu na zawarto§¢ wy-
branych pierwiastkow Sladowych w satacie mastowej (Lactuca sativa L.) odmiany Vilmorin
uprawianej w podtozach o zréznicowanej zasobno$ci. Eksperyment wazonowy w 4 powto-
rzeniach przeprowadzono dwukrotnie wiosng w latach 2007-2008 w hali wegetacyjnej UWM
w Olsztynie. Satate uprawiano w warunkach o minimalnej (optymalnej) zasobnosci podioza
w sktadniki pokarmowe oraz 3-krotnie zwigkszonej (II — poziom nawozenia). Azot wprowa-
dzano w dwoch dawkach przy zwiekszonej zasobnosci podioza: 2/3 dawki przed posadze-
niem rozsady, a 1/3 dawki po 10 dniach od posadzenia oraz w caloSci w przypadku pierw-
szego poziomu nawozenia. Oprysk roslin antracenem (ANT) oraz pirenem (PYR) i ich
mieszaning rozpoczeto po 10 dniach od posadzenia. Dolistne wprowadzanie wybranych WWA
trwalo przez 25 dni (w iloéci 1,8 cm3 doba™! o stezeniu 100 mg dm=3) do korica okresu
wegetacji. Jednoczes$nie doglebowo dostarczono sumaryczng ilo§¢é WWA w takim samym
uktadzie 1 raz na 7 dni w wodnym rozcieniczonym roztworze. Zawarto$¢ wybranych metali
ciezkich (Cd, Cu, Ni, Cr, Zn, Mn) oznaczano metodg ASA po mineralizacji
(HCIO+HC1+HNOg) wysuszonego w temp. 60°C materialu roslinnego. Oznaczenia wyko-
nano wobec materiatu certyfikowanego (CTA-VTL-2). Zawarto$¢ pierwiastkow sladowych
w salacie mastowe]j byta istotnie zréznicowana w zalezno$ci od czynnikéw doswiadczalnych.
Zasobniejsze podiloze wptywalo istotnie na zwiekszenie zawarto$ci Cd, Zn i Mn, nie mialo
za$ wpltywu na koncentracje Cu, Ni i Cr. Sposéb aplikacji WWA nie mial wplywu na zmia-
ny zawartosci oznaczonych metali. Sposréd testowanych WWA, szczegélnie antracen apli-
kowany doglebowo zwigkszal zawarto§¢ Zn i Cr w lisciach testowanej rosliny.

Stowa kluczowe: antracen, piren, Lactuca sativa L., metale ciezkie, zasobnos$é podtoza.

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are among the substances
which tend to appear in the natural environment in ever increasing quanti-
ties (Tsa1r et al. 2001). They are generated during incomplete incineration
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or combustion of various substances, caused by both natural forces (forest
wild fires, mineralization of organic matter) or man (tobacco smoking, pro-
duction and combustion of fuels, transport, etc.) (HENNER et al. 1997, SaAMANTA
et al. 2002, JonnsoN et al. 2005, RavINDRA et al. 2008). They are the com-
pounds which re readily bioaccumulated in living organisms and have an
adverse effect on our health, producing toxic, carcinogenic, mutagenic and
teratogenic effects (PERERA 1997, JiaN et al. 2004). Plants grown on soil which
contains PAHs, or otherwise exposed to these compounds, respond to con-
tamination demonstrating certain disorders in physiological processes (pho-
tosynthesis, transpiration), biomass production, uptake and concentration of
some nutrients (MarwooD et al. 2001, WIECzoReK et al. 2001, WITTING et al.
2003, WiECZorEeK et al. 2004, 2006, KrZEBIETKE, SIENKIEWICZ 2010a,b). In prac-
tice, the relevant literature contains no reports on the effect of PAHs on
concentrations of heavy metals in plants. The objective of the present study
has been to determine the effect of anthracene and pyrene and their mix-
ture, sprayed over leaves or introduced to soil, on concentrations of some
metals in butter lettuce (Lactuca sativa L.), cv. Vilmorin, grown on sub-
strate with two different levels of nutrient abundance.

MATERIAL AND METHODS

A three-factor pot experiment was carried out in he spring of 2007 and
2008, in a greenhouse at the University of Warmia and Mazury in Olsztyn.
The experiment was run in four replications. The substrate used in the
experiment had the following chemical properties: 4.1 mg N-NOg; 5.5 mg
N-NH,; 44.2 mg P; 173.3 mg K; 60.9 mg Mg; 921.9 mg Ca; 8.3 mg Na;
13.4 mg CI7; 71.7 mg S-SO, in dm3 of the pH 6.5 and EC 0.11 mS cm™L. The
following does of nutrients were added to 1 dm3 of the substrate: 60 or
180 mg N; 50 or 150 mg P; 50 or 150 mg K; 40 or 120 mg Mg; 20 or 60 mg
Na and 30.8 or 92.4 mg CI (1st factor — substrate abundance).

One gram of anthracene and 1 g of pyrene were disolved in 10 cm3
of acetonitrile, filled up with deionised water to 100 cm? and diluted 100-fold
by adding deionised water to the solution. For the fist time, lettuce plants
were sprayed 10 days after planting, and the treatment was repeated twice
a day for 25 consecutive days, using 1.8 cm3 day! of the solution at
a concentration of 100 mg dm=3. The same amounts of the PAHs were in-
troduced to soil, every 7 days, in an aqueous diluted solution. Control plants
were sprayed or watered in the same way but without the PAHs (204 factor
— PAH application method).

The tested solutions comprised: anthracene (ANT), pyrene (PYR) or their
mixture, and the control plants were sprayed or watered with deionised
water mixed with acetonitrile organic solvent (ACN), added in the same
amount as need for disolving the PAHs (3t factor — type of PAHSs).
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Before the lettuce was planted, the surface of the soil was sprayed with
propyzamide in the aound of 0.65 mg dm™3 of the substrate. In Kick Brauck-
mann pots of the capacity of 10 kg soil, six-week old seedlings of cv. Vil-
morin butter lettuce (Lactuca sativa L.) were planted, one seedling per pot.
The lettuce was harvested after 6 weeks. During the harvest, lettuce heads
were weighed. Determinations of the selected metals (Cd, Cu, Ni, Cr, Zn
and Mn) were performed with the ASA method, after mineralization
(HC104+HCI+HNOg) of the plant material dried at temp. 60°C. The determi-
nations were verified with the certified material CTA-VTL-2. The results
underwent statistical processing, employing the analysis of variance for
a three-factor experiment, in a completely random design — Statistica v. 7.0.

RESULTS AND DISCUSION

The concentrations of trace metals (Mn, Cd and Zn) in butter lettuce
were modified primarily by the abundance of the substrate (Tables 1-3). There
are researchers, e.g. SAMSRE-PETERSEN et al. 2002, WENNRICH et al. 2002, KHAN
et al. 2008, who demonstrate that soil is the major route of transfer for
PAHs to plants. In the present experiment, the way of introducing the PAHs
(over leaves or to soil) did not significantly modify the concentrations of the
analysed elements in butter lettuce leaves. However, statistically proven dif-
ferences in the concentrations of chromium or zinc in the tested butter
lettuce leaves were found following the application of anthracene or pyrene
or their mixtures (Tables 1 and 2). The concentration of chromium rose
2.75-fold in lettuce leaves due to soil contamination with ANT in the sub-
strate with elevated nutrient abundance. When the nutrient levels in the

substrate were on the optimum level, the increase in chromium in lettuce
leaves was 1.33-fold (Table 1).

In the substrate richer in nutrient, ANT contributed to increased con-
centrations of Cr in lettuce leaves; a reverse correlation was observed for
pyrene. This effect was much stronger when pyrene was supplied to soil
and when nutrient availability to plant was higher. A mixture of PAHs
(ANT+PYR), regardless of an application method, led to a decrease in the
concentration of Cr in butter lettuce plants.

Manganese in butter lettuce leaves occurred in concentrations between
31.16 and 59.17 mg kg~! d.m. (Table 1). The substrate abundance produced
a significant effect on this element (a 30.7% increase) only when butter
lettuce was grown on the substrate with a three-fold lower abundance in P,
K, Mg and Na.

Foliar application of pyrene, under the optimum substrate abundance in
nutrients, raised the concentration of nickel in the analysed plant (Table 2).
Reverse tendencies were observed in the case of ANT. Under the higher
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substrate abundance, application of ANT, PYR or ANT+PYR resulted in a 9.5%
decrease in the Ni concentration in lettuce leaves.

The content of zinc in lettuce changed depending on the applied polycy-
clic aromatic hydrocarbons and nutrient abundance of the substrate (Table 2).
Its concentration varied from 16.9 to 28.9 mg kg~! d.m. of butter lettuce
leaves. Under the higher nutrient abundance of the substrate, the Zn con-
tent in lettuce rose by 36.5%. The PAHs caused a higher concentration of
zinc in the analysed lettuce. Analogously, positive correlation was found be-
tween the concentration of zinc and manganese and the concentration of
cadmium in lettuce plants (Figure 1). The more Zn and Mn the plants con-
tained, the more cadmium they accumulated, although the effect of manga-
nese was much stronger. It is highly probable that an increase in the con-
centration of Mn and Zn in plants can also lead to increased levels of Cd —
in the present experiment the determination coefficients were r=0.7845 for
manganese and r=0.4924 for zinc.

§ 040
= ® A
T 0.35 [ P9 M
o 00| 7= 0.0127x - 0.056
g - r=0.7845
= 025 A
§ A
2 0.20
£ A AN B AL
< 0.15 A A
(5]
S 0.10 Azn
= ®)Mn y = 0.0026x + 0.1087
g 00 r = 0.4924
S 0.00
0 10 20 30 40 50 60 70

content of zinc and manganese (mg kg~! d.m.)

Fig. 1. Correlation between the concentration of cadmium and zinc versus
manganese in butter lettuce

The concentration of copper in butter lettuce plants varied from 1.24 to
1.65 mg kg1 d.m. (Table 3). No significant effect of the tested experimental
factors was evidenced on the concentration of Cu in lettuce leaves. Howev-
er, statistically significant differences in the concentration of copper in let-
tuce leaves were found out for the interaction of the three experimental
factors. A mixture of the tested PAHs (ANT+PYR) sprayed over leaves, un-
der the minimal substrate abundance in nutrients, was responsible for
a decrease in the Cu content in lettuce leaves.

The concentration of cadmium in lettuce leaves depended mainly on the

substrate abundance; the richer substrate raised its concentration by 55.5%
(Table 3). The PAHs introduced to the substrate alongside its higher abun-
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dance in nutrients caused an increase in Cd in butter lettuce leaves. An-
thracene raised the amount of cadmium in lettuce plants grown on the sub-
strate richer in nutrients, whereas pyrene reduced its concentration. Foliar
application of the PAHs (ANT, PYR, ANT+PYR) depressed the concentration
of cadmium, whereas soil application resulted in higher levels of this metal
in lettuce leaves.

CONCLUSIONS

1. The substrate richer in N, P, K, Mg, Na and Cl significantly increased
concentrations of Cd, Zn and Mn in butter lettuce leaves, but had no effect
on concentrations of Cu, Ni and Cr.

2. No significant effect of the PAH application path (foliar or to soil) on
concentrations of the analysed metals in butter lettuce was demonstrated.

3. Increased content of anthracene in soil may raise the concentration
of Zn and Cr in butter lettuce leaves.

4. An increase in the concentration of Mn and Zn in butter lettuce leaves
may also entail a higher level of Cd in the tested plant.
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CHANGES IN THE ENZYMATIC ACTIVITY
IN SANDY LOAM SOIL EXPOSED
TO ZINC PRESSURE
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Abstract

One of the bioindicators most often applied to assess the quality of soil is its enzyma-
tic activity. Undesirable changes in the activity of enzymes can imply excessive presence
of substances which are harmful to soil environment, such as heavy metals. Being a he-
avy metal, zinc is also an element essential for maintaining proper functions of live orga-
nisms. The purpose of this study has been to determine the significance of changes occur-
ring in moderately heavy soil under the influence of zinc.

The experiment was carried out in three replicates under laboratory conditions. San-
dy loams of pH 5.5 and 7.0 were used for the trials. The soils were contaminated with zinc
according to the following design: control (natural content), raised content (70 mg ZnZ2*
kg1), weakly polluted (200 mg Zn2* kg! ), moderately polluted (500 mg Zn2+ kg1), he-
avily polluted (1,500 mg Zn2* kg1) and very heavily polluted soil (5,000 mg and 10,000 mg
Zn2* kg1). The soil samples prepared as above were brought to the moisture content of
50% maximum water capacity and incubated at 25°C for 120 days. On day 30, 60 and 120,
the activity of dehydrogenases, p-glucosidase, urease, acid phosphatase and arylsulphatase
was determined. Based on these determinations, the following indices were calculated:
EDjq, the index for resistance (RS) and the index for resilience (RL).

The tests have demonstrated that as the rate of soil contamination with zinc incre-
ased, the activity of all the analyzed enzymes was significantly depressed. The negative
influence of zinc contamination on the activity of particular enzymes, irrespective of the
soil pH, persisted throughout the whole experiment. In respect of their sensitivity to zinc,
the enzymes can be ordered as follows: arylsulphatase > dehydrogenases > acid phospha-
tase > urease > f-glucosidase. Zinc contamination caused lasting changes in the soil envi-
ronment, but the return to the state of equilibrium was the quickest in the case of dehy-
drogenases (RL = 0.276), less rapid for arylsulphatase (RL = 0.173) and the slowest for
acid phosphatase (RL = 0.064). In contrast, the activity of urease, instead of regenerating,
was increasingly disturbed (RL = 0.350). Soil acidification was the factor that most eviden-
tly exacerbated the negative influence of zinc on the activity of S-glucosidase and arylsul-

prof. dr hab. Jan Kucharski, Chair of Microbiology, University of Warmia and Mazury, pl.
Lodzki 3, 10-727 Olsztyn, Poland, e-mail: jan.kucharski@uwm.edu.pl
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phatase. Values of ED50 for the activity of particular enzymes were varied. In the soil of
pH 7.0, they ranged from 3,324 mg Zn2* kgl for B-glucosidase to 412 mg Zn2+ kgl for
dehydrogenases, and in the soil of pH 5.5, they varied from 1,008 Zn2* kg™! for p-glucosi-
dase to 280 mg Zn2* kg1 for arylsulphatase.

Key words: zinc, EDg,, index for resistance (RS), index for resilience of (RL), soil con-
tamination, activity of enzymes.

ZMIANY AKTYWNOSCI ENZYMATYCZNEJ W GLINIE PIASZCZYSTEJ
PODDANEJ PRESJI CYNKU

Abstrakt

Aktywno$é enzymatyczna gleby stanowi jeden z najczes$ciej wykorzystywanych bio-
wskaznikéw do oceny jakosci gleby. Niekorzystne zmiany w aktywnosci enzymoéw moga
Swiadezy¢ o nadmiernej zawartoSci substancji szkodliwych dla Srodowiska glebowego, do
ktorych naleza réwniez metale ciezkie. Cynk jest tez niezbednym skiadnikiem do prawidlo-
wego funkcjonowania organizméw zywych. Celem badan bylo okreslenie istotnosci zmian
zachodzacych w glebie o Sredniej kategorii agrotechnicznej ciezko$ci pod wptywem cynku.

Dos$wiadczenie wykonano w warunkach laboratoryjnych, w 3 powtdrzeniach. Do ba-
dan wykorzystano gliny piaszczyste o pH 5,5 oraz o pH 7,0, ktore zanieczyszczono cynkiem
wg nastepujacego schematu: kontrola (zawarto$é¢ naturalna), zawarto$é¢ podwyzszona
(70 mg Zn?* kg1), slabe zanieczyszczenie (200 mg Zn%* kg1), Srednie zanieczyszczenie
(500 mg Zn2+ kg1), silne zanieczyszczenie (1500 mg Zn2+ kg=1) i bardzo silne zanie-
czyszcezenie (5000 mg oraz 10000 mg Zn?* kg 1). Tak przygotowane prébki gleby uwil-
gotniono do poziomu 50% maksymalnej pojemnos$ci wodnej i inkubowano w temp. 25°C
przez 120 dni. W 30., 60. oraz 120. dniu okreslono aktywno$¢ dehydrogenaz, f-glukozyda-
zy, ureazy, fosfatazy kwasnej oraz arylosulfatazy. Na ich podstawie obliczono wskazniki
EDy, opornoéci (RS) i powrotu do réwnowagi (RL).

W wyniku badan stwierdzono, ze wraz ze zwigkszeniem stopnia zanieczyszczenia gle-
by cynkiem aktywno$¢ wszystkich badanych enzyméw ulegata istotnemu zmniejszeniu. Ne-
gatywny wplyw zanieczyszczenia cynkiem na aktywno$¢ enzymatycznag gleby, niezaleznie
od jej pH, utrzymywat sie przez caly okres trwania badan. Enzymy pod wplywem wrazli-
wosci na zanieczyszczenie gleby cynkiem mozna uszeregowaé nastepujgco: arylosulfataza >
dehydrogenazy > fosfataza kwasna > ureaza > f(-glukozydaza. Zanieczyszczenie cynkiem
powodowato dtugotrwale zmiany w Srodowisku glebowym, ale najszybciej do stanu réwno-
wagi powracaty dehydrogenazy (RL = 0,276), nieco wolniej arylosulfataza (RL = 0,173),
inajwolniej fosfataza kwasna (RL = 0,064). Natomiast aktywno§é ureazy nie tyko nie re-
generowala sie, ale stan zaburzenia ulegat pogltebieniu (RL = -0,350). Zakwaszenie gleby
w najwiekszym stopniu wzmagalo negatywne dzialanie cynku na aktywnos$é¢ p-glukozydazy
i arylosulfatazy. EDg, dla aktywnosci poszczegélnych enzyméw bylo zréznicowane. W gle-
bie o pH 7,0 wahalo sie od 3324 mg Zn2+ kg1 dla f-glukozydazy do 412 mg Zn%* kg! dla
dehydrogenaz, a w glebie o pH 5,5 od 1008 mg Zn2* kg ! dla f-glukozydazy do 280 mg
Zn2t kg1 dla arylosulfatazy.

Stowa kluczowe: cynk, EDg,, wskaznik opornosci (RS), wskaznik powrotu do réwnowa-
gi (RL), zanieczyszczenie gleby, aktywnos§é enzymow.
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INTRODUCTION

The intensive growth of industries and civilization progress have raised
levels of heavy metals in soil, a development which is now a serious prob-
lem (SErFERT, DoMKA 2005) affecting not just plants and animals (Brookes 1995)
but microorganisms as well (KucHARsSKI et al. 2000, WyszZKOwsKA, KUCHARSKI
2003, Wyszrowska et al. 2001). Excessively high concentrations of these ele-
ments have an adverse effect on soil fertility. Elevated levels of heavy met-
als produce negative influence on the physicochemical and biological proper-
ties of soils (GILLET, PoNGE 2002, KUCHARSKI, WYSZKOWSKA 2004, WYSZKOWSKA et
al. 2007), including the activity of enzymes and the nitrification process (Ku-
CHARSKI et al. 2009).

Soil enzymes are produced by plants and animals, but the dominant
ones are secreted by microorganisms (NIELSEN, WINDING 2002). Consequently,
counts of microorganisms in soil are a very important indicator of soil quali-
ty. Excessive content of zinc has a negative impact on counts of oligotrophic
bacteria, Azotobacter and Arthrobacter bacteria as well as fungi (WYSZKOWSKA,
Kucnarskr 2003).The harmful influence of heavy metals on soil ecosystems is
compounded by the fact that in practice — unlike organic compounds — heavy
metals do not undergo transformations, that is, they are not degraded and
consequently their accumulation in soil is burdensome to each biotope and
to the whole biocenosis as well (ApriaNO et al. 2004).

Soil enzymes are involved in the circulation of biogenic elements
(N1ELsEN, WINDING 2002). This fact is of great importance from the point of
view of ecology, as the activity of microorganisms and enzymes they secrete
enable the circulation of elements in nature (BRookEs 1995, TRASAR-CEPEDA et
al. 2000) and the transformation of the substances they contain into forms
available to other autochthonous organisms. A low level of soil contamina-
tion with heavy metals may just impede the metabolic processes of microor-
ganisms, but amounts surpassing several-fold the permissible levels will be-
come a sole reason why soils are degraded due to depressed microbial
activity (KucHarski, Wyszkowska 2004, NiELSEN, WINDIG 2002, WYszZKOWSKA et
al., 2008, 2009). Analysis of the enzymatic activity in soil is an important
bioindicator of soil quality as it enables us to detect some unfavourable
changes occurring in soil environment (VisSErR, PARkINsoN 1992, HiNoJosa et
al. 2008).

Zinc is one of those heavy metals which living organisms need as a trace
element (MicHALAK 2006). It is found in the structure of metalloenzymes
(McCaLL et al. 2000) and it plays many important physiological functions,
but when present in excessive amounts, zinc may cause destabilisation
of ecosystems. Thus, it seems essential to gain thorough knowledge of the
effects zinc exerts on soil, including its influence on the activity of soil
enzymes.
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The objective of the present study has been to determine changes in the
activity of dehydrogenases, f-glucosidase, urease, arylsulphatase and acid phos-
phatase in sandy loam soil of different reaction, exposed to zinc pressure.

MATERIAL AND METHODS

The experiment was run in three replicates under laboratory conditions.
Sandy loams of pH 5.5 and 7.0 were used for the trials. The soils were
sampled from the arable humus horizon, from the depth of 5-25 cm. More
detailed specification of the soils is presented in Table 1. A portion of 100 g
air dry soil was placed in each of 100 cm? glass beakers. Zinc in the form of
aqueous solution of ZnCl, salt was added to the soil samples in the follow-
ing doses (in mg Zn2* kg~! d.m. of soil): 0 (natural content — 0°), 70 (raised

Table 1
Some physicochemical properties of soil used in the experiment
Grain-size composition C Hh g T v
Kind of soil () il H
nd of soi pHk = -
2-0.05 | 0.05-0.002| <0.002| (g) mm°1(+)dkfl of soil (%)
Sandy loam 72 21 7 7.05 7.0 16.05 | 75.00 | 91.05 | 82.37
Sandy loam 74 16 10 5.75 55 33.50 | 35.33| 68.83 | 51.33

C org — organic carbon content per 1 kg of soil d.m., pHy; — soil reaction, Hh — hydrolytic acidity,
S — exchangeable soil capacity, T — total exchangeable soil capacity, V — soil base saturation

content — 1°), 200 (weak contamination — II°), 500 (moderate contamination
— III°), 1,500 (heavy contamination — IV®), 5,000 (very heavy contamination
—V?), 10,000 (a dose two-fold higher than very heavy contamination — VI°).
Afterwards, the soil samples were thoroughly mixed and brought to the
moisture content equal 50% of the maximum water capacity. The soil sam-
ples thus prepared were covered with plastic film and placed in a heater
(25°C). The experiment was set up in three replicates. During the incuba-
tion, the soil moisture was monitored regularly and water losses were sup-
plemented. The soil samples were incubated for 30, 60 and 120 days. On
each of these dates, the activity of the following enzymes was determined in
three replications: acid phosphatase (EC 3.1.3.2), arylsulphatase (EC 3.1.6.1),
pB-glucosidase (EC 3.2.1.21), urease (EC 3.5.1.5) and dehydrogenases (EC
1.1.1.1).

The substrates used for determination of the activity of particular en-
zymes were 4-nitrophenylphosphate disodium for acid phosphatase, potassi-
um-p-nitrophenylsulphate for arylsulphatase, p-nitrophenyl-3-D-glucopyrano-
side for B-glucosidase, urea for urease and 2,3,5-triphenyltetrazolium chloride
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(TTC) for dehydrogenases. The activity of acid phosphatase, arylsulphatase and
B-glucosidase was expressed in mmol p-nitrophenol (PNP) kg~! d.m. h1;
of urease — in mmol N-NH, kg~! h7!, and of dehydrogenases — in pmol
triphenyl formazan (TPF) kg~! d.m. h-1. The activity of all the enzymes,
except dehydrogenases, was determined according to the protocol described
by ALEF and NANNIPIERI (1995). In turn, the activity of dehydrogenases was
assessed as explained by OHLINGER (1996). The results of the analyses were
processed statistically with a multi-factor analysis of variance Anova, using
Statistica software. EDy, as well as the index for resistance (RS) and the
index for resilience (RL) were calculated for each enzyme according to ORwWIN
and WARDLE (2004). The activity of the enzymes as well as RS were given as
means from all the dates of analyses, whereas the RL index was calculated
for the samples tested after 120 days of incubation.

RESULTS AND DISCUSSION

The results of the determinations suggest that the presence of zinc in
soil significantly modifies the biological properties of soil. The extent to
which zinc affects the enzymatic activity in soil largely depends on the soil
contamination degree and soil reaction.

The activity of dehydrogenases in the soil of pH 7.0 containing a natu-
rally occurring amount of zinc was 10.06 pmol TFF kg~! d.m. h™!, and in
the soil of pH 5.5, it was 7.89 pmol TFF kg1 h~! (Figure 1). In the soil of
pH 7.0, the activity of these enzymes fell by 12% when a dose of 200 mg
Zn2* kgl was added and by 65% — when the rate of zinc rose to 500 mg
Zn2* kg~1. The same rates of zinc added to the soil of pH 5.5 inhibited the
activity of dehydrogenases more strongly, i.e. by 30 and 71%, respectively.
Higher doses of the contaminant (1,500 to 10,000 mg Zn?* kg~1) had a near-
ly identical influence on dehydrogenases in the soils of both reactions, by
depressing their activity within 96 to 98%.

Wyszrowska et al. (2006a, 2006b) demonstrated 30% inhibition of the ac-
tivity of dehydrogenases in response to a rate of zinc as low as 50 mg Zn2+*
kg~l. The same experiment showed that the activity of dehydrogenases de-
creased as the zinc contamination of soil increased. The effect produced by
this element on dehydrogenases, like that of other heavy metals (Wyszkowska
et al. 2001), depends not only on its concentration in soil but also on a whole
range of soil properties, such as levels of heavy metals (HiNojosa et al. 2004).
The results obtained in the present study coincide with the report present-
ed by BIeLINska (2007) and confirm the suggestions made by NIELSEN and
Winbig (2002), who claimed that dehydrogenases might be a good indicator
of the microbiological activity of soil since they are classified as intercellular
enzymes (BROOKES 1995).
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Fig. 1. Activity of dehydrogenases in soil contaminated with zinc, pmol TFF kg~ d.m. h!
*zinc doses (mg Zn2* kg of soil d.m.): 0° — 0, I° — 70, II° — 200, III° — 500, IV°® — 1,500,
Ve — 5,000, VI° - 10,000

Urease, another enzyme tested in our trials, was similar to dehydroge-
nases in that it was very sensitive to soil contamination with zinc and to
soil acidification (Figure 2). In acid sandy loam not contaminated with zinc,
the activity of this enzyme was up to 47% lower than in sandy loam
of neutral reaction. In both soils, as the zinc concentration rose, the activity
of urease decreased. However, the activity of that enzyme seemed more
grossly disturbed in the soil of pH 7.0 than 5.5. In the former soil, zinc
depressed the activity of urease by an average 58%, regardless of the de-
gree of contamination, while in the latter type of soil — the average de-
crease was 49%. The negative effect of excess zinc on the activity of urease
in soil has also been reported elsewhere (BaLvakEva et al. 2005, GULSER and
Erpoban 2008, StuczyNskiI et al. 2003, Wyszkowska et al. 2006a,b). Both, the
authors’ own studies and the above references prove that excess zinc in soil
can cause disorders in the nitrogen cycle, in which urease plays an impor-
tant role (NIELSEN, WINDING 2002).

Acid phosphatase responded to soil acidification differently than urease
or dehydrogenases, although its reaction to zinc contamination was similar
to that of the other enzymes (Figure 3). The activity of phosphatase in un-
contaminated sandy loam of pH 7.0 was 56% lower than in soil of similar
grain size composition but of lower pH (5.5). Differences between the soils
in the scale of the negative effect of zinc on acid phosphatase were signifi-
cant up to the contamination dose of 200 mg Zn2+ kg1 but became less
evident under the influence of increasing rates of the pollutant (500-10,000
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Fig. 2. Activity of urease in soil contaminated with zinc, mmol N-NH, kgl d.m. h!
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Fig. 3. Activity of acid phosphatase in soil contaminated with zinc, mmol PNP kg! d.m. h!
*The key is given under Fig. 1

mg Zn?* kg1). In the soil of neutral reaction, a dose of zinc as low as
70 mg Zn2+ kg~! depressed the activity of this enzyme by 26%, whereas
a higher dose such as 200 mg Zn2* kg! lowered it by 42%. In the soil
of acid reaction, the activity of urease was depressed by 7 and 20%, respec-
tively. About 50% inhibition of the activity of urease appeared in both types
of soil in response to a dose of 500 mg Zn?* kg~l. Higher rates of the
contaminant (1,500-10,000 mg Zn?* kg~!) depressed the activity of urease
within the range of 74% to 88%.
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Among the analyzed enzymes, acid phosphatase was characterized by
the highest variability in respect to the soil reaction, analogously to its be-
haviour in an experiment reported by StuczyNski et al. (2003), and its re-
sponse to zinc contamination was similar to the results obtained by Barvarva
et al. (2005), GULSER and Erpopan (2008) and KurPERMAN and CARREIRO (1997).

The activity of §-glucosidase in sandy loam of pH equal 7.0, without
additional zinc, was 0.466 mmol PNP and in sandy loam of pH 5.5 it reached
0.505 mmol PNP kg1 d.m. h~! (Figure 4). Evident inhibition of the activity
of this enzyme occurred in moderately polluted soils (500 mg Zn?+ kg1): by
26% in soil of pH 7.0 and by 49% in soil of pH 5.5. Strong contamination
(10,000 mg Zn2* kg1) depressed the activity of S-glucosidase by 85% (pH 7.0)
and 79% (pH 5.5). Likewise, HiNoJosa et al. (2004) determined that the ac-
tivity of B-glucosidase was 84% lower in response to heavy soil contamina-
tion with zinc, whereas KuPERMAN and CARREIRO (1997) noted the inhibition of
this enzyme reaching as much as 97%. The fact that the activity of g-glu-
cosidase was more strongly inhibited in the experiments completed by the
above authors than in the present study could be related to some interac-
tion of zinc contamination with other heavy metals.
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Fig. 4. Activity of B-glucosidase in soil contaminated with zinc, mmol PNP kg! d.m. h™!
*The key is given under Fig. 1

The activity of arylsulphatase (Figure 5), in contrast to S-glucosidase,
was higher in the soil of neutral (0.417 mmol PNP kg1) rather than acid
reaction (0.203 mmol PNP kg~1). In both soils, negative correlation appeared
between the degree of zinc contamination and the activity of arylsulphatase.
Depending on the concentration of zinc, the activity of this enzyme was
inhibited by 36 to 98% in the former soil; in the latter one — it fell by 15 to
85%. These results are only partly congruent with the research reported by
StuczyNskl et al. (2003), who demonstrated 41% inhibition in the activity



585

0.45
0.40 -
0.35
0.30 -
0.25 -
0.20 4
0.15 -

0.10 |
0.05 V5.5 = 0-004x"-0.0633x+0.2727 —

R =0.9755 s ——
0.00 ‘

Y10 = 0.00§1x2—0.132x+0.5315
R = 0.9757

mmol PNP kg! d.m. h™!

0 I’ i ur v \a vr
soil contamination degree*

Fig. 5. Activity of arylsulphatase in soil contaminated with zinc, mmol PNP kg! d.m. h!
*The key is given under Fig. 1

of arylsulphatase under the influence of 980 mg Zn2* kg! in soil of pH 7.4
and complete inhibition under the effect of 390 mg Zn2* kg in soil of pH 5.1.
The value of the index for resistance (RS) to zinc proves that the sensi-
tivity of particular enzymes to this metal is varied (Table 2). Irrespective of
soil pH, in terms of RS the enzymes can be ordered as follows: -glucosi-

Table 2
Index of soil enzyme resistance (RS) depending on zinc pollution
Activity
dehydro- urease acid B-glucosidase | arylsulphatase
mg Zn2* genases phosphatase
kg1 of soil d.m. soil pH
70 | 55 | 70| 55 | 70| 55| 70| 55 0] 55
RS

70(0.914 | 0.978 | 0.889 | 0.846 | 0.591 | 0.864 | 0.900 | 0.580 | 0.621 | 0.544

200| 0.793 | 0.539 | 0.522 | 0.543 | 0.407 | 0.673 | 0.967 | 0.653 | 0.500 | 0.373

500| 0.209 | 0.172 | 0.287 | 0.376 | 0.328 | 0.341 | 0.582 | 0.345| 0.291 | 0.186

1,500( 0.018 | 0.018 | 0.091 | 0.220 | 0.151 | 0.117 | 0.436 | 0.325 | 0.065 | 0.090

5,000| 0.011 | 0.013 | 0.085 | 0.174 | 0.102 | 0.085 | 0.282 | 0.207 | 0.046 | 0.081

10,000| 0.008 | 0.009 | 0.063 | 0.125 | 0.071 | 0.062 | 0.081 | 0.119 | 0.014 | 0.064

Average 0.326 | 0.288 | 0.323 | 0.381 | 0.275| 0.357 | 0.541 | 0.372| 0.256 | 0.223
r -0.623 | -0.582 | -0.629 | -0.696 | -0.752 | -0.684 | -0.866 | -0.818 | -0.720| -0.641

r — correlation coefficient
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dase (0.457) > urease (0.352) > acid phosphatase (0.316) > dehydrogenases
(0.307) > arylsulphatase (0.240). However, dehydrogenases, -glucosidase and
arylsulphatase were more resistant to the contamination in neutral soil
whereas acid phosphatase and urease — in acid one. Another study by Wysz-
KOWSKA et al. (2009) proves that resistance of particular soil enzymes to the
influence of heavy metals is varied although there is a certain regularity
that repeats, namely heavy metals inhibit more strongly the activity of de-
hydrogenases than that of urease.

EDj for the analyzed enzymes was likewise varied Table 3). In the soil
of pH 7.0, it ranged from 3,324 mg Zn?* kg for B-glucosidase to 412 mg
Zn2+ kg1 for dehydrogenases, and in soil of pH 5.5. — from 1,008 mg Zn2+*
kg! for p-glucosidase to 280 mg Zn2* kg1 for arylsulphatase. The above
values demonstrate that the response of -glucosidase and arylsulphatase
was the highest to the zinc contamination dependent on the pH of the envi-
ronment.

Table 3
The dose of zinc (mg Zn2+ kg1 of soil) decreases by 50% the activity
of soil enzymes (EDj5,)*
Activity
Soil pH cglgee}rll};ciz(;- urease phosz;(iilitase f-glucosidase ;}I;};ts;sl(;
EDj,
7.0 412a 422b 425b 3324a 432a
5.5 357b 508a 510a 1008b 280b

*homogenous groups in the columns labelled with identical letters

The values of RL suggest that zinc contamination causes lasting chang-
es in soil environment (Table 4), but dehydrogenases are the first to return
to equilibrium (RL = 0.276); arylsulphatase is somewhat less resilient
(RL = 0.173) and acid phosphatase takes the longest to return to the normal
state of balance (RL = 0.064). In contrast, the activity of urease, instead of
regenerating, becomes increasingly disturbed (RL = -0.350). The fact that
dehydrogenases return to the state of equilibrium sooner may be associated
with the succession of microorganisms. Dead cells are replaced by new ones,
more resistant to zinc contamination and dead microorganisms serve as en-
ergy substrate for new microbial assemblages. Disproportions between the
resumed activity of dehydrogenases and the inferior activity of urease might
be due to the fact that dehydroogenases express exclusive intercellular ac-
tivity while urease shows both extra- and intercellular activity.
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Table 4

Index of soil enzymes resilience (RS) depending on zinc pollution

Activity
dehydro- acid ol id
mg ZnZ* genases urease phosphatase B-glucosidase | arylsulphatase
kg1 of soil d.m.
soil pH

7.0 5.5 7.0 5.5 7.0 5.5 7.0 55 7.0 5.5
70(-0.291| 0.405 | -1.000|-0.667 | 0.663 | 0.307 | -0.710| 0.496 | -0.101| 0.391

200| 0.909 | 0.427 | -0.500|-0.643| 0.435 |-0.090| 0.599 | 0.980 | 0.164 | 0.498

500 0.403 | 0.111 | 0.080 |-0.444 | 0.462 |-0.416| 0.319 | 0.046| 0.114 | 0.141

1,500| 0.262 | 0.177 | -0.111 | -0.256 | 0.159 |-0.375| 0.049 | -0.115| 0.093 | 0.230

5,000| 0.266 | 0.184 | -0.111 | -0.224 | 0.127 |{-0.323 | 0.142 | 0.002 | 0.043 | 0.237

10,000| 0.268 | 0.187 |-0.109|-0.216| 0.133 |-0.321|-0.007| 0.045 | -0.005| 0.274

Average 0.303 | 0.248 | -0.292 | -0.408 | 0.330 | -0.203 | 0.065 | 0.242| 0.051 | 0.295
r -0.062 | -0.406 | 0.397 | 0.727 | -0.711 | -0.386 | -0.022 | -0.442 | -0.267 | -0.250

r — correlation coefficient

CONCLUSIONS

1. Soil contamination with zinc in doses from 70 to 10,000 mg kg1 d.m.
of soil causes highly significant inhibition of the activity of dehydrogenases,
arylsulphatase, urease, acid phosphatase and S-glucosidae.

2. In respect of their sensitivity to soil contamination with zinc, the en-
zymes can be ordered as follows: arylsulphatase > dehydrogenases > acid
phosphatase > urease > f-glucosidae.

3. Zinc contamination causes persistent changes in soil environment, but
dehydrogenases are the first to return to the normal state of equilibrium
(RL = 0.276), while arylsulphatase takes longer (RL = 0.173) and acid phos-
phatase is the least resilient (RL = 0.064). Urease, instead of having its
activity improved in time, becomes increasingly disturbed (RL = -0.350).

4. Soil acidification reinforces the negative effect of zinc contamination
most evidently in respect of the activity of f-glucosidase and arylsulphatase.
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EFFECT OF SUPPLEMENTATION
WITH COPPER IN DIFFERENT
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PHYSIOLOGICAL BLOOD MARKERS
AND CONTENT OF MINERALS
IN SELECTED TISSUES OF TURKEYS
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Abstract

Scientific research has demonstrated that different compounds containing copper are
capable of stimulating body weight gains, improving the health of animals and attaining
high production performance without causing excessive accumulation of various chemical
compounds in animal tissues. Besides, copper has been reported to exert a positive effect
on the immune system, haematological blood markers and the microbiological balance in
the gastrointestinal tract of turkeys.

The experiment was conducted on 60 BUT-9 line turkeys. The birds were divided into
5 experimental groups. Each group included 12 turkeys kept in cages. The bird were re-
ared for 19 weeks. The first group served as control. Group II received CuSO, added to
water in a dose of 10 mg Cu dm™3 Hy0. Group IIT was com posed of birds administered
aCu chelate with lysine in a dose of 10 mg Cu dm™3 Hy0. Group IV received CuSO,
in a dose of 20 mg Cu dm™3 Hy0, whereas group V were given a Cu-lysine supplement in
a dose of 20 mg Cu dm=3 H,0. The birds were fed commercial complete feed mixes. The
copper preparations were added to drinking water since the 34 week of rearing. The ob-
jective of this study has been to determine the effect of Cu supplementation in the orga-
nic and inorganic form and in two doses on the health of birds and on accumulation of mi-
nerals in their breast muscle and liver. Further analyses involved the determination
of haematological and biochemical markers in blood as well as assays of selected minerals
in the birds’ blood, breast muscle and liver. The analysis of the results indicated that the
doses of copper improved the health of the turkeys, as verified by better haematological
markers. Statistically significant difference appeared in the group receiving 20 mg Cu dm™3

prof. dr hab. Bogustaw Makarski, Chair of Biochemistry and Toxicology, University of Life
Science in Lublin, Akademicka 13, 20-950 Lublin, Poland
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H,0 irrespective of the chemical form in which copper was administered. The study also
shows that Cu supplementation has a significant effect on the metabolism of lipids and
a non-significant impact on the content of mineral elements in the analyzed tissues. It was
not until the 20 mg dose of Cu as a chelate had been applied that the accumulation of cop-
per in the turkey’s liver was enhanced.

Key words: turkeys, copper, blood haematology and biochemistry, mineral elements
in tissues, body weight gains.

WPLYW SUPLEMENTACJI MIEDZIA PODAWANA W ROZNYCH FORMACH
CHEMICZNYCH NA WYBRANE WSKAZNIKI FIZJOLOGICZNE KRWI
ORAZ ZAWARTOSC PIERWIASTKOW MINERALNYCH
W WYBRANYCH TKANKACH INDYKOW

Abstrakt

Z badan naukowych wynika, ze rézne zwiazki miedzi mozna zaliczy¢ do substancji sty-
mulujacych przyrosty masy ciata oraz poprawiajacych zdrowotnos§é¢ zwierzat, co sprzyja uzy-
skiwaniu lepszych efektow produkcyjnych, nie powodujac nadmiernego akumulowania
zwigzkow chemicznych w tkankach zwierzat. Ponadto miedZ korzystnie wptywa na funk-
cjonowanie uktadu immunologicznego, poprawia wskazniki hematologiczne krwi oraz umoz-
liwia utrzymanie réwnowagi mikrobiologicznej przewodu pokarmowego indykoéw.

Badania przeprowadzono na 60 indykach linii BUT-9 podzielonych na 5 grup do$wiad-
czalnych. Kazda grupa liczyta po 12 indykow, ktére byly utrzymane w klatkach. Odchéw
zwierzat trwal 19 tygodni. Pierwsza grupa stanowita kontrole. Grupa II otrzymywata doda-
tek CuSO, do wody w iloéci 10 mg Cu dm™3 H,0, grupa III — dodatek chelatu Cu zlizyna
w dawce 10 mg Cu dm=3 H,O, grupa IV - dodatek CuSO, w dawce 20 mg, grupa V —
suplement Cu — lizyne w dawce 20 mg Cu dm™3 H,0. Pasze stanowila typowa mieszanka
pelnoporcjowa dostepna na rynku. Preparaty miedzi dodawano do wody pitnej od 3. tygo-
dnia odchowu. Celem badan byto okreSlenie wplywu suplementacji Cu stosowanej w for-
mie nieorganicznej i organicznej oraz w dwoch réznych dawkach na zdrowotno$é indykow
oraz stopiern akumulacji elementéw mineralnych w migéniu piersiowym i watrobie. W ba-
daniach oznaczono wskazniki hematologiczne i biochemiczne krwi indykow oraz zawarto$é
wybranych elementéw mineralnych we krwi, migéniu piersiowym i watrobie ptakow. Wy-
kazano, ze zastosowane dawki miedzi spowodowaly poprawe stanu zdrowia indykow, co
wyrazato sie korzystnymi zmianami wskaznikéw hematologicznych. Statystycznie istotne
wartoéci odnotowano w grupie ptakéw, ktére otrzymywaly 20 mg Cu dm> HyO niezalez-
nie od formy chemicznej. Z badan wynika, ze suplementacja Cu ma znaczacy wplyw na
gospodarke lipidowa. MiedZz miata nieznaczny wplyw na zawarto$¢ elementéw mineralnych
w tkankach. Jedynie dawka 20 mg Cu w formie chelatu spowodowata zwiekszona kumu-
lacje tego pierwiastka w watrobach ptakow.

Stowa kluczowe: indyki, miedZ, hematologia i biochemia krwi, elementy mineralne
w tkankach, przyrosty.

INTRODUCTION

In poultry breeding practice, much attention is paid to the proper feed-
ing of birds and rational use of feed supplements supposed to increase pro-
ductivity, which is necessitated by legal regulations, economic considerations
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and protection of consumers’ health (Jamroz, PorkaNskr 2004). Changes in
the law governing the use of drugs in animal breeding for human consump-
tion have forced the breeders to apply supplementation which is consistent
with the currently binding regulations and which helps to improve the health
of animals and to attain high production performance without causing ex-
cessive accumulation of various chemical compounds in animal tissues (OLEJ-
NIK et al. 2009). This fact has contributed to an increased interest in non-
antibiotic growth stimulators, which are not a health hazard to consumers
(Novce et al. 2006). Scientific research has demonstrated that different com-
pounds containing copper are capable of stimulating body weight gains and
improving feed utilization (HarMs, BUuresH 1986, Prsti, BAkALIT 1996, SMULIKOW-
skA 1996). The stimulating effects of copper are claimed to be produced ow-
ing to improved hematological blood markers (JaMroz 1990, MAKARSKI et al.
2002). Other authors additionally point to the contribution of copper to the
synthesis and activation of many enzymes (BocuszEwska et al. 2003). This
element has been reported to exert a positive effect on the immune system
by stimulating the biosynthesis of antibodies (FAiLLA et al. 1998) as well as
by inhibiting the growth of pathogenic microorganisms (BRUNCH et al. 1965,
JAaMRoz, PotraNski 2004, Novce et al. 2006, KuzLiK-WYROSTEK, MAKARSKI 2009).
In turn, a study conducted by Makarski (2002) demonstrated that the appli-
cation of copper modified the composition of bacterial flora in the gastroin-
testinal tract of turkeys. Consequently, copper supplementation enabled the
birds to maintain the microbiological balance, which has an indirect, posi-
tive effect on body functions, also improving body weight gains.

The objective of this study has been to determine the effect of copper
supplementation in two chemical forms and in various doses on levels of
selected hematological and biochemical blood markers of turkeys. In order
to assess accumulation of minerals in tissues, levels of minerals were as-
sayed in blood, breast muscle and liver of the birds.

MATERIAL AND METHODS

The experimental material were 60 BUT-9 line turkeys reared for
19 weeks. The birds were divided into 5 experimental groups. The first group
served as control. Group II received CuSO, added to drinking water in a dose
of 10 mg Cu dm™3 Hy0. Group III consisted of birds administered supple-
mentary Cu chelate with lysine in a dose of 10 mg Cu dm™3 Hy0. Group IV
received CuSO, in a dose of 20 mg Cu dm™3 Hy0O, whereas the group V
birds were given Cu-lysine supplement in a dose of 20 mg Cu dm™3 H,0.
The experimental preparations were administered with drinking water to
eliminate the antagonistic effect of feed mix ingredients on the availability
of this element (Noy et al. 1994).
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Each group included 12 turkeys kept in cages. All birds were provided
identical zoohygienic conditions, pursuant to the requirements for slaughter
turkey rearing. The birds had an ad libitum access to feed and water. They
were kept on straw litter and fed typical complete feed mixes available on
the Polish market. The quality of water used in the experiment met sani-
tary requirements stipulated in the Regulation of the Ministry of Health
and Environmental Protection (MZiOS) of 4th May 1990 (Journal of Law no
3, item 250/1990) and the requirements set up for water for drinking and
household purposes.

Before slaughter, in the 19th week of life, blood was sampled from the
brachial vein for haematological and biochemical analyses. Haematological
markers, including red blood cells (RBC) count, haemoglobin (Hb) and hae-
matocrit (Ht), were determined in the blood samples according to the clini-
cal methods. In addition, an automatic blood analyzer Hitachi 704 was used
to assay the following biochemical parameters in serum: aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), total cholesterol
(CHOL), uric acid (UA), triacylglycerols (TG), glucose (GLU) as well as the
content of mineral elements in blood (Ca, Mg and P). All analyses were
carried out with reagents produced by the company called Katal. The con-
centrations of Fe, Cu and Zn were determined directly from serum after
dilution (1:4) by means of the ASA method.

The slaughter was followed by detailed dissection, during which sam-
ples of liver and breast muscle were collected for analyses. All samples were
individually marked, packed in plastic bags, tagged and frozen at -18°C. Ac-
cording to the design of the experiment, samples of liver and breast muscle
were determined for concentrations of Zn, Cu, Mn, Fe, P, K, Ca, and Mg.
These determinations were carried out on standardized and thoroughly com-
minuted turkey tissues, from which 1-g samples were collected for analyses.
Next, weighed portions of the analytical material were transferred into glass
thimbles, to which 5 ml of 70% HCIO, and 65% HNOg in a 1:5 ratio were
added. Afterwards, the thimbles were placed in a mineralizer, and the sam-
ples were mineralized first at 80°C for 60 min, and then at 200°C for ca 90
min. The resultant solution was transferred to a measuring flask, which
was filled up to 50 ml with redistilled HyO. The solution thus prepared was
assayed for the concentration of Cu using an atomic absorption spectropho-
tometer (AAS) on a UNICAM 939 apparatus. Concentrations of the other
elements, i.e. Ca, Fe, Zn, and Mg, were assayed with the use of an SP9 AS
atomic absorption spectrophotometer by Unicam. The complete feed mixes
applied in the experiment were also analyzed for the content of major min-
erals, i.e. Cu, Zn, Mn, Fe, Ca, and Mg, following the above procedures.

The experimental data underwent statistical analysis with Statistica 5.0

PL 97 software, using a one-way analysis of variance at significance levels
of 0.05 and 0.01.
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RESULTS AND DISCUSSION

The biological experiment discussed in this paper has involved the appli-
cation of five types of complete feed mixes, whose nutritive value was bal-
anced depending on the age and physiological needs of turkeys. The compo-
sition of the feed mixes declared by the producer is presented in Table 1.

Table 1
Nutritive value of the complete mixes for turkeys

Feeding period 0-3 week 4-6 week 7-10 week | 11-14 week | 15-19 week
?ﬁgﬁi‘;ﬁf?ble enersy 2800 2900 3000 3075 3150
Total protein (%) 27.00 25.50 23.00 21.00 18.00
Raw fibre (%) 4.00 3.50 3.50 4.00 4.00
Lysine (%) 1.70 1.60 1.45 1.30 1.10
Methionine (%) 0.62 0.62 0.57 0.54 0.50
Methionine + cystine (%) 1.10 1.02 0.96 0.91 0.82
Tryptophan (%) 0.32 0.26 0.25 0.22 0.19
Calcium (%) 1.30 1.30 1.15 1.10 1.00
Available phosphorus (%) 0.70 0.65 0.63 0.60 0.58
Sodium (%) 0.15 0.16 0.15 0.15 0.15

The feed mixes were tested for their content of selected mineral ele-
ments, i.e.: Cu, Zn, Mn, Fe, K, and Mg, and the results are given in Ta-
ble 2. The analysis of these results demonstrated that the content of miner-
als in the feed mixes was above the recommended levels (KrRATZER et al. 1994),
but not toxic (Novy et al. 1994). According to SMULIKOWSKA (1996), the recom-
mended dose of copper is 10 to 20 mg kg~! whereas PoLonis et al. (1999)
indicate that for growing turkeys this dose may be as high as 20-30 mg kg..

Table 3 presents the final body weights of turkey hens after 19 weeks of
rearing. The experimental factors applied in the particular groups did not
cause increased body weight gains of turkey hens as compared to the con-
trol group. The results just imply a growing tendency along with an in-
creasing dose of copper in particular groups. However, the recorded differ-
ences were statistically insignificant. Other investigations (MAKARSKI, ZADURA,
2006) demonstrated that copper addition in the organic form and in a dose
of 10 mg dm™ H,0 resulted in a significant increase in body weight
of turkeys as compared to the control birds.

Haematological blood analyses are the basic source of information on
the health of an animal. Table 4 presents levels of haematological blood
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Table 2
Mineral elements in the feed mixes for turkeys
Feed mixes Minerals
(feeding Cu 7n Mn Fe K Mg
period | (mgkg!) | (mgkg) | mgkgh) | (mgkg) | (mgkg) | (mgkgh
0-3 week 12.8 73.1 114.6 77.0 9.7 1.7
4-6 week 13.8 73.0 118.0 79.0 11.3 2.0
7-10 week 18.7 73.0 110.0 64.0 10.2 1.9
11-14 week 23.9 77.0 120.0 62.0 94 1.8
15-19 week 22.1 69.0 104.0 55.0 10.4 1.9
Table 3
Final body weights of turkey hens after 19 weeks of rearing
Group I Group II Group III Group IV Group V
Indicator control CuSO, élllle_l?:c;s CuSO, é};e_lit;ls
- 10 mg Cu dm=3 H,0 20 mg Cu dm=3 H,0
Body weight (g) 13 235.00 12 180.00 12 340.00 12 590.00 13 220.00
+770.00 +706.80 +1056.80 +1103.50 +1188.10
Table 4
The level of haematological indices in blood of 16-week-old turkeys
Group I Group IT Group III Group IV Group V
Index control CuSO, éﬁe_li:;s CuSO, (c:};e_l?;s
- 10 mg Cu dm™3 Hy,O 20 mg Cu dm™3 Hy,0
RBC 2,020 + 069 | 228 +073 | 2.35%+069 | 2582014 | 2.55% = 0.14
(1012 dm3)
Hb (g dlI™}) | 13.00b + 4.30 | 13.80° + 4.55 14.77° + 431 | 16.00a = 0.58 | 15.55% = 0.21
Ht (%) 34.130 + 11.62 | 38.60% + 12.23| 39.45% + 11.66 | 42.84a + 1.79 | 42.05% = 0.92

a, b — statistically significant difference at p<0.05

markers of the turkeys in the 19th week of life. The results suggest that
the Cu supplementation in doses of 10 mg as well as 20 mg Cu dm™3 H,0
had a beneficial influence on all analyzed markers. Statistically significant
differences were noted in the group of birds receiving 20 mg Cu dm=3 H,0
irrespective of the chemical form in which Cu was administered. The above
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results confirm the usability of copper for the biosynthesis of haeme, which
improves iron utilization from feed ingested by turkeys. Similar observa-
tions were made by other authors (Jamroz 1990, MAKARSKI et al. 2002).

Table 5 contains levels of selected biochemical serum markers of tur-
keys in the 19th week of life. In order to assess toxicity of the applied
copper doses, determinations were carried out on activities of blood serum
enzymes. The analyses showed enhanced activity of AST in groups III and
IV. With respect to the increased ALT activity, a statistically significant val-
ue was reported in the group receiving 20 mg Cu dm™3 H,0 in the organic
form. The enhanced activity of both aminotransferases could be indicated by
pathological lesions in livers of the birds. Their increased activity could have
also been affected by other factors. The detailed post-mortem anatomopatho-
logical analysis did not demonstrate any adverse changes in the liver. It
seems that in this case the enhanced activity of aminotransferases reflects
enhanced biosynthesis of endogenous amino acids necessary for the synthe-
sis of tissue proteins of turkeys. This is confirmed by the final body weight
of the turkeys in the groups receiving the increased dose of copper, i.e.
20 mg Cu dm=3 H,0.

Supplementation of feed mixes with copper was observed to have raised
the content of total cholesterol in blood serum of the birds. Significant dif-
ferences between the control and experimental birds did not appear in the
case of birds administered 20 mg Cu dm™3 Hy0 in the form of Cu-lysine

Table 5
The values of biochemical indices of turkeys' blood serum
Group I Group IT Group III Group IV Group V
chelate chelate
Index control CuSO4 Cu - Lys CuSO4 Cu - Lys
- 10 mg Cu dm™3 Hy,0 20 mg Cu dm™3 Hy,O0
592.360 526.250 712.754 632.67¢ 525.700
-3
AST (U dm™) 119.13 91.33 153.69 129.95 58.75
18.18° 16.25¢ 21.500 20.92b 27.00%
-3
ALT (U dm™) 451 465 6.76 464 7.44
177.18¢ 308.330 370.17¢ 285.420 109.70¢
—1
CHOL (mg dI) 31.00 141.32 107.02 118.54 16,51
8.05% 6.35° 7.71@ 7.700 4.94°¢
—1
UA (mg dI™) 2.38 0.87 2.01 1.17 0.97
44.649 24.33¢ 30.00° 31.33b 23.01¢
—1
TG (mg dI™) 8.31 7.40 4.43 7.60 6.77
223.730 238.920 217.67° 248.08° 266.87¢
-1
GLU(mg dI™) 58.37 4352 67.00 24.85 31.48

a, b — statistically significant difference at p<0.05
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chelate. Birds from all the experimental groups were characterized by
a statistically significant decrease in the content of triacylglycerols. This is
a desirable development as it is associated with the suppression of lipogene-
sis in the liver and adipose tissues, and at the same time confirms the role
of copper in regulating the blood level of glucose. No significant changes
were noted in the level of glucose, except the groups receiving the higher
doses of copper.

It is worth mentioning that blood serum of the birds receiving Cu sup-
plement, irrespective of its dose or chemical form, contained lowered levels
of uric acid, which may be explained by Cu suppressing deamination proc-
esses of amino acids, which in turn seems to indicate their better utilization
in the biosynthesis of tissue proteins.

Supplementation with copper preparations induced modification of the
mineral composition of turkeys serum. The results of the analyses are pre-
sented in Table 6. Supplementation of feed mixes with copper, irrespective
of its chemical form, was observed to induce insignificant changes in the
serum level of Cu in the experimental turkeys compared to the control
birds. A considerably higher level of Cu in blood serum was, in turn, ob-
served in the group administered 20 mg Cu dm=3 Hy0 in the organic form.

Table 6

The content of mineral elements in blood serum of turkeys receiving supplementation
of 10 and 20 mg copper in different chemical forms

Control CuSO, g:di;es CuSO0, g:di;z
Index group I group II group III group IV group V
- 10 mg Cu dm=3 Hy,0 20 mg Cu dm=3 H,0
Cu (mg dI'1) 0.37% + 0.07 0.31% + 0.02 0.39% + 0.09 0.36% + 0.13 0.14% + 0.06

Zn (mg dI-1) 1.56% = 0.28 2.17% + 0.38 1.47¢ + 0.56 2.049b + 0.27 2.049b + 0.27

Ca (mg dI'D) 10.13¢ = 1.37 10.10¢ = 1.19 10.44% + 1.21 10.66% = 1.06 11.05% = 1.26

Mg (mgdl™)) | 2.24° +0.48 2.300 + 0.47 2.580 + 0.43 2.68¢ + 0.45 2.89% + 0.66

P (mg dI"1) 8.05% + 0.97 7.52¢ + 121 8.860 + 1.44 7.90% = 1.73 8.40° + 1.66
Fe (ug di-l) | 362.18% x 39.11 | 277.42¢ = 49.58 | 367.00° + 79.01| 332.17a + 75.89 | 370.11% + 75.60

a, b — statistically significant difference at p<0.05

However, these results are inconsistent with findings of other authors, who
reported increased concentrations of this mineral element in blood serum of
reared birds (Harms, BuresH 1986, EwING et al. 1998, WaARD et al. 1998, PoLo-
NIS et al. 1999). Noteworthy is the accumulation of this element in the breast
muscle and, above all, in the liver. Attention should also be paid to the low
Fe level in the group receiving 10 mg of Cu in the inorganic form. Despite
the reduced concentration of Fe, the level of haemoglobin in the blood se-
rum of group II birds increased slightly compared to the birds not receiving
supplementation.
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In order to asses the accumulation of minerals in muscles of the birds
receiving Cu supplements, chemical analyses were conducted on samples of
their breast muscle. The results can be found in Table 7. They indicate that
the level of Cu increased in the group receiving 20 mg Cu dm= H,0 in the
form of CuSO, and in the one administered 10 mg Cu dm™3 H,0 as a chelate,
in which the Cu concentration was the highest. In the other groups, the
analyses demonstrated a decrease in the Cu concentration as compared to the
control group.

Table 7
The content of mineral elements in turkeys' chest muscles
Control Cuso, Coelate Cuso, Coelate
Index group I group II group III group IV group V
- 10 mg Cu dm™3 H,0 20 mg Cu dm™3 H,0
Cu(mgkg™| 1.20% +0.6 1.00% + 0.1 1.70% = 0.1 1.409 + 0.7 0.80% + 0.3
Zn (mg kg™l) | 20.80° + 1.2 19.20%¢ + 0.3 19.50¢ = 0.4 19.40¢ = 0.5 30.40% + 3.7
Ca (%) 0.098¢ = 0.035 | 0.257a = 0.021 | 0.122¢ + 0.007 | 0.209% = 0.008 | 0.225% + 0.036
Mg (%) 0.312490 0.314340 0.312990 0.3423¢ 0.2984a
+ 0.0099 +0.0123 * 0.0047 + 0.0094 + 0.0324
Fe mgkg™) | 10.70 +2.1 72=+0.7 1020 = 1.1 10.00 = 3.3 98+ 15
K (%) 2.82¢ + 0.19 3479+ 0.05 | 297%+022 | 3.14% +0.071 2.83¢ + 0.27

a, b — statistically significant difference at p<0.05

The liver serves a number of functions in the body’s metabolism. It also
aids excretion and secretion of metabolites. It is the site were detoxication
processes occur and glucose is accumulated in the form of glycogen.

In order to determine the effect of the experimental preparations on
the chemical composition of the turkey liver, samples of this organ were
subjected to chemical determinations of the content of individual mineral
elements. The results presented in Table 8 support the conclusion that Cu
supplementation had a significant effect only on changes in Cu and Zn con-
centrations in a turkey’s liver.

The application of copper, irrespective of its dose and chemical form,
caused the enhanced accumulation of this element in livers of the turkeys.
Despite the fact that copper competes with zinc for the site binding metal-
lothioneins in cells of the intestinal mucosa (Brzozowska 1999, MAKARSKI,
Maxarska 2009), the content of Zn was observed to increase significantly in
the groups administered readily available Cu chelate with lysine.
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Table 8
The content of mineral elements in the turkey liver

Chelate Chelate

Control CuSO4 Cu - Lis CuSO4 Cu - Lis

Index group I group II group III group IV group V

- 10 mg Cu dm™3 Hy,0 20 mg Cu dm™3 Hy,0

Cu (mg ke-Y) 4971¢ 6.613% 17.308° 10.692¢ 25.3250
gkg +0.447 +0.735 +1.534 +92.334 +0.933

Zn (mg kgD 38.669¢ 33.0500¢ 61.683¢ 38.124¢ 50.0830
gk + 8211 + 4.290 +10.938 + 4.263 + 6512

Ca (%) 0.0220 0.024¢ 0.020° 0.023ab 0.021%
atre +0.001 +0.001 +0.001 +0.001 +0.002
0.024% 0.028¢ 0.025% 0.023% 0.024%

Mg (%)

+0.002 +0.003 +0.001 +0.003 +0.002
Fe (mg ke-1) 106.5420 113.4830 129.500¢ 121.083% 114.667°
g8 +13.265 +9.883 +12.470 + 18.370 +2.976

K @) 0.3459 0.326% 0.3382 0.3382 0.2830
7 +0.016 +0.018 +0.017 +0.014 +0.029
2.992ab 2.66740 2.76590 2.6420 2.908¢

—1

Mn (mg kg™) +0.240 +0.436 +0.259 +0.322 +0.672
P @) 0.274¢ 0.359¢ 0.303% 0.294%¢ 0.297%
7 +0.018 +0.037 +0.014 +0.014 +0.041

a, b, ¢ — statistically significant difference at p<0.05

CONCLUSIONS

1. Dietary supplementation of turkeys with Cu was observed to improve
haematological blood markers, including RBC, Hb and Ht. These changes
indicate improved health of the experimental turkeys.

2. The activity of transferase-group enzymes determined in the study
proved that the supplementation did not cause any negative changes in in-
ternal organs.

3. The copper supplements added to drinking water were observed to
significantly affect lipid markers in blood serum. The level of cholesterol
was reduced only after the administration of increased doses (20 mg) of Cu
in the organic form. In turn, the concentration of triacylglycerols in blood
serum was positively affected by relatively low doses of this element. The
above suggests the hypocholesterolemic properties of Cu.
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4. The application of copper supplementation was found to reduce the
concentration of uric acid.

5. The supplements did not cause any significant changes in the level
of glucose. The level of this parameter was not raised until the highest,
20 mg dose of Cu in the organic form was applied.

6. Cu supplementation as a chelate and in a 20-mg dose caused enhanced
accumulation of this element in the liver of turkeys.
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Abstract

Among the methods applied to ensure optimal pharmaceutical availability of a drug is
the incorporation of solid dispersions, i.e. combinations containing a therapeutic substance
and a carrier deprived of its pharmacological activity. While manufacturing solid disper-
sions, special attention must be paid to carriers with a polymeric structure and hydrophilic
properties, e.g. polyvinylpyrrolidone (PVP) and also phosphatidylcholine (PC).

The aim of this study has been to evaluate the influence of the carriers PVP and PC 45
on pharmacokinetic parameters of Mg2+ absorption from Mg(Lev)y, Mg(LevGly), Mg(LevArg)
as well as from solid dispersions containing these salts.

The o/w partition coefficient was determined and the log P value calculated for pure
salts and for solid dispersions containing the salts during this study.

The process of Mg2* absorption was examined in vitro on a model of the rat’s small
intestine. Our analysis of the results indicates that addition of PVP or PC 45 to solid di-
spersions (containing magnesium levulinate salts) significantly improves the degree of Mg2+
ion absorption. It has been found that addition of PVP and PC 45 to solid dispersions with
magnesium levulinate salts significantly influences the rate of Mg2* absorption from the
formulations. Moreover, the results indicate that additional ligand (glycine or arginine) in
the structure of magnesium levulinate triggers the effect consisting in depressed lipophili-
city for these compounds.

Using the PVP or PC 45 carriers for making solid dispersions containing magnesium
levulinate and derivatives with glycine or arginine ligands is quite a promising solution for
attaining improved pharmaceutical availability of drugs.

Keywords: magnesium levulinate, solid dispersion, log P, absorption, amino acids: glycine,
arginine.
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OCENA STALYCH ROZPROSZEN ZAWIERAJACYCH SOLE LEWULINIANU
MAGNEZOWEGO Z WYBRANYMI NOSNIKAMI

Abstrakt

Jedna z metod osiagniecia optymalnej dostepnos$ci farmaceutycznej leku jest zastoso-
wanie stalych rozproszen, uktadéw zawierajacych substancje lecznicza i nos$nik, ktory jest
pozbawiony wiasnego dziatania farmakologicznego. Przy wytwarzaniu statych rozproszen na
szczegllng uwage zastuguja nos$niki o budowie polimerowej i wtasciwo$ciach hydrofilowych.
Nalezg do nich m.in. poliwinylopirolidon (PVP), a takze fosfatydylocholina.

Celem badan byla ocena wplywu wybranych no$nikéw: poliwinylopirolidonu (PVP)
iroztworu fosfatydylocholiny (PC 45) na poprawe parametréw farmakokinetycznych procesu
wchianiania jonéw Mg2* z soli lewulinianu magnezowego Mg(Lev)y, Mg(LevGly), Mg(LevArg)
oraz ze staltych rozproszen zawierajacych te sole.

W badaniach wyznaczono wspétczynnik podzialu o/w i wyliczono wartos¢ log P dla czy-
stych soli oraz dla statych rozproszen zawierajacych te sole.

Badania procesu wchlaniania jonéw Mg2* przeprowadzono metoda in vitro na modelu
jelita cienkiego szczura. Wykazano, ze dodatek PVP lub PC 45 do stalych rozproszen zawie-
rajacych sole lewulinianu magnezowego znaczaco wplywa na poprawe stopnia wchianiania.
Na podstawie tych badar stwierdzono, ze dodatek PVP lub PC 45 do statych rozproszen
z solami lewulinianu magnezowego istotnie (p=0.01) wplywa na szybko§é procesu wchta-
niania jonéw Mg2* z otrzymanych formulacji. Ponadto wyniki badanin wskazuja, ze dodatko-
wy ligand (glicyna, arginina) w strukturze czasteczki lewulinianu magnezowego wywotuje
efekt zmniejszenia lipofilowosci dla tych zwiazkow.

Zastosowanie nosnikow PVP lub PC 45 do wytwarzania stalych rozproszen zawieraja-
cych lewulinian magnezowy i pochodne z ligandami glicyny lub argininy jest obiecujace
w poprawie dostepnosci farmaceutycznej.

Stowa kluczowe: lewulinian magnezu, state rozproszenia, log P, wchtanianie, amino-
kwasy: glicyna, arginina.

INTRODUCTION

Magnesium is one of the essential nutrients necessary for maintaining
functions of the human organism. It is one of the macronutrients which
determine the course of fundamental biological processes (RAYSSIGUIER et al.
2001). Magnesium is a stabilizer of cell membranes, which affects their flu-
idity and permeability (KoNraD et al. 2004). Magnesium is essential
in human diet and its shortage can cause many diseases (FEILLET-COUDRAY et
al. 2005).

Studying inorganic and organic magnesium salts in compounds is inter-
esting because of the high biological activity of magnesium and its supple-
ments as well as their practical role in pharmacotherapy (ScHMITASCHEK, REMPIS
2001,VormaN 2003, Coupray et al. 2005).

Magnesium creates complexes with amino acids, which are essential for
the magnesium transport through membranes and blood vessel barriers into
blood and tissues. A review of the current research on magnesium and ami-
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no acid compounds shows that the number of papers dedicated to such sys-
tems is highly varied (RanDE, SoMBERG 2001). Amino acids, such as glycine or
arginine are components of live cells. Amino acids are convenient factors
modifying functioning of pharmacologically active compounds.

Owing to numerous studies we have learnt that magnesium compounds
containing organic anions (Firoz, GRABER 2001) are the best supplements;
they facilitate magnesium transport through walls of the intestines and re-
lease metal ions into the serum. Pursuing our studies on the absorption
process of Mg2+ from magnesium organic salts (in order to obtain a drug
with improved Mg2* absorption), we have synthesized magnesium levuli-
nate. Modification of the structure of organic magnesium salts by ligand of
glycine or arginine had positive influence on the kinetics parameters of Mg2*
absorption both in vitro and in vivo as described in the previous paper (MARr-
coiN, Szurc 2002, MarcoN 2006, MARCOIN, SzuLc-MUSIOE 2009).

By defining the pharmaceutical availability we can determine the amount
and rate of release of a therapeutic substance in a given form of a drug.
Absorption of a pharmaceutical substance from the gastrointestinal tract de-
pends on the process and rate of releasing a biologically active substance,
thus indicating its potential availability.

The concept of modern pharmaceutical technology is to obtain the form
of a drug with a desirable rate of releasing the substance which can have
a therapeutic effect. Its effect depends on physicochemical properties of the
substance as well as on the form of the drug and the applied auxiliary sub-
stances (CorrIGAN et al. 2002).

Creation of molecular solid dispersions is one of the methods used to
improve pharmaceutical availability of medications. There are numerous
studies concerning the problems of enhancing the pharmaceutical availabili-
ty of medicinal preparations. A large number of studies in this field imply
(among other factors) an appropriate selection of the carriers of absorption.
In order to increase the dissolution rate of therapeutic substances from sol-
id dispersions, substances with solubillising and moisturising properties such
as polyvinylpyrrolidone (PVP), polyethylene glycols, cellulose derivatives, al-
ginate, phospholipids are tested. Solid dispersion can improve the dissolu-
tion rate of poorly water-soluble drugs by dispersing the drug in a carrier
(Karavas et al. 2006, PateL, PATEL 2007).

The subject of this paper has been to evaluate the absorption of Mg2+
by an in vitro method from magnesium levulinate Mg(Lev),, including
a modifying factor such as glycine or arginine. Furthermore, evaluation of the
process of Mg2* absorption from solid dispersions containing the analysed
compounds has been made. Finally, the influence of the absorption of Mg2+
from solid dispersions containing magnesium salts has been examined. The
effects of the influence of the carriers, PVP and PC 45, on the pharmacoki-
netic parameters of magnesium salts and solid dispersions containing
Mg(Lev),, Mg(LevGly), Mg(LevArg) are presented in this paper.
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MATERIALS AND METHODS

The study was carried out on salts:

— magnesium levulinate: Mg(Lev),, Mg(CsH,Og)y, mol. wt. 254.33;

— magnesium glycine-levulinate: Mg(LevGly), Mg(C,H;;O5N), mol. wt. 213.33;

— magnesium arginine-levulinate: Mg(LevArg), Mg(C;;Hy,05N,), mol. wt.
312.37.

The auxiliary substances such as polyvinylpyrrolidone (PVP), (Serva) and
phosphatidylcholine 45%, (PC 45), Lucas Meyer, Ltd) were used in order to
produce solid dispersions containing the above magnesium salts. All the chemi-
cals were of the analytical reagent grade. The synthesis of magnesium

levulinate was carried according to the procedure described previously
(MarcomN, Ryszra 1991).

Modification of the magnesium levulinate structure with ligand of gly-
cine or arginine was achieved in a reaction of magnesium levulinate and an
appropriate amino acid in water solution of the molar ratio 1:1. The synthe-
sis was carried out by stirring the mixture vigorously at 60-70°C for 3 hrs.

The products were isolated from the solution by water evaporation
(a Unipam 350 evaporator), crystallized from acetone and dried at room tem-
perature. The content of magnesium in the salts was measured by atomic
absorption spectrophotometry (Carl Zeiss Jena model AAF 3) at the wave-
length 258.2 nm.

Solid dispersions were prepared in the granulated form. After previous
micronization, each magnesium salt was mixed with the selected carrier
(PC 45 or PVP) in a molar ratio (1:10) and dissolved in ethanol. After com-
plete evaporation of ethanol and drying under vacuum, the solid dispersions
thus obtained were unified with a sieve (1.0 mm).

For the solid dispersions, the o/w partition coefficient for the system
of n-octanol/phosphate buffer was determined using the traditional shake-
flask method. Lipophilicity was characterized by the log P.

The absorption of Mg?* from magnesium salts was carried out on
an in vitro model according to the method described previously (MARCOIN,
SzuLc 2002), in which the absorption area was the small intestine (ileum) of
a rat. The study had been approved by the Bioethics Committee of the Medi-
cal University of Silesia. The results consisting of the absorption rate con-
stant (k) and absorption half time (t5,,) were calculated. The measurements
were repeated twelve times in order to minimize statistical errors. Standard
deviation (SD) and variance (V) were determined. Statistical significance was
tested by repeated measures using ANOVA followed by Kruskal-Wallis test
or else Post Hoc multiple comparisons were done. P<0.05 was considered
significant.
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RESULTS AND DISCUSSION

Lipophilic properties of Mg(Lev),, Mg(LevGly) and Mg(LevArg) were de-
terminedby means of the partition coefficient of log P. The calculated values
of log P for the examined pure salts and the solid dispersions containing
these salts with PVP or PC 45 are presented in Figure 1.

The results of our analysis showed that introduction of additional liga-
nds of amino acids such as glycine or arginine into the molecule of Mg(Lev),
leads to a decrease in the log P value. In the case of Mg(LevGly), the value
of log P decreases by about 2.6 times in comparison with the parent salt.
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Fig. 1. The values of partition coefficient (logP) for pure magnesium salts and for solid
dispersions containing these salts. Values are expressed as mean + SD (n=12).

2,3 bars: *P<0.01 vs. 1 bar; 5,6 bars: ¥*P<<0.01 vs. 4 bar; 8,9 bars: *P<=<0.01 vs. 7 bar.
Magnesium salts: Mg(Lev),, Mg(LevGly), Mg(LevArg). Solid dispersions: Mg(Lev), + PVP,
Mg(Lev), + PC 45, Mg(LevGly) + PVP, Mg(LevGly) + PC 45, Mg(LevArg) + PVP,
Mg(LevArg) + PC 45
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Meanwhile, the modified structure of the parent salt with an additional lig-
and of arginine depresses log P values by about 1.8-fold. This value is statis-
tically significant at p=0.01.

The influence of surface parameters, volume and molecule mass on the
penetration parameters of a therapeutic substance through the lipid barrier
became noticeable. Electrically charged compound particles were restrained
inside the environment into which they had been introduced while electri-
cally neutral complexes could easily penetrate the biological membranes.
This phenomenon was described by BLAQUIERE, BERTHON (1987) and confirmed
in this study.

The application of a PVP carrier to solid dispersions containing
Mg(LevGly) and Mg(LevArg) salts causes increased lipophilicity, so that the
calculated value of log P for Mg(LevGly) + PVP increased by 1.854 units and
for Mg(LevArg) + PVP by 1.336 units compared with the log P values calcu-
lated for pure salts of Mg(LevGly) and Mg(LevArg). While using PC 45 for
solid dispersions containing Mg(LevGly) and Mg(LevArg), the log P value
increased by 1.854 and 1.449, respectively, compared with pure salts
(Figure 1).

The mean values of pharmacokinetic parameters obtained for levulinate
magnesium salts and solid dispersions containing these salts with PVP or
PC 45 are presented in Table 1. It has been found that absorption of Mg2+*
in the small intestine was in agreement with the first-order kinetics. As seen

Table 1

Kinetic parameters Mg2* absorption from solid dispersions containing magnesium
salts in the small intestine

£-10-3 Total amount (%)
Solid dispersions (min) t50q, () | of absorbed Mg?+ within | W (%) | (x)SD
2 h of the experiment

Mg (Lev), 2.584 4.469 24.90 9.66 2.407
Mg (Lev-Arg) 0.924% | 12.497¢ 11.80@ 11.66 1.376
Mg (Lev-Gly) 0.681¢ | 16.963¢ 9.80¢ 9.61 0.942
Mg (Lev), + PVP 2.565 4503 28.42 8.23 2.340
Mg (Lev-Arg) + PVP 2.784¢ | 4.149¢ 31.26¢ 4.65 1.454
Mg (Lev-Gly) + PVP 2.6380 | 4.381° 29.30° 441 1.295
Mg (Lev), + PC 45 2616 | 4.415 25.32 5.91 1.497
Mg (Lev-Arg) + PC 45 3.727¢ | 3.099¢ 34.96¢ 11.04 2.797
Mg (Lev-Gly) + PC 45 2.7926 | 4.137° 28.560 4.08 1.167

k — absorption rate constant;

t509, — absorption half — time;

W — variance;

SD — standard deviation “P=<0.01 vs. Mg(Lev),, 5P<0.01 vs. Mg(Lev-Gly), ¢P<0.01 vs.
Mg(Lev-Arg).
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from Tablel, the highest (k) value among the pure magnesium salts was
found for Mg(Lev), (k=2.584" 1073 min), while the k value for Mg(LevGly) was
0.681-1073 min. For Mg(LevArg), (k) was equal to 0.924-1073 min. By analys-
ing the research results on Mg2* absorption from the salts in an in vitro
model, the negative influence of an amino acid ligand (Gly or Arg) on trans-
portation of Mg2* has been shown.

The amount of absorbed Mg2+ after 2 hours of the experiment was sig-
nificantly higher (p=0.01) for Mg(Lev), than for Mg(LevGly) and
Mg(LevArg); these values were 24.90% for Mg(Lev), , 11.80% for Mg(LevArg)
and 9.80%, for Mg(LevGly). As demonstrated above, the glycine or arginine
ligand added into the structure of a molecule of Mg(Lev), depressed the
lipophilicity of the compound (Figure 2).

The results of our analysis (Table 1) showed that by adding an auxiliary
substance such as PVP or PC 45 into solid dispersions containing the exami-
ned salts, the pharmacokinetic parameters are elevated. Application of PVP
and PC 45 to manufacturing preparations of solid dispersions containing lev-
ulinate salts significantly influences (p=0.01) both the quantity and the rate
of absorption of the tested medicinal preparations.
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Fig. 2. Total amount (%) of absorbed Mg2* through the rat's small intestine in 120 minutes
of the experiment. Values are expressed as mean + SD (n=12)
2P<0.05 vs. Mg(Lev),, °P<0.01 vs. Mg(LevArg), °P=<0.01 vs. Mg(LevGly)
at the same time point
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Adding the PC 45 carrier into solid dispersions containing magnesium
levulinate and its derivatives raised the rate of absorption. The highest val-
ues were obtained for Mg(LevArg) + PC 45 £=3.727-103 min.

In another study, JabpHAY et al. (2009) aimed at developing microemul-
sion based on lecithin (PC) organogel formulations with fluconazol and in-
vestigating its suitability. The results of showed that of the surfactant ac-
tion of the EO-lecithin organogels was safe enough for the purpose in
question. The influence of lecithin (PC) on solubility of aceclofenac organo-
gels was also described by SHAIKH et al. (2009), whose results indicate posi-
tive influence of lecithin (PC) as a pharmaceutically acceptable surfactant.

Besides, the addition of PVP into solid dispersion with levulinate mag-
nesium salts positively influences the transportation of Mg?*+ from these
preparations. Application of magnesium levulinate salts as a solid dispersion
improved the pharmacokinetic parameters, absorption rate and constant
(k) of Mg ions, which was as follows: £=2.784-103 min for Mg(LevArg)+PVP,
£=2.638-103 min for solid dispersions with Mg(LevGly) + PVP and £=2.565-10—3
min for solid dispersions with Mg(Lev), + PVP.

During the present research, it has been found that by adding PVP and
PC 45 to solid dispersions containing magnesium salts their solubility is
altered. These carriers for solid dispersions improve their pharmaceutical
availability and, consequently, bioavailability. The results confirm that these
auxiliary substances are of great importance to using the examined salts.
Addition of the carrier PC 45 to a solid dispersion releases 4.96% if it con-
tains Mg(LevArg) Mg?*, and 28.56% Mg?* it is has Mg(LevGly), compared to
solid dispersion containing Mg(Lev), — 25.32% Mg2+. Similarly, the activity
PC 45 significantly influences (p=0.01) dissolution and improves absorption
of Mg2+.

There was a correlation between the results of log P values as a factor
characterizing lipophilicity and the total amount of absorbed Mg2+ ions during
2 hours of the experiment, confirmed by the results of a kinetic study of the
absorption process. A higher value of the absorbed Mg?*+ was found for the solid
dispersion of Mg(LevArg) +PC 45, where the log P value was 0.122.

In order to improve the solubility of Tenoxicam or Flurinazine, PVP is
used as a carrier of these substances in solid dispersion (EL-GAZAYERLY et al.
2000). Other researchers described the results of their studies (Suva et al.
2010) in which they applied PVP K 15 to produce solid dispersions contain-
ing Simvastatin, which is practically insoluble in water. These inert carriers
significantly improved the release profile of a drug from all solid disper-
sions. LATINEN et al. (2010) prepared a tablet readily dissolving in the mouth,
which consists of a stable solid dispersion with PVP K 30, PEG 8000. Inves-
tigations have verified an improved dissolution profile of Valdecoxib when
solid dispersion with PVP K 30 was used (Mobi, Tayape 2006). Dissolution of
Valdecoxib improved significantly in solid dispersion products (< 85% in 5 min-
utes).
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CONCLUSIONS

This study suggests that the analysed auxiliary substances (PVP, PC 45)
are good carriers, which improve the lipophylic properties of the examined
solid dispersions, thus facilitating the permeability of the medicinal substanc-
es thorugh the lipid barrier. Moreover, the magnesium salts improve the
permeability of pharmaceuticals through the intestine.

It has been noticed that there is some correlation between the total
amount of the absorbed Mg?* and the lipophilic properties of the examined
magnesium salts and their solid dispersions.
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Abstract

According to the World Health Organization, consumption of table salt (being a major
carrier of iodine in human diet) should be reduced of 50%. Vegetables biofortified with
iodine can become an alternative source of this element for humans. Agronomic recom-
mendations with reference to biofortification have to be developed, including the evalu-
ation of side-effects associated with iodine application to plants. Iodine is not an essential
element for plants and hence its effect on crops has not yet been diagnosed. The aim of
the study has been to assess the influence of soil fertilization with KI and foliar applica-
tion of KIO; on the success of iodine biofortification as well as the mineral composition of
lettuce. Lettuce cv. Melodion F; was cultivated in a field experiment in 2008-2009. Combi-
nations with different soil fertilization and foliar nutrition with iodine were distinguished
in the research including: control (without iodine application), three combinations with pre-
sowing soil fertilization of iodine (in the form of KI) in doses of 0.5, 1.0 and 2.0 kg I hal
as well three combinations with four applications of foliar nutrition with iodine solution

dr inz. Sylwester Smolen, Chair of Soil Cultivation and Fertilization of Horticultural Plants,
University of Agriculture in Krakéw, Al. 29 Listopada 54, 31-425 Krakow, e-mail: Sylwe-
ster.Smolen@interia.pl

*The present study was financed by the Ministry of Science and Higher Education — grant
no N N310 3081 34: “Biofortification of selected vegetable species with iodine depending on
its dose and application method”.
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(as KIOg) in the concentration of: 0.0005%, 0.005% and 0.05% after using 1000 dm3 of
working solution per 1 ha so that the following amounts of iodine were applied: 0.02, 0.2
and 2.0 kg I ha™l, respectively. In lettuce heads, the iodine content as well as the content
of: P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd and Pb were determined using the
ICP-OES technique, while N-total was assayed by Kjeldahl method. In comparison to the
control, only foliar nutrition with 0.05% solution of iodine significantly improved accumula-
tion of this element in lettuce. At the same time, a lower level of nitrogen nutrition was
observed in plants from this combination. A significant increase in the N-total content was
found only in lettuce plants fed with 2.0 kg I ha! dose of KI. In reference to the control,
both foliar and soil application of iodine contributed to a higher content of K, Mg, Ca, Mn
and Cd as well as a decreased level of P, Cu and Zn in lettuce. Doses, forms and applica-
tion methods of iodine were found to have produced diverse effects on the content of S,
Na, B, Fe, Mo, Al and Pb in lettuce plants.

Key words: biofortification, iodine, mineral composition, lettuce.

WSTEPNA OCENA WPLYWU NAWOZENIA I ODZYWIANIA DOLISTNEGO JODEM
NA EFEKTYWNOSC BIOFORTYFIKACJI SALATY W JOD
ORAZ JEJ SKLAD CHEMICZNY

Abstrakt

Zgodnie z zaleceniem WHO spozycie soli kuchennej (glownego nosnika jodu w diecie)
musi zostaé ograniczone o 50%. Warzywa biofortyfikowane w jod moga staé sie gtéwnym
7zrodtem jodu dla czlowieka. Zalecenia agrotechniczne dotyczace sposobow biofortyfikacji
musza byé opracowane na postawie badan okreslajacych uboczne oddzialywanie jodu na
ro§liny. Wynika to z tego, ze jod nie jest skladnikiem pokarmowym ro§lin, a jego oddziaty-
wanie na rofliny nie zostato dostatecznie zdiagnozowane. Celem badan bylo okreslenie wpty-
wu doglebowego nawozenia jodem (w formie KI) i odzywiania dolistnego tym pierwiast-
kiem (w formie KIOg4) na efektywnos$¢é biofortyfikacji w jod oraz na zawarto$é¢ sktadnikow
pokarmowych i balastowych w satacie.

Satate odm. Melodion F; uprawiano w do$wiadczeniu polowym w latach 2008-2009.
W badaniach uwzgledniono kombinacje ze zréznicowanym nawozeniem doglebowym i odzy-
wianiem dolistnym jodem. Wyrézniono kontrole (nienawozong i nieodzywiang dolistnie jo-
dem), kombinacje z przedsiewnym nawozeniem doglebowym jodem w dawkach 0,5, 1,0
i2,0kg I ha™! oraz 4-krotne dolistne odzywianie roslin jodem w stezeniach 0,0005%, 0,005%
i 0,05% — sumarycznie po zastosowaniu 1000 dm3 cieczy roboczej na 1 ha zaaplikowano
ro§linom odpowiednio 0,02, 0,2 i 2,0 kg I ha-l. W giléwkach salaty oznaczono: zawarto$é
jodu oraz P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd i Pb technikg ICP-OES oraz
zawarto$¢ azotu metoda Kiejdahla.

W poréwnaniu z kontrolg, jedynie odzywianie dolistne jodem w stezeniu 0,05% wpty-
nelo na statystycznie istotne zwigkszenie zawarto$ci tego pierwiastka w satacie. Jednocze-
$nie stwierdzono pogorszenie stopnia odzywienia ro§lin w azot w tej kombinacji. Istotny
wzrost zawartoSci azotu w salacie uzyskano wylacznie w wyniku nawozenia jodem w daw-
ce 2,0 kg I hal. W odniesieniu do obiektu kontrolnego, zaréwno dolistna, jak i doglebowa
aplikacja jodu wplyneta na zwigkszenie zawartosci K, Mg, Ca, Mn i Cd oraz na zmniejsze-
nie zawartoSci P, Cu i Zn w satacie. Stwierdzono zréznicowane oddziatywanie dawki, formy
i sposobu aplikacji jodu na zawarto$¢ S, Na, B, Fe, Mo, Al i Pb w satacie.

Stowa kluczowe: biofortyfikacja, jod, sktad mineralny, satata.
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INTRODUCTION

Plant biofortification is defined as such an increase in the content
of mineral element or biologically active substance in an edible part of crop
plant that a notable improvement of human health can be achieved (WHITE,
BroabrLey 2005, 2009, Campos-Bowers, WITTENMYER 2007).

The need to undertake research on possible increase of the iodine con-
tent in vegetables results from the recommendation of the World Health
Organization to significantly reduce (even by half) salt uptake by humans.
Excessive consumption of table salt is considered as one of the major fac-
tors contributing to the development of numerous civilization diseases such
as cardiovascular events or osteoporosis. At the same time, table salt is
a major carrier of iodine in human diet (SzyBiNsKI et al. 2010). Reduced salt
uptake can therefore pose a threat to the effective iodine prophylaxis
in Poland as well an in other countries, resulting in increased incidence of
iodine deficiency disorders (IDD). Consequently, search for alternative meth-
ods of iodine supplementation has been carried out in the last few years,
indicating iodine biofortification of crop plants as the most promising direc-
tion (NESTEL et al. 2006, WHITE, BRoADLEY 2009).

Current studies on iodine biofortification focus mainly on the effective-
ness of increasing its content in edible parts of plants as well as on the
influence of a dose, form and way of iodine application on biomass and yield
(Mac¢kowiak, GrRossL 1999, Zuu et al. 2003, Da1 et al. 2004). It has been de-
monstrated that plants preferably uptake iodine by roots in the form of I~
(rather than I057) although excessive doses of this iodine form can nega-
tively affect biomass (Mac¢kowiak, GrossL 1999, Zuu et al. 2003). What can
influence the effectiveness of iodine biofortification is the method of its ap-
plication. In the research conducted by ALTINOK et al. (2003), increased accu-
mulation of iodine in alfalfa plants was observed as a result of foliar nutri-
tion with potassium iodide in comparison to soil introduction of this
compound. In just a few studies, evaluation of the interaction between in-
creased content of iodine and biological value of crop plants has been under-
taken (Brasco et al. 2008, WENG et al. 2008). No information, however,
is available on the influence of iodine foliar or soil application on the uptake
and accumulation of mineral elements in plants.

The aim of the study has been to determine the effect of iodine nutri-
tion in reference to its form (KI and KIOg), dose and method of introduction
(foliar application or soil fertilization) on the effectiveness of iodine bioforti-
fication as well as chemical composition of lettuce heads.
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MATERIAL AND METHODS

In 2008-2009, field cultivation of lettuce cv. Melodion F; was conducted
in a crop rotation system on single soil complex at the Experimental Field
Station of Agricultural University in Krakéw (Poland). Lettuce was cultivat-
ed on silt loam soil (35% sand, 28% silt and 37% clay) with the content of
organic matter in the 0-30 cm soil layer: 3.41% and 3.76% (in 2008 and 2009,
respectively), and the following content of the available forms of nutrients solu-
ble in 0.03 M acetic acid (in the two consecutive years): N (NOs-N+NH,-N) —
3.9-1.3, P — 27.8-46.1, K — 142.6-124.1, Mg — 118.3-113.3 and Ca — 1469.0-
1062.5 mg dm=3 of soil. In 2008 and in 2009, the soil’s pH ,0) Was 6.99-
6.73, while the salinity of soil (EC) was 0.13-0.12 mS cm™, respectively.
Lettuce seeds were sown on 11 and 15 March (in 2008 and 2009, respective-
ly). Seedlings were planted into soil in rows 30 cm apart with 30 cm plant
spacing on 11 and 15 April of the following year. Nitrogen as ammonium
nitrate in a dose of 100 mg N dm3 soil as well as iodine soil fertilization in
the form of KI were applied directly prior to lettuce planting.

Different iodine fertilization (in the form of KI) and foliar nutrition (as
KIO4) were applied in the experiment including: 1 — control (without soil
fertilization and foliar nutrition with iodine); three combinations with pre-
sowing soil fertilization with iodine : 2 — 0.5 kg I ha™1, 3 — 1.0 kg I ha~! and
4 — 2.0 kg I ha!l as well as three combinations with four treatments of
foliar application of iodine in the following concentrations: 5 — 0.0005% (to-
tal 0.02 kg I ha™1), 6 — 0.005% (0.2 kg I ha™!) and 7 — 0,05% (2.0 kg I ha™1).
Foliar nutrition was performed using 1000 dm3 of working solution per hec-
tare on the following dates: 15t — 28 and 29 April, 22 — 05 and 13 May, 34
— 12 and 20 May, 4th — 23 and 27 May (in 2008 and 2009, respectively)

The experiment was arranged in a split-plot design with four replica-
tions. Each experimental treatment was randomized in four repetitions on
5m x 1.5 m (7.5 m?) plots. The total area used for experiment was 270 m?2.

Lettuce heads were harvested on 2 and 1 June (in 2008 and 2009, re-
spectively). Soil samples from the 0-30 cm layer were collected during let-
tuce harvesting using a soil drill.

In lettuce samples, the iodine content was assessed after incubation with
25% TMAH according to the standard method (prEN 15111- R2-P5-F01). The
total nitrogen was determined by Kjeldahl method (PErRssoN, WENNERHOLM
1999). The content of P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd
and Pb was assayed after mineralization of plant samples in 65% super pure
HNO4 (Merck no. 100443.2500) using a CEM MARS-5 Xpress microwave oven
(Past.awski, MicaszEwskl 2006).

In soil samples, pH was determined by a potentiometer and the content
of I, N-NH,, N-NO,, P, K, Mg, Ca, S and Na was determined after extrac-
tion of the soil with 0.03 M acetic acid (NowosIELSKI 1988). The content of B,
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Cu, Fe, Mn, Zn, Mo, Al, Cd and Pb was assayed after extraction with 1 M
HCI (GorrAcH et al. 1999).

The content of I as well as P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo,
Al, Cd and Pb in soil and plant samples was determined with the ICP-OES
technique with a Prodigy Teledyne Leeman Labs USA spectrometer. The

content of nitrogen forms in soil samples (N-NH,, N-NOj) was determined
by the FIA technique [PN-EN ISO 13395: 2001; PN-EN ISO 11732:2005 (U)].

The results were statistically verified using an ANOVA module of Statis-
tica 9.0 PL programme at the significance level P<0.05. Significance of chang-
es was assessed with the use of variance analysis. In the case of significant
changes, homogenous groups were determined on the basis of Duncan’s test.

RESULTS AND DISCUSSION

RThe rsearch conducted by Dar1 et al. (2006) revealed that root applica-
tion of oxidized form of iodine (I05™) contributed to significantly higher (even
by ten-fold) accumulation of this element in spinach leaves. However, some
others studies with iodine applied to soil or solution culture indicate that
iodine application in I~ form (when compared to 1057) gives better results
with regard to the uptake and bioaccumulation of this element in plants.
What is more, increasing iodine doses improve the effectiveness of biofortifi-
cation (MURAMATSU et al. 1983, ZuU et al. 2003, Brasco et al. 2008, WENG et
al. 2008). In the present work, relatively small differentiation of the iodine
content in lettuce plants from particular combinations was found (Table 1).
Statistically higher accumulation of iodine (in comparison to the control)
was noted only for the foliar application of KIO3 in the dose of 2 kg I ha-1.
It is worth noticing that significant build-up of the iodine content was ob-
served owing to the application of a higher KIO; concentration used for
foliar nutrition. Soil fertilization with KI did not result in iodine biofortifica-
tion of lettuce when compared to the control plants not fertilized with this
element (Table 1). Considering the total values of iodine, it could be con-
cluded that application of higher doses of KI (1.0 and 2.0 kg I ha™!) raised to
a certain degree the iodine accumulation in lettuce plants. It should also be
noted that the iodine content in soil after lettuce cultivation from individual
combinations of the study (Table 2) did not correlate with the detected con-
tent of this element in lettuce heads.

Varied influence of soil fertilization and foliar nutrition with iodine was
found in reference to the content of N, P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn,
Zn, Mo, Al, Cd and Pb in lettuce (Table 1). Slight changes were noted in the
N-total content in lettuce heads resulting from the tested iodine treatments.
Statistically significant increase in the N-total content, when compared to
the control, was observed only in the case of soil fertilization with the high-
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est dose of KI (2.0 kg I ha™l), whereas foliar nutrition with the same dose
but in the form of KIO5 depressed this element It should be mentioned that
despite observed changes in the N-total content, no differences in lettuce
yield obtained from individual combinations were observed — detailed data
not presented.

As a result of iodine nutrition, irrespective of its dose, form and method
of application, an increase in the content of K, Mg, Ca as well as Mn and
Cd in lettuce plants was found in comparison to the control — with the
exception of K in combination no 6 (Table 1). The highest content of K was
recorded for soil fertilization with KI in a dose of 2 kg I ha™! and for foliar
nutrition with KIOg in the lowest dose (0.02 kg I ha-1). Soil application of
higher doses of KI (1.0 and 2.0 kg I ha™1) contributed to a gradual decrease
in the concentraions of Ca, Mg, Mn and Cd in lettuce in comparison to the
lowest KI dose (0.5 kg I ha™l) although they remained higher than their
values detected for the control. It should be noted that introduction of the
lowest amount of KI (0.5 kg I ha1) to soil intensified most profoundly (in
the comparison to the other combinations) plant accumulation of Ca, Mg,
Mn, as well as boron. This dependence can indirectly support the hypothesis
of the positive influence of low iodine doses on plants (KABATA-PENDIAS,
MukHERJEE 2007). Increasing KI doses applied to soil reduced the content of
Mn in lettuce heads (Table 1) along with increasing the soil content of this
element to a level comparable with the control (Table 2). This observation
suggests an antagonistic effect of higher doses of iodine applied as KI on the
uptake of manganese by lettuce roots.

Nutrition with iodine generally depressed the accumulation of P, Cu and
Zn in lettuce (except Zn in combination 6, cf. Table 1). Higher doses of
iodine applied foliarly as KIO5 (0.2 and 2.0 kg I ha=1) raised the content of P
in comparison to combination 5. In respect to soil fertilization with KI (irre-
spective of its dose), an increased amount of easily soluble forms of phos-
phorus was noted in soil (Table 2) along with a reduced content of this
element in lettuce leaves. The effect could have been caused by the inhibi-
tion of P uptake by lettuce roots, which may have resulted from the intro-
duction of the I~ form of iodine to soil. A similar observation was reported
for Cu, but then an increasing KI dose was accompanied by a significant
decrease in the uptake and accumulation of copper in lettuce plants.

A variable effect of the iodine form, dose and method of application was
found in respect of S, Na, B, Fe, Mo, Al and Pb content in lettuce heads
(Table 1). In comparison to the control, using higher concentrations of KIO4
solution for foliar nutrition (combinations 6 and 7) raised the accumulation
of sodium in lettuce leaves. Soil fertilization with iodine as KI (irrespective
of its dose) reduced Fe but slightly increased the Mo and Pb content in
lettuce in comparison to the control. No influence of soil application of io-
dine was observed on the Al content in plants. The highest accumulation of
S was noted in plants fertilized with the biggest dose of KI (2.0 kg I ha™1).
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Foliar nutrition with KIO4 slightly decreased the S content in lettuce but
the iodine dose had no significant influence on the observed changes. Appli-
cation of different iodine forms and doses contributed to small but statisti-
cally significant variation in the boron concentration in lettuce leaves.

It is particularly difficult to discuss our results on the influence of io-
dine introduction (through soil or foliarly) on the chemical composition of
lettuce due to a very limited number of available publications referring to
this issue. The results obtained by SMOLEN et al. (2010) in carrot cultivation
carried out according to an analogous experimental design (iodine dose, form
and method of application) revealed different relations than shown in the
present study, which could have been caused by species-specific differences.

CONCLUSIONS

1. A statistically significant effect of iodine biofortification of lettuce was
obtained only through foliar application of KIO5 in a dose of 2.0 kg I ha-1.

2. Iodine accumulation in lettuce heads tended to increase as a result of
application of higher doses of KI through soil fertilization (1.0 kg and 2.0 kg
I ha1).

3. An increased N-total content in lettuce heads (in comparison to the
control) was noted in the case of soil fertilization with the highest dose of
KI (2.0 kg I ha1), while a reduced content of this macronutrient occurred
as a result of foliar application of the same dose but in the form of KIOs.

4. Significantly higher content of K, Mg, Ca, Mn and Cd in lettuce was
found after iodine introduction irrespective of its dose, form and method
of application.

5. Nutrition with iodine (regardless of its dose, form and method of ap-
plication) generally decreased the P, Cu and Zn accumulation in lettuce
heads.

6. Varied influence of iodine application was observed in reference to the
S, Na, B, Fe, Mo, Al and Pb content in lettuce heads.
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Abstract

Among domestic animals, cattle and horses kept on pasture and fed with hay and
straw are exposed most prominently to environmental pollution. Determination of the sta-
tus of heavy metals in bodies of horses is important for two reasons. Firstly, it helps to
assess the level of environmental contamination. Secondly, heavy metals can have consi-
derable influence on animals living outdoors. The aim of the study has been to verify whe-
ther the level of Cr, Mn, Cu, Cd, Pb and Ni in the coat hair and cornified structures of
hooves may differ between horses maintained alternately in a stable and on pasture and
living outdoors all year long, with Polish Koniks from Mazury (the Masurian Lake Di-
strict) taken as an example. Possible effects of the feeding season and age of horses were
considered.

In total, 35 Polish Konik horses were examined, either kept in a stable-pasture sys-
tem in Popielno or outdoors in Wojnowo. Sixty-two samples of summer and winter coat
hair, 28 samples of hoof horn, as well as 10 samples of pasture plants and water were
analyzed. The data were elaborated with the use multi-factor analysis of variance, T-Tu-
key-Kramer test and Pearson’s correlation.

The results show that Polish Konik horses bred in Mazury have a low heavy metal
concentration in the coat hair and hoof horn. The stable-pasture and outdoor maintenance
systems hardly differentiate the element content, whereas the winter feeding results in

prof. dr hab. Anna Stachurska, Chair of Horse Breeding and Use, University of Life Scien-
ces in Lublin, Akademicka 13, 20-950 Lublin, Poland, e-mail: anna.stachurska@up.lublin.pl
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an elevated concentration of the elements in the hair. Yearlings show higher Mn and Cd
content than mares and foals at foot. The dam’s impact on the heavy metal concentration
in the hair and hoof horn in their foals is usually non-significant.

Key words: horse, Polish Konik, heavy metal, coat hair, hoof horn.

ZAWARTOSC METALI CIEZKICH U KONIKOW POLSKICH
W STAJENNO-PASTWISKOWYM I BEZSTAJENNYM SYSTEMIE UTRZYMANIA
W SRODOWISKU MAZUR

Abstrakt

Sposrod zwierzat gospodarskich bydto i konie utrzymywane na pastwisku oraz zywio-
ne sianem i stomg sa najbardziej narazone na zanieczyszczenie Srodowiska. Zagadnienie
koncentracji metali ciezkich u koni jest wazne pod dwoma wzgledami: zanieczyszczenia Sro-
dowiska i jego wplywu na zwierzeta utrzymywane w chowie bezstajennym. Celem pracy
byto ustalenie, czy poziom Cr, Mn, Cu, Cd, Pb i Ni w siersci i rogu kopytowym moze réznié
si¢ u koni utrzymywanych w warunkach stajenno-pastwiskowych oraz zyjacych przez caty
rok w chowie bezstajennym, na przyktadzie konikéw polskich na Mazurach. Uwzgledniono
mozliwy wplyw sezonu zywieniowego i wieku konia.

Lacznie zbadano 35 konikéw polskich utrzymywanych w systemie stajenno-pastwisko-
wym w Popielnie i bezstajennym w Wojnowie. Przeanalizowano 62 probki sierSci letniej
izimowej, 28 probek rogu kopytowego oraz 10 préobek roslinnosci pastwiskowej i wody.
Dane opracowano wykorzystujac wieloczynnikows analize wariancji, test T-Tukeya-Kramera
i korelacje Pearsona.

Wykazano, ze koniki polskie hodowane na Mazurach maja niska zawarto§¢ metali cigz-
kich w sierSci i rogu kopytowym. Stajenno-pastwiskowy i bezstajenny system utrzymania
wplywa na niewielkie zréznicowanie stezenia pierwiastkow, natomiasy zywienie zimowe ma
wplyw na wzrost poziomu badanych pierwiastkow w siersci. U roczniakéw wykazano wy-
zszg, zawarto§¢ Mn i Cd niz u klaczy dorostych i sysakow. Wpltyw klaczy matek na koncen-
tracje metali ciezkich w sierSci i rogu kopytowym Zrebiat jest zazwyczaj nieistotny.

Stowa kluczowe: kon, konik polski, metale ciezkie, siersé, rog kopytowy.

INTRODUCTION

Out of domestic animals, cattle and horses maintained on pasture and
fed with hay and straw are most prominently exposed to the environment
pollution (Znamirowska et al. 2004). Chemicals affect animals through the
digestive and respiratory systems, as well as through the skin, hair and
horn. The concentration of heavy metals is analyzed most often in blood,
since the material can be collected in vivo (SUTTLE et al. 1996). However, the
plasma content changes frequently, being highly influenced by the physio-
logical status of a given organism (JAaskowski et al. 1993). The material show-
ing more persistent concentration of elements in horses and easily sampled
is the hair and hoof horn (WicHERT et al. 2002, Asano et al. 2005). The con-
tent of some heavy metals in hair is influenced by the feeding season and —
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in some cases — by the age of an animal (Cie$La, JaNiszEwska 1997, 2000).
The hoof horn grows continuously and special means would be necessary to
determine which part appeared in a certain season of the year (STACHURSKA
et al. 2009). However, the horn can probably absorb some elements from
the ground at a rate that differs from season to season, depending on the
presence of grass, mud, snow, etc.

The Polish Konik horses are a unique primitive breed, which originates
from wild Tarpans living in the Central Europe and becoming extinct in the
late 18th century. They are bred under stable-pasture conditions, outdoors
on a pasture or paddock all year long or a free-ranging animals in Polish
reserves, mainly in the regions called Mazury (N-E Poland) and Roztocze
(S-E Poland). The environment around the largest Polish Konik breeding
centers in Poland is dominated by forests and is assumed to be clean. The
issue of the heavy metal status of horses is important for two reasons.
First, it will attest whether the environmental contamination is low. Sec-
ond, it will demonstrate how the given pollution affects animals living out-
side stables. According to KruMrycH et al. (1995), the Polish Koniks are high-
ly responsive to environmental changes. However, the latest study by StacHURSKA
et al. (2009) performed on the Polish Koniks in Roztocze National Park
indicates that the heavy metal concentration in hair is only slightly affected
by seasonal changes in the feeding. The generally low concentration the
elements does not reveal possible influence of the differences between the
reserve and stable-pasture maintenance systems or the animals’ age.

The aim of the study has been to determine if the levels of Cr, Mn,
Cu, Cd, Pb and Ni in the coat hair and hoof horn may differ between horses
kept in a stable and on pasture versus the ones living outdoors, on pasture,
all year. The Polish Koniks in Mazury served as an example.

MATERIAL AND METHODS

In total, 35 Polish Konik horses were examined: 21 in Popielno (9 dams,
12 foals) and 14 in Wojnowo (8 dams and 6 foals) in the Mazury region. The
samples were taken twice at six-month interval, hence sucklings became
yearlings in the second year. In total, there were 17 dams, 12 yearlings and
18 sucklings. The horses were clinically sound during the collection of the
material.

Popielno lies 20 km away from Wojnowo. The horses examined in Pop-
ielno were maintained under stable-pasture conditions, whereas those in Wo-
jnowo were kept outdoors. The maintenance conditions could differ in three
aspects: the length of the time when horses stayed outdoors (connected with
a possible impact of heavy metals in the air, rain, snow and ground), the
content of elements in the feed and their content in drinking water.
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In summer, the horses are on pasture all day and night in both centers. In
Popielno, during winter, they are mainly in a stable, released to a paddock
for a few hours a day. In Wojnowo, during winter, they stay on pasture all
day and night. With respect to their nutrition, in neither of the centers the
horses are fed additionally in summer. In winter, they are given oats, hay
and some straw in Popielno. They also receive some carrots in November
and December. In winter, in Wojnowo, they eat dry grass which remained
after autumn on the pasture. Sometimes they have to dig it out from under
the snow cover. Hay and some straw are given when the snow cover is
thick. In Popielno, the horses drink water taken up from a water supply
system and poured to a bath, as well as rainwater collected in ditches. In
winter, they are given water from the supply system. In Wojnowo, the hors-
es drink water from natural small ponds and ditches all year long. If they
are frozen, the horses are given water taken from a supply system.

Sixty-two samples of coat hair (34 from the stable-pasture and 28 from
the outdoor system; 28 in summer and 34 in winter; 18 from sucklings, 12
from yearlings and 32 from dams) and 28 samples of hoof horn were collect-
ed at the beginning of October and in the April next year. The hoof horn
was collected from dams and sucklings in October. Simultaneously, three
samples of plants from different pastures and seven samples of water from
various sources were taken. The coat hair was cut from the horses’ neck
under the mane. The autumn coat shedding in Polish Koniks living in re-
serves begins in late August and lasts till mid-October (DETKENS 1967, Sta-
CHURSKA et al. 2006). The winter coat is shed from January until June. Hence,
two main seasons of feeding were distinguished: summer season and winter
season. The October samples contained the hair grown during the summer
feeding and the April samples during the winter feeding. The horn was
trimmed from the toe of a front hoof during routine trimming. The pasture
plants, the major feed in summer and used for making hay for the other
seasons, as well as all the water sources available for the horses were ex-
amined to randomly assess the heavy metal pollution of the environment.
The plants were cut from 1 m? squares from sites most often grazed by the
horses. The water samples were collected in plastic vessels.

The coat hair and hoof horn samples (the latter after fragmenting) were
washed in 1% Triton-X100 solution and acetone. Then, they were rinsed
three times in redistilled water, air-dried, crushed and homogenized. 0.5 g
samples weighted at +£0.0001 accuracy were digested in a Multiwave 3000,
Anton Paar microwave stove. The level of Cr, Mn, Cu, Cd, Pb and Ni was
determined in an atomic absorption spectrometer SpectrAA 220Z (electro-
thermal atomization, Zeeman background correction), Varian. Samples of
plants were air-dried, crushed and homogenized. They underwent a similar
mineralization procedure before determination of the heavy metal content
as hair and horn samples. The water samples were filtered through a 0.45 uym
Milipore filter. The AAS method was used directly after collecting the sam-
ples to define the heavy metal levels.
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The SAS procedure, 9.1 version, was used to perform a multi-factor anal-
ysis of variance. The following effects were investigated: the maintenance
system (stable-pasture, outdoor), the feeding season (summer, winter) and
the horse’s age (dam, yearling, suckling). The data were reported as means
+SD (Standard Deviation). Multiple T-Tukey-Kramer test was performed to
identify homogenous groups. The heavy metal levels in the hair and hoof
between dams and their sucklings, between dams and yearlings, as well as
between the hair and the horn, were analysed with Pearson’s correlation
coefficients.

RESULTS

Mean concentrations of heavy metals in the coat hair and hoof horn in
Polish Konik horses, as well as in pasture plants and water available for
the horses, are shown in Table 1. The Ni content in the samples was below
the detection level. Since the concentrations were determined in completely
different materials, they were not compared statistically. The Mn level was
higher in the hoof compared to the hair, whereas that of Cu was lower. The
content of the other elements in the hair and hoof was in a similar range.
In pasture plants, Mn and Cd concentrations were relatively higher than in
the hair and hooves. The Mn level in pasture plants was particularly high.

Table 1

Mean concentration of heavy metals in Polish Konik horses, pasture plants and water

Cr Mn Cu Cd Pb
Sample N
mean| SE | mean | SE | mean| SE | mean| SE | mean| SE

Coat hair 62| 1.03 | 066 | 9.39 | 590 | 2.92 | 043 | 0.01 | 0.00 | 022 | 0.41
(mg kg~ d.m)
Hoof horn

o 28 | 1.31 | 045 | 21.13 | 962 | 1.10 | 0.36 | 0.00 | 0.00| 0.39 | 0.13
(mg kg~ d.m.)
Pasture plants | 3| 04 | 030 | 24545 | 77.23| 2.05 | 048 | 0.22 | 0.13 | 035 | 0.06
(mg kg~ d.m.)
Water sources | 7| 44 | 0.55 | 54.07 |27.29| 4.73 | 271 | 063 | 0.10| 1.53 | 1.02
(ug dm™3)

SE — standard error
d.m. — dry matter

The mean Cr content in the coat hair in Polish Konik horses was high-
er in the stable-pasture system than in the outdoor one, but similar in the
hoof horn from both groups (Figure 1). More Cr was found in the hair grown
in winter than in summer. The levels of the elements in the hair did not
differ between the age groups. The Cr concentration in hooves was higher
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Fig. 1. Cr content (mg kg~ d.m.) in coat hair and hoof horn in Polish Koniks. Significant
differences in the hair between maintenance systems, feeding seasons and in the horn
between age groups (P=0.05)

25
20 O T
15 ——
10 +— I I
51— 1 . I | coat hair
[] hoof horn
0 T T T T T T T T 1
stable- outdoor summer winter sucklings yearlings dams
-pasture system feeding feeding
system

Fig. 2. Mn content (mg kg! d.m.) in coat hair and hoof horn in Polish Koniks. Significant
differences in the hair between feeding seasons and age groups (P=0.05)

in sucklings than in dams. Differences in the Mn level occurred only in the
hair between the summer and winter feeding and between the age groups
(Figure 2). There was more Mn in winter hair and in yearlings compared to
the other groups. The average Cu content was balanced except for the feed-
ing seasons in the hair: it was higher in winter than in summer (Figure 3).
In the coat hair, relatively more Cd occurred in the outdoor system,
in winter and in yearlings (Figure 4). In the hoof horn, Cd was below the
detection level. Considering the mean Pb content, differences were found
with regard to the seasons, as well as to the maintenance systems
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Fig. 3. Cu content (mg kg~! d.m.) in coat hair and hoof horn in Polish Koniks. Significant
differences in the hair between feeding seasons (P=0.05)
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Fig. 4. Cd content (mg kg™ d.m.) in coat hair in Polish Koniks. Significant differences in the
hair between maintenance systems, feeding seasons and age groups (P=0.05)

(Figure 5). There was more Pb in winter hair and in the horn of horses
kept in the outdoor system.

In the hair, significant correlations were found between the concentra-
tion of Cr versus Mn, Cd and Pb, of Mn versus Cd and Pb, as well as of Cd
versus Pb (Table 2). In the hoof horn, it was only the correlation between
Cr and Mn content that proved significant. The correlation between the
hair and the hoof in their levels of particular elements was significant only
in the case of Cr.
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Fig. 5. Pb content (mg kg! d.m.) in coat hair and hoof horn in Polish Koniks. Significant
differences in the hair between feeding seasons and in the horn between maintenance
systems (P=0.05)

Significant correlations (P<0.01) in heavy metal content within the coat hair

Table 2

(above the diagonal), within the hoof horn (below the diagonal)
and between the coat hair and the hoof horn samples (along the diagonal)

cc | Mn | cu | ca | P
Element Hair-hoof
coat hair

Cr 0.52 0.43 0.31 0.61
Mn 0.64 0.66 0.38
Cu hoof horn

Cd 0.44
Pb

The correlation of 0.68 (P<0.01) was found in the Cr level in the coat

hair between dams and sucklings in summer. Correlations between the con-
centrations of the other elements in dams versus their sucklings and year-

lings were not significant.

DISCUSSION

Generally, the content of heavy metals in coat hair and hoof horn

of Polish Konik horses living in Mazury is low. The chromium levels found
in the study are similar to the ones reported previously (Asano et al. 2005,
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StacHURSKA et al. 2009). The Mn content in the hair assessed in this study
resembles the one determined in Roztocze (STacHURSKA et al. 2009), but is
lower than 17.24 mg kg! reported by CiesLa and Janiszewska (1997) or
14.19 mg kg1 found by CiesLa (2002). However, it exceeds the concentration
in the horse mane hair (1.24 mg kg1) observed by Asano et al. (2005). Ac-
cording to KowNackr (1962), the Mn level in the hoof horn was 0.8 mg kg!
in reserve horses and 1.0 mg kg ! in stabled horses, hence it was several-
fold lower than in the present study. Sasimowskr et al. (1987) also observed
low Mn levels (2-5 mg kg1) in hooves in cold-blood and warm-blood horses.
It should be pointed out that Mn plays an important role in bone minerali-
zation and reproduction, hence its deficiency may cause disorders in the
organism (CiesLa 2002). The Cu concentration in the hair is slightly lower
and in the hoof horn similar as in Roztocze (STaAcHURSKA et al. 2009). Mean-
while, the content of copper in the hair is approximately two-fold lower and
in the hoof horn several-fold lower than observed by other researchers (Sasi-
MOWSKI et al. 1987, CIESLA, JANISZEWSKA 1997, 2000, WicHERT et al. 2002). It
can be suggested that there is some Cu deficiency in Polish Koniks main-
tained in the two analysed systems. REwaLD and RionD (2002) show that
a traditional ration of oats and hay as well as many commercial feeds do not
contain sufficient amounts of copper for adult horses. Cu and Mn are antag-
onistic elements, although in the present study it does not seem that the
high Mn level caused a low Cu content in the environment. Copper deficien-
cy in horses may result in physitis, osteochondrosis, osteoporosis, as well as
fracturae spont (GEHRKE 1997). The Cd level in the hair was slightly lower or
not detectable compared to the horses living in Roztocze (STACHURSKA et al.
2009) or in Dobrzyniewo in Wielkopolska (CIeSLA, JaNiszEwska 1997). Concen-
trations of Pb are of a similar order as determined in Roztocze and lower
than found by Asano et al. (2005).

Concentrations of heavy metals in the coat hair and hoof horn of horses
maintained in stable-pasture and outdoor systems are in most cases similar.
It seems that the element levels, except for Mn in the hoof horn, are too
low to show significant differences between the two breeding centers. The
two systems, i.e. stable and pasture or entirely outdoors, do not differ in
the effect on the horse’s status regarding heavy metals. This finding is simi-
lar to that determined for stabled and reserve Polish Konik horses in Roz-
tocze (StacHURSKA et al. 2009).

In turn, the impact of the feeding season on levels of elements in hair
shows that in winter the content of heavy metals is higher than in summer.
This regularity appeared both centers (the data not presented in tables due
to the paper’s limited length). Probably, the differences result from the en-
vironmental seasonal changes. In Roztocze, it was only Mn that occurred in
higher concentration in winter hair (StacHURSKA et al. 2009). CieSLA and JANI-
szEwsKA (2000) found a higher Cu level in the coat hair in halfbred horses in
summer than in winter.
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Heavy metals, particularly Mn and Cd, tend to accumulate in higher
amounts in hair of yearlings compared to dams or sucklings. In the hoof,
the element levels in dams and sucklings are similar in nearly all the cas-
es. In Roztocze (STACHURSKA et al. 2009), the Mn concentration was higher in
yearlings’ hair as compared to dams. In a growing organism, the demand
for nutritional components, including minerals, is the highest (GEHRKE 1997).
That may explain the elevated Mn content in the yearlings’ coat. However,
Asano et al. (2005) did not find the age effect on the content of heavy metals
in the hair.

In general, the differences between levels of heavy metal in the feed
versus the hair and hoof horn were small, except an exceptionally high Mn
content in plants. It is likely that the Mn and Cd concentrations in the
pasture flora are not high enough to accumulate in considerable amounts in
the horses’ hair and hoof. It has been documented that exposure to elevated
levels of heavy metals in the environment is reflected by high concentra-
tions of these elements in horses, although the path from ingestion or ab-
sorption to deposition in animals’ tissues is not direct (WIicHERT et al. 2002,
STACHURSKA et al. 2009). Therefore, differences in the degree of heavy metal
contamination between the feed and the animal can appear.

In both centers, the water drunk by the horses can be classified as class
one (the highest) in the Polish water purity classification system with re-
gard to Cr, Cu and Pb, between class one and two considering the Mn con-
tent and class two in respect of Cd (Regulation of the Minister for the Envi-
ronment, 11 February 2004). Hence, the water does not pose a threat to the
horses in terms of toxicology.

The correlations between levels of different elements are mainly found
in the hair, therefore suggesting that in the hooves they can be more strong-
ly dependent on external factors, e.g. concentrations of metals in the ground.
Since the concentrations of the analysed elements in the hair and in the
hoof were most often not correlated between dams and their foals, it seems
that the effect produced by dams is weak.

CONCLUSION

In conclusion, the Polish Konik horses bred in Mazury have low heavy
metal concentrations in the coat hair and hoof horn. The stable and pasture
or the outdoor maintenance system hardly differentiated the content of ele-
ments, whereas the winter feeding resulted in elevated concentrations of
the elements in the hair. Yearlings showed a higher Mn and Cd content
than mares and foals at foot. The dams’ impact on the heavy metal concen-
tration in the hair and hoof horn in their foals is usually negligible.
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EFFECT OF FOLIAR MAGNESIUM
FERTILISATION AND STORAGE
ON SOME PARAMETERS
OF THE NUTRITIVE VALUE OF CARROT
STORAGE ROOTS

Elzbieta Wszelaczynska, Jarostaw Poberezny

Chair of Food Technology
University of Technology and Life Sciences in Bydgoszcz

Abstract

The nutritive value and wholesomeness of carrot are highly appreciated owing to such
biologically active compounds as carotenoids, vitamin C and mineral compounds found in
its roots.

In 2007-2009, field experiments were performed on the effect of foliar fertilisation
of carrot with magnesium sulphate during its vegetative growth on selected nutrients (to-
tal carotenoids, vitamin C, mineral magnesium). The field experiment was set up in a split-
plot design with three replications on light soil, of slightly acid reaction, low in available P
and K forms and very low in Mg. Magnesium was applied in rates of 0, 45 and 90 kg MgO
hal by spraying carrot plants with a 3% solution during their intensive growth in the
vegetative season, accompanied by constant N, P, K fertilisation. The experiment involved
five carrot cultivars: medium-late Berjo, and late Flacoro, Karotan, Koral and Perfekcja,
all characterized by good storage life. The content of selected nutrients in carrot roots was
determined immediately after harvest and after six-month storage in a traditional earthen
mound.

Foliar application of magnesium significantly increased the nutritive value of roots
of the carrot cultivars after harvest, raising the content of total carotenoids, vitamin C and
magnesium in edible parts. The rate of 45 kg MgO ha~l was most favourable. The six-
month root storage led to a decrease in the biologically active compounds. The recorded
loss (mean for cultivars and fertilisation) reached 20% of carotenoids, 50% of vitamin C

dr inz. Elzbieta Wszelaczyniska, Chair of Food Technology, University of Technology and
Life Sciences in Bydgoszcz, Kordeckiego 20, bl. A, 85-225 Bydgoszcz, Poland, phone: 052
3749366, e-mail: surowce@utp.edu.pl
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and 1% of magnesium. The highest nutritive value was determined for roots of the culti-
vars Karotan and Perfekcja and the lowest one in roots of cv. Flacoro.

Key words: carotenoids, vitamin C, magnesium, carrot cultivars, magnesium fertilisation,
storage.

WPLYW DOLISTNEGO DOKARMIANIA MAGNEZEM I PRZECHOWYWANIA
NA WYBRANE PARAMETRY WARTOSCI ODZYWCZEJ KORZENI
SPICHRZOWYCH MARCHWI

Abstrakt

Warto$é odzywcza i zdrowotna marchwi jest wysoko ceniona za wzgledu na wystepu-
jace w jej korzeniach zwiazki biologicznie czynne, jak karotenoidy, witamina C, oraz zwigz-
ki mineralne.

W latach 2007-2009 przeprowadzono doswiadczenia polowe dotyczace wptywu dolistne-
go dokarmiania marchwi siarczanem magnezu w okresie jej wegetacji na wybrane sktadni-
ki odzywcze (sume karotenoidéow, witamine C, magnez mineralny). DoSwiadczenie polowe
zatozono w uktadzie zaleznym split-plot w 3 powtdrzeniach na glebie lekkiej o odczynie
lekko kwasnym, malej zasobnosci w przyswajalne formy P i K oraz bardzo malej zasobno-
§ci w Mg. Nawozenie magnezem zastosowano w dawkach 0, 45 i 90 kg MgO ha~! — w for-
mie oprysku 3% roztworem w okresie intensywnego wzrostu ro§lin w trakcie sezonu we-
getacyjnego na tle stalego nawozenia N, P, K. Obiektem badan bylo 5 odmian marchwi:
Srednio pozna Berjo oraz pézne: Flacoro, Karotan, Koral, Perfekcja — o dobrej trwalosci
przechowalniczej. Zawarto§¢ wybranych sktadnikéow w korzeniach marchwi oznaczono bez-
posrednio po zbiorze i po 6 miesigcach przechowywania w kopcu tradycyjnym.

Dolistne nawozenie magnezem wplyneto istotnie na wzrost wartoSci odzywczej korze-
ni badanych odmian marchwi bezposrednio po zbiorze wskutek zwigekszenia w czesciach
jadalnych zawartosci sumy karotenoidow, witaminy C oraz magnezu. Najkorzystniejsza oka-
zala sie dawka 45 kg MgO ha~l. Po 6 miesigcach przechowywania korzeni stwierdzono
zmiejszenie zawarto$ci zwigzkow biologicznie czynnych. Wystapity straty (§rednio dla od-
mian i nawozenia) 20% karotenoidéw, 50% witaminy C i 1% magnezu. Najwiekszg warto$é
odzywcza mialy korzenie odmian Karotan i Perfekcja, a najmniejszg Flacoro.

Stowa kluczowe: karotenoidy, witamina C, magnez, odmiany marchwi, nawozenie mag-
nezem, przechowywanie.

INTRODUCTION

Carrot (Daucus carota L.) is one of the key vegetables grown in Asia
and Europe. With the carrot yield of 270-300 dt ha~l, Poland is the second
European producer (GaJEwskI et al. 2007). In 2009, the carrot consumption
was 21.4 kg per person, including fresh carrot consumption of about 10 kg,
which shows how important this vegetable is in human nutrition, as the
total annual consumption of vegetables is about 115-120 kg per capita. Most
of the carrot harvest supplies the Polish market, although because of the
large scale of production and a growing demand, the vegetable has become
an important export commodity (FiLipiak, Maciejczak 2010).
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Over the recent years, much attention has been paid to the presence
of natural antioxidants found in food, which inhibit or delay the oxidation
of other molecules and protect the cells from harmful action of reactive oxy-
gen forms. Fruit and vegetables, e.g. carrot, are rich sources of antioxidants
such as carotenoids and phenolic compounds as well as ascorbic acid (VELI-
oGLU et al. 1998, PAULAUSKIENE et al. 2006, PopsgpEk 2007, PoxrLupa 2008,
Domarapzki et al. 2010). With different sowing dates, high yields as well as
good storage life, carrot roots are available on the market all year. The
quality of storage roots in carrot is cultivar-specific and depends on climate
and soil conditions, agronomic practice as well as environmental conditions
during prolonged storage (SELJASEN et al. 2001, KARKLELIENE et al. 2009, Doma-
RADZKI et al. 2010).

There is relatively much information on the effect of organic and basic
mineral (N, P, K) fertilisation on the chemical composition of carrot roots,
but little is known about the effect of Mg fertilisation on transformations in
carrot roots (SMOLEN, Sapy 2007). Magnesium participates in the synthesis
of carbohydrates, proteins and provitamin A. It is also a structural compo-
nent of chlorophyll. Therefore, it can be assumed that supplying carrot with
such an important macronutrient can affect the accumulation of chemical
compounds and their transformations in its roots.

The aim of the present research has been to determine the effect of foliar
fertilisation of plants with magnesium as well as of long-term storage
on selected parameters of the nutritive value of roots in selected carrot cul-
tivars.

MATERIAL AND METHODS

The research material was obtained from a field experiment carried out
at the Experimental Station in Mochetek (2007-2009), owned by the Faculty
of Agriculture and Biotechnology, the University of Technology and Life Sci-
ences in Bydgoszcz (the Kujawy and Pomorze Province). The field experi-
ment was performed on light soil of slightly acid reaction, low in available P
and K forms as well as a very low in Mg (Table 1).

The experiment was set up in a split-plot design with three replications.
The experiment design covered:

— date of analysis (after harvest, after storage);

— cultivars (medium-late Berjo, late Flacoro, Karotan, Koral and Perfekcja);

— magnesium rates (0, 45, 90 kg MgO ha™1) in the form of magnesium sulphate
(16%) alongside constant fertilisation with nitrogen (70 kg N ha—1), phosphorus
(80 kg PyO5 ha™1) and potassium (100 kg K,0 ha™1). Foliar fertilisation with
magnesium was applied twice during the intensive plant growth (July, August)
with a 3% solution of magnesium sulphate in the rate of 300 dm3 ha~1.
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Table 1
Chemical composition of soil prior to the experiment
Growing year
Parameter Unit Richness
2007 2008 2009
pH H,0 - 6.6 6.5 6.7
slightly acid soil
pH KCl - 6.0 5.9 6.1
Organic carbon (mg kg™1) 7650 7800 7550
Total nitrogen (mg kg™1) 720 690 750
Available phosphorus forms (mg kg™1) 24.0 23.0 25.0 low abundance
Available potassium forms (mg kg1) 42.0 43.0 45.0 low abundance
. . 1 very low
Available magnesium forms (mg kg=) 18.5 20.0 17.0 abundance

Cultivation treatments and protection against diseases and pests were
in line with the requirements established for carrot, i.e. seeds were seed-
dressed with Funaben T and the herbicide Stomp 330 EC was applied each
year after sowing and prior to plant emergence. During the vegetative peri-
od, hand-weeding was performed. Carrot storage roots were harvested at
full maturity (first ten days of October). During the harvest, root samples
were taken from each plot for analysis and storage studies. The samples
were stored in a traditional earthen mound for 6 months. The parameters
of the chemical composition of carrot were determined applying the follow-
ing methods:

— total carotenoids — with the colorimetric method following PN-90/A-75101/12;
— vitamin C — with the titration method following PN-90A-75101/11;
— magnesium — with the atomic absorption method after mineralization.

In the present paper, an attempt has been made to present model de-
termination of daily consumption of total carotenoids, vitamin C and magne-
sium, assuming that the daily consumption of carrot storage roots equalled
55 g per capita. The data were compared with the Recommended Dietary
Allowance. The content of vitamin A was calculated from total carotenoids,
assuming 18 mg of carotenoids as equivalent to 1mg retinol RE (Retinol
Equivalent).

The results of the 3-year research were statistically verified using the
analysis of variance. The significance of differences was evaluated with the
Tukey’s multiple confidence intervals for the significance level of @=0.05.
Coefficients of linear correlation between the quality characteristics in car-
rot were calculated.
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RESULTS AND DISCUSSION

Carotenoids and fibre mostly determine the wholesomeness and nutri-
tive qualities of carrot (ALasALVAR et al. 2005, Fik et al. 2008, DOMARADZKI et
al. 2010). Carotenoids are red, orange or yellow pigments soluble in plant
lipids, and give the characteristic coloration of roots (SKREDE et al. 1997).
Present in edible parts of carrot, carotenoid compounds are mostly a- and
p-carotene (HoLDEN et al. 1999, MavErR-MIEBACH, SPiEsS 2003, Nawirska, KrRoL
2004). Being a vitamin A precursor (HaNDELMAN 2001, NAwirRsKA, KrOL 2004)
and highly active antioxidants, carotenoids are essential in controlling prop-
er functions of the human body (Rock 1997, VELIOGLU et al. 1998, PAULAUSK-
IENE et al. 2006, PopseDEK 2007). According to HoLDEN et al. (1999), depending
on the cultivar, carrot contains from 57 to 84 mg kg! of fresh weight of
carotenoids, while PokLup (2008) reported that an average content of carote-
noids calculated for 28 carrot cultivars was 86.0 +25.0 mg kgl of fresh
weight, with the lowest concentration of 42.0 mg kg1 for cv. Fuk and the
highest one of 168.0 mg kg1 for cv. Kortina. Some other data imply that
the content of carotenoids in carrot roots, being cultivar-specific, ranges even
more broadly, e.g. from 10 to 140 mg kg™ ! of fresh weight (GaJEwskI et al.
2007), from 55.8 to 138.9 mg kg1 of fresh weight (Nawirska, KroL 2004) and
from 136 to 854 of fresh weight (LacHMAN et al. 2000). In the present re-
search, the results of the content of carotenoids in roots of five carrot culti-
vars are given in Table 2 and confirm the earlier results reported by the
above authors. The analysis of variance showed significant differences in
the content of carotenoids between the cultivars. The highest content of
this nutrient was found in cv. Karotan: on average 136.1 mg kg1 of fresh
weight; the lowest one appeared in cv. Flacoro: 106.8 mg kg1 of fresh
weight. Such results correspond to the root coloration since out of all the
cultivars, cv. Karotan had roots in the most intensive dark-orange colour,
a finding which coincides with the results reported by SKREDE et al. (1997).
A similar relationship was reported by Gasewski et al. (2007), who analysed
six carrot cultivars and the root colour ranged from yellow (cv. Yellowstone)
through orange (cv. Florida) to purple (cv. Purple Haze). These authors claimed
that the darker the root colour, the higher the content of carotenoids.

Magnesium fertilisation significantly increased the content of caroten-
oids in carrot roots of the cultivars (Table 2). The magnesium rates applied
during the growing season increased the content of carotenoids in storage
roots immediately after harvest, except for cv. Karotan, which — when ex-
posed to the rate of 45 kg MgO ha! — did not respond with a significant
increase of this nutrient. Carotenoid pigments are thought to be stable asin
adequately stored plant products their changes are negligible (Koca, Kara-
DENIZ 2008). They can only undergo oxidation (SELJASEN et al. 2001), which
can lead to a decrease in their content and to sensory changes in the stored



640

plant material, e.g. paler colour, unpleasant flavour and smell. The present
results confirm the above, since after 6-month storage a slight decrease in
the content of carotenoid was recorded although the determination date did
not have a significant effect on any such changes (Table 2). The smallest
decrease in the content of carotenoids occurred in roots of cv. Karotan
(17.8%), and the biggest one — in roots of vec. Perfekcja (20.5%). Contrary
results were reported by Koras-LANE and WARTHESEN (1995), KipmosE et al.
(2004), who found a slight increase in the content of carotenoids after stor-
age. GAJEWSKI et al. (2010) examined 8 carrot cultivars of various root colour
and concluded that after 3 months of storage the content of carotenoids in
edible parts of the carrot cultivars rose by 19.2%. In the present research,
the magnesium rates slightly stimulated the carotenoid loss in carrot stor-
age roots (Figure 1).

Carrot contains relatively small amounts of vitamin C (L-ascorbic acid).
Reports on the content of vitamin C in carrot roots provide various results,
e.g. 59.0 mg of vitamin C per 1 kg of fresh root weight (HoLDEN et al. 1999),
60.0 mg (WiERrzBICKA, KUskowska 2002) or 65.2-97.8 mg (MAJKOWSKA-GADOMSKA,
WikrzBicka 2010), depending on the cultivar. ALASAIVAR et al. (2001), who de-
termined vitamin C in fresh carrot, reported the following results: 53.3 mg
in orange, 19.8 mg in yellow and 12.5 mg in white carrot. Different results

Table 2
Content of carotenoids in the fresh weight of carrot roots; means for 2007-2009 (mg kg1)
Date Fertilisation MgO kg ha™! (C)
of determination | Cultivars (B) Mean
(A) 0 45 90

Berjo 100.7 107.9 114.5 107.7

Flacoro 98.5 108.9 113.0 106.8

Karotan 132.3 133.9 142.1 136.1

After harvest

Koral 112.8 120.0 124.7 119.2

Perfekcja 126.2 1314 137.6 131.7

mean 114.1 1204 126.4 120.3

Berjo 82.7 86.4 94.7 87.9

Flacoro 80.1 86.9 92.4 86.5

Karotan 105.9 112.9 116.9 111.9

After storage

Koral 94.7 94.1 101.0 96.6

Perfekcja 102.9 104.2 106.8 104.6

mean 93.3 96.9 102.4 97.5

Mean 103.7 108.7 114.4 108.9

LSD,_0.05
= ns® B = 168 C = 28
B/A = ns. A/B = ns. C/A = ns.
A/C = ns. C/B = ns. B/C = ns.

*n.s. — no significant difference
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Fig. 1. Percent loss of carotenoids in carrot roots depending on the cultivar, fertilisation
and storage period; means for years 2007-2009

were noted by FaviLL (1998), who claimed that the content of vitamin C in
fresh weight ranged from 28.0 to 45.0 mg. The present research showed
that vitamin C in roots after harvest ranged from 91.1 to 107.4 mg kgl
of fresh weight (Table 3), being slightly higher than reported by the cited
authors. This may have been caused by the foliar fertilisation of plants with
magnesium. The magnesium rate of 45 kg MgO ha~! increased the content
of vitamin C in carrot roots after harvest, as compared with the control, by
an average of 13.9% (Table 3). Maskowska-Gapomska and WIERZBICKA (2010),
while studying various carrot cultivars and the effect of additional plant fer-
tilisation, recorded a lower content of vitamin C in roots in cv. Deep Purple
and Purple Haze but a higher one in cv. Florida after an application
of multicomponent fertiliser Crop Care in a dose of 30 kg per ha The same
authors, and likewise ArasAalvaR et al. (2001), observed that storage roots
of the more colour-saturated cultivars contained more ascorbic acid. In the
present research, the content of vitamin C was higher in storage roots of the
cultivars with the most intensive red colour: cv Karotan had on average
of 107.1 mg of vitamin C per kg1 of fresh weight (Table 3). RocozINsKa et al.
(2005) in their earlier experiment with another vegetable (potato), recorded
similar effects when applying identical magnesium fertiliser rates as in the
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Table 3
Content of vitamin C in the fresh weight of carrot roots; means for 2007-2009 (mg kg1)
Date Fertilisation MgO kg ha=! (C)
of determination | Cultivars (B) Mean
(A) 0 45 90
Berjo 91.8 90.6 90.8 91.1
Flacoro 88.0 102.0 93.3 944
Karotan 94.6 117.9 108.8 107.1
After harvest
Koral 89.2 105.9 112.0 102.4
Perfekcja 84.2 94.0 98.4 92.2
mean 89.6 102.1 100.7 974
Berjo 49.0 48.8 49.0 48.9
Flacoro 52.1 55.9 59.9 56.0
Karotan 49.3 44.2 56.9 50.1
After storage
Koral 49.7 51.7 51.9 51.1
Perfekcja 50.6 53.2 58.8 54.2
mean 50.1 50.8 55.3 52.1
Mean 69.9 76.4 78.0 74.8
LSD,_o 05

A = 173 B = ns* C = 58

B/A = ns. A/B = ns. C/A = 82

A/C = 18.0 C/B = ns. B/IC = ns

*n.s. — no significant difference

present research,. The most favourable rate was 45 kg MgO ha~1, for which
the content of vitamin C in potato tubers was the highest.

Vitamin C is the least stable nutrient and can be destroyed by ultravio-
let radiation, high temperatures, the presence of oxygen, oxidation enzymes,
metal ions and long-term storage (WiERzBICKA, KUuskowskA 2002, (GASIOROWSKA,
MarkiEwicz 2004, DoMmaRrADZKI et al. 2010). GastorowsKA and MARKIEWICZ (2004)
demonstrated a linear dependence between the vitamin C content and the
storage period in another vegetable (potato). According to the above authors,
the longer the storage period, the higher the vitamin C loss. It is also
common knowledge that the content of vitamin C benefits from low but
stable temperature. The present study confirms such dependence since car-
rot storage roots were stored in an earthen mound, in which maintaining
stable temperature is very difficult. After long storage (6 months) a very
high vitamin loss was reported: from 40.6 to 52.7% on average (Figure 2).
The highest vitamin C loss was reported in cv. Karotan (62.5%) fertilised
with 45 kg MgO ha™! and the lowest one in cv. Flacoro (35.8%) which re-
ceived 90 kg MgO ha~l. Nawirska and KrOL (2004) recorded a very low vita-
min C content after 60 days of storage of 4 carrot cultivars: from 16.0 mg
in cv. Nantejska to 24.5 mg kg! of fresh weight in cv. Flacoro. As reported
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Fig. 2. Percent loss of vitamin C in carrot roots depending on the cultivar, fertilisation
and storage period; means for years 2007-2009

by WiErzBicka and Kuskowska (2002), vitamin C loss after 60 days of storage
ranged from 12.9% to 52.8% in 20 different vegetables, including carrot.
Magnesium is an element which is not readily absorbable from our diet
(just 50% of magnesium in food is absorbed). On the other hand, since mag-
nesium partakes in most biochemical processes in the body, it can be per-
ceived as one of the most essential cell cations; hence the importance of the
presence of magnesium in food products. The results of our analyses on the
magnesium content in dry matter of five carrot cultivars are given in Ta-
ble 4. The cultivars did not differ significantly in their magnesium content.
Maskowska-GapoMska and WIERzBICKA (2010), who examined three other culti-
vars than the ones discussed here, recorded contrary results. Interestingly,
the average content of magnesium in the dry matter of carrot roots was
much higher in the present research (1.79 g kg1) than reported by MaJs-
KOWsKA-GapoMska and WIERZBICKA (2010), which was 1.0 g kg1, Such a big
difference must have been induced by the positive effect of foliar fertilisa-
tion of carrot with magnesium sulphate. The authors cited above also ap-
plied additional fertilisation (multicomponent fertiliser Crop Care, contain-
ing magnesium). However, they did not record any significant effect of this
fertiliser on the content of magnesium in carrot roots. In the present re-
search, the statistical analysis showed that the magnesium fertilisation rate
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Table 4
Content of magnesium in the dry weight of carrot roots; means for 2007-2009 (mg kg1)
Date Fertilisation MgO kg ha=! (C)
of determination | Cultivars (B) Mean
(A) 0 45 90
Berjo 1.72 1.83 1.99 1.85
Flacoro 1.53 1.75 1.89 1.72
Karotan 1.53 1.70 1.99 1.74
After harvest
Koral 1.46 1.81 2.04 1.77
Perfekcja 1.74 1.76 2.12 1.87
mean 1.60 1.77 2.01 1.79
Berjo 1.70 1.82 1.97 1.83
Flacoro 151 1.74 1.88 1.71
Karotan 1.52 1.68 1.97 1.72
After storage
Koral 1.44 1.79 2.02 1.75
Perfekcja 1.73 1.74 2.10 1.86
mean 1.58 1.75 1.99 1.77
Mean 1.59 1.76 2.00 1.78
LSD,_¢.05
A = ns B = ns Cc = 0.07
B/A = ns. A/B = ns. C/A = ns.
A/IC = ns CB = 0.14 B/C = 0.23

*n.s. — no significant difference

had a significant effect of on the content of this element in carrot roots. As
expected, each rate applied increased the content of magnesium in the dry
matter of roots. The rate of 45 kg MgO ha~! resulted in a 10.6% increase in
magnesium content and the rate of 90 kg MgO ha™! raised it by 25.8%, as
compared with the control.

Minerals, including magnesium, demonstrate high thermal stability and,
as such, they do not undergo extensive modifications. The present research
confirms high stability of this cation in that the magnesium loss during
storage was negligible, varying from 0.8% to 1.2% on average (Figure 3).

Numerous studies emphasise the positive effect of a diet rich in vegeta-
bles on human health. According to various sources, vegetable consumption
should be about 500 g served with 4-5 meals a day. Since carrot is one of
the most popular vegetables, this study has included an attempt at defining
daily consumption of the total carotenoids, vitamin C and mineral magnesi-
um, assuming that the average consumption of carrot was 55g per person
a day (Table 5). By comparing the present data with the norm contained in
the Recommended Dietary Allowance, it can be concluded that the daily
requirement for vitamin C and magnesium will not be covered much by
eating 55 g of carrot a day, but the daily consumption of carotenoids will be
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Fig. 3. Percent loss of magnesium in carrot roots depending on the cultivar,
fertilisation and storage period; means for years 2007-2009

considerable. Converting the total carotenoids into vitamin A, on the as-
sumption that 18 mg of carotenoids is equivalent to 1mg of retinol RE (Reti-
nol Equivalent), the daily intake of vitamin A equals 43% of the required
amount when eating 55 g of carrot right after harvest and 35 % when eat-
ing the same amount of stored carrot.

The results of our analysis of the linear correlation are given in Tables
6 and 7. As seen from Table 6, positive correlation between the content of
vitamin C and the content of carotenoids in carrot roots appeared (r=0.50),
whereas after storage (Table 7) vitamin C correlated positively with the con-
tent of magnesium, which means that the higher the content of vitamin C
in carrot roots, the higher the content of carotenoids directly after harvest
and magnesium after 6 months of storage.
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Table 6

Significant correlation coefficients () between the
analysed characteristics determined after harvest

Characteristics 2. 3.
1. Vitamin C content 0.503
2. Carotenoids content
3. Magnesium content
Py 57 =0.497
Table 7

Significant correlation coefficients () between
the analysed characteristics determined after storage

Characteristics 2. 3.
1. Vitamin C content 0.508
2. Carotenoids content
3. Magnesium content
Py 57 =0.497

CONCLUSIONS

The wholesomeness of carrot roots was significantly affected by fertilisa-
tion at the rate of 45 kg MgO ha~l. A significant increase in the content
of carotenoids, vitamin C and mineral magnesium in the edible parts of car-
rots appeared after that treatment.

The cultivars differed in their content of nutrients. Irrespective of the
experimental factors, the best nutritive value was recorded in roots of cv.
Perfekcja and Karotan.

Analysing carrot roots after 6-month storage, on average, an average
19% loss of carotenoids, 46% vitamin C loss and 0.94% magnesium loss were
recorded.

Consumption of 55 g a day of the analysed carrot fulfils much of the
daily demand for vitamin A but fails to provide the required amounts
of vitamin C and magnesium.
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EFFECT OF THE WAY SET-ASIDE LAND
IS MAINTAINED ON THE CONTENT
OF AVAILABLE FORMS OF SELECTED
MICRONUTRIENTS IN SOIL

Piotr Zarczyl’lski, Stanislaw Sienkiewicz,
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Abstract

In 1996, a field experiment was set up on class IIla soil, which consisted of 6 trials:
1 — bare fallow, 2 — fallow land seeded with annual plants, 3 — field swarded with goat’s
rue (Galega orientalis Lam.), 4 — traditional fallow, 5 — field swarded with a mix of goat’s
rue (Galega orientalis Lam.) and aweless brome (Bromus inermis), 6 — field swarded with
aweless brome (Bromus inermis). During the tests, no agrotechnical measures were car-
ried out apart from periodical mechanical weeding of the bare fallow and the sowing of
annual plants. Plant samples for chemical analyses were taken from the swarded fields;
the remaining biomass was left on the fields. After each growing season, soil samples were
collected in four replicates from the 0-25 cm and 25-50 cm soil horizons, for determination
of the content of Cu, Zn and Mn available forms. This paper discusses the results obtained
in 2000-2007.

The experiment has demonstrated that the way farmland was laid fallow or set-aside
had an effect on concentrations of the available forms of Cu, Zn and Mn in the 0-25 and
25-50 c¢cm soil horizons. Particularly large changes occurred in the levels of Zn and Mn.
The way set-aside arable land was kept had a weaker influence on the concentrations
of easily soluble forms of copper. By seeding annual plants and leaving the grown biomass
on a set-aside field, it was possible to maintain the soil abundance of available Zn on a high
level and that of Cu and Mn — moderately high. Keeping soil as bare fallow favoured bet-
ter accumulation of available forms of copper and manganese.

Key words: set-aside, fallow, available forms of Zn, Cu and Mn.
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WPLYW SPOSOBU UTRZYMANIA GRUNTOW WYLACZONYCH Z UPRAWY
NA ZAWARTOSC PRZYSWAJALNYCH FORM WYBRANYCH
MIKROELEMENTOW W GLEBIE

Abstrakt

W 1996 r. na glebie klasy bonitacyjnej IIla zatozono doswiadczenie tanowe, ktore obej-
mowalo 6 obiektéw: 1 — ugér czarny, 2 — ugoér obsiewany roslinami jednorocznymi,
3 — obiekt zadarniony rutwicg wschodnia (Galega orientalis Lam.), 4 — odlég klasyczny,
5 — obiekt zadarniony mieszanka rutwicy wschodniej (Galega orientalis Lam.) ze stokltosa
bezostng (Bromus inermis), 6 — obiekt zadarniony stoklosa bezostna (Bromus inermis).
W czasie trwania badan, oprocz okresowego mechanicznego odchwaszczania czarnego ugo-
ru i obsiewu obiektu jednorocznego, nie wykonywano zadnych zabiegéw agrotechnicznych.
Z obiektow zadarnionych pobierano tylko probki materiatu roslinnego do analiz chemicz-
nych, a biomase pozostawiano na polu. Po zakonczeniu kazdego okresu wegetacyjnego po-
bierano probki gleby z kazdego obiektu, w 4 powtdérzeniach z warstw 0-25 cm i 25-50 cm,
w ktorych oznaczono zawarto$¢ przyswajalnych formy metali (Cu, Zn i Mn). W pracy za-
mieszczono wyniki badan z lat 2000-2007.

W badaniach wykazano, ze sposéb odlogowania i ugorowania gleby wptywal na zawar-
tos¢ przyswajalnych form Cu, Zn i Mn w warstwach 0-25 cm i 25-50 cm. Szczegélnie duze
zmiany wystapily w odniesieniu do Zn i Mn. W mniejszym zakresie sposéb zabezpieczenia
gleby wylaczonej z uprawy wpltywal na koncentracje latwo rozpuszczalnych form Cu. Co-
roczne obsiewanie pola wylaczonego z produkcji bez zbierania wyrostej biomasy pozwolito
utrzymac zasobno$§¢ gleby w Zn przyswajalny na poziomie wysokim, a Cu i Mn na pozio-
mie $rednim. Utrzymywanie gleby jako czarnego ugoru sprzyjalo wiekszemu nagromadze-
niu przyswajalnych form miedzi i manganu.

Stowa kluczowe: odlég, ugor, przyswajalne formy Zn, Cu i Mn.

INTRODUCTION

Being the most important component of agricultural production, soil
should be ensured special protection (FIRBANK et al. 2003, MERTz et al. 2008).
Having fulfilled certain prerequisites, periodical cessation of agricultural pro-
duction may lead to some improvement in soil chemical properties. Modifi-
cation of soil’s fertility largely depends on plant cover (or its lack). Organic
matter left on a field and undergoing mineralization is an important link in
the cycling of elements, as it facilitates the return of the elements previous-
ly taken up by the plants (ZarczyNski et al. 2008). On farmland set aside for
some time it is one of the few ways of improving the soil’s abundance in
available nutrients (SIENKIEWICZ et al. 2011).

It is very important to know the levels of available forms of Cu, Zn and
Mn in soil. These micronutrients are essential for the life of animal and
plant organisms, which need their adequate supply (Spiak 2000). When trace
elements are deficient, it is necessary to supplement the soil abundance.
However, despite the application of balanced doses of nutrients and very
precise fertilization techniques, fertilization is not indifferent to the natural
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environment (ANGUELOV, ANGUELOVA 2009). Excessive concentrations of Cu, Zn
and Mn in soil create a risk of plant contamination and poisoning of ani-
mals (McBRrIDE et al. 2004, RATTAN et al. 2005, Diatta 2008).

The purpose of this study has been to evaluate how the way in which
set-aside land is maintained affects concentrations of the available forms
of copper, zinc and manganese in soil.

MATERIAL AND METHODS

A field experiment was set up in the spring of 1996, in Knopin, the
community of Dobre Miasto, the Province of Warmia and Mazury. It was
established on good wheat complex soil, class IIla. This paper discusses the
results obtained in 2000-2007. An area of 0.96 ha was divided into six equal
parts:

1) bare fallow,

2) fallow seeded with annual plants,

3) plot swarded with goat’s rue (Galega orientalis Lam.),

4) traditional fallow,

5) plot covered with a mixture of goat’s rue (Galega orientalis Lam.) and
aweless brome (Bromus inermis),

6) plot swarded with aweless brome (Bromus ineris).

The bare fallow was kept free from plant cover by mechanical weeding
treatments carried out at regular intervals. On the seeded fallow, after the
soil was mechanically tilled, cereals were sown. Since 2000, this plot was
alternately cropped with oat and winter triticale. No agrotechnical treatments
were carried out on the other plots. Samples of plants for chemical analyses
were collected from the plant-covered plots, leaving all the remaining bio-
mass on the field. Soil samples for analyses were taken once a year, i.e. in
the autumn, when the growing season was over, from two soil horizons: 0-25
and 25-50 cm. The available forms of Cu, Zn and Mn were extracted in 1 mol
HCI dm3 solution and determined with the ASA method. The results were
submitted to statistical analyses, including Duncan’s test.

RESULTS AND DISCUSSION

The content of available forms of copper, zinc and manganese evidently
depended on the way the set-aside fields were managed. Presence or ab-
sence of plant cover as well as the type of plants had a significant effect on
the concentration of the analyzed metals in soil (Table 1). This dependence
held true for both the topmost and deeper layer of soil (Tables 1-3).
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Table 1
Content of available zinc in soil (mg Zn kg1
Treatment
Layer bare seeded oat's rue traditional gf?r:;;e brome Mean
fallow fallow | 8 fallow grass
grass
0-25 cm 20.19 24.10 25.21 22.56 24.43 22.07 23.09
25-50 cm 19.43 20.23 20.51 19.47 18.69 18.65 19.50
Mean 19.81 22.16 22.86 21.01 21.56 20.36
LSD,) o5 factor I 0.28
LSD, o, factor II 0.48
LSD, o5 factor IxII 0.68

Most of the available zinc (25.21 mg kg—1) was determined in the soil
from the plot swarded with goat’s rue (Tabela 1). Slightly less zinc appeared
in the soil under the mixture of goat’s rue and aweless brome. Similar
quantities of available Zn as in the soil covered with goat’s rue mixed with
aweless brome were detected in the soil seeded every year with cereals.
According to CHUDECKA and Tomaszewicz (2001), absence of soil cultivation
treatments leads to an increase in the content of available forms of heavy
metals, the finding which these authors attribute to the fact that there is
more organic matter, originating from the plants growing on set-aside and
left there. This procedure reduces erosion and migration of micronutrients.
Our own studies partly confirm the hypothesis formulated by the above au-
thors. It can be claimed that discontinuation of soil cultivation, or rather
the lack of plant cover, may result in a depressed content of available zinc
in soil. Our results, however, suggest that the presence of plant cover has
a particularly strong influence on the concentration of available zinc in the
topmost layer of soil. Soil samples collected from the 0-25 ¢cm horizon in the
plant-covered plots contained significantly more of this micronutrient than
the soil from a bare field. Thus, by keeping a set-aside field covered with
plants it was possible to maintain its abundance in zinc on a high level,
whereas when soil was left as bare fallow, the abundance of available zinc
fell to a moderate level. Permanent sward as well as annual plant cover
could have had some effect such as reduced zinc leaching from soil. The
humus compounds which appear in such soil, as DziapEk and WactAwek (2005)
suggest, may favour the formation of salts of simple chelates of complex
compounds. This in turn might protect this element from excessive leaching
from the top layer of soil. As STEPIEN et al. (2004) claim, the solubility of
zinc in soil solutions depends on the content of humus.

In the 25-50 cm layer, the impact of the tested ways of maintaining
fallow land on the concentration of zinc in soil was much weaker than in
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the 0-25 cm horizon. In the subsoil, the content of available zinc was 15%
lower than in the upper layer.

The way set-aside fields were managed had a significant effect on the
concentration of available copper in the topmost soil layer (Table 2). The
highest copper abundance was determined in the soil which was subjected
to annual agrotechnical treatments (bare fallow and seeded fallow). Periodi-
cal weeding by ploughing or soil cultivating most probably stimulated the
processes of mineralization and favoured the release of copper from more
complex compounds. DziADEK and Wactawek (2005) state that organic sub-

Table 2
Content of available copper (mg Cu kg™1)
Treatment
Layer bare seeded at's rue traditional g:—)?;:rs Ir;e brome Mean
fallow fallow go fallow © grass
grass
0-25 cm 3.81 3.73 3.30 3.62 2.68 2.49 3.27
25-50 cm 3.52 3.07 3.25 3.42 2.56 2.21 3.00
Mean 3.66 3.40 3.28 3.52 2.62 2.34
LSD 5 factor I 0.08
LSD, o5 factor IT 0.14
LSD, o5 factor IxII 0.19

stance plays the predominant role in binding copper compounds in soil. Soil
sorptive capacity for Cu?* is very high and in most soils it is a decisive
factor affecting the mobility and plant availability of this metal. Thus, it is
highly probable that once the mineralization conditions were improved ow-
ing to agrotechnical treatments, a significant increase in the concentration
of available copper occurred in the topmost layer of the soil under bare
fallow or seeded annually. Soil under permanent grass cover, compared to
the former two variants, contained significantly less copper. This tendency
appeared both in the upper soil horizon and in the subsoil. For comparison,
it can be noticed that the arable layer of soil cropped with brome contained
over 28% less available Cu?* than that under bare fallow. According to SIEN-
KiEwICZ-CHOLEWA and WROBEL (2004), copper is second to boron among all the
micronutrients as the most heavily exhaustible and present in the smallest
amounts in Polish soils. For this reason and in the light of the present
results, it is recommendable to consider well how set-aside farmland should
be managed. In our own studies, despite distinct differences caused by the
different ways of maintaining fields temporarily excluded from agricultural
production, the content of available Cu in the 0-25 cm layer of soil in all the
treatments was on a moderate level. The content of available copper in the
25-50 cm horizon was on a slightly lower level and changed analogously to
that in the 0-25 cm layer.



656

Manganese is directly responsible for environmental contamination, but
at the same time it is an essential microelement for plants (Jakusus 2004).
Therefore, it is particularly important to monitor concentrations of this ele-
ment in set-aside fields. In the soil maintained as bare fallow, the concen-
tration of plant available manganese was the highest (Table 3). Higher accu-
mulation of the available form of manganese in soil lacking any plant cover
may have been an effect of the most strongly progressing soil acidification.
These results correlate with the tests reported by CHUDECKA and ToMASZEWICZ
(2001), who emphasized that fact that the soil’s sorptive complex in a fallow

Table 3
Content of manganese (mg Mn kg1)
Treatment
Layer bare seeded . traditional | %25 TU€ | 1rome Mean
goat's rue + brome
fallow fallow fallow grass
grass
0-25 cm 127.64 121.03 116.27 98.39 124.01 113.22 116.76
25-50 cm 119.91 120.05 102.00 84.82 120.64 98.58 107.66
Mean 123.78 120.54 109.13 91.61 122.32 105.90
LSD, o5 factor I 1.27
LSD, 5 factor IT 2.20
LSD, o5 factor IxII 3.11

field undergoes negative changes, such as an increased share of H* cations
and decreased share of alkaline cations, mainly Ca2*. CHUDECKA and ToOMASZE-
wicz (2001) suggest that levels of available forms of heavy metals rise in set-
aside soil once all or some of the agrotechnical treatments are discontinued.
In our experiment, significantly more available manganese was determined
in soil under a mix of goat’s rue and aweless brome than in soil covered
with monocultures of these two species or by natural plants. Irrespective of
the way fallow land was maintained, the concentration of plant available
manganese in soil, with respect to the threshold values, was on an average
level.

The concentration of manganese in the subsoil (25-50 cm) was just as
evidently affected by the way fallow land was managed as in the upper soil
layer. The average concentration of Mn in the subsoil was nearly 8% lower
than in the arable soil horizon. The highest supply of plant available man-
ganese in the 25-50 cm layer was determined in the plots covered by annual
plants and a mixture of goat’s rue and aweless brome.
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CONCLUSIONS

1. Long-term or annual sward of grass growing on fallow fields contrib-
uted to higher abundance of plant available copper in the upper soil layer.

2. When soil was kept as bare fallow, it tended to accumulate more
of the available forms of copper and manganese.

3. Traditional fallow limited the availability of manganese in the two
soil layers (0-25 and 25-50 cm) and fallow land swarded with aweless brome
produced an analogous effect on copper.

4. Long-term fallowing or setting-aside may change concentrations
of available forms of Cu, Zn and Mn in soil to the depth of 50 cm.
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Abstract

The Premenstrual Syndrome (PMS) is described as a cyclical disorder related to the
hormonal changes during a menstrual cycle, which affects the emotional and physical he-
alth of many women during their reproductive period of life. The PMS can obviously change
the quality of life. The syndrome is characterized by a complex group of symptoms, such as
depression, irritability, mood swings, anxiety, abdominal discomfort. These signs occur during
the luteal phase of a menstrual cycle and disappear after the onset of menses.

Some studies suggest that a variety of nutrients may play an important role in the
mood swings which occur cyclically during the course of the premenstrual syndrome and
that some can have a beneficial impact, especially on the estrous phase of a menstrual cycle.

The aim of the paper is to review the results of some studies concerning the role
of bioelements in patients with the PMS.

Concentrations of magnesium, zinc, selenium and manganese are the highest during
menses and the lowest in the ovulatory phase.

Marta Makara-Studzinska dr hab. M.D. Individual Department of Mental Health, Medical
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Fluctuations of the magnesium concentration during a menstrual cycle and the invo-
lvement of this element in many cellular pathways and neuromuscular activities obviously
affect the incidence or intensity of the PMS symptoms. However, we lack firm evidence
that magnesium supplementation can have a positive effect on alleviating the the PMS-
related ailments.

Some relationship between the PMS and bone demineralization or depressed calcium
concentration in blood has been identified. However, further studies are necessary to exa-
mine how the calcium concentration in a human body can decrease the intensity of the
PMS symptoms.

Key words: premenstrual syndrome (the PMS), bioelements.

ROLA BIOPIERWIASTKOW W POPRAWIE JAKOSCI ZYCIA
PACJENTEK Z ZESPOLEM NAPIECIA PRZEDMIESIACZKOWEGO

Abstrakt

Zespol napiecia przedmiesigczkowego jest opisywany jako cykliczne zaburzenie zwig-
zane ze zmianami hormonalnymi w cyklu miesigczkowym, ktére w istotny sposéb wplywa
na stan emocjonalny i somatyczny wielu kobiet bedacych w wieku reprodukcyjnym. Zespot
napiecia przedmiesigczkowego moze negatywnie wplywaé na jako$¢ zycia. Na zespot ten
sktada sie¢ grupa objawoéw, takich jak depresja, drazliwo§é, wahania nastroju, niepokgj, dys-
komfort w jamie brzusznej. Objawy te pojawiaja sie podczas fazy lutealnej cyklu menstru-
acyjnego i znikaja tuz po pojawieniu sie miesigczki.

Opublikowano kilka badan, ktérych wyniki wskazujg na to, ze rézne biopierwiastki
mogg odgrywaé istotng role w cyklicznie pojawiajacych si¢ w przebiegu zespotu napigcia
przedmiesiaczkowego zaburzeniach nastroju, a niektore z nich moga nawet korzystnie wpty-
waé zwlaszcza na faze estrogenowa cyklu.

Celem artykutu jest przeglad wynikéw badan dotyczacych znaczenia biopierwiastkow
u pacjentek z zespolem napiecia przedmiesigczkowego.

Okazuje sie¢, ze stezenie magnezu, cynku, selenu i manganu jest najwyzsze podczas
menstruacji, a najnizsze podczas owulacji.

Wahania stezenia magnezu w trakcie cyklu miesigczkowego oraz udzial tego pierwiast-
ka w wielu przemianach komoérkowych oraz w funkcjonowaniu uktadu nerwowego i mies-
niowego wplywaja z calag pewnosScia na pojawienie sie oraz nasilenie objawow zespolu na-
piecia przedmiesiaczkowgo. Jednak nie ma do tej pory przekonujacych dowodéw na to, ze
suplementacja magnezu moze mieé pozytywny wplyw na ztagodzenie dolegliwosci zwigza-
nych z omawianym zespolem.

Stwierdzono zalezno$¢ miedzy zespotem napiecia przedmiesigczkowego a demineraliza-
¢ja koSci i obnizeniem stezenia wapnia we krwi. Konieczne sa jednak dalsze badania doty-
czace tego, jak stezenie wapnia w organizmie moze wplynaé na zmniejszenie nasilenia ob-
jawow zespolu napiecia przedmiesigczkowego.

Stowa kluczowe: zespol napiecia przedmiesigczkowego, biopierwiastki.

INTRODUCTION

The Premenstrual Syndrome (PMS) is described as a cyclical disorder
related to the hormonal changes in the menstrual cycle, which affects the
emotional and physical health of many women during their reproductive
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period of life. The syndrome is characterized by a complex group of symp-
toms that occur during the luteal phase of the menstrual cycle but disap-
pear soon after the onset of menses (THYs-JacoBs 2000).

The symptoms are limited to the luteal phase of the menstrual cycle,
abate shortly after the onset of menses, and commonly include depression,
irritability, mood swings, bloating, breast tenderness and abdominal discom-
fort. Women with predominant affective symptoms may also meet the crite-
ria for the premenstrual dysphoric disorder, a more severe form of the PMS
associated with significant impairment of normal functions; recent studies
estimate that 5 to 8% of premenopausal women meet the criteria set for
the premenstrual dysphoric disorder (BERTONE-JOHNSON et al. 2005).

Because of the number and diversity of the symptoms, many theories
and mechanisms have been proposed to explain this syndrome, with an
array of therapeutic approaches offered. Most of these approaches have prov-
en disappointing and scientifically unfounded (THys-JacoBs 2000).

There are some studies that suggest that a variety of bioelements may
play an important role in the phase when mood swings and behavioural
disturbances of the premenstrual syndrome appear, and some of these mi-
cronutrients can even level their cyclic fluctuations during the estrous and
menstrual cycles.

The aim of the paper is to review the results of some studies concern-
ing the role of bioelements in patients with the PMS.

There is some firm evidence that the PMS is related to hormonal fluc-
tuations during a menstrual cycle and occurs only in women with ovulatory
cycles. The PMS does not occur prepubertally or during a menopause (FEr-
RIN et al. 1993).

The ovarian activity is cyclical and variations in the metabolism of bioe-
lements may accompany hormonal fluctuations during a normal menstrual
cycle and may help explain some characteristics of the PMS. Cyclical fluctu-
ations during the estrous cycle have been demonstrated in a few animal
investigations. The cyclic hormonal changes can affect a variety of physio-
logical and biochemical processes. It has been reported that oestrogen in-
duces hypercalcemia through the action of the parathyroid gland. Withdraw-
al of oestrogen is reported to cause a significant loss of bone calcium. It has
been observed that an increase in the basic metabolic rate and oxygen con-
sumption during the luteal phase is associated with increased carbohydrate
utilization. This elevated metabolism requires magnesium ions and oxida-
tive enzymes, which have been found to increase significantly during the
luteal phase. It has also been found that the phosphate concentration falls
more rapidly than the calcium rise after administration of the parathyroid
hormone. This decline in the phosphate concentration is caused by a strong
effect of the parathyroid hormone on the kidney, causing renal phosphate
excretion (DurLo, VEDI 2008). PanDpya et al. (1995) have reported that serum
inorganic phosphorus levels were higher in the menstrual phase as com-
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pared to the other phases. These ions are regulated by various hormones
but predominantly by the sex hormones.

Concentrations of magnesium, zinc, selenium and manganese are the
highest during menses and the lowest in the ovulatory phase. There is a rise
in ionized magnesium and selenium levels, with a fall in zinc and manga-
nese during the luteal phase. MUNEYYIRCI-DELALE and NACHARAJU (1999) noted
a significant increase in the serum Ca2*/Mg2+ ratio both in the ovulatory
and luteal phases in healthy women.

In thirty-two women with the PMS, supplementation with 360 mg day—!
of magnesium (during the second half of a menstrual cycle) significantly re-
duced the general PMS symptoms and specially those related to mood chang-
es. It should be noted that the experimental design resulted in the placebo
group receiving only two months of supplementation at crossover, whereas
the magnesium group received the supplement for four months (FACCHINETTI
et al. 1991a). In 20 patients with premenstrual migraine, prophylactic sup-
plementation with magnesium (360 mg day! or placebo during the second
half of a menstrual cycle) significantly reduced the number of days with
a headache (FAcCcHINETTI et al. 1991b).

CauonG and DawsoN (1994) in their trial determined that the level of zinc
in blood in patients with the PMS was significantly lower during the luteal
phase than during the follicular phase, whereas in the controls zinc values
were not significantly different between the follicular and the luteal phases.
Copper levels were noted to be higher during the luteal phase in the PMS
patients compared with the controls. Because copper competes with zinc for
intestinal absorption and serum protein binding sites, the zinc/copper ratio
can reflect the availability of zinc in the body. The calculated values of this
ratio revealed that it was significantly lower during the luteal phase in treat-
ed patients than in the controls.

Thus, fluctuations in the metabolism of bioelements, especially calcium
and the calciotropic hormones, have been observed during both the men-

strual and estrous cycles, and these cyclical changes may help explain some
of the features of the PMS.

Magnesium fluctuates throughout a menstrual cycle and is involved in
many cellular pathways and neuromuscular activities which affect the PMS.
The clinical evidence on magnesium supplementation, although promising,
remains limited. A double blind randomized study examined the effect of
magnesium (360 mg day—!) compared to placebo during two cycles. Magnesi-
um was administered during the luteal phase of a menstrual cycle until the
onset of menstrual flow. Although magnesium was found to reduce total
symptom scores and the negative group of symptoms, the baseline symptom
scores between the treatment groups was significantly different and the ex-
pected placebo effect was lacking in this trial. In another study, benefits
of magnesium supplementation for the PMS patients were investigated in
a double blind crossover trial over four menstrual cycles (THys-Jacoss 2000).
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Magnesium is an important element that helps to form bones, relaxes
muscle spasms, activates cellular enzymes, regulates nerve and muscle func-
tion (including the heart) and acid-alkaline balance. It is often referred to as
an anti-stress element. Deficiency of magnesium is known to cause many
symptoms usually associated with the PMS, such as irritability, depression,
confusion and muscle aches. However, determining if a woman is deficient
in magnesium can be a challenge.

Many sources of food that are thought to contain magnesium according
to old nutrient charts (grains, legumes, vegetables, nuts and seeds) are ac-
tually low due to magnesium deficit in soil and its depletion during process-
ing and cooking. Measuring magnesium levels in the blood plasma will of-
ten fail to demonstrate low levels, although erythrocyte magnesium levels
have been shown to be low in the PMS patients (ROSENSTEIN, ELIN 1994).
Therefore, woman who want to have a true picture of their magnesium
levels should be encouraged to have an erythrocyte magnesium level test
done. Oestrogen enhances the utilization of magnesium. However, if oestro-
gen levels are high, which is often the case in the PMS, and magnesium
intake is less then optimal, oestrogen-induced shifts of magnesium can be
deleterious, leading to muscle spasms, migraine, and other PMS disorders.
In one study, serum levels of magnesium were inversely related to the se-
rum level of oestrogen (SEELIG 1993).

Magnesium supplementation can help to alleviate many measurable pa-
rameters of the PMS, including cramps, irritability, fatigue, depression and
water retention. Magnesium citrate, gluconate, and lactate are better ab-
sorbed than magnesium oxide. Magnesium glycinate is a well absorbable
form of magnesium, with minimum laxative effects (WALKER, DE Souza 1998).

Two investigations have identified a relationship between the PMS and
bone loss, further indicating a derangement in calcium metabolism in the
PMS as a potential biologic trigger. In 1994, LEE and Kanis (1994) examined
the relationship of premenstrual and postmenopausal symptoms with verte-
bral osteoporosis by means of a retrospective case control questionnaire.

Three calcium trials have demonstrated the efficacy of calcium treatment.
Another randomized, double blind crossover trial was conducted to assess the
effectiveness of calcium in women with the PMS (THys-JAcoBs et al. 1998).

Continuing Survey of Food Intakes by Individuals (CLEVELAND et al. 1996)
shows that among menstruating women (ages 12 to 50 years) the mean
daily intake of calcium ranged from 607 to 809 mg, suggesting that most of
the population at risk of the PMS are not receiving the recommended in-
take levels. Therefore, since most women consume far less than 1.0 mg
day! of calcium from food, they would not exceed the safety limit if they
added 1.0-1.2 mg day! of supplemental calcium to their normal dietary in-
takes. Calcium, unlike some other supplements tested for the PMS relief
efficacy, is safe even to women who may become pregnant. It is also rela-
tively inexpensive, especially in comparison with prescription medications.
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The PMS shares many of the features of depression, anxiety and the
dysphoric states. Recent evidence has suggested that the PMS may be asso-
ciated with some disorder in calcium homeostasis and parathyroid hormone
dysregulation. In addition to the abnormalities in calciotropic hormones and
the clinical response observed on calcium supplementation in the PMS,
a relationship between the PMS and bone loss has been identified, further
supporting a derangement in calcium metabolism occurring during the PMS.
Clinical illness such as the PMS could be a reflection of an important physiolo-
gical disruption in calcium regulation, while an adequate treatment of the
PMS could help to restore bone mineral homeostasis and reverse the asso-
ciated neuropsychiatric disturbances (THYs-Jacoss 2000).
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