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EFFECT OF CULTURE CONDITIONS
ON MAGNESIUM AND ZINC
CONCENTRATIONS IN MUSCLES
OF FRESHWATER FISH*

Ewa Brucka-Jastrz¢bskal, Dorota Kawczugal,
Mikolaj Protasowicki?, Monika Rajkowska?

IChair of Physiology, University of Szczecin
2Chair of Toxicology
West Pomeranian University of Technology of Szczecin

Abstract

The aim of the study was to estimate the effect of culture conditions and culture site
on magnesium (Mg) and zinc (Zn) concentrations in freshwater fish. The study encompas-
sed dorsal muscles in five fish species: common carp (Cyprinus carpio L.), rainbow trout
(Oncorhynchus mykiss Walbaum) and Siberian sturgeon (Acipenser baeri Brandt), northern
pike (Esox lucius L.) and grass carp (Ctenopharyngodon idella Valenciennes).

A total of 125 fish comprised 25 individuals of each species, aged from 6, 9, and 12
months. The fish were cultured in privately owned fish breeding ponds (Western Pomera-
nia, Poland). For chemical and biochemical assays, samples of dorsal muscles were taken
from each fish. Tissue samples were wet mineralised in concentrated HNO; in a CEM
MDS 2000 microwave oven. Magnesium and zinc concentrations were determined by in-
ductively coupled plasma atomic emission spectrometry (ICP-MS) in a Jobin Yvon type
JY-24 apparatus. The pursuit of the research we had an approval of the Polish Local Ethics
Committee nr 9/05. The magnesium concentration in the dorsal muscles ranged from
95.3:347.6 mg kg ! w.w. The highest Mg concentration was found in rainbow trout

dr Ewa Brucka-Jastrzebska, Chair of Physiology, University of Szczecin, av. Piastow 40 B,
Szczecin, e-mail: ewabrucka@poczta.onet.pl

*The study has been financially supported by the State Committee for Scientific Research
under grant no. N 304 026 31/0814.
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(347.6+32.2 mg kgl w.w.), and the lowest in grass carp (95.3+11.3 mg kg ! w.w.). Zinc
concentration varied from 6.7+98.8 mg kg! w.w. The highest was found in the muscles of
Siberian sturgeon (98.8+0.4 mg kg~! w.w.), and the lowest in rainbow trout (6.7+0.7 mg
kgl ww.). It was found that the breeding place significantly affected the Zn and Mg con-
centrations in the muscle tissue among individual freshwater fish species. The magnesium
and zinc concentrations were also significantly affected by the type of feed.

Key words: common carp, rainbow trout, Siberian sturgeon, northern, grass carp, zinc,
magnesium.

WPLYW WARUNKOW HODOWLI NA POZIOM MAGNEZU I CYNKU
W MIESNIACH RYB SLODKOWODNYCH

Abstrakt

Celem pracy byta ocena wpltywu warunkow i miejsca hodowli na zawarto§¢ magnezu
(Mg) i cynku (Zn) w organizmach ryb stodkowodnych. Ocenie poddano migs$nie grzbietowe
pobrane od pieciu wybranych gatunkéw ryb stodkowodnych: pstraga teczowego (Oncorhyn-
chus mykiss Walbaum), karpia (Cyprinus carpio L.), jesiotra syberyjskiego (Acipenser baeri
Brandt), szczupaka pospolitego (Esox lucius L.) i amura biatego (Ctenopharyngodon idella
Valenciennes).

Badaniami objeto ogétem 125 ryb stodkowodnych, po 25 osobnikéw z kazdego gatun-
ku. Material do badan pobrano w 6., 9. i 12. miesiacu zycia ryb. Z kazdej ryby do analiz
chemicznych pobrano probki migéni grzbietowych. Pobrany material zmineralizowano na
mokro w stezonym HNO; w piecu mikrofalowym CEM MDS 2000. Prébki poddano anali-
zie na zawarto$¢ Mg i Zn z uzyciem emisyjnej spektrometrii atomowej w plazmie indukcyj-
nie sprzezonej (ICP-AES) w aparacie Jobin Yvon typu JY-24. Na powyzsze badania uzyska-
no zgode Lokalnej Komisji Etycznej nr 9/05.

Zawartoéé Mg w mieéniach miescita sie w przedziale 95.3:347.6 mg kg! m.m. Naj-
wyzszy poziom Mg odnotowano u pstraga (347.6+32.2 mg kg1 m.m.), a najnizszy u amura
(95.3+11.3 mg kg! m.m.). Zawarto§¢ Zn miescita sie w przedziale 6.7+98.8 mg kgl m.m.
Najwyzszy poziom Zn odnotowano w mieéniach jesiotra syberyjskiego (98.8+0.4 mg kg!
m.m.), a najnizszy u pstraga (6.7+0.7 mg kg! m.m.). Wykazano, ze miejsce hodowli ma
statystycznie istotny wplyw na zawartoSci magnezu i cynku w tkance mie$niowej poszcze-
gblnych gatunkéw ryb stodkowodnych. Na poziom magnezu i cynku w tkance mig$niowej
istotne znaczenie miat réwniez wptyw rodzaj spozywanego pokarmu.

Stowa kluczowe: karp, pstrag teczowy, jesiotr syberyjski, szczupak, amur bialy, cynk,
magnez.

INTRODUCTION

Breeding conditions, including feeding regime, have a significant effect
on the development of fish. In the growth and development of both terres-
trial and aquatic animals, culture conditions play one of the keys roles. In
the natural environment, there are many various chemicals but most of
them, despite being in direct contact with live organisms do not penetrate
inside them in significant amounts. Due to human actions, we can observe
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an increasing man-made impact on the environment. It distrubs the home-
ostasis of aquatic environments, which may lead to some disturbance of the
balance between fish.

During the evolution, countless relationships have been developed be-
tween organisms and their environment. When those relationships are dis-
rupted by altered environmental conditions, diseases or even death of an
organism may occur. Elements of the environment such as water, air and
food provide organisms with essential components, but at the same time
they may be sources of xenobiotics and harmful substances which are capa-
ble of causing impairment impair of life functions in organisms. Human
activity exerts increasing pressure on the environment, which results in
elevated pollution levels in aquatic and terrestrial ecosystems. By living in
aquatic environment, fish are particularly exposed to anthropogenic pres-
sure.

Monitoring micro and macro-elements levels in fish is a significant diag-
nostic research as it shows the physiological condition of organisms. Con-
centration of some mineral elements in fish depends mainly on the culture
and water type in which the fish are bred, as well as the season of the year
and the pastures the fish are fed. All the elements affect the homeostatic
behavior of fish, which may vary due to some excess or deficiency of any of
the factors. Excessive or deficient value of a factor may lead to serious
disorders in biochemical processes, which may result in many diseases.

The aim of this study was to evaluate the effect of culture conditions
and culture site on levels of a microelement (Zn) and macroelement (Mg) in
five species of freshwater fish: rainbow trout (Oncorhynchus mykiss Wal-
baum), common carp (Cyprinus carpio L.), Siberian sturgeon (Acipenser baeri
Brandt), northern pike (Esox lucius L.) and grass carp (Ctenopharyngodon
idella Valenciennes). The study encompassed dorsal muscles in fish.

MATERIAL AND METHODS

The study involved 125 individuals of freshwater fish reared in commer-
cial fish farms in West Pomeranian Province, Poland. The fish were repre-
sented by 25 individuals of each of the five species: rainbow trout, common
carp, Siberian sturgeon, northern pike and grass carp. The the research
had been approved by the Polish Local Ethics Committee nr 9/05.

The fish aged from 6 to 12 months, weighed from 176.5 to 615.4 g and
measured from 20.2 to 35.7 cm. The fish were collected three times: in
December, April and August.

The fish were fed Aller Aqua pelleted feeds (Table 1), each species with
an appropriate feed type, and a mixture of oats and rape. All the fish feed
products are produced by extrusion. Fish feed must cover the basic metabo-
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Table 1
Composition of Aller Aqua pasture for individual freshwater fish
Examined fish
Researched parameters of feed ) Siberian
common carp rainbow trout sturgeon

Name of feed Aller classic Aller 576 Aller M/L
Largeness of feed (mm) 5.0 M/L M/L
Protein (%) 35.0 42.0 45.0
Fat (%) 9.0 30.0 15.0
Carbohydrates (%) 43.0 14.0 21.0
Ash (%) 7.0 7.5 8.0
Fiber (%) 5.0 1.0 2.5
All-out energy (Gross energy) (Kcal/MJ) 4325/18.1 5823/2.3 4924/20.5
Energy digestible (Kcal/MJ) 3353/14.0 4833/20.2 38887/16.2
Nitrogen (d.m. %) 5.2 7.1 7.9
Phosphorus (d.m. %) 1.3 7.0 1.2
Energy in dry matter (Kcal/MdJ) 4701/19.6 6162/25.7 5381/022.5

lism of fish and ensure healthy growth. In order to meet these require-
ments, the fish feed composition must meet all needs for nutrients, vita-
mins (A, E and D3) and minerals. The daily food ration was 3.4+0.8 g per
fish. The fish were fed twice a day.

Table 2 presents chemical and biochemical parameters of water in which
the fish were kept.

The fish behaviour and appearance were recorded. Intravital examina-
tion involved observation of fish behaviour, assessment of rearing conditions,
as well as evaluation of the quality and general appearance of fish skin,
fins, eyes and gills. Post mortem examination involved autopsy to verify if
there were any anatomical or pathological changes in internal organs.

For chemical analysis, samples of dorsal muscles were collected from
each fish. The collected material was stored at -20 °C. Prior to analysis, 1-g
subsamples of organs, weighed to the nearest 0.001 g, were wet mineralized
in 3 cm3 HNOg in a CEM MDS 2000 microwave oven. The solutions were
quantitatively transferred to polyethylene vials and brought up to 25 g with
deionised water. Magnesium (Mg) and zinc (Zn) were determined with induc-
tively coupled plasma atomic emission spectrometry (ICP-AES) in a JY-24
Jobin Yvon apparatus. Tissue concentrations of metals were reported as
mg kg1 wet weight (mg kg! w.w.).
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Table 2
Hydrochemical parameters from a culture site 20 km off Szczecin
December April August
month of fish life Ssﬁgﬁi‘;;‘jjfty
Water parameters
6 ? 12 P=<0.05

mean = SD mean = SD mean = SD
Temperature (°C) 3.20 = 2.50 6.80 = 3.40 13.80 + 3.40 A
pH 7.78 = 0.55 7.38 = 0.95 7.48 = 0.95
Dissolved oxygen (mg dm™3) 7.81 +0.35 7.98 £ 0.63 7.94 + 0.55
Oxygen saturation (%) 78.21 £ 2.50 79.51 = 3.48 78.79 = 4.28
Alkalinity (mmol dm=3) 1.75 = 0.80 1.69 = 0.88 1.65 + 0.68
Water hardness (mg dm3) 8.25 + 1.08 7.25 +1.18 7.75 + 1.58 A
ChZT/ChOD (mg dm=3) 1.67 = 1.32 1.71 = 1.09 1.66 = 1.12
BZTBOD (mg dm™3) 4.34 = 1.22 4.61 = 1.33 4.81 + 1.32 A
N-NH, (mg dm3) 1.18 £ 0.75 1.34 + 0.48 1.26 = 0.29 A
N-NO; (mg dm=3) 741+ 1.05 6.11+ 1.15 6.78+ 0.55 A
N-NO, (mg dm=2) 0.68 = 0.16 0.48 + 0.36 0.56 + 0.26 A
P-PO,3 (mg dm™3) 0.15 + 0.07 0.14 + 0.05 0.13 = 0.03
Ca (mg dm3) 66.51 + 4.25 59.51 = 3.75 69.31 = 2.79 A
Cd (mg dm3) 0.02 = 0.01 0.01 = 0.01 0.02 = 0.01
Pb (mg dm™3) 0.03 = 0.05 0.03 = 0.07 0.03 = 0.07
Mg (mg dm'3) 16.33 + 4.05 15.23 =+ 3.33 17.44 + 4.47 A

*A — statistically significant differences (ANOVA, test Duncan) in the water parameter among

the three culture sites (P<0.05)

The results were subjected to statistical treatment with the Statistica
6.0 software. Analyses of variance (ANOVA) were performed at the signifi-
cance level of P = 0.05.

RESULTS AND DISCUSSION

Increasing industrial and agricultural production has resulted in a rising
number of systems affected by contaminants present in discharged wastewa-
ter. For example, heavy metals (e.g. Cu, Zn) are known to accumulate in
organs of fish (BALINT et al. 1997). These metals pollute aquatic and terres-
trial ecosystems, adversely affecting the environment and inhabiting organ-
isms. High concentration of metals in fish tissues can lead to redox reac-
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tion, generating free radicals, especially reactive oxygen species (DAUTREM-
EpUITS et al. 2002). These highly reactive compounds may induce tissue al-
ternations and change some physiological responses of fish (Paris-Paracios et
al. 2000, VARANKA et al. 2001). Aquatic organisms are more sensitive to expo-
sure and toxicity compared to terrestrial organisms, including mammals,
and in this respect they may provide experimental data for evaluation of
subtle effects of oxidative stress, mutagenicity and other adverse effects of
pollutants (Varavanipis et al. 2006). The influence of high temperature on
aquatic biocenoses manifests in an increase in the biological production rate
and also in the shortening of lifecycles of aquatic organisms, which die in
large numbers due to lack of synchronization with climate rhythms. This
results in accumulation of organic matter and increased biological oxygen
demand, along with a decrease in oxygen solubility and availability.

Nutritional studies have shown that minerals may play a crucial role in
preventing oxidative stress. Increases or decreases in their concentrations
may disrupt internal homeostasis and produce various pathological condi-
tions. Toxic effects of metals on different tissues and organs involve struc-
tural damage and functional disorders, which may be reflected in changes in
blood composition and levels of ions, proteins, hormones or glucose and its
metabolites, as well as in changed enzyme activities.

Intravital and post mortem examination showed no changes in fish be-
haviour, as well as in their external and internal appearance. Comparison of
water parameters (Table 2) revealed only slight differences among the five
fish culture sites.

The research has shown that Mg and Zn concentrations have changed
during the growth of fish. An average magnesium content ranged from 95.3
to 347.6 mg kg~! w.w. (Table 3). The highest magnesium levels were detect-

Table 3
Mg level in dorsal muscles of five freshwater fish species in 6, 9, and 12 months
Mg (mg kg™t w.w.)
- Statistically
month of fish life significant
Fish research di
6 9 12 ifferences
P=<0.05
mean *= SD mean *= SD mean = SD
Common carp 103.6 + 13.6 168.6 + 35.7 147.6 + 18.2 A
Rainbow trout 287.6 +42.5 321.6 = 28.9 347.6 = 32.2 A
Siberian 127.6 = 272 134.6 = 16.8 143.8 = 212 ns
sturgeon
Northern pike 953 + 11.3 98.7+5.6 103.3 + 7.3 ns
Grass carp 953 +11.3 96.7 = 5.6 98.3 + 13.3 ns

*w.w. — wet weight, SD — standard deviation; A — statistically significant differences P<0.05;
ns — no significant differences
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ed in dorsal muscles of rainbow trout (347.6+32.2 mg kg1 w.w.). The lowest
magnesium levels were found in dorsal muscles of grass carp
(95.3+11.3 mg kg~! w.w.). An average zinc content ranged from 6.7+98.8 mg
kg1 w.w. (Table 4). The highest zinc levels were detected in dorsal muscles
of Siberian sturgeon (98.8+0.4 mg kg~! w.w.). The lowest zinc levels were
found in dorsal muscles of rainbow trout (6.7+0.7 mg kg1 w.w.). It was
found that the breeding site significantly affected the Zn and Mg concentra-
tions in muscle tissue among individual freshwater fish species. The magne-
sium and zinc concentrations were also significantly influenced by the type
of feed. It was noticed that in the fish (common carp, Siberian sturgeon and
rainbow trout) fed Aller Aqua pellet pasture, the Zn and Mg concentrations
were higher compared to the fish (northern pike and grass carp) fed oat and
oilseed rape blend. We have also found that the Mg concentration in all the
examined fish was higher than the Zn concentration. The results allow us to

Table 4

Zn level in dorsal muscles of five freshwater fish species in 6, 9, and 12 months

Zn (mg kg™! w.w.)
B Statistically
month of fish life significant
Fish research iR
6 9 12 differences
P=<0.05
mean = SD mean = SD mean = SD
Common carp 253 +5.6 26.7 £3.9 35.3 +3.9 A
Rainbow trout 6.7+ 0.7 19.7+£5.3 23.1+3.6 A
Siberian 93.7+56 98.8 = 0.4 98.6x 4.6 ns
sturgeon
Northern pike 37.1+56 412+ 56 458 £ 5.6 A
Grass carp 20.7 £ 3.9 20.1 £ 2.6 21.1+46 ns

*w.w. — wet weight, SD — standard deviation; A — statistically significant differences P<0.05;
ns — no significant differences

state that the breeding site, breeding conditions and the feeding type have
a significant effect on the Mg and Zn levels in muscle tissue of the exam-
ined fish.

Magnesium was distributed in fish bodies according to the following pat-
tern of decreasing concentrations: grass carp > northern pike > common
carp > Siberian sturgeon > rainbow trout. Zinc was distributed in fish bod-
ies according to the following pattern of decreasing concentrations: rainbow
trout > grass carp > common carp > northern pike > Siberian sturgeon.
Many authors have reported considerably higher levels of these elements in
muscles of freshwater and marine fish (PuJsiN et al. 1990, KarcIN 1996, Gro-
SHEVA et al. 2000, JURKIEWICZ-KARNAKOWSKA 2001).
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Zinc is weakly accumulated in fish tissues, as it is retained in the gills,
where the metal is deposited in large amounts (WiTEska 2003). This may be
explained by the fact that it penetrates into blood less easily than other
metals (cadmium, nickel). In turn, changes in zinc levels in the examined
tissues resulted from its affinity to erythrocyte membranes (BARRON, ADELMAN
1984) and serum proteins (BETTGER et al. 1987) that participate in its trans-
port. Zinc is transported mainly as zinc-albumin and zinc-macroglobulin com-
plexes, and is excreted mainly in the faeces (70-80%). Zinc displays low tox-
icity to freshwater fish. Its adverse influence is mainly connected with
secondary deficit of copper and does not produce any specific symptoms.
Zinc absorption by animals is influenced by food quality and interactions
among zinc and other elements. A metabolically significant antagonism oc-
curs between zinc and cadmium, as well as between Zn and Cu. Additional-
ly, calcium and magnesium may reduce zinc absorption.

Levels of some bioelements in fish bodies depend on culture methods,
water chemistry, and season of the year and feed quality. All these factors
together influence the physiological condition of fish, which can be disturbed
by excess or deficiency of minerals. Excess or deficiency of minerals may
seriously disturb biochemical processes and upset internal homeostasis, lead-
ing, in consequence, to various diseases. TacoN (1992) reported that disor-
ders occurred in organisms of various fish species due to deficiency or ex-
cess of micro- and macroelements which were caused by improper nutrition,
avitaminosis or poisoning. It is therefore important to monitor levels of mac-
ro- and microelements in fish organisms.

Among the examined freshwater fish species, statistically significant dif-
ferences in the levels of macro- and microelements were observed. The ana-
lyzed bioelements (Zn, Mg), which are regarded as some of the most impor-
tant macro- and microelements, were reported to accumulate in excess in
disease conditions caused by bacterial and viral infections, as well as during
an increased activity of hepatocytes (Pouramanap, O’BrieN 2000, LUsHCHAK et
al. 2005). Levels of microelements recorded in this study were not high
(Tables 3, 4) and remained within the normal range for salmonids (Salmoni-
dae) and cyprinids (Cyprinidae). For the sturgeon family (Acipenseridae), an
accurate normal range of macro- and microelements has not been deter-
mined.

Magnesium is the 11th most abundant element by mass in the vertebra-
ta body. Its ions are essential to all living cells, where they play a major
role in manipulating important biological polyphosphate compounds like ATP,
DNA, and RNA. Over 300 enzymes require the presence of magnesium ions
for their catalytic action, including all enzymes utilizing or synthesizing ATP,
or those which use other nucleotides to synthesize DNA and RNA. Normal-
ly, ATP exists in cells as a chelate of ATP and a magnesium ion. Magnesium
plays a regulatory role in prooxidant and antioxidant processes (LoPEz-TORES
et al. 1993, OzMmEN et al. 2004). In our research, we have observed that
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magnesium concentration in fish muscles increased with the age of fish. We
have also found statistically significant differences between dorsal muscles
during the growth of rainbow trout and Siberian sturgeon. O1karI et al. (1985)
have shown that infusion of magnesium salt into the body cavity of a fresh-
water-adapted fish (rainbow trout) affects the magnesium concentration in the
plasma. Magnesium could either be reabsorbed or secreted in control fresh-
water-adapted trout, apparently as a function of nutritional status. Fish could
switch from reabsorption to secretion in response to magnesium loading. It is
suggested that freshwater fish eliminate excess dietary magnesium renally
(OxaRI et al. 1985). Variability of metal concentrations in freshwater fish must
be seen in the wide perspective of other variables such as habitat, seasonal
variations, age of fish, Fulton’s condition factor and individual ability for met-
al uptake (ALLEN 1993, CanLi, Atui 2003, LorEz-ToRES et al. 1993, MARTINEZ-
-A1vAREZ et al. 2005, Rrrora et al. 2002, SvoBopova et al. 1997).

Zinc has both catalytic and structural roles in enzymes and its antioxi-
dant properties have been widely recognized (PowtLL 2000). However, zinc
deficiency was reported not to induce hepatic degeneration in trout liver
(OciNo, Yang 1978). Anyway, HipaLco et al. (2002) have demonstrated that
dietary Zn deficiency induced oxidative stress in rainbow trout liver, with
changes in the SOD band pattern. In the fish examined hereby, zinc levels
remained within the physiological reference range reported by PROTASOWICKI
and CHODYNIECKI (1988). Zinc is accumulated in fish tissues to a small extent
only, as most of the element is absorbed by gills, where it accumulates in
considerable amounts. Zinc levels similar to the ones recorded in this study
were reported by YosHiroMmI et al. (1998) and ArREEcHON and PrLumB (1990).
Statistically significant differences were found in the zinc concentration dur-
ing the growth of northern pike, common carp and rainbow trout

Fish are characterized by species and seasonal changeability of micro-
and macroelements. SopiNska (1985) and Stosik and Deprura (2000) found
changes in zinc and magnesium concentrations due to the season of the
year and the change of lymphocytes level in the examined fish. According to
these authors, such changes resulted form a close relationship of the season
and the sun exposure. In many other studies, it has been shown that Mg
and Zn levels were different depending on the temperature, season, sex,
feeding type and culture type. (BLaxHaLL 1972, THoMAS et al. 1999).

We have found that feeding common carp, Siberian sturgeon and rain-
bow trout Aller Aqua pellet pasture affected concentration of the analyzed
elements.

The results have shown that the content of the analyzed elements was
within the physiological reference ranges for fish. The differences found in
the levels of the bio-elements resulted from individual and seasonal variabil-
ity typical of the fish. Owing to their environmental requirements, fish may
be regarded as indicators that supply information on the degree of pollution
of aquatic environments.
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CONCLUSIONS

1. The culture site was found to have statistically significant influence
on the magnesium and zinc concentrations in muscle tissue in the exam-
ined freshwater fish species.

2. We have found that feeding common carp, Siberian sturgeon and rain-
bow trout Aller Aqua pellet pasture affected concentrations of the analyzed
elements.

3. The differences in concentrations of the elements are a result of indi-
vidual differences between species.

4. 7Zn and Mg concentrations in muscle tissue of the examined freshwa-
ter fish were significantly influenced by the experimental factors.
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EFFECT OF FERTILIZATION ON YIELD
AND QUALITY OF CULTIVAR KENT
STRAWBERRY FRUIT
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Abstract

In an experiment carried out in 2006-2007, influence of different fertilizers on yield
and quality of cv. Kent strawberry fruit was determined. Two combinations were tested,
each consisting of 3 types of fertilizers. The control plants remained unfertilized. In both
combinations, two types of multi-component fertilizers were used (T — 5% N, 5% P,0y,
15% K50 and O — 10% N, 5% P,05, 10% K,0) as well as one rate of ammonium nitrate to
provide 50 kg N ha™! in the first combination and 70 kg N ha™!l in the second one. The
usage of multi-component fertilizers, especially O type resulted in an increase of cv. Kent
strawberry yield. The fruit collected from the control plants and the ones fertilized with
ammonium nitrate weighed less than berries obtained from plants fertilized with multi-
component fertilizers. The treatment with multi-component fertilizers enhanced firmness
as well as calcium, phosphorus and potassium content in fruit. The berries fertilized with
higher rate of T fertilizer contained more soluble solids, total sugar and reducing sugar.
Neither the type of fertilizers, nor their rate affected acidity, vitamin C, total phenol and
magnesium content in berries. Higher antioxidant activity towards DPPH radicals was ob-
served in fruit obtained from plants fertilized with lower and higher rate of ammonium
nitrate. The lowest nitrogen content was observed for control berries. Practically, the diffe-
rences regarding nitrogen content between the fruits of the first (50 kg N ha™!) and se-
cond combination (70 kg N hal) were negligible.

Key words: strawberry, multi-component fertilizers, fruit quality, chemical composition.
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WPLYW NAWOZENIA NA WYSOKOSC I JAKOSC PLONU TRUSKAWEK
ODMIANY KENT

Abstrakt

W doswiadczeniu przeprowadzonym w latach 2006-2007 okreslano wplyw nawozow
o zréoznicowanym skladzie chemicznym na plonowanie oraz jako§é owocow truskawki od-
miany Kent. Na tle kontroli badano 2 warianty nawozenia mineralnego, z ktérych kazdy
obejmowal 3 kombinacje nawozowe. W obu wariantach zastosowano posypowo dwa rodza-
je nawozéw wieloskladnikowych (T — 5% N, 5% P50z, 15% K50 oraz O — 10% N, 5% P40y,
10% K,0) oraz jedna dawke saletry amonowej w taki sposéb, aby dostarczy¢ w 1. warian-
cie doswiadczenia 50 kg N hal, a w 2. wariancie 70 kg N ha~!. Stosowanie nawozéw
wielosktadnikowych, zwtaszcza typu O, spowodowalo wzrost plonowania truskawki odmia-
ny Kent. Owoce z ro§lin kontrolnych oraz nawozonych saletrg mialy mniejsza mase niz
uzyskane z zastosowaniem nawozow wielosktadnikowych. Nawozy wielosktadnikowe wpty-
nety na zwigkszenie jedrnosci i zwigkszenie koncentracji wapnia, fosforu i potasu w owo-
cach. Owoce z ro§lin nawozonych wyzszga dawka nawozu T odznaczaly sie wigksza zawar-
toscig ekstraktu, cukrow ogétem i cukréw redukujacych. Nie stwierdzono istotnego wptywu
zastosowanego nawozenia na kwasowo$¢ owocow, zawarto$¢ witaminy C, polifenoli ogétem
i magnezu. Wyzszg aktywno$cig przeciwutleniajaca wobec rodnikow DPPH odznaczaly sie
owoce pochodzace z ro§lin nawozonych nizsza i wyzsza dawka saletry amonowej. Najmniej-
szg zawarto§¢ azotu mialy owoce kontrolne, natomiast réznice w zawartoSci azotu miedzy
owocami z wariantu 1. (50 kg N ha™l) i wariantu 2. (70 kg N ha™l) z praktycznego punktu
widzenia nie byly istotne.

Stowa kluczowe: truskawka, nawozy wielosktadnikowe, jakosé owocow, sktad chemiczny.

INTRODUCTION

Mineral fertilization as well as cultivar, weather conditions, agronomic
practice and water supply affect directly the quality of strawberry fruit (NESTBY
et al. 2004). Optimal fertilization is conducive to obtaining high yield of good
quality and high biological value (TREDER 2001). It is recommended to adjust
fertilization to soil type, planting age and vegetation period. In spring time,
strawberry plants show an increased demand mainly for nitrogen and potas-
sium, which continues to rise during the blossom and fruit-setting phases
(CiesLiNskr 2005). During the harvest, the demand for these elements de-
clines, only to grow again afterwards (Szczvcier, PiERzca 2004).

The aim of the study was to estimate the influence of multi-component
fertilizers on yield and quality of cv. Kent strawberry fruit.

MATERIAL AND METHODS

The experiment was carried out in 2006-2007 at the Pomological Experi-
mental Station in Rajkowo, near Szczecin. Frigo seedlings of cv. Kent were
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planted in spring 2006 in a raised-bed system at 20x80 cm spacing, in three
replicates, with 20 plants per plot in a split-block design. The plants were
irrigated using a T-Tap dripping line. The multi-component fertilizers and
ammonium nitrate were applied so as to supply a suitable amount of nitro-
gen to soil: 1 — 50 kg N hal, 2 — 70 kg N haL and K, — control plots
without fertilization.

Combination 1

K; — N-50 kg ha~! (ammonium nitrate);

T, — 150 kg ha™! (5% N, 5% P,05, 15% K,0) + 42.5 kg N ha~! (ammo-
nium nitrate);

O — 200 kg ha™! (10% N, 5% P,05, 10% K,0) + 30 kg N ha~! (ammoni-
um nitrate);
Combination 2

K, - 70 kg ha~! (ammonium nitrate)

T, — 300 kg ha™! (5% N, 5% P,05, 15% K,0) + 55 kg N ha~! (ammoni-
um nitrate);

O, — 400 kg ha™! (10% N, 5% P,05, 10% K,0) + 30 kg N ha™! (ammoni-
um nitrate).

For the all plants under experiment, the yield per plot was determined
each year. Moreover, one-fruit weight (0.01 g accuracy) and fruit firmness
were measured with a FirmTech 2 apparatus (BioWorks, USA). The firm-
ness of 100 randomly selected berries from each replicate was expressed as
a gram-force causing fruit surface to bend 1 mm. Further, titratable acidity
was determined by titration of a water extract of fruit homogenate with
0.1 N NaOH to an end point of pH 8.1 (measured with an Orion 720 A pH
meter, USA). Soluble solids content was determined with an Abbé refrac-
tometer. L-ascorbic acid content was measured with the iodometric method
(Samotus et al. 1982) and expressed as mg per 100 g fruit. Total sugar and
reducing sugar content was measured by Luff-Schoorl method and saccha-
rose content was calculated (Drzazca 1997). The DPPH radical scavenging
activity was measured spectrophotometrically at 517 nm (YN, CHEN 1995),
and DPPH" percent inhibition was calculated according to Rosst et al. (2003).
Total phenol content was determined by the spectrophotometric metod at
760 nm, using Folin-Ciocalteu reagent and gallic acid as a standard.

The fruits were collected from each harvest and deep-frozen. After the
harvest, all the samples were aggregated. Chemical analyses of macronutri-
ents (N, P, K, Ca, Mg) were performed according to the Polish Standards.

The results were subjected to one-way analysis of variance for each year

of the experiment. The means were separated by Duncan’s test at signifi-
cance level P = 0.05.
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RESULTS AND DISCUSSION

Yield is one of the basic factors which determine profitability of produc-
tion, although the quality of yield is also important. The quality of straw-
berry yield is a product of fruit size, firmness and chemical composition
(PeLavo et al. 2003). The experiment showed that the best yields were ob-
tained after fertilizer type O had been used. The total yield per plant ex-
pressed as a sum for 2006 and 2007 exceeded 0.4 kg (Table 1). However, in
the experiment carried out by Makowska et al. (2005) cv. Kent strawberries
yielded 25% better. The treatment with multi-component fertilizers resulted
in obtaining fruit of the highest 100-fruit weight (Table 1). The firmness is
a feature directly affecting fruit quality while calcium is a essential element
for the development of hardness (TREDER 2004). In turn, potassium affects
water balance in plants (CiesLINSkI 2003). In this study, the highest firmness
was found for fruit collected from the plots fertilized with multi-component
fertilizers (171-193 G mm™1) — Table 1. These berries were found to contain
increased potassium and calcium levels compared to the berries from the
plots fertilized only with ammonium nitrate.

Table 1
Yield, firmness and 100-fruit weight of cv. Kent strawberry depending
on fertilization — means for 2006-2007
Fertilization K, Ky T, 0O, K, Ty Oy
Total yield per plant (g) 366ab | 358 ab | 375ab | 417b | 331la | 313a | 4395
Mean weight of 100 fruits (g) | 528 a 525a | 608 bc | 591 abc | 536 a | 548 ab | 645 ¢
Fruit firmness (G mm™1) 163ab | 151a 1936 | 171ab | 148a | 1860 | 1790

The two-year-long observation showed that an average soluble solids con-
tent in cv. Kent strawberries varied from 8.15% (control) to 8.85% (T,) —
Table 2. ZHENG et al. (2003) determined similar content of soluble solids for
cv. Allstar cultivar (8.1%). In our experiment, more total sugar and reducing
sugar were found in the fruit collected from the plots fertilized with the
highest rates of multi-component fertilizers (T and O,), less in the control
plants (K;) or the ones fertilized with 50 kg of ammonium nitrate per ha
(K;) — Table 2. The total sugar content in 5 cultivars of ripe strawberries
studied by CorDENUNSI et al. (2003) (37.3-58.8 mg g1), especially in the range
of higher values, was similar to the data observed in this experiment (5.96-
-6.62 g 100 g1). The mean saccharose content in cv. Kent berries obtained
from the plants fertilized with T, (1.46 g 100 g~ 1) was higher than that of
K, (1.14 g 100 g~ 1), although neither differed significantly versus the berries
from the other fertilization regimes. In the literature, there are reports
that much greater differentiation in saccharose content in ripe fruit may
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Table 2

Chemical composition of cv. Kent strawberry fruit depending on the fertilizers
applied — a mean for 2006-2007

Ttem* Fertilization K, K; T, (0N K, Ty O,

Soluble solids (%) 815a |8.60ab| 850ab | 825a | 855ab | 885b | 825a
Total sugar (g 100 g~1) 596a | 6.00a | 645ab | 623 ab | 643 ab | 662b | 6.610b
Reducing sugar (g 100 g1) | 463a | 480a | 4.91ab | 4.89ab | 5.04ab | 526b | 5245
Saccharose (g 100 g~1) 127ab| 1.14a | 1466 | 1.27ab | 1.33ab | 1.30ab | 1.30 ab

Titratable acidity

(g citric acid 100 g-1) 111la | 115a | 111a | 1.09¢ | 1.13a | 1.13a | 11la

Vitamin C (mg 100 g~1) 471a | 483a | 465a | 418a | 449a | 447a | 422a
Polyphenols (mg 100 g~1) 405a | 452a | 424 a 415a 440 a 432 a 437 a
DPPH % inhibition 240bc | 265¢c | 209b | 168a | 253c¢ | 19.7ab | 20.7 ab

* The data is expressed in terms of fresh fruit.

occur between the genotypes 0.59-22.75 g kg~1 (Karkas et al., 2007). In this
study, the fertilization did not exert an influence on acidity, vitamin C, and
total polyphenol content in Kent berries (Table 2). On the other hand, the
plants fertilized with both lower and higher rate of ammonium nitrate yield-
ed berries of better ability to scavenge DPPH radicals compared to other
treatments, except for control fruits (Table 2). In 3-year experiment SKUPIEN
(2003) determined for Kent strawberries obtained from plantation of conven-
tional growing procedure 8.7% of mean soluble solids content, 0.66 g malic
acid 100 g1, 6.87 g 100 g1 total sugar, 5.99 g 100 g~! reducing sugar, 0.84 g
100 g1 saccharose, 41.1 mg 100 g! vitamin C, and 218.3 mg 100 g~! total
polyphenol.

Table 3
Macroelements content in Kent strawberries under different fertilization
Fertilizer Dry matter N P K Ca Mg
(%) (g kg™l d.m.)
K, 1045 a 10.12 a 252 a 1629 a 2.96 a 126 a
K, 943 a 10926 2.98 ab 16.58 ab 322a 145a
T, 1051 a 10.95 be 3.21ab 1654 a 3.30 ab 128 a
(O} 9.86 a 11.64 ¢ 3.26 b 17.14 be 34156 1.25a
K, 10.10 @ 11.14 be 284 a 16.04 a 317a 139a
T, 1045 a 11.56 be 3250 1747 ¢ 346 b 152a
(O 10.50 a 11.60 bc 3400 16.93 bc 3.35ab 13la
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The results presented in Table 3 show that fertilization did not affect
dry matter (9.43-10.51%) and magnesium content (1.25-1.52 g kg1) in cv.
Kent berries. OcuMmIaN et al. (2008) determined a much higher magnesium
content in cv. Senga Sengana strawberries exceeding 2.5 g kg~! The use of
multi-component fertilizers, especially O; and O, resulted in higher nitro-
gen (11.6 g kg™1) and potassium (16.93-17.47 g kg™1) content in fruit. The
cultivar Senga Sengana berries were characterized by a higher nitrogen con-
tent, up to 28 g kg1, but the potassium content was lower, 11-14 g kg1
(OcaMiaN et al. 2008). Application of O and T type fertilizers enhanced the
phosphorus content in comparison to the control berries, containing less
than 3 g P per kg d. m. The multi-component fertilizers enhanced the calci-
um content in fruit. Hakara et al. (2003) observed similar values of K and
Mg but slightly lower for Ca (on fresh weight basis) for 12 cultivars of straw-
berries grown under traditional and organic conditions (1.64-2.53 g kg1,
112-223 mg kg1, and 171-223 mg kg1, respectively).

CONCLUSIONS

1. Application of multi-component fertilizers, especially O type, caused
an increase in the yield of cv. Kent strawberry.

2. The multi-component fertilizers improved firmness and increased the
calcium content in berries.

3. Practically, the fertilization used in this experiment did not cause any
considerable enhancement in the content of soluble solids, total sugar and
reducing sugars in cv. Kent strawberries.

4. The fertilization applied did not affect acidity, vitamin C and total
polyphenol content in the berries.

5. The fruit collected from the control plots and the plants fertilized
only with ammonium nitrate showed higher ability of scavenging DPPH rad-
icals than strawberries from the plants fertilized with multi-component fer-
tilizers.

6. The use of multi-component fertilizers resulted in higher phosphorus
and potassium concentration in fruit. The lowest nitrogen content was ob-
served in the control fruit, while the differences between the berries from
the first (50 kg N ha™!) and second combination (70 kg N ha™l) were not
essential in practice.
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Abstract

The value of the routine analyses, applied until present, of whole blood, serum and
urine for bioelements is limited. The blood mineral level does not often correspond to the
content of minerals in the whole body because the composition of plasma results from
supplementation of deficiencies by different homeostatic mechanisms. Moreover, the blood
concentration of bioelements is relatively low and depends on a current diet, therefore the
diagnostic value of such analytical results may be fairly small. Studies have shown that
the analysis of hair and nails are an appropriate alternative for blood and urine tests or
for biopsy. Chemical treatments in agriculture, animal production and food processing in-
troduce many food contaminants into the food chain. Organic methods in agriculture are
safer and therefore very important. Nutrition based on organically produced foods and an-
throposophic lifestyle can play an important role in health prophylaxis The objective of this
study was to determine correlations between concentrations of 29 major and trace ele-
ments in cow’s milk and hair. The experimental material consisted of 33 cows of Polish
Holstein-Fresian (HF) breed from three dairy organic farms. All the farms were located in
one climatic zone and under similar soil conditions. The cows were kept in traditional tied-
up barns. The feeding was traditional, with ration components given separately. The cows
were grazed from May to October. Depending on pasture yield and availability of other
feeds, the feeding ration was supplemented with hay, straw, silage and cereals. Samples of
milk and hair for analyses of minerals were collected in September, i.e. during the pasture
feeding. The hair was taken from the poll. The concentration of Ca, K, Mg, Na, P, S, B,
Ba, Co, Cr, Cu, Fe, Ge, I, Li, Mn, Mo, Ni, Se, Si, Sn, Sr, V, Zn, Al, As, Cd, Hg, Pb was
determined. The content of toxic elements in milk was low and below the admissible level.
The statistically significant positive correlations between concentration in milk and in hair
were detected for such elements as Ba, Ge, Mo and Pb. In the case of major elements K
and Mg and trace elements Al, As, Co, Fe, Hg, Se, Sr, positive correlations were observed
but they were not statistically significant. Negative correlations occurred for such elements
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as Cr, Cu, I, Li, Ni, S, Si, Sn, V and Zn. It was only for V and Zn that they were statisti-
cally significant. Very low values (near zero) of coefficient r were observed for Ca, Cd, Li,
Mn, Na, Ni, P, S and Sn. It seems that broader investigations of mineral composition of
cow’s hair could be useful for establishing reference values for some elements and would
make a contribution to better animals’ welfare.

Key words: cow, hair, milk, macro- and microelements, organic farms.

ZAWARTOSC SKEADNIKOW MINERALNYCH W MLEKU I WELOSACH KROW
Z GOSPODARSTW EKOLOGICZNYCH

Abstrakt

Badanie zawarto$ci biopierwiastkow w pelnej krwi, surowicy i moczu ma ograniczong
warto$¢. Poziom skladnikéw mineralnych we krwi czesto nie odpowiada ich zawartosci
w calym organizmie, poniewaz skiad osocza jest wynikiem kompensowania deficytow przez
rozne mechanizmy homeostazy. Poza tym zawarto§é biopierwiastkow we krwi jest relatyw-
nie niska i zalezy od stosowanej diety. Wobec tego warto§é diagnostyczna jej wynikow,
w dtuzszym okresie prowadzenia obserwacji, moze by¢ ograniczona. Badania pokazujg, ze
analizy zawartoSci biopierwiastkow we wlosach i paznokciach moga by¢ alternatywne dla
analiz zawartoSci we krwi, moczu lub biopsji. Chemizacja rolnictwa, produkcji zwierzecej
i przetworstwa zywnos$ci wprowadza wiele zanieczyszczen w tancuch produkeji zywnoSci.
Ekologiczne (organiczne) metody w rolnictwie sa bezpieczniejsze. Zywienie oparte na zyw-
no$ci produkowanej w gospodarstwach ekologicznych i proekologiczny styl zycia moga od-
grywaé wazng role w profilaktyce zdrowia ludzi. Celem badan byto obliczenie korelacji mig-
dzy zawartoscig 29 makro- i mikroelementéw we wlosach a ich zawartoSciag w mleku krow.
Do badan wybrano 33 krowy rasy polskiej holsztynsko-fryzyjskiej (hf) z trzech gospodarstw
ekologicznych. Wszystkie gospodarstwa byty polozone w tej samej strefie klimatycznej i mia-
ty podobne warunki glebowe. Krowy byly utrzymywane w tradycyjnej oborze uwieziowe;.
Krowy korzystalty z pastwiska od maja do pazdziernika. W zaleznosci od wydajnosci pastwi-
ska i potrzeb krow dawka pokarmowa byla uzupelniana o siano, stome, kiszonke i zboza.
Probki mleka i wlosow do oznaczenia sktadnikéw mineralnych pobrano we wrze$niu, w trak-
cie zywienia pastwiskowego. Wtosy pobrano z watu miedzyroznego. W mleku i wilosach
oznaczono zawarto$¢ Ca, K, Mg, Na, P, S, B, Ba, Co, Cr, Cu, Fe, Ge, I, Li, Mn, Mo, Ni, Se,
Si, Sn, Sr, V, Zn, Al, As, Cd, Hg i Pb. Poziomy elementéw toksycznych w mleku okazaly sie
niskie i lezaly ponizej wartosci dopuszczalnych. Korelacje miedzy zawartoscia Ba, Ge, Mo,
Pb we wtosach i w mleku byly dodatnie i statystycznie istotne. Korelacje miedzy zawarto-
$cig makroelementéw K i Mg oraz mikroelementéow Al, As, Co, Fe, Hg, Se, Sr byly réwniez
dodatnie i wysokie, ale nieistotne statystycznie. Ujemne korelacje uzyskano miedzy zawar-
tosciami Cr, Cu, I, Li, Ni, S, Si, Sn, V oraz Zn. Bardzo niskie wartosci (bliskie zeru) wspot-
czynnika korelacji otrzymano dla zawartosci Ca, Cd, Li, Mn, Na, Ni, P, S i Sn. Wydaje sie,
ze dalsze badania sktadu mineralnego wtoséw u kréw moga byé przydatne do oszacowania
w przysztoSci wartosci referencyjnych dla niektérych pierwiastkéw i moga sie przyczynié
do lepszego dobrostanu zwierzat.

Stowa kluczowe: krowy, wlosy, mleko, makro- i mikroelementy, rolnictwo ekologiczne.
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INTRODUCTION

Proper growth and functions of plants and animals require basic nutri-
ents as well as mineral components. Out of more than a hundred elements
occurring in nature, four organically bound elements (carbon, hydrogen, ox-
ygen and nitrogen) make up 96% of the animal’s body weight. The principal
cations and anions together account for 3.5% of the body weight, the re-
mainder comprising additional elements. The progress in analytical methods
has led to elucidation of the biological role of many elements occurring in
plant, animal and human organisms. Mineral distribution within the body’s
tissues is not uniform, since some tissues selectively concentrate specific
elements. There is no disagreement concerning the essential nature of ma-
jor and trace elements for livestock (McpowELL 1992).

The value of the routine analyses, applied until today, of whole blood,
serum and urine samples for bioelements is limited. The blood level of min-
erals does not often correspond to the content of minerals in the whole
body because the composition of plasma results from supplementation of
deficiencies by different homeostatic mechanisms. Moreover, the blood con-
centration of bioelements is relatively low and depends on a current diet,
therefore the diagnostic value of such analytical results may be fairly small.
Studies have shown that the analysis of hair and nails are an appropriate
alternative for the analysis of blood and urine, and for biopsy. The diagnos-
tic value of hair analysis is confirmed by many authors, who have demon-
strated the presence of correlation between the levels of principal elements
in hair and their content in the body, both at the physiological equilibrium
and during pathological disturbances (Rapomska et al. 1993, 2005). Milk is
important for satisfying the nutritional demands of mammalian neonates.
Data on minerals are limited to identifying the nutrients in milk required
for optimal growth and health of mammalian species, including humans (An-
DERSON 1992). Chemical treatments in agriculture, animal production and food
processing introduce many food contaminants into the food chain. Organic
methods in agriculture are safer and therefore very important. Nutrition
based on organically produced foods and anthroposophic lifestyle can play an
important role in health prophylaxis (REMBIALKOWSKA 2003). GABRYSZUK at al.
(2008) suggested that the mineral composition of milk and hair depended on
a production system (conventional vs. organic system). It seems that broad-
er investigations of mineral composition of cow’s hair could be useful for
establishing reference values for some elements.

The objective of this study was to determine correlations between con-
centrations of 29 major and trace elements in cow’s milk and hair.
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MATERIAL AND METHODS

The experimental material consisted of 33 cows of Polish Holstein-Fre-
sian (HF) breed from three dairy organic farms. All the farms were located
in one climatic zone and under similar soil conditions. The cows were kept
in traditional tied-up barns. The feeding was traditional, with ration compo-
nents given separately. The cows were grazed from May to October. De-
pending on pasture yield and availability of other feeds, the feeding ration
was supplemented with hay, straw, silage and cereals. All of the herds were
under the official milk recording system, provided by the Polish Society of
Cattle Breeders and Dairy Farmers.

Samples of milk and hair for analyses of minerals were collected in
September, i.e. during pasture feeding. Hair was taken from the poll. It was
washed with analytically pure acetone pure and rinsed 3 times with deion-
ized water. The concentration of Ca, K, Mg, Na, P, S, B, Ba, Co, Cr, Cu, Fe,
Ge, I, Li, Mn, Mo, Ni, Se, Si, Sn, Sr, V, Zn, Al, As, Cd, Hg, Pb was deter-
mined. Samples of hair (0.3 g) and milk (1 ml) were mineralised in a mix-
ture of 4 ml HNO3 and 1 ml HyO, in hermetic high-pressure vessels by
heating in a microwave oven. Content of mineral elements was determined
by inductively coupled plasma atomic emission spectroscopy in a (ICP-AES)
Optima 5300 DV, Perkin Elmer.

Preliminary statistical evaluation showed no significant effect of parity
and milk yield on the content of minerals in cows’ hair and milk. Pearson’s
correlation coefficients between the content of the same element in milk
and in hair were computed from raw data, with no adjustments. The GLM
procedure from the SAS package (1999) was used for computation.

RESULTS AND DISCUSSION

The mean concentrations and their standard deviations (SD) for macro-
and micronutrients in milk and hair of cows are shown in Tables 1 and 2. It
is quite interesting to notice that the concentration of Ca, Na, P was higher
in milk than in hair. PuLs (1994) reported that levels of macroelements in
hair do not correlate with their dietary intake. Maintaining plasma Ca con-
stant during lactation presents a formidable challenge to a dairy cow. If
dietary sources of Ca are consumed at only 38% availability and dietary P
at 45% availability, the cow must consume, on average, 90 to 100 g Ca and
60 to 70 g P daily just to meet her needs for lactation. Additional 25 to 30 g
Ca and 15 to 20 g P must be supplied for daily maintenance of the cow
(Horst et al. 1997). During the early weeks of lactation, most cows remain
under the negative Ca balance. To maintain normal plasma Ca, resorption
of bone Ca stores and absorption of Ca from intestines counterbalance the
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Table 1
Means, standard deviations and correlations of macroelements
in cow's milk and hair
Milk (mg dm™3) Hair (mg kg1) Correlation
Element
mean SD mean SD r
Ca 637.4 138.4 586.9 222.0 0.047
K 894.6 179.5 1297 592.8 0.237
Mg 61.85 12.35 63.24 25.59 0.205
Na 421.0 108.0 368.3 227.2 0.007
456.3 105.0 38.32 30.13 0.063
S 14.22 3.091 3968 675.7 -0.097

negative Ca balance. Bone Ca mobilisation is stimulated by a concerted ef-
fort of parathyroid hormone (PTH) and 1,25-dihydroxyvitamin D
[1,25(0OH),D]. The adaptation process begins with a dramatic increase in the
plasma concentrations of PTH and 1,25(0H),D at the onset of hypocalcemia
(HorsT et al. 1997). Polish soils are considered to be low or very low in Mg.
This can explain the fact that grazed cows showed significantly lower con-
centration of Mg in milk compared with TMR-fed cows (GaBRYSzZUK et al.
2008). The levels of Ca, Mg and P in milk were generally lower compared
to values reported by KunacHowicz et al. (2005). Disorders of calcium, phos-
phorus and magnesium homeostasis in ruminants provide natural models
for the study of the physiology and pathophysiology of these minerals. The
knowledge that can be acquired by improving our understanding of the patho-
genesis of these diseases could give useful clues for solving the puzzle of
human osteoporosis (R1oND et al. 1995).

The content of trace elements in milk and hair is shown in Table 2.
The levels of trace elements were within published ranges. Concentrations
reported in the literature for cow’s milk are (mg dm=3): 3.3 for Zn, 0.559 for
I, 217.2 for Ba, 0.079 for Cu, 84.9 for Cr, 74.3 for Mn, 84.5 for V, 61.0 for
Ni, 60.5 for Se, 28.2 for Ge, 11.5 for Mo, and 6.5 for Co (DOBRzANSKI et al.
2005). Other authors reported the following trace element content in cow’s
milk: 300-600 ng dm=3 Fe, 2-6 mg dm=3 Zn, 0.1-0.6 mg dm=3 Cu, 20-50 pg
dm=3 Mn, 0.26 mg dm=3 I, 5-67 ng dm=3 Se, 0.5-1.3 pg dm=3 Co, 8-13 ng
dm=3 Cr, 18-120 ng dm=3 Mo, 0-50 ng dm=3 Ni, 750-7000 pg dm=3 Si and
0-310 pg dm=3 V (Gorr 1995). Differences in the concentrations of major and
trace elements in milk of cows depended on nutrition, breed, age, dairy
period and performance, geographical location, location of an experiment,
occupation, production system, mineral status of cows and animal welfare.
HEeRrMANSEN et al. (2005) observed that organically produced milk in Denmark,
compared with conventionally produced milk, contained a significantly high-
er concentration of Mo and lower concentrations of Ba, Mn and Zn.
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Table 2
Means, standard deviations and correlations of trace elements in cow's milk and hair
Eloment Milk (ug dm=3) Hair (ug kg1) Correlation
mean SD mean SD r
Al 63.64 52.37 14224 4928 0.247
As 12.27 4.010 34.82 8.091 0.287
B 90.91 30.25 810.0 500.3 0.114
Ba 26.36 32.19 298.7 279.4 0.5944
Cd 1.130 0.141 2.700 0.254 0.005
Co 1.320 0.456 58.27 45.11 0.231
Cr 15.76 11.73 75.76 50.31 -0.121
Cu 157.6 197.3 2263 667.2 -0.128
Fe 785.7 656.4 15925 11737 0.315
Ge 14.13 7.300 41.58 12.37 0.7864
Hg 0.396 0.346 82.78 59.83 0.225
I 309.1 91.83 9712 6180 -0.387
Li 59.09 37.45 11.85 8.290 -0.055
Mn 23.33 4.790 3587 1056 0.046
Mo 85.45 20.93 204.2 196.1 0.435¢
Ni 43.70 4.420 69.45 11.10 -0.011
Pb 6.210 2.580 32.67 16.15 0.480A
Se 18.79 1.371 9124 259.4 0.268
Si 90.00 51.60 5060 1196 -0.236
Sn 13.88 2.990 133.9 27.79 -0.063
Sr 1354 40.16 594.8 212.9 0.225
\% 16.06 4.580 37.95 21.71 -0.425%
Zn 1588 441.2 37 552 21 498 -0.410¢

A — highly significant at P<0.01; a — significant at P<0.05

The reference concentrations of minerals in cow’s hair dry matter are
for example 0.1-2.5% for Ca, 130-455 ppm for Mg, 0.2 ppm for Cr, 6.7-32
ppm for Cu, 59-200 ppm for Fe, 0.5-1.32 ppm for Mn, 0.5-1.32 ppm for Se
and 100-150 ppm for Zn (PuLs 1994). According to this author, determination
of certain elements in hair may be useful for long-term monitoring of min-
eral status of animals (PuLs 1994). Also, the mineral element status in the
sheep’s flock determined by wool analysis can be a good method. The con-
tent of mineral elements in wool showed statistically significant differences
between Booroola and Polish Merino ewes. The results of concentration
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of the same minerals in the blood plasma of the same ewes were within the
reference value, and no significant differences were observed between breeds
(GaBryszUK et al. 2001). The mineral content of wool depended also on the
physiological status (parturition, gestation, mating) of sheep (GABRYSZUK
et al. 2000).

Milk yield may affect the mineral status of cows. The main problem in
pasture feeding is that the composition and digestibility of nutrients, includ-
ing the content of mineral elements, are highly affected by the stage of
plant growth and can vary significantly in relatively short periods. Eventual-
ly, it is difficult to maintain constantly high milk production based on pas-
ture feeding, even when the quality of grass is high and soil and water
conditions are suitable for grass production.

A change in the body condition is a common physiological phenomenon
in dairy cows. Usually, the condition worsens after parturition and then is
gradually regained, which is more evident in the later part of lactation and
during the dry period. This can also be related to cows’ mineral supply.
A clear difference between production systems was observed for cow’s herd
lifespan. The period from the first calving to disposal (culling) was around
2.5 years in the intensive (conventional) herd, while in the extensive (or-
ganic) herds it was twice as long (GaBrRyszUK et al. 2008).

The content of toxic elements in milk was low and below the admissible
level (Ordinance of minister for health 2003). The content of heavy metals
in milk and hair depends on feed, content of these metals in soil, environ-
mental contamination as well as the antagonistic interaction between bioe-
lements and heavy metals, which influence their absorption and metabo-
lism. For these reasons, the content of toxic elements in milk from
ecological farms was not lower than in milk from conventional herds.

The statistically significant positive correlations between concentration
in milk and in hair were determined for such elements as Ba, Ge, Mo, Pb.
In respect of major elements K and Mg and trace elements Al, As, Co, Fe,
Hg, Se, Sr, positive correlations were observed but they were not statistical-
ly significant. The negative correlations concern such elements as Cr, Cu, I,
Li, Ni, S, Si, Sn, V and Zn. It was only for V and Zn that they were statisti-
cally significant. Very low values (near zero) of coefficient r were observed
for Ca, Cd, Li, Mn, Na, Ni, P, S and Sn. DoBrzeNskI et al. (2005) reported
that positive significant correlations between concentration in milk and in
blood concern such elements as Mn, Ga, Ni, Ge, Mo, while for Al and V
negative correlation were observed.
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CONCLUSIONS

This study has demonstrated that the hair levels of macroelements (Ca,
Na, P) do not correlate with their levels in the milk. The determination of
K, Mg, Al, As, Bo, Co, Fe, Ge, Hg, Pb, Se and Se in hair can be useful for
long-term monitoring of the mineral status of cows. It seems that broader
investigations of mineral composition of cow’s hair could be useful for estab-
lishing reference values for some elements and would make a contribution
to better animals’ welfare.
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Abstract

A field experiment was carried out in 2006-2008 at the Experimental Farm in Zawady,
owned by the University of Podlasie. The experimental design was a split-plot arrange-
ment of treatments with three replicates. The factors examined included: factor I — three
sowing densities (75, 100 and 125 plants per 1 m2), and factor II — five weed control me-
thods (control — mechanical weed control and four herbicidebased treatments). The objecti-
ve of the study was to determine the effect of weed control methods as well as sowing
density on magnesium and calcium content in the seeds of edible pea (Pisum sativum L.)
of Merlin cultivar.

The highest seed yield was obtained in the plots where weeds were chemically con-
trolled (Afalon Dyspersyjny 450 SC was sprayed just after sowing and followed by an ap-
plication of a mixture of Basagran 600 SL + Fusilade Forte 150 EC when plants were
5cm high). The yield from this treatment was 4.84 t hal, on average. The lowest yield
was harvested in the plots where weeds were mechanically controlled (the control) — on
average 2.92 t ha™l.

Variance analysis showed significant influence of weed control methods and weather
conditions on magnesium and calcium contents in pea seeds. The herbicides applied in the
experiment increased concentrations of the above elements compared with the control. The
highest magnesium content (1.389 g kg™!) in pea seeds was found in the plots where Afa-
lon Dyspersyjny 450 SC was applied just after sowing at a dose of 1.5 dm3 ha=! and follo-
wed by a mixture of Basagran 600 SL at a dose of 2.0 dm3 ha=! + Fusilade Forte at a dose
of 1.5 dm3 ha™! applied post-emergence. The highest calcium content was recorded for
treatment 2, consisting of an application of Afalon Dyspersyjny 450 SC at a dose of 1.5 dm3
ha! just after sowing and followed by post-emergence spraying with Basagran 600 SL at
a dose of 2.0 dm3 ha! — on average 0.989 g kg l. In turn, sowing density had no influen-
ce on the discussed characteristics although a tendency was observed towards increasing
magnesium and calcium content in edible pea seeds.

dr inz. Marek Gugata, Chair of Plant Cultivation, University of Podlasie, Prusa 14, 08-110
Siedlce, Poland, phone: (025) 643 1237, e-mail: gugala@ap.siedlce.pl
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WPLYW SPOSOBOW PIELEGNACJI NA ZAWARTOSC MAGNEZU I WAPNIA
W NASIONACH GROCHU SIEWNEGO JADALNEGO (PISUM SATIVUM L.)

Abstrakt

Doswiadczenie polowe przeprowadzono w latach 2006-2008 w Rolniczej Stacji Do$wiad-
czalnej Zawady nalezacej do Akademii Podlaskiej w Siedlcach. Doswiadczenie zatozono
w uktadzie split-plot w trzech powtérzeniach. Badanymi czynnikami byly: I czynnik — 3 ge-
stosci siewu (75, 100 i 125 roslin na 1 m?), II czynnik — 5 sposobéw pielegnacji (1 obiekt
kontrolny — pielegnacja mechaniczna i 4 obiekty, na ktérych zastosowano herbicydy). Ce-
lem badan byto okreSlenie wplywu sposobow pielegnacji oraz gestoSci siewu na zawarto$é
magnezu i wapnia w nasionach grochu siewnego jadalnego (Pisum sativum L.), odmiany
Merlin

Analizujac sposoby pielegnacji tanu, najwiekszy plon nasion uzyskano na obiekcie, na
ktorym zastosowano pielegnacje chemiczng (bezposrednio po siewie opryskiwanie prepara-
tem Afalon Dyspersyjny 450 SC i po osiagnigciu przez rofliny wysokosci 5 cm opryskiwa-
nie mieszaning herbicydéw Basagran 600 SL + Fusilade Forte 150 EC). Plon na tym obiek-
cie wyniést érednio 4,84 t ha~l, natomiast najnizszy plon nasion stwierdzono na obiekcie
kontrolnym, na ktérym zastosowano pielegnacje mechaniczng — $érednio 2,92 t ha-1

Analiza wariancji wykazata istotny wplyw sposobéw pielegnacji i warunkow pogodo-
wych na zawarto§¢ magnezu i wapnia w nasionach grochu. Zastosowane w doswiadczeniu
herbicydy spowodowaly wzrost zawartosci omawianych pierwiastkow w poréwnaniu z obiek-
tem kontrolnym. Najwieksza zawarto$é¢ magnezu (1,389 g kg™!) w nasionach grochu uzy-
skano na obiekcie, na ktérym zastosowano bezpos$rednio po siewie Afalon Dyspersyjny 450
SC w dawce 1,5 dm3 ha™! i po wschodach mieszanine herbicydéw Basagran 600 SL w daw-
ce 2,0 dm3® hal + Fusilade Forte w dawce 1,5 dm3 ha™l. Natomiast najwiekszg zawartosé
wapnia odnotowano na obiekcie 4. po zastosowaniu bezposrednio po siewie preparatu Afa-
lon Dyspersyjny 450 SC w dawce 1,5 dm3 ha! i po wschodach preparatu Basagran 600 SL
w dawce 2,0 dm3 ha! — érednio 0,989 g kg!. Natomiast gestoéé siewu nie miata wplywu
na omawiane cechy, jednakze zaobserwowano tendencje do podwyzszania zawarto$ci ma-
gnezu i wapnia w nasionach grochu siewnego.

Stowa kluczowe: gesto$¢ siewu, sposoby pielegnacji, plon nasion grochu, zawarto$¢ mag-
nezu, zawarto$¢ wapnia.

INTRODUCTION

Magnesium is one of the essential elements which are extremely impor-
tant for the proper functioning of human body. Magnesium is a catalyst
involved in around 300 metabolic pathways. The human body is not able to
synthesize magnesium and, as a result, the Mg amount and proportion in
a diet should be adequately adjusted (Ustymowicz-FARrBIszEWSKA et al. 2000).

Appropriate nutrition is one of basic factors influencing the growth and
development of organisms. Minerals play a significant role as they are both
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building blocks and regulators conditioning the course of a number of meta-
bolic processes (STEFaNSKA et al. 2003).

Over the last years, a growing interest in vegetarian food has been
observed, including seeds of leguminous plants (Korus 2002). Legume seeds
are a valuable source of nutrients in the human diet as they supply miner-
als in addition to protein, carbohydrates and B-group vitamins. In many
developed countries there is a tendency towards increased use of legume
seeds in human nutrition. In Western Europe, an over threefold increase in
legume seed consumption in the last years has been observed, reaching
now about 3 kg per capita. In Poland, the level is much lower than recom-
mended in the standards, i.e. 10-12 g per capita daily (PopLESNY 2005).

The objective of the study was to determine the effect of weed control
methods as well as sowing density on magnesium and calcium contents in
seeds of edible pea (Pisum sativum L.).

MATERIALS AND METHODS

A field experiment was conducted in 2006-2008 at the Experimental
Farm in Zawady, owned by the University of Podlasie in Siedlce. The exper-
imental design was a split-plot arrangement of treatments with three repli-
cates.

The following factors were examined:

factor I — three sowing densities:

1 — 75 plants per 1 m?; 2 — 100 plants per 1 m?2; 3 — 125 plants per 1 m2,

factor II — five weed control methods:

1. Control treatment — mechanical weed control (harrowing once between
sowing and emergence, harrowing twice post-emergence and until the stage
when plants were 5 cm high);

2. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at
a dose of 1.5 dm?3 ha™! just after sowing);

3. Mechanical and chemical weed control (harrowing once pre—emer-
gence, harrowing twice until plants were 5 cm high, then spraying with
Basagran 600 SL at a dose of 2.0 dm3 ha1);

4. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at
a dose of 1.5 dm3 ha~1 just after sowing followed by spraying with Basagran
600 SL at a dose of 2.0 dm? ha~! when plants reached the height of 5 cm);

5. Chemical weed control (spraying with Afalon Dyspersyjny 450 SC at
a dose of 1.5 dm? ha™! just after sowing followed by spraying with a mixture
of Basagran 600 SL at a dose of 2.0 dm?3 ha~! + Fusilade Forte at a dose of
1.5 dm3 ha! when plants reached the height of 5 cm).



272

The edible pea cultivar Merlin, registered in 2001, was grown in the
experiment. It is suitable for cultivation to harvest seeds for cooking or as
animal feed. The experimental plots lie on light to medium soil, whose com-
position is similar to loamy fine sand, quality classes IVa and IVb, very good
rye complex of soil.

Pea followed cereals (triticale, rye, triticale) in rotation. After harvest-
ing the preceding crop, post-harvest cultivation treatments were performed
and followed by winter ploughing in autumn. The first spring treatment was
dragging, after which a cultivation unit was applied. Mineral fertilization
with the complex fertilizer Polifoska 6 at a rate of 400 kg ha~! was applied
pre-plant.

Pea seeds were sown in the first decade of April at a row spacing of
25 cm. Harvest was performed when seeds reached the stage of full maturi-
ty. Seed yield was calculated on the basis of the weight of seeds harvested
from an area of 20 m™2 and expressed in tones per 1 ha. After weighing,
a representative seed sample was taken in order to determine thousand-
seed weight and perform chemical analyses. Magnesium and calcium con-
tents were determined by atomic absorption spectrophotometry AAS.

The results were statistically analysed by means of variance analysis.
Significance of sources of variation was checked using the F (Fisher-Snede-
cor) test and significance of differences between mean values was deter-
mined using Tukey’s test at a significance level of P=0.05 (TrETOWSKI, WOJCIK
1991).

Variable weather conditions prevailed in each growing season of the
study period (Table 1). The highest precipitation of 337.7 mm was recorded
in the growing season of 2006 but the distribution of rainfall was very une-
ven in the individual months. Large fluctuations were observed in the sum-
mer months, which are decisive for the growth, development and yield of
edible pea. On the basis of the calculated hydrothermal coefficient (K=1.01),
it was inferred that the growing season of 2007 was free from drought over
the months of rapid growth and yield accumulation (June, July), with the
respective values of hydrothermal coefficient equal 1.08 and 1.23. The grow-
ing season of 2008 was warm but the moisture conditions varied in individu-
al months. The highest precipitation was recorded in May, July and August.
The growing seasons of both 2007 and 2008 favoured the growth and yield
accumulation of edible pea.

RESULTS AND DISCUSSION

The analysis of the results of the experimental factors demonstrated
that the sowing density, weed control methods and weather conditions in
the individual years had a significant impact on edible pea seed yield.
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Table 1
Weather conditions during the pea vegetation period in 2006-2008
(Zawady Meteorological Station)
Months
Years Apr — Aug
Apr | May | June | July | Aug

Rainfalls (mm) Sum
2006 29.8 39.6 24.0 16.2 228.1 337.7
2007 21.2 59.1 59.0 70.2 31.1 240.6
2008 28.2 85.6 49.0 69.8 754 308.0
Mui?gg?fz‘z‘)‘(’)%‘;age 386 | 44.1 524 | 498 | 43.0 227.9
Air temperature (°C) Mean
2006 84 13.6 17.2 22.3 18.0 15.9
2007 8.6 14.6 18.2 18.9 18.9 15.8
2008 9.1 12.7 174 18.4 185 15.2
Mui'fg;';‘f;g‘(’)%‘;age 7.8 12,5 17.2 19.2 185 15.1
Sielianinov's hydrothermic coefficients Mean
2006 1.18 0.99 047 0.24 4.18 1.40
2007 0.82 1.37 1.08 1.23 0.53 1ol
2008 1.04 2.18 0.93 1.25 1.36 1.35

The highest average seed yield of 4.02 t hal was obtained at the as-
sumed sowing density of 125 plants per 1 m2. The lowest was the seed yield
(on average 3.21 t ha=l) at the assumed sowing density of 75 plants per
1 m2. Similar results were reported by Sawicki et al. (2000) as well as Kozak
and Koteckr (2006).

According to some authors (PopLESNY et al. 1993, Ksigzak 2007), it is
possible to obtain high yields when complex weed control is applied, which
was confirmed in the present work. Compared with the control, significantly
higher seed yields were obtained in the remaining plots, where either sin-
gle herbicides or their mixtures were applied. The highest yield (on average
4.84 t ha™l) was recorded in treatment 5, where sowing was immediately
followed by spraying with Afalon Dyspersyjny 450 SC at a dose of 1.5 dm3
ha-1 and then Basagran 600 SL at a dose of 2.0 dm? ha=! + Fusilade Forte
150 EC at a dose of 1.5 dm? ha™l, the mixture being applied when the
plants reached the height of 5 cm. The lowest average yield of 2.92t ha™!
was recorded in the control treatment, where mechanical weed control was
applied.
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Weather conditions in each growing season influenced the yield of edi-
ble pea seeds (Table 2). The highest yields were recorded in the growing
seasons of 2007 and 2008. They reached 3.90 and 3.98 t ha~1, respectively,
and were significantly higher than the yield harvested in 2006 (3.09 t ha™1).
According to Aivino and LeoNE (1993), MicHALSKA (1995), Foucereus and DoRE
(1997), SzwrJkOWSKA (2004) as well as Borowczak and REBARz (2007), weather
conditions have great influence on the level of edible pea seed yield. Vari-
ance analysis indicated that there was a significant interaction between weed
control methods and sowing density as well as study years and weed control
methods.

Table 2
Yield of pea seeds (t ha1)

Sowing density seeds Ve
1m2 ears

Weed control methods per 1 m Mean

75 100 125 2006 2007 2008

Control — mechanical weed
control — 3x

Afalon Dyspersyjny 450 SC 2.79 | 323 | 362 | 271 | 346 | 348 | 321

2.51 2.95 3.29 2.36 3.18 3.22 2.92

Harrowing 3x + Basagran

600 SL, 291 3.57 3.63 3.01 3.58 3.52 3.37

Afalon Dyspersyjny 450 SC +

Basagran 600 SL 3.64 3.98 4.25 3.34 4.18 4.35 3.96

Afalon Dyspersyjny 450 SC +
Basagran 600 SL+Fusilade Forte

Mean 3.21 3.75 4.02 3.09 3.90 3.98

4.19 5.03 5.29 4.04 5.11 5.36 4.84

LSDy, o5 between: years — 0.12; sowing rate — 0.12; weed control methods — 0.25; Interaction:
weed control methods x sowing rate — 0.32; weed control methods x years — 0.41

Thousand-seed weight (Table 3) was found to be significantly influenced
by the sowing density, weed control methods and weather conditions. As for
the sowing density, the highest thousand-seed weight was recorded for pea
seeds harvested from the plots with the densities of 75 and 100 seeds per
1 m? — the mean value was 262.8 g; the lowest thousand-seed weight (259.0 g)
was characteristic of the plots with the highest sowing density — 125 seeds
per 1 m2. The findings agree with the results obtained by Ksigzak (1996) as
well as Kozak and Kotkckr (2006). In contrast, KuLica et al. (1999) and
Sawicki et al. (2000) reported that plant density had no significant influence
on the characteristic in question.

The weed control methods significantly influenced thousand-seed weight.
The most favourable method, which affected the value of TSW, was the
procedure based on Afalon Dyspersyjny 450 SC followed by a mixture
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Table 3
Thousand seed weight (g)

Sowing density seeds

1 m2 Years
Weed control methods per 1 m Mean
75 100 125 2006 | 2007 2008

Control — mechanical weed
control — 3x

Afalon Dyspersyjny 450 SC 2619 | 262.0 | 2568.1 | 246.6 | 267.0 | 268.4 | 260.7

260.4 | 261.7 | 259.0 | 246.2 | 267.3 | 267.5 | 260.3

Harrowing 3x + Basagran

600 SI, 261.6 | 262.1 | 257.9 | 246.6 | 266.8 | 268.2 | 260.5

Afalon Dyspersyjny 450 SC +

Basagran 600 SL 262.0 | 2624 | 258.8 | 247.1 | 268.0 | 268.1 | 261.1

Afalon Dyspersyjny 450 SC +
Basagran 600 SL+Fusilade Forte

Mean 262.8 | 262.8 | 259.0 | 247.2 | 268.3 | 269.0

268.0 | 265.9 | 261.3 | 249.7 | 2725 | 2729 | 265.0

LSD,) 5 between: years — 0.36; sowing rate — 0.36 ; weed control methods — 0.51; Interaction:
weed control methods x sowing rate — n.s.; weed control methods x years — 1.03

n.s. — not significant

of Basagran 600 SL + Fusilade Forte 150 EC applied post-emergence. The
average TSW was 265.0 g, and this result is confirmed by Szwrjkowska (2006).

The weather conditions over the growing season influenced thousand-
seed weight, too. The highest and lowest mean TSW values were recorded
in the year 2008 (269.0 g) and 2009 (247.2 g), respectively. Szukara and
MAcIEJEWSKI (1995) as well as KuLic et al. (1999) reported that thousand-seed
weight was significantly affected by both precipitation and air temperature.

Statistically significant interactions of years and sowing density, and of
years and weed control methods were found. The interactions indicate an
individual response of sowing density to weather conditions as well as herbi-
cides applied in the particular growing seasons.

The analysis of an impact of sowing density on magnesium content indi-
cated no significant differences between magnesium concentrations, with the
mean values ranging between 1.345 and 1.350 g kg~l. The results were
confirmed by KoTttEcki and GRzaADKOWSKA (1997).

The variance analysis revealed that weed control methods significantly
influenced magnesium content in pea seeds (Table 4). The herbicides in-
volved in treatment 3 (Basagran 600 SL), 4 (Afalon Dyspersyjny 450 SC +
+ Basagran 600 SL) and 5 (Afalon Dyspersyjny 450 SC + Basagran 600 SL +
+ Fusilade Forte 150 EC) significantly increased magnesium content com-
pared with the control. Reduced magnesium content was recorded in treat-
ment 2, where only Afalon Dyspersyjny 450 SC had been applied. The high-
est magnesium content (1.389 g kg™1) in pea seeds was recorded in the plots



276

which, following sowing, were sprayed with Afalon Dyspersyjny 450 SC at a
dose of 1.5 dm3 ha~! and then a mixture of Basagran 600 SL at a dose of
2.0 dm3 ha™! + Fusilade Forte at a dose of 1.5 dm? ha™!, applied post-emer-
gence. Similar conclusions were reached by Ciszewska (1977). In their stud-
ies, ZARZECKA et al. (2002) found a significant response of potato tubers, in
terms of increased magnesium and calcium content, to an application of
herbicides and their mixtures. By contrast, Abomas and PioTrowicz-CIESLAK
(2007) found no significant influence of an application of herbicides on the
magnesium level.

The weather conditions in every growing season significantly affected
magnesium content in pea seeds (Table 4). The highest value was recorded
in the growing season of 2007, which was characterised by the most favour-

Table 4

Content of magnesium in pea seeds (g kg™1)

Sowing density seeds

1 m2 Years
Weed control methods per 1 m Mean
75 100 125 2006 2007 2008

Control — mechanical weed

1.328 | 1.316 | 1.303 | 1.280 | 1.334 | 1.332 | 1.316
control — 3x

Afalon Dyspersyjny 450 SC 1.317 | 1.298 | 1.308 | 1.289 | 1.327 | 1.307 | 1.307

Harrowing 3x + Basagran

600 SL, 1.342 | 1.339 | 1.354 | 1.318 | 1.362 | 1.356 | 1.345

Afalon Dyspersyjny 450 SC +

Basagran 600 SL 1.370 | 1.380 | 1.387 | 1.368 | 1.386 | 1.383 | 1.379

Afalon Dyspersyjny 450 SC +
Basagran 600 SL+Fusilade Forte

Mean 1.346 | 1.345 | 1.350 | 1.322 | 1.363 | 1.356 -

1.376 | 1.393 | 1.398 | 1.357 | 1.407 | 1.403 | 1.389

LSD,) (5 between: years — 0.006; sowing rate — n.s.; weed control methods — 0.08; Interaction:
weed control methods x sowing rate — 0.011; weed control methods x years — 0.013

n.s. — not significant

able precipitation and temperature distributions. In turn, the lowest magne-
sium content was obtained in the growing season of 2006, when precipita-
tion was unevenly distributed in individual months. Marked fluctuations were
recorded in June and July — the key months for the development and yield
accumulation of edible pea. STEPNIAK-SOEYGA and WodJTasik (2003) reported sig-
nificant influence of moisture conditions on seed mineral composition. The
variance analysis showed that there was an interaction of sowing density
and weed control methods.

Calcium content in pea seeds varied depending on sowing density. The
highest content was obtained at the sowing density of 125 plants per 1 m? —
on average 0.928 g kg~l. In turn, the lowest was the content associated
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with the sowing density of 75 plants per 1 m? — on average 0.923 g kg1.
However, the differences were not significant. The findings were confirmed
in the studies by Kotecki and Grzapkowsa (1997).

The statistical calculations indicated that the herbicides applied in the
experiment significantly increased the calcium content in pea seeds com-
pared with the control (Table 5). The highest calcium concentration
(0.989 g kg~1) was obtained in the pea seeds harvested from the plots where
Afalon Dyspersyjny 450 SC, applied just after sowing at a dose of 1.5 dm3 ha™1,
was followed by Basagran 600 SL at a dose of 2.0 dm3 ha™!, applied when
plants were 5 cm high.

Table 5

Content of calcium in pea seeds (g kg™1)

Sowing density seeds Y
1m2 ears

Weed control methods per 1 m Mean

75 100 125 2006 2007 2008

Control — mechanical weed
control — 3x

Afalon Dyspersyjny 450 SC 0.890 | 0.897 | 0.911 | 0.832 | 0.942 | 0.923 | 0.899

0.879 | 0.888 | 0.883 | 0.817 | 0.919 | 0.914 | 0.883

Harrowing 3x + Basagran
600 SL

Afalon Dyspersyjny 450 SC +
Basagran 600 SL

Afalon Dyspersyjny 450 SC +
Basagran 600 SL+Fusilade Forte

Mean 0.923 | 0.927 | 0.928 | 0.848 | 0.975 | 0.956 -

0.933 | 0.931 | 0912 | 0.866 | 0.961 | 0.950 | 0.926

1.016 | 0.970 | 0.980 | 0.887 | 1.060 | 1.019 | 0.989

0.899 | 0.951 | 0.954 | 0.837 | 0.994 | 0.973 | 0.935

LSD, 45 between: years — 0.02; sowing rate — n.s.; weed control methods — 0.03; Interaction:
weed control methods x sowing rate — n.s.; weed control methods x years — n.s.

n.s. — not significant

The weather conditions influenced the calcium content in edible pea
seeds. The highest content, on average 0.975 g kg™, was recorded in 2007,
when both precipitation and temperature distributions were favourable. The
lowest calcium content, i.e. 0.848 g kg~1, was found in 2006, when precipita-
tion was unevenly distributed. The differences in Mg and Ca content linked
to the impact of weather conditions were confirmed in the study by Japczak
et al. (2006). Significant influence of weather conditions on magnesium and
calcium content was reported by ZarzeEcka et al. (2002).
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CONCLUSIONS

1. Application of herbicides in edible pea cultivation contributed to in-
creased seed yields as well as seed robustness. The highest yield and thou-
sand-seed weight were obtained in the plots of the treatment where weeds
were controlled with Afalon Dyspersyjny 450 SC applied just after sowing
and followed by a mixture of Basagran 600 SL + Fusilade Forte 150 EC
applied post-emergence.

2. The herbicides and their mixtures examined in the experiment signif-
icantly increased magnesium and calcium content compared with the con-
trol. The highest Mg and Ca content was associated with an application of
three herbicides, namely Afalon Dyspersyjny 450 SC and a mixture of Basa-
gran 600 SL + Fusilade Forte 150 EC.

3. Magnesium and calcium concentrations in edible pea seeds were sig-
nificantly affected by weather conditions in individual growing seasons. The
highest concentrations of the macroelements in pea seeds were obtained in
the growing seasons characterised by an even distribution of precipitation
and temperature.
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Abstract

The research aimed to assess the effect of bottom sediment on the content, bioaccu-
mulation and translocation of heavy metals in maize biomass. The investigations were con-
ducted in 2006-2007 as a pot experiment on light soil of the granulometric composition of
weakly-loamy sand. The experimental design comprised 3 treatments: without sediment
(I), a 5% sediment admixture (II) and a 10% sediment admixture to the soil (III). Bottom
sediment was added to the soil in the first year of the investigations. The content of Zn,
Cu, Ni. Pb, Cd and Cr was determined using the ICP-EAS method in the plant material
after its dry mineralization and ash solution in HNOg. The uptake of the above-mentioned
metals by maize was computed alongside their bioaccumulation and translocation coeffi-
cients. The effect of bottom sediment admixture on heavy metal concentrations in maize
was determined to be varied, e.g. a 5% dose of sediment added to soil decreased the con-
tent of all the analyzed heavy metals in the biomass of maize aerial parts, whereas a 10%
admixture increased the content of Cu, Ni, Pb and Cr. The values of bioaccumulation coef-
ficients revealed that an admixture of both doses of bottom sediment led to a decreased
accumulation of Zn, Cu, Cd, Cr and Ni (5% dose) in maize aerial biomass. Moreover, the
plant more easily accumulated Zn, Cd and Cu than Cr, Ni or Pb. Permissible amounts of
heavy metals in plants to be used as animal fodder were not exceeded in the maize bio-
mass.

Key words: bottom sediment, heavy metals, maize.
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WPLYW OSADU DENNEGO NA ZAWARTOSC, BIODAKUMULACJE
I TRANSLOKACJE METALI CIEZKICH W BIOMASIE KUKURYDZY

Abstrakt

Celem badan byta ocena wplywu osadu dennego na zawarto$é¢, bioakumulacje i trans-
lokacje metali ciezkich w biomasie kukurydzy. Badania prowadzono w latach 2006-2007,
w warunkach do$wiadczenia wazonowego, na glebie lekkiej o sktadzie granulometrycznym
piasku stabogliniastego. Schemat do$wiadczenia obejmowat 3 obiekty: bez osadu (I), z do-
datkiem 5% osadu (II) i dodatkiem 10% osadu do gleby (III). Osad denny dodano do gleby
w pierwszym roku badan. Zawarto$¢ Zn, Cu, Ni, Pb, Cd, Cr w materiale ro§linnym ozna-
czono po suchej mineralizacji i roztworzeniu popiotu w HNOg. Obliczono wynos ww. metali
przez kukurydze oraz ich wspétezynniki bioakumulacji i translokacji. Stwierdzono niejedno-
znaczny wpltyw dodatku osadu dennego na zawarto$¢ metali ciezkich w kukurydzy. Osad
dodany w ilosci 5% do gleby wplynat na zmniejszenie zawartosci wszystkich analizowanych
metali w nadziemnej biomasie kukurydzy, natomiast 10% dodatek osadu na zwiekszenie
ich zawartosci (Cu, Ni, Pb, Cr). WartoSci wspétczynnikéw bioakumulacji §wiadcza, ze doda-
tek osadu dennego w obu dawkach spowodowal zmniejszenie akumulacji Zn, Cu, Cd, Cr
oraz Ni (dawka 5%) w biomasie nadziemnej kukurydzy, ponadto rosliny tatwiej akumulo-
waly Zn, Cd i Cu niz Cr, Ni i Pb. W biomasie kukurydzy nie stwierdzono przekroczenia
dopuszczalnych zawartosci metali ciezkich przyjetych do oceny roslin pod wzgledem ich
przydatnosci paszowej.

Stowa kluczowe: osad denny, metale ciezkie, kukurydza.

INTRODUCTION

Most of the toxic substances, including heavy metals, which reach open
waters as a result of human economic activities are trapped in bottom sedi-
ments. Bottom deposits which accumulate these substances are therefore
an important source of information about the degree of anthropopressure
on water environment (Bosjakowska 2001). Another crucial aspect of the pol-
lution of bottom sediments is how to handle or dispose of them after their
extraction from the bottom of rivers, dam reservoirs, ports, channels or
ponds (Fonseca et al. 1998, Mapeyskr 2003, PorEnDA et al. 2007). Many au-
thors emphasize that utilization of bottom sediments free from chemical or
biological pollution in agriculture may be of considerable environmental and
ecological importance and may prove to be the most rational way of their
management (Fonseca et al. 1998, 2003, PLEczaR et al. 1998, WISNIOWSKA-
KieLiaN, Niemiec 2007ab). The research aimed to assess the effect of bottom
sediment on the content, bioaccumulation and translocation of heavy metals
in maize biomass.
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MATERIAL AND METHODS

The investigations were conducted in 2006-2007 as a pot experiment.
The experiment was conducted on light soil of the granulometric composi-
tion of weakly-loamy sand and pHyq 6.21. With respect to the threshold
levels of heavy metals in soil, the investigated soil had natural content of
Cu, Pb, Ni, Cd and elevated content of Zn (KaBaTa-PENDIAS et al. 1995). Bot-
tom sediments originated from a small retention reservoir localized in the
village of Zestawice, 8.7 km of the Dtubnia River (Province of Matopolska,
wojewddztwo matopolskie) (JasiEwicz, BARAN 2006). The bottom sediment was
classified as ordinary silt deposit of pHygs 7.35. It had a low content of
available phosphorus and potassium but a high content of magnesium (Ta-
ble 1). The bottom sediment evaluation concerning heavy metal concentra-
tions was conducted according to the Ordinance of the Minister of the Natu-
ral Environment on types and concentrations of substances which cause yield
pollution (Dz.U. 2002 nr 55, poz. 498), whereas the way it was handled was
determined with respect to the IUNG criteria (KaBATA-PENDIAS et al. 1995)
and the Ordinance of the Minister of the National Environment on soil qual-
ity standards and earth quality standards (Dz.U. 2002, nr 165, poz. 1359).
According to the above regulations and the IUNG assessment, the levels of
heavy metal in the analyzed sediment did not exceed the content admissible
for yield or for the soil and land of group B, and was classified as natural
(degree 0) — Table 1.

Air dry bottom sediment was added to the soil in the first year of the
investigations. The experimental design comprised 3 treatments: without sed-
iment (I), a 5% sediment admixture (II) and a 10% sediment admixture to
the soil (IIT). The same NPK fertilization, i.e. 1.8 g N, 1.1. g P, and 22 g K
per pot (8 kg soil d.m.), was applied to all the treatments. The mineral salts
NH4NO3; KH,PO, and KCI were added each time prior to the test plant
sowing.

Table 1
Selected properties of bottom sediment

Share of @ (mm) fraction m(zi%e.zr Total N P,05 K,0 Mg
1-0.1 0.1-0.02 <0.02 (g kg1l dm.) (mg kg1 d.m.)
8% 66% 26% 25.8 1.0 44.6 69.7 1174
Heavy metals Cr Zn Pb Cu Cd Ni
(mg kg~ dm.) 15.0 76.31 12.85 12.23 0.35 11.0
Norm* <200 <1000 <200 <150 <75 <75
Norm (grounds B)** 150 300 100 150 4 1
IUNG - <100 <70 <40 <1 <50

*Journal of Laws of 2002, no. 55, item 498, **Journal of Laws of 2002, no. 165, Item 1359
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After harvest, the plant material was dried in a dryer with forced air
flow at 65°C, after which the plant material was comminuted in a laborato-
ry mill and subjected to chemical analysis. The content of Zn, Cu, Ni, Pb,
Cd and Cr in the plant material was determined using the ICP-EAS method
after its dry mineralization and ash solution in HNO;. The uptake of the
above-mentioned metals by maize was computed, as well as their bioaccu-
mulation and translocation coefficients. The results were verified statistical-
ly by means of one way ANOVA and Tukey test at significance level a =0.05,
using Statistica 8.1. programme.

RESULTS AND DISCUSSION

Our analysis of zinc distribution in the plant revealed that its roots
contained on average 34% more of this metal than the aerial parts (Table 2).
The highest Zn concentrations both in the aerial parts and roots found
among the experimental treatments were in the control plants (Table 2).
Significantly smallest quantities of zinc were assessed in the plants from
treatments with a 5% supplement of the sediment to the soil. In these treat-
ments, maize had 29% less of Zn (aerial parts) and 27% (roots) in compari-
son with the object without the sediment. The admixture of both bottom
deposit doses to the soil significantly diminished Zn content in maize roots
(Table 2). It might have been connected with the bottom sediment effect on
the soil pH, where an increase in pH value decreases zinc bioavailability,

Table 2
Heavy metal content in maize
Treatment Shoots (mg kg~! d.m.)
Zn Cu Ni Pb Cd Cr
Soil without sediment 35.39% | 1550 | 0.309b 0.74 0.23° 0.59
Soil+ 5% sediment 25.07¢ | 1.20¢ 0.26¢ 0.73 0.132 0.54
Soil +10% sediment 34.200 1.610 0.40¢ 0.85 0.22ab 0.61
LSDy o5 5.60 0.33 0.1 sn. 0.09 s
Treatment roots (mg kg~ d.m.)
Zn Cu Ni Pb cd Cr
Soil without sediment 58.650 | 4.020b 2.07 4.09 1.93b 2.00
Soil+ 5% sediment 4256 | 4.77° 2.35 3.59 1.49¢ 1.92
Soil +10% sediment 43.02¢ | 2.90¢ 2.28 3.84 1.7440 1.66
LSD o5 7.15 141 s.n. s.n. 0.25 s.n.

s.n. — statistically non-significant
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whereas a decline in pH value favours zinc availability to plants. The bot-
tom sediment had alkaline reaction (pHy 7.35) and therefore caused worse
zine solubility in soil.

The present investigations revealed that maize roots accumulated be-
tween 1.8- and 4-fold more copper than the aerial parts (Table 2). An admix-
ture of bottom sediment to the soil did not produce an identical effect on
the copper concentrations in maize biomass. Significantly the highest con-
centrations of this metal were found in maize aerial parts from the treat-
ment with a 10% supplement of bottom deposit, and in roots from the treat-
ment with a 5% share of bottom sediment in the soil. The lowest copper
content in the aerial biomass was assessed in the treatment with a 5%
share of the sediment and in roots in the treatment where a 10% admix-
ture was used to light soil. In both cases, the relationships were statistically
significant (Table 2).

In our experiment, maize roots had on average 86% more nickel than
aerial parts. In the aerial biomass, the highest and statistically significant
nickel concentrations were registered on the variant with a 10% admixture
of bottom deposit to the soil whereas the lowest ones appeared in the vari-
ant with a 5% share (Table 2). The aerial parts from these treatments con-
tained 25% more (10% of sediment) and 13% less Ni (5% of sediment) in
comparison with the control. An admixture of bottom deposit to light soil
increased nickel concentrations in roots, but the differences were statistical-
ly non-significant. WisNiowska-KieLIAN and NiEmiec (2007a) obtained slightly
different results, i.e. between 1 and 4% admixture of bottom sediment led
to increaed nickel accumulation in maize aerial biomass, whereas an over
6% sediment supplement diminished its content. These authors found the
highest nickel concentrations in maize roots in treatment with a 10% ad-
mixture of bottom sediment.

Maize roots accumulated over 4.5- to 5-fold more lead than the aerial
parts (Table 2). The results confirm the hypothesis that relatively big quan-
tities of lead present on the root surface are a mechanism limiting this
metal uptake from soil (BaArRaNowsKA-MoOREK 2003). An admixture of bottom
sediment to soil did not diversify statistically significantly the content of
lead in the examined parts of maize. In the aerial parts, the highest Pb
concentrations were determined in the treatment with a 10% bottom sedi-
ment admixture to the soil (Table 2). Wisniowska-KiELIAN and NieMiec (2007a)
reported different results, i.e. lower doses of bottom sediment, i.e. between
1 and 4% increased Pb content, whereas the doses higher than 6% led to
a decrease in Pb concentrations in aerial biomass. In the present experi-
ment, a bottom sediment admixture caused a decline in Pb root concentra-
tions (Table 2). Wisniowska-KieLIaAN and Niemiec (2007a) also found that the
lead content diminished in roots as a result of bottom deposit application
but only at its highest, i.e. 16%, share. In another experiment, WISNIOWSKA-
-KieLiaN and Niemikc (2007b) demonstrated that lead accummulation in aerial
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parts and roots of oat and narrowleafed lupine became limited under the
influence of as much as 10% bottom sediment admixture to the soil.

The maize roots contained 9% more cadmium than the aerial parts (Ta-
ble 2). As for zinc, the applied bottom sediment caused a significant de-
crease in cadmium content in aerial parts and roots of maize in comparison
with the treatment without the deposit. The lowest amounts of cadmium
were found in the plants from the treatments with a 5% sediment supple-
ment to the soil. A 5% sediment admixture lowered the cadmium level by
44% in maize aerial biomass and by 23% in roots in comparison with the
object without the sediment (Table. 2). Similar relationships were reported
from other studies, in which application of bottom sediment to soil led to
a decline in the Cd content in maize, oat and narrowleafed lupine biomass
(Wisniowska-KIELIAN, NIEMIEC 2007ab).

The maize roots accumulated on average 69% more chromium in com-
parison with the aboveground biomass (Table 2). An admixture of bottom
sediment to soil in 5 and 10% were not diversify statistically significantly
the content of chromium in the aerial parts and roots of maize. The highest
Cr concentrations in the aerial parts were found in the treatment with a 10%
admixture of bottom sediment to the soil (Table 2). In the maize roots,
a decrease in Cr content was noticed under the influence of both doses of
bottom sediment added to the soil.

Considering the share of individual maize parts in the general element

uptake, it was noticed that the highest amounts of elements were removed
with the maize aerial biomass (Table 3), which absorbed 86% Zn, 77% Cu,

Table 3
Heavy metals uptake by maize
Treatment Shoots (mg kg~ d.m.)
Zn Cu Ni Pb Cd Cr
Soil without sediment 10.41° 0.46 0.09 0.22b 0.07 0.17
Soil+ 5% sediment 8.03¢ 0.38 0.08 0.15a 0.04 0.16
Soil +10% sediment 10.23° 0.48 0.12 0.27¢c 0.07 0.18
LSDy o5 1.86 s.n. s.n. 0.04 s.n s.n.
Treatment roots (mg kg~! d.m.)
Zn Cu Ni Pb Cd Cr
Soil without sediment 2.01° | 0.14% 0.07 0.14% 0.07° 0.07
Soil+ 5% sediment 1.42¢ 0.16° 0.09 0.07¢ 0.05¢ 0.06
Soil +10% sediment 1.31¢ 0.09¢ 0.07 0.13ab 0.05¢ 0.05
LSD, 5 0.34 0.05 sa. 0.05 0.01 sq.

s.n. — statistically non-significant
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74% Cr, 66% Pb, 55% Ni and 51% Cd of the total heavy metal concentra-
tions. On the other hand, the analysis of heavy metal uptake depending on
the applied quantities of bottom sediment revealed a significantly lower up-
take of Zn, Cd (roots), Cu (roots), and Pb (5% dose). Plants growing on soil
with a 5% addition of bottom sediment were characterized by the lowest
metal uptake, which resulted from the highest maize yields from this treat-
ment. Additionally, the aerial biomass produced from this treatment revealed
the lowest metal concentrations (Table 2). In this treatment, 39% Pb, 31%Cd,
24% 7Zm, 9% Cr and 8% Cu less were taken up with yield than in the treat-
ment without the deposit (Table 3). The highest uptake of Zn, Cu, Cd and
Cr was recorded for the control plant yield, while most Ni and Pb were
found in the plant biomass from the treatment with a 10% admixture of
bottom sediment.

The assessment of the degree and direction of the translocation of indi-
vidual elements in plant distinguishes two coefficients of plant sensitivity to
heavy metals, i.e. bioaccumulation and translocation coefficient. The value
of bioaccumulation coefficient (BC) shows the ability of a plant to absorb
components from soil and the size of metal translocation from the soil solu-
tion to plant aerial parts. Bioaccumulation coefficient is the ratio of plant
heavy metal concentration to its quantity in soil (GrzEBisz et al.1998). The
computed values of bioaccumulation coefficient revealed that maize more
easily accumulated Zn, Cd and Cd (the highest values of BC) than Cr, Ni or
Pb (Table 4), which evidences considerable mobility of Zn and Cd in compar-
ison with other metals and their relatively easy absorption by plants. Mode-
rate accumulation levels were assessed for zinc, cadmium and copper (BC;
0.1-1), whereas the other metals (BC; 0.01-0.1) produced low BC. While esti-
mating the effect of bottom sediment, it was determined that both its doses
added to the soil led to a decrease in Zn, Cu, Cd, Cr and Ni accumulation
(5% dose) in maize aerial biomass in comparison with the plants which ab-
sorbed the highest amounts (Table 4). It was only the level of lead that rose
by 4% (5% of sediment) and 17% (10% sediment) in comparison with the
control plants as a result of soil enrichment with bottom sediment. Dimin-
ished values of bioaccumulation coefficient in maize may be explained by
the fact that bottom sediment admixture to the soil alkalized the soil envi-
ronment (increasing its pH value), therefore decreasing metal availability to
plants. Mobility of the metals in maize was determined using translocation
coefficient (TC). This parameter was computed as a ratio of metal content
in the aerial parts to its content in roots (JasiEwicz, ANToNKIEWICZ 2000). In
maize, the values of TC coefficient appeared in the following increasing or-
der: Cd < Ni < Pb < Cr < Cu < Zn (Table 4). Our analysis of the TC coeffi-
cient values showed that maize roots absorbed the highest quantities of Cd,
Ni and Pb. A 5% admixture of bottom sediment caused a decline in this
parameter value by 1.5% for zinc, 11% for chromium, 30% for copper and
cadmium and 35% for nickel, but 7% increase for lead versus the control
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Table 4
Bioaccumulation and translocation coefficient of metals in maize
Bioaccumulation coefficient (BC)
Treatment
Zn Cu Ni Pb Cd Cr
Soil without sediment 0.63 0.33 0.07 0.03 0.45 0.09
Soil+ 5% sediment 0.40 0.25 0.06 0.03 0.27 0.08
Soil +10% sediment 0.55 0.32 0.10 0.04 0.43 0.09
translocation coefficient (TC)
Treatment
7n Cu Ni Pb Cd Cr
Soil without sediment 0.60 0.39 0.15 0.20 0.12 0.31
Soil+ 5% sediment 0.61 0.27 0.09 0.21 0.09 0.28
Soil +10% sediment 0.80 0.56 0.18 0.22 0.13 0.38

values. This coefficient reached its highest values for all the analyzed met-
als when a 10% supplement of bottom sediment was added to the soil, which
points to an increased metal mobility in plants under the influence of the
applied bottom deposit (Table. 4). The value of the metal translocation coef-
ficient in this treatment increased by 2% for cadmium, 11% for lead,18% for
chromium and nickel, 24% for zinc and by over 30% for copper in compari-
son with the control. Wisniowska-KieLIAN and Niemiec (2007a) obtained slight-
ly different results. These authors found that bottom deposit added to soil
significantly lowered values of metal translocation coefficients in maize. Also
AntoNkIEWICZ and Losak (2007) revealed a decrease in value of this coeffi-
cient in plants as a result of ash admixture to soil due to the substrate
alkalization.

To sum up, extracted sediments which are either neutral or alkaline,
have a high content of silt and clay fractions and low heavy metal concen-
trations may be utilized for improving the properties of light and acid soils
(Wisniowska-KieLIAN, N1EMIEC 2007ab). The sediment applied in the present
research had a high share of silt and clay fractions, alkaline pH and low
content of heavy metals, therefore it may be used as an admixture to the
above-mentioned soils to improve their productivity. It is commonly know
that pH has much influence on metal mobility; the lower pH value, the
greater the solubility of individual metals. Another environmentally justifia-
ble method of dredged sediment management is to use it use as structure
and soil forming material for soilless systems and wastelands (PoPENDA et al.
2007). In the present experiment, the assessment of heavy metal content in
maize included the assumption that the maize biomass would be used for
production of animal feeds, therefore using threshold limits of heavy metals
in plants stated by various authors Curyzo et al. (1985), KaBaTA-PENDIAS et al.
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(1993) and the Ordinance of the Minister of Agriculture and Rural Develop-
ment on the permissible quantities of undesirable substances in feeds (Dz.U.
2007. Nr 20, poz. 119). The permissible amounts of heavy metals in feeds
are as follows: <100 mg Zn, <10 mg Cu, <10 mg Cr, <10 mg Ni, <5 mg Cd
and <10 mg Pb kg1 d.m. The assessment of the maize biomass obtained
using these threshold levels proved that it met the requirements set for
good quality fodder with respect to the contents of all the heavy metals.

CONCLUSIONS

1. The sediment added to the soil as a 5% dose decreased the content of
all the analyzed heavy metals in maize aerial biomass, whereas a 10% ad-
mixture increased their content (Cu, Ni, Pb and Cr).

2. The values of bioaccumulation coefficients revealed that an admixture
of both doses of bottom sediment led to a decreased accumulation of Zn, Cu,
Cd, Cr and Ni (5% dose) in maize aerial biomass. However, under these
conditions maize more easily accumulated Zn, Cd and Cu than Cr, Ni or Pb.

3. The values of translocation coefficient showed increased metal mobili-
ty in roots to arerial parts under the influence of a 10% bottom sediment
admixture to the soil.

4. No excess of the permissible content of heavy metals in plants used
as animal forage were found in the maize biomass.
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Abstract

Recent years have witnessed growing interest in research on the structure and pro-
perties of proteins and peptides as physiologically active dietary components. The above
has spurred a new interest in the isolation of animal, plant and microbiological peptides
and investigation of their biological activity. The isolation and separation of protein and
peptide mixture is not an easy procedure. Immobilised Metal Ion Affinity Chromatography
(IMAC) is increasingly often used in this process. Affinity chromatography relies on the
specific interactions between amino acids, their reactive groups in peptides and metal ions.
The objective of this study was to determine whether copper and nickel ions can be used
for the separation of peptides isolated from string beans than had been blanched and he-
ated in a microwave oven. In this study, peptides extracted with 1% trichloroacetic acid
(TCA) from string beans that had been blanched and heated in a microwave oven, were
separated by chromatography on columns with copper and nickel ions immobilised thro-
ugh iminodiacetic acid (IDA). Peptide concentrations of the separated fractions were deter-
mined. Peptides found in string beans had similar affinity for metal ions in the Cu > Ni
sequence, with selectivity in the Ni > Cu sequence. Microwave heating of string beans
decreases the peptide content of extracts isolated with 1% TCA. The resulting changes are
dependent on the duration of the process and the type of heating medium. Affinity chro-
matography with the use of metal ions immobilized to iminodiacetic acid (IDA)-Sephadex
G-25 may be successfully used for the separation of peptides isolated from string beans.

Key words: peptides, IMAC, metal ions, string beans.
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WYKORZYSTANIE WYBRANYCH JONOW METALI W PROCESIE ROZDZIALU
PEPTYDOW IZOLOWANYCH Z FASISZPARAGOWEJ PODDANEJ
OBROBCE TERMICZNEJ

Abstrakt

W ostatnich latach obserwuje sie coraz wigksze zainteresowanie badaniem struktury
oraz wlasciwosci biatek i peptydow jako fizjologicznie aktywnych skladnikow diety. W zwigz-
ku z powyzszym wzroslo zainteresowanie izolowaniem i badaniem biologicznie aktywnych
peptydoéw pochodzenia zwierzecego, roslinnego oraz mikrobiologicznego.

W skomplikowanym procesie rozdziatu i izolowania mieszanin biatek i peptydow coraz
szersze zastosowanie znalazta chromatografia powinowactwa na unieruchomionych jonach
metali — IMAC (Immobilized Metal Ion Affinity Chromatography). Chromatografia powino-
wactwa wykorzystuje specyficzne oddzialywania miedzy aminokwasami oraz ich reaktyw-
nymi ugrupowaniami w peptydach a jonami metali. Celem pracy bylo zbadanie przydatno-
$ci jonow miedzi i niklu w procesie rozdzialu peptydow izolowanych z fasoli szparagowej
poddanej blanszowaniu i ogrzewaniu mikrofalami. Fasole szparagowa poddano odpowied-
niej obrobce cieplnej (blanszowanie i ogrzewanie w kuchence mikrofalowej), a z uzyskane-
go surowca ekstrahowano peptydy 1% kwasem tréjchlorooctowym (TCA) Nastepnie prze-
prowadzono rozdzial chromatograficzny na kolumnach z unieruchomionymi jonami niklu
imiedzi poprzez kwas iminodioctowy (IDA). W otrzymanych frakcjach oznaczono zawartosé
peptydow. Peptydy obecne w fasoli szparagowej charakteryzowaly sie zblizonym powino-
wactwem do jonow metali, co przebiegalo w kolejnosci Cu > Ni, natomiast selektywnos¢
uktadata si¢ w kolejnosci Ni > Cu. Ogrzewanie fasoli szparagowej obniza poziom peptydéw
w ekstraktach izolowanych 1% TCA. Zmiany uzaleznione sg od czasu trwania procesu iro-
dzaju zastosowanego czynnika grzewczego. Metoda chromatografii powinowactwa z wyko-
rzystaniem unieruchomionych jonéw metali na schelatowanym kwasem iminodioctowym
(IDA) zelu Sephadex G-25 moze byé z powodzeniem stosowana do rozdziatu peptydéw izo-
lowanych z fasoli szparagowe;.

Stowa kluczowe: peptydy, IMAC, jony metali, fasola szparagowa.

INTRODUCTION

Increasing interest in the properties of proteins and peptides as bioac-
tive dietary components has prompted further investigations into the isola-
tion and activity of peptides of animal, plant and microbiological origin. It is
not easy to select a technique appropriate for the separation of physiologi-
cally active peptides and proteins from impurities, and to ensure optimum
isolation conditions so as to obtain a product with the highest biological
activity.

Immobilised Metal Ion Affinity Chromatography (IMAC) relies on specif-
ic interactions between amino acids, their reactive groups in proteins and
peptides and ,transitory” metal ions, in particular Cu?+, Zn?*, Ni2*+, Co?*,
Fe3+ (CHaca 2001). These ions are immobilised by a chelating compound on
the bed, forming specific adsorbents which bind proteins and peptides.
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Protein affinity for metal ions is determined by numerous factors, in-
cluding protein structure, type of chelating compound, pH, type of solvent,
presence of salt and competitive ligands or type of metal ions. The chelating
compound on the bed (without immobilized metal ions) can be applied for
removing metal ions, which are contained in edible parts of some fresh
vegetables or aquatic plants (Bosiacki, TyksiNskr 2009, SENZE 2009).

The objective of this study was to determine whether copper and nickel
ions can be used for the separation of peptides isolated from string beans
that had been blanched and heated in a microwave oven.

MATERIALS AND METHODS

Frozen pods of dwarf, green-podded string bean cv. Fana were used in
the study. String beans were blanched at 90°C and heated in a microwave
oven (Philips/Whirlpool — model 606), used 3 power range 500, 750 and 900
Watts. The heating process was carried out for 2, 4, 6, 8 and 10 min.

Peptides were extracted from well-homogenized string bean pods with
1% trichloroacetic acid (TCA). Homogenate of 1 g sample of heated string
beans was stirred with a magnetic stirrer with 10 ml of 1% TCA (pH 1,4) for
2 hours at room temperature. The solid fraction was separated by centrifu-
gation at 4000 rpm for 15 min. The collected extracts were separated by
immobilized copper and nickel ion affinity chromatography.

Gel preparation for peptide separation by IMAC

Sephadex G-25 medium was mixed with a solution containing 0.0375 g
NaBH,, 10 cm?® 2 M NaOH and 1 cm3 of epichlorohydrin. The suspensmn
was mixed slowly for 2 hours at room temperature, and 10 cm3 of 2 M
NaOH and 5 cm? of epichlorohydrin solutions were gradually added during
this time. The mixture was left overnight to complete the reaction. The gel
was Washed on a Biichner funnel and dried. The dried gel was mixed with
25 cm? of a solution containing 5.3 g Na2003 2.5 g iminodiacetate acid (IDA)
and 0.03 g NaBH, The suspension was left overnight at 60°C, being stirred
slowly from time to time. After 24 hours, the gel was washed with distilled
water followed by diluted acetic acid and distilled water again, to neutralize
the pH. 50 ml of a solution containing copper (nickel) ions at a concentra-
tion of 1 mg cm™ was added to the gel. Next, the bed was transferred to
al.5 cm diameter and 12 cm long column. The column was equilibrated
with 40 cm? of a 0.05 M solution of Tris-HCI buffer, pH 7.5. A 2 cm? sample
was applied to a glass column packed with gel, and fractions 1-36 were elut-
ed with a pH gradient of Tris-HCI buffer: 7.5, 5.5, 4.5 and back to 7.5 (ad-
justed with EDTA-fraction 37-70). 4 cm3 fractions were collected at a flow
rate of 40 cm3 hour™!
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The peptide content was determined spectrophotometrically with trini-
trobenzesulfonic acid (TNBS), according to the Habeeb’s method (HABEEB 1966)
modified by ADLER-NISSEN (1979). Leucylglycine were used as standards
(340 nm).

RESULTS AND DISCUSSIONS

Non-ionizing electromagnetic radiation induces specific intermolecular
interactions which during traditional cooking occur at a much slower rate,
or are not observed at all. Recent research focuses on untypical changes in
the structure of saccharide and protein molecules, activation of certain en-
zymes, the change in the configuration of amino acids from the naturally
occurring left-handed to right-handed, and changes in the structure of fatty
acid molecules induced by free radicals. These processes proceed much fast-
er during microwave heating. Microwave irradiation causes rapid dipole reo-
rientation and hydrogen bond breaking, and creates molecular friction (SUROWKA
1994). The thermal processing of string beans resulted in a significant de-
crease in the content of peptides (extracted with 1% TCA) obtained by chro-
matographic separation, regardless of the type of metal ions immobilized on
the column (Figures 1, 2). Additional fractions of peptides showing high

microwaive — 900 W
blanching

microwaive — 750 W
microwaive — 500 W

NHE

time (min.)

Fig. 1 Peptide content of fractions 3-5 obtained from IMAC chromatography of extracts
from string bean (after heating) on Cu(II)-IDA-Sephadex

affinity for both copper and nickel ions were obtained after two minutes of
blanching. The fact that these additional fractions were obtained by separa-
tion using immobilized nickel ions after two and then after six minutes of
blanching may be indicative of conformational changes accompanied by de-
naturation and partial hydrolysis of molecules. The lowest degree of dena-
turation was observed in string beans processed with microwaves for 2 min-
utes at 500 W. The reason for these changes could be the differences in
dissociation of fraction 11S into subunits with exposure of hydrophobic sur-
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microwaive — 900 W
microwaive — 750 W
blanching

microwaive — 500 W

JHHE

time (min.)

Fig. 2. Peptide content of fractions 3-5 obtained from IMAC chromatography of extracts
from string bean (after heating) on Ni(II)-IDA-Sephadex

faces of the S-conformation of polypeptide chains, which may polymerize or
interact with other molecules. After two and four minutes of heating with
500 W microwaves, the peptide content of fractions 3-7, determined with
TNBS, was substantially lower than in blanched samples. Microwaves con-
siderably accelerate the hydrolysis of peptide bonds: two-hour microwave
heating of a protein solution in hydrochloric acid produces a comparable
quantity of amino acids as traditional 24-hour hydrolysis (KroLL et al. 1998).

Columns with immobilized Cu ions are often used in the process of pro-
tein and peptide separation. They have been applied to selectively purify
synthetic peptides containing cysteine and histidine (HANSEN et al. 1996), to
separate peptides obtained through casein hydrolysis (LN et al. 2000), to
purify antibodies and their proteolytic/recombinant fragments (RoGuE et al.
2007), and to isolate human immunoglobulin IgG (Vancan et al. 2002). The
process of affinity chromatography involving chelate-bound metal ions is de-
termined by many factors (Uepa et al. 2003). Due to the above, the results
obtained in this study are difficult to compare with the findings of other
authors. The effectiveness of different metal ions used in a given process
can be tested reliably only with the use of the same bed and the same
material subjected to separation, under identical elution conditions.

As shown in the fraction images obtained after the separation of ex-
tracts from string beans heated in a microwave oven, the largest peak was
observed for fractions 3-5 irrespective of the heating time, microwave power
and the type of metal ions immobilized on the column (Figures 3-6). The
application of 750 W and 900 W microwaves for more than six minutes led
to the surface drying and browning of string beans, which lost their nutri-
tional value. The levels of peptides were affected by all the tested factors.
The highest peptide content (expressed as the leucyl-glycine content) was
noticed after microwave heating at the lowest power (500 W) for the short-
est time (2 minutes). Larger amounts of peptides were determined in frac-
tions obtained by separation with the use of immobilized Cu ions
(0.0132 mg cm™3), compared with Ni ions (0.0093 mg cm™3). Similar results
were reported after microwave heating at 750 W (Figures 1, 2).
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Fig. 6. Elution profiles of non-bound peptides from IMAC chromatography of extracts
from string bean (microwave-heating 900 W: @¢-2 min., 5-6 min.)
on Cu(II)-IDA-Sephadex and Ni(II)-IDA-Sephadex

At higher microwave power (900 W), peptide content obtained by sepa-
ration on columns with immobilized Ni ions was higher than that obtained
with Cu ions (0.0054 mg cm™3 vs. 0.0042 mg cm™3). The peptide content
determined with TNBS in fractions obtained by separation with both Cu and
Ni ions decreased as the time of blanching was prolonged. Regardless of the
blanching time and the type of metal ions used, fractions 3-5 contained the
largest amounts of peptides (expressed as leucyl-glycine content) — Fig-
ures 1, 2. In the extract of string beans blanched for two minutes, the pep-
tide content was higher following the application of Ni ions (0.00758 mg cm™)
than Cu ions (0.00592 mg cm™3). Prolonged blanching (6 minutes) caused
a 2.5-fold and a 1.2-fold decrease in the peptide content of these fractions
after separation using immobilized Ni and Cu ions, respectively (Figure 3).
Very small peaks with an insignificant peptide content were detected with
respect to samples blanched for 8 and 10 minutes. Following separation with
the use of immobilized Cu ions, a small peak was observed for fractions
38-39 in samples heated for 4, 6, 8 and 10 minutes, with a peptide content
of 0.0025, 0.0037, 0.0033 and 0.0071 mg cm™3 respectively.

LiesieENE et al. (1997) obtained a fraction image identical to that reported
in this study after separation in columns with immobilised copper ions on
a cellulose bed. The application of a 0.5 M solution of sodium chloride in
a phosphate buffer at pH = 7.8 enabled us to achieve the maximum protein
content (measured spectrophotometrically, Ayg,) already in the first fractions.
Further elution with an acetate buffer at pH from 6.6 to 4.3 produced sev-
eral small peaks with a maximum absorbance below 0.1.

In the process of isolating green fluorescent protein (GFPuv), the high-
est efficiency was reported for copper ions, followed by nickel ions, while
the lowest efficiency was noted for zinc and cobalt ions (L1 et al. 2001).
VarrLamov et al. (1995) recommended the use of IDA-Sepharose with immobi-
lized Co ions at the final purification stage of beta-dopamine hydroxylase
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from beef bone marrow adrenaline, owing to more effective interactions with
these ions, compared with copper, zinc and nickel ions. Cobalt ions also
proved to be more selective than Cu, Ni, Zn and Cd ions during the purifi-
cation of selenoprotein P from human plasma (SipENIUS et al. 1999), despite
stronger interactions between proteins and nickel ions.

Peptides found in string beans had similar affinity for metal ions in the
Cu > Ni sequence, with selectivity in the Ni > Cu order (Figured 3-6).

When analysing the affinity of two synthetic ATPase N-terminal pep-
tides from Helicobacter pyroli. VorLz et al. (1998) observed that nickel ions
are more effective in binding peptides containing histidine residues, while
copper ions are more likely to interact with peptides containing cysteine
residues. ZacHARIOU and HEARN (2000) suggested mixed-type interactions of
proteins and peptides with metal ions — in addition to the formation of coor-
dinate bonds, which are largely responsible for the formation of permanent
bonds, they are also responsible for electrostatic interactions whose stability
is determined by the eluent’s pH and ionic strength. The effect of the latter
factor should be excluded in this study, because the elution process was
conducted with the use of the same buffer at an identical concentration.

ParwarpHAN and Ataar (1997) postulated the existence of two types of cop-
per ions inside the matrix, which are marked by variable availability for
protein molecules diffused through the column. According to the above au-
thors, at higher pH values, proteins are bound to easily available copper
ions and are first to be eluted, while at lower pH values the eluted proteins
are proteins bound to less available copper ions. According to JoHNSON et al.
(1996), in an alkaline environment, histidine and lysine — amino acids coor-
dinated via the amino groups - are not bound to metal ions but to the solid
support, and the process resembles ion-exchange chromatography, while in
an acidic environment these amino acids form strong coordinate bonds with
metal ions, and the process is analogous to affinity chromatography.

CONCLUSION

1. Microwave heating of string beans decreases the peptide content
of extracts isolated with 1% TCA. The resulting changes are dependent on
the duration of the process and the type of heating medium.

2 Peptides found in string beans had similar affinity for metal ions in
the Cu > Ni sequence, with selectivity in the Ni > Cu sequence.

3. Affinity chromatography with the use of metal ions immobilized to
iminodiacetic acid (IDA)-Sephadex G-25 may be successfully used for the sep-
aration of peptides isolated from string beans.
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CULTORUM BIRDSEY) LEAVES*
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Abstract

The main objective of the study was to determine the nutritional status in terms of
the content of microelements, such as iron, manganese, zinc, copper and boron in several
standard cultivars of anthurium (Anthurium cultorum Birdsey) called Baron, Choco, Mido-
ri, Pistache, President and Tropical. The plants were grown in expanded clay (I 8-18 mm)
using drip fertigation with standard nutrient for anthurium grown in inert substrates with
the following components: N-NH,<1.0, N-NO3 7.5 P 1.0, K 4.5, Ca 1.5, Mg 1.0, S-SO, 1.5
(mmol dm=3), Fe 15, Mn 3.0, Zn 3.0, Cu 0.5, B 20.0, Mo 0.5 (umol dm=3), pH 5.5-5.7, EC
1.5-1.8 mS em™!. Every two months, anthurium indicator parts were sampled for chemical
analyses. The indicator parts included fully developed leaves from plants after freshly cut
flowers. The average microelement content in the indicator parts showed the following
values (in mg kg! d.m.): Fe 47.6-58.0, Mn 36.9-45.1, Zn 60.3-67.6, Cu 5.01-6.43, B 63.5-
-89.0. It was found that a significant effect on the nutritional status with respect to micro-
elements was produced by the plant cultivar type. The highest content of iron in the indi-
cator parts was found in cv. Baron; manganese was most abundant in cv. Choco; cv. Midori
was the richest in zinc and boron appeared in the highest level in cv. Pistache. Coefficients
of variability (CV) of the analyzed microelements were determined. The smallest variabili-
ty during 3 years of studies was shown by copper (CV 15.4-24.3%), a mean value was
found in boron (CV 20.9-26.7%) and in iron (CV 25.1-31.4%), while the highest values were
shown by zinc (CV 39.7-44.7%) and by manganese (CV 40.4-58.5%).
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ZROZNICOWANIE ZAWARTOSCI MIKROELEMENTOW W LISCIACH ANTURIUM
(ANTHURIUM CULTORUM BIRDSEY)

Abstrakt

Gléwnym celem badan bylo okreSlenie zréznicowania stanu odzywienia mikroelemen-
tami: zelazem, manganem, cynkiem, miedzig i borem standardowych odmian anturium (An-
thurium cultorum Birdsey): Baron, Choco, Midori, Pistache, President i Tropical. Rosliny
uprawiano w keramzycie (f 8-18 mm) z zastosowaniem fertygacji kroplowej pozywka stan-
dardowg dla uprawy anturium w podlozach inertnych o nastepujacej zawartosci sktadni-
kéw: N-NH,<1.0, N-NO; 7.5 P 1.0, K 4.5, Ca 1.5, Mg 1.0, S-SO, 1.5 (mmol dm™3), Fe 15,
Mn 3.0, Zn 3.0, Cu 0.5, B 20.0, Mo 0.5 (umol dm=3), pH 5.5-5.7, EC 1.5-1.8 mS cm~l. Co
2 miesigce pobierano do analiz chemicznych czeSci wskaznikowe anturium, ktorymi byty
w petni wyrosniete liScie z ro§lin po $wiezo Scietym kwiecie. Przecigtna zawarto$¢ mikro-
elementéw w czeéciach wskaznikowych byla nastepujaca (w mg kg! s.m.): Fe 47.6-58.0,
Mn 36.9-45.1, Zn 60.3-67.6, Cu 5.01-6.43, B 63.5-89.0. Stwierdzono istotny wplyw odmian
na stan odzywienia ro§lin mikroelementami. Najwieksza zawarto$¢ zelaza w czesSciach
wskaznikowych stwierdzono u odmiany Baron, manganu i miedzi u Choco, cynku u Mido-
ri, a boru u Pistache. Wyznaczono wspélczynniki zmiennosci (CV) zawartosci badanych
mikroelementéw. Najmniejszg zmienno$é w trakcie 3 lat badan wykazywata miedZ (CV 15.4-
-24.3%), $rednig bor (CV 20.9-26.7%) i zelazo (CV 25.1-31.4%), a najwieksza cynk (CV 39.7-
-44.7%) i mangan (CV 40.4-58.5%).

Stowa kluczowe: anturium, mikroelementy, analiza roslin, wspélczynniki zmiennoSci,
podioza inertne.

INTRODUCTION

Owing to a widespread use of inert media [mainly expanded clay] and
fertigation, Poland is one of the main anthurium producer in Europe. In
modern horticulture, an important role is played by controlled fertilization.
In many cases, it is not enough to determine the content of components in
a substrate or in a nutrient. In order to diagnose the nutritional status of
plants, it is necessary to perform their chemical analyses. Usually, it is
done by sampling plant indicator parts, which reflect most faithfully the
differences in the component content under the influence of increasing ferti-
lization (DE KRgrElJ et al. 1990). MiLLs, ScogaiNs (1998) proved that young,
fully developed leaves, before developing a layer of suberine, are the best
indicator parts for anthurium. Older leaves are not adequate for this pur-
pose because their nutritive components are translocated to flowers.

Each year, a wide range of new commercial cultivars of the flower ap-
pear on the market. Meanwhile, many of the studies carried out so far
concern cultivars of anthurium which are less popular in Poland (Hicaxr et
al. 1992, SoNNEVELD, VoocT 1993, MILLS, ScoGGINs 1998, Durour, GUERIN 2005).

The main objective of our present study was to determine the nutrition-
al status in terms of iron, manganese, zinc, copper and boron in the most
popular anthurium cultivars grown in Poland (Anthurium cultorum Bird-
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sey), such as Baron, Choco, Midori, Pistache, President and Tropical, grown
in expanded clay, as well as to determine the coefficients of variability and
regression equations describing the dynamics of microelement content in
leaves. These data are essential for the interpretation of the results of plant
assays and for diagnosing their the nutritional status.

MATERIAL AND METHODS

A vegetation experiment was carried out at two speciality farms in
Wielkopolska. Venlo type greenhouses were equipped with modern systems
of fertigation, climate control and recording system, air humidity checks
and energy-saving curtains. Anthurium cultivars (Anthurium cultorium Bird-
sey), such as Choco, Midori, Pistache, President and Tropical (Anthura B.V.,
Holland), grown in expanded clay () 8-18 mm), underwent analyses. Cut-
tings grown in pots of mineral wool (75 cm?) were planted into beds in the
greenhouse between 8th and 11th August 2000. The analyses started on 15th
of January 2002 (on 2-year-old plants) and were terminated on 30th Novem-
ber 2004 (4-year-old plants). One bed measuring 12 x 46 m covered 55.2 m2.
Fourteen plants were grown per 1 m2 14. Agronomic treatments were car-
ried out according to the current recommendations for anthurium. During
the whole experiment, plant yielding was optimal regarding both the quanti-
tative and qualitative values (KLEIBER, Komosa 2007).

In the vegetation experiment, drip fertigation in a closed system was
used without nutrient recirculation. The nutrient was distributed in beds
through dripping lines with emitters spaced in 20cm intervals. The frequen-
cy and time of irrigation depended on the season of the year. In summer,
fertigation was applied 6-8 times supplying 4-5 dm?3 of nutrient per 1 m?
while in winter, it was done 2-3 times applying 2-3 dm3. About 20% of nutri-
ent exuded from the root zone. In order to provide an adequate air and
substrate humidity, the culture was sprinkled with rain water using micro-
sprinklers.

Before the preparation of nutrients, chemical analyses of water were
carried out (KLEIBER, Komosa 2006, 2008). In the experiments, the standard
nutrient was used in drip fertigation for anthurium grown in inert sub-
strates: N-NH,<1.0, N-NO5 7.5 P 1.0, K 4.5, Ca 1.5, Mg 1.0, S-SO4 1.5
(mmol dm™3), Fe 15, Mn 3. 0 Zn 3.0, Cu 0.5, B 20.0, Mo 0.5 (umol dm™3),
pH 5.5-5.7, EC 1.5-1.8 mS em-1 (after Komosa 2000).

Samples of plant material were taken in the years 2002-2004 in two-
month intervals, between 14th and 16th January, March, May, July, Septem-
ber and November. The indicator parts of anthurium consisted of fully de-
veloped leaves from plants after freshly cut flowers (DE KrEws et al. 1990).
Leaves were randomly sampled from the total area of beds from plants char-
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acteristic of a given cultivar, healthy, well yielding and without any symp-
toms of damages. One sample of a given cultivar consisted of 15-20 leaves
sampled in both experimental farms. The details of chemical analyses of plant
material were given previously (Analytical methods... 1972, KLEIBER et al.
2009).

Statistical analysis was carried out, with the calculation of variability
coefficients and regression equilibrium coefficients and a description of the
microelement content dynamics in the indicator parts, which changed with
the age of plants. Conclusions were drawn at the significance level of
a =0.05.

RESULTS AND DISCUSSION

The results of the chemical analyses of anthurium indicator parts are
shown in Tables 1 and 2 and the dynamics of elements — in Figure 1. The
plant cultivar and age of plants significantly modified the nutritional status
of plants in terms of microelements. The mean iron content in the indicator
parts was 47.6-58.0 mg Fe kg1 (Table 1). The least amount of Fe was found
in the youngest plants (in 2002), while the 3-4-year-old plants were charac-
terized by significantly higher values (in 2003-2004). The Fe content tended
to increase with the aging of plants (Figure 1), which was proven by a re-
gression equation in the form of y = 0.011x3 — 0.2829x2 + 2.4241x + 45.50,
where: y — expected Fe content in a given term; x — the term of sampling
(1-18; from Jan. 2002 to Nov. 2004; 3 years 6 terms = 18). For example, in
the 4th term of sampling (July 2002), the Fe content was y =0.011 43 —
0.2829 42 + 2.4241-4 + 45.50 = 50.74 mg Fe kg1 50.7 mg Fe kg!. The
cultivar Baron showed the highest Fe content in the indicator parts (53.9-
-67.2 mg Fe), while cv. Choco was characterized by the smallest Fe content
(38.3-53.9 mg Fe). Some earlier studies by KLEBER, Komosa (2004) showed
that the year of experiments can produce a considerable effect on the iron
content.

The mean content of manganese in plant indicator parts ranged from
36.9mg (4-year-old plants) to 45.1 mg Mn kg~! d.m. (3-year-old plants). Dif-
ferences between the successive years have not been statistically proven.
KurEeBER and Komosa (2004) confirmed significant differentiation of Mn in indi-
cator parts in the particular years of studies. The cultivar Choco showed
the highest Mn content (41.5-68.8 Mn), while cv. President was character-
ized by the smallest manganese content (22.1041.3 mg Mn kg~! d.m.).

The mean content of zinc in the indicator parts of the analyzed culti-
vars was 60.3-67.6 mg Zn kg1 (Table 2). The youngest plants (in 2002) were
characterized by a significantly higher zinc content. The Zn content declined
drastically in 3-year-old plants. In zine, the tendencies in the plant indicator
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Table 1

Coefficients of variability (CV) and mean content of iron and manganese in anthurium
indicator parts

mg Fe kg~1 d.m.

mg Mn kg1 d.m.

Cultivar year
2002 2003 2004 2002 2003 2004
x 53.9a 67.2a 58.3a 43.6a 38.7b 37.8b
min 37.3 57.1 48.5 21.9 30.6 18.1
Baron
max 64.8 83.9 69.3 65.9 52.1 49.6
CV (%) 25.1 18.8 22.3 36.9 20.7 27.2
x 38.3c 45.8b 53.9ab 41.5a 68.8a 60.3a
min 28.0 36.9 394 20.3 61.7 25.6
Choco
max 45.3 51.1 874 62.9 80.3 79.0
CV (%) 19.5 13.5 36.1 39.5 11.8 29.2
x 42.9¢ 47.8b 49.2b 49.1a 38.8b 49.9ab
min 28.2 344 37.7 16.9 22.1 16.8
Midori
max 57.6 64.2 62.9 90.4 67.6 90.9
CV (%) 29.6 24.8 29.8 51.8 43.8 60.4
x 44.Tbc 61.5a 55.9ab 29.6a 37.4b 29.4bc
min 38.6 46.6 46.3 12.4 324 174
Pistache
max 53.3 84.1 63.3 45.6 43.1 45.2
CV (%) 17.0 28.6 21.9 40.5 10.5 32.2
x 53.9a 64.1a 50.9ab 41.3a 32.7b 22.1c
min 31.5 51.8 35.2 27.6 22.6 6.7
President
max 78.3 78.8 70.2 68.8 39.5 43.8
CV (%) 31.9 15.7 29.5 31.2 19.0 56.3
x 51.9ab 61.7a 56.4ab 41.8a 54.6a 22.1c
min 30.7 50.6 42.7 24.6 25.1 16.8
Tropical
max 66.6 71.5 68.4 60.2 94.1 30.8
CV (%) 37.1 18.2 24.6 315 43.9 215
Mean 47.6¢ 58.0a 54.1b 41.2a 45.1a 36.9a
CV (%) 314 25.1 28.1 42.8 404 58.5

Mean values in columns marked with the same letter do not differ significantly.
Mean values from all the tested varieties (in rows) marked with the same letter do not differ

significantly.
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Table 2
Coefficients of variability (CV) and mean content of zinc. copper and boron
in anthurium indicator parts
mg Zn kg~! d.m. mg Cu kg~! d.m. mg B kg1 d.m.
Cultivar year
2002 2003 | 2004 | 2002 | 2003 | 2004 2002 | 2003 | 2004
x 55.4c | 585a | 645a | 594b | 6.44a | 503 ab| 63.0a | 852a | 65.1a
min 49.3 40.6 34.1 4.84 3.88 4.14 39.0 72.9 44.0
Baron
max 61.3 73.9 92.0 4.90 7.22 5.82 90.5 1114 | 815
CV (%)| 35.7 49.7 50.2 13.8 23.5 134 31.4 19.9 21.1
x 70.7b | 600a | 604a | 6.72a | 6.98a | 548a | 62.1a | 89.3a | 67.3a
min 61.9 42.3 47.7 5.61 4.73 4.26 42.8 73.0 49.6
Choco
max 82.8 78.5 70.0 7.84 8.30 6.39 79.8 1169 | 805
CV(%)| 335 364 31.0 134 254 184 20.6 25.5 21.7
x 80.5a | 61.8a | 68.0a | 598b | 6.42a | 4.58b | 67.7a | 914 a | 744 a
min 67.0 48.7 34.8 5.68 4.33 3.70 52.7 72.6 70.5
Midori
max 96.0 71.9 93.7 6.34 9.22 5.70 80.6 1158 | 829
CV(%)| 32.8 344 414 9.8 25.9 18.0 18.6 20.9 144
x 55.0c | 56.6a | 49.3c | 539b | 582b | 544a | 656.1a | 90.8a | 79.7a
min 455 43.3 29.3 491 3.99 4.90 53.5 74.8 72.0
Pistache
max 71.0 67.3 64.8 6.20 7.34 6.07 77.9 117.8 | 88.1
CV (%)| 40.8 46.9 414 13.0 20.7 20.3 21.6 195 139
x 75.0ab| 626a | 59.1b | 6.09b | 643a | 4.71b | 5783a | 91.1a | 63.0a
min 61.7 49.5 50.8 5.31 4.50 3.71 40.2 77.8 54.0
President
max 93.7 73.9 76.1 6.66 7.56 5.61 70.4 114.7 | 80.1
CV(%)| 42.8 44.2 444 17.7 24.3 27.3 35.6 21.9 17.2
x 69.3bc| 625a | 649a | 6.02b | 6.47a | 4.85b | 65.7a | 86.4a | 61.1a
min 53.9 49.8 43.1 5.26 5.05 3.78 51.5 59.0 454
Tropical
max 91.2 70.5 98.7 6.58 7.63 5.69 74.7 105.6 | 80.8
CV(%)| 36.8 20.7 475 14.5 214 22.1 27.4 22.4 23.4
Mean 67.6a | 60.3b | 61.1b | 6.02b | 6.43a | 501c [63.5 b| 89.0a | 68450
CV (%) 39.9 39.7 44.7 154 24.3 214 26.7 21.9 20.9

Explanations see Table 1
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parts are described by the equation: y = 0.0505 x2 — 1.2304 x2 + 6.9172x +
+ 59.47. KLEIBER, KomosA (2004) showed that the zinc content tended to de-
crease during a growing season. In the present tests, significant differences
were shown in the Zn content among the analyzed cultivars. The highest
7Zn content was found in cv. Midori (61.8-80.5 mg Zn), while the lowest Zn
value was shown in cv. Pistache (49.3-56.6 mg Zn kg~! d.m.).

The mean content of copper, depending on the year of the experiment,
varied between 5.01 and 6.43 mg Cu kg~! d.m. in the plant indicator parts
(Table 2). Three-year-old plants (in 2003) showed significantly the highest
Cu content, while the two- and four-year-old plants (in 2002 and 2004) were
characterized by smaller amounts of Cu. Significant differences among the
analyzed cultivars were found. The smallest mean Cu content (5.39-5.82 mg
Cu) was shown in cv. Pistache, while cv. Choco showed the highest Cu con-
tent (5.48-6.98 mg Cu). Regression equation in the form: y = 0.003x3 —
—0.0936x2 + 0.7326x + 4.90 described the dynamics of the Cu content chang-
ing with the aging of plants. KLEIBER, Komosa (2004) found high differentia-
tion of the copper content in the successive years of studies.

The mean boron content in plant indicator parts showed the values of
63.5-89.0 mg B kg~! d.m. Analogously to copper, significantly the highest B
content was shown in 3-year-old plants (in 2003). The dynamics of B in
plant indicator parts is described by the equation: y = 0.0157x3 — 0.859x2 +
+ 11.48x + 39.67. KLEIBER, KoMosa (2004) found an unstable boron nutritional
status of plants in the successive years of studies. The smallest mean con-
tent of boron was found in cv. President (57.3-91.1 mg B), while the highest
B content was shown in cv. Pistache (65.1-90.8 mg B kg~! d.m.).

The content of microelements found in the present study were com-
pared with the content ranges recommended by other authors (Table 3).
A high degree of agreement was found in the content of iron in the indica-
tor parts of plants with the data reported in the literature (Table 3). In
contrast to iron, the content of manganese showed little correspondence to
the ranges reported in literature. Available references reported much higher
Mn content in plant indicator parts. Regarding zinc, the assessed levels co-
incided with the ranges reported by CHEN et al. (2003). The copper content
was within the ranges given by MiLLs, ScoGGiNs (1998) and by CHEN et al.
(2003). A much higher copper content was reported by MiLLs, ScogaiNs (1998).
The content of boron in most of the cultivars was similar to that reported
by Ucaipa (2000) and by CHEN et al. (2003). The smallest content of B ap-
pears in a paper by MiLLs, ScoGGINs (1998).

Coefficients of variability

Coefficients of variability (CV) indicating the content of microelements
in the plant indicator parts were determined (Tables 1, 2). They include the
total effect of a series of factors modifying amounts of components in plants,
including the cultivar type, growing conditions, light conditions. It was found
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Table 3

Recommended content of microelements in indicator parts of anthurium according
to different authors

Nutrient Recommen_cied values % of results in the recommended range
(mg kg™ d.m.) 2002 2003 2004
ANTHURA (1998)
Fe 28.0 - 112.0 98.6 84.7 100.0
Mn 38.0 - 109.0 58.3 52.8 36.1
Zn 46.0 - 131.0 68.1 66.7 62.5
Cu 6.3 -12.7 375 43.1 12.5
B 54.0 - 76.0 51.4 29.2 50.0
MiLLs, Scocains (1998)
Fe 20.7 - 90.0(a) 95.8 56.9 95.8
Mn 41.0 - 237.0 41.7 44.4 36.1
Zn 41.0-98.1 66.7 66.7 58.3
Cu 10.3-25.0 0.0 0.0 0.0
B 12.0 - 25.0 0.0 0.0 0.0
MiLLs, SCOGGINS (1998)
Fe 28.0 - 76.6 (b) 81.9 30.6 68.1
Mn 44.0 - 193.3 38.9 36.1 30.6
Zn 17.0-57.5 41.7 50.0 514
Cu 4.0-13.8 100.0 43.1 81.9
B 11.0 - 27.0 0.0 0.0 0.0
Ucuipa (2000)
Fe 50.0 - 400.0 77.8 100.0 93.1
Mn 50.0 - 1500.0 27.8 30.6 22.2
Zn - - - -
Cu - - - -
B 25.0 - 135.0 100.0 95.8 100.0
CHEN et al. (2003)
Fe 50.0 - 400 77.8 100.0 93.1
Mn 40.0 - 500.0 41.7 47.2 36.1
Zn 20.0 - 200.0 100.0 98.6 100.0
Cu 5.0 - 40.0 87.5 84.7 51.4
B 20.0 - 100.0 97.2 68.1 98.6

a — young leaves, ripe in 90%, pale-green, 10 days before full maturity
b — mature leaves, dark green, with a growing and in 3/4 mature flower
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that a significant effect was produced by the year of experiment and the
analyzed cultivar on the coefficient of microelement content variability in
the indicator parts, although there is no general tendency describing these
effects. During the three years of trials, copper showed the smallest varia-
bility (CV 15.4%-24.3%). Moderate variability was found for iron (CV 25.1-
-31.4%) and boron (CV 20.9-26.7%), while the highest variability was achieved
for manganese (CV 40.4-58.5%) and zinc (CV 39.7-44.7%). In the analyzed
cultivars, differentiation of the variability coefficients was found. For exam-
ple, the CV of iron in 2002 for cv. Choco cultivar was 19.5%, while for cv
Midori, it reached 29.6%. This indicates that there was significant variabili-
ty in the iron content in the indicator parts of cv. Midori. Considering the
variability coefficients for microelement content which indicate deviations in
their content versus the mean value for the total population enables re-
searchers to attain a more precise interpretation of leaf analysis for diag-
nostic purposes.

CONCLUSIONS

1. Significant effect of a cultivar and the age of plants was found to be
produced on the content of iron, manganese, zinc, copper and boron in leaves
of anthurium.

2. The mean content of microelements in the analyzed cultivars was as
follows: Fe 51.8-54.6, Mn 41.1-158.6, Zn 43.2-82.8, Cu 5.35-6.29, B 73.3-
-73.9 mg kg1 d.m. in indicator parts.

3. The highest iron content in plant indicator parts was found in the
cultivar Baron; manganese and copper showed the highest value in cv. Choco;
the zinc content was the highest in cv. Midori while the boron content was
the highest in cv. Pistache.

4. A significant effect on the coefficient of variability (CV) in the microe-
lement content of plant indicator parts was found to be exerted by the culti-
var type and plant age. Copper showed to be a component with the lowest
variability (CV 15.4%-24.3%); boron was moderately variable (CV 20.9-26.7%);
iron was also characterized by a medium value of variability (CV 25.1-31.4%),
while zinc (CV 39.7-44.7%) and manganese (CV 40.4-58.5%) showed the high-
est variability.
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Abstract

The aim of the study was to evaluate the influence of polymer supersorbent AgroHy-
drogel, added to soil, on the content of some mineral elements in leaves and fruit of straw-
berry cv. Elsanta. In 2007-2008, a pot experiment set up in a system of complete randomi-
zation was carried out in four replications in a greenhouse of the West Pomeranian
University of Technology in Szczecin. The experimental factor was the addition of two do-
ses of AgoHydrogel to the medium. The two rates were 1.8 and 3.6 g dm™, i.e. 15 and
30 g per a Kick’s pot versus the control which was the medium with no gel. The experi-
ment was carried out indoors. Soil moisture was measured by means of contact soil tenso-
meters. The plants were watered with 0.5 dm3 per pot and the tensometer, fitted in the
medium with 15 g of gel per pot, showed 450 hPa. The content of the elements in straw-
berry leaves and fruit was determined by means of the AAS method. The applied polymer
supersorbent decreased the cummulation of zinc and lead in leaves and copper, nickel and
lead in fruit of strawberry. This effect particularly visible in plants growing in the medium
with an increased dose of hydrogel. However, the application of AgroHydrogel did not af-
fect the content of iron, manganese, copper and nickel in leaves and manganese, zinc and
iron in fruit of the analyzed variety of strawberry.

Key words: strawberry, AgroHydrogel, microelements.
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WPLYW SUPERSORBENTU POLIMEROWEGO DODAWANEGO DO PODLOZA
NA ZAWARTOSC MIKROELEMENTOW W LISCIACH I OWOCACH TRUSKAWKI

Abstrakt

Jednym z gléwnych czynnikéw ograniczajacych plon truskawki na plantacjach bez na-
wadniania jest okresowy niedobor wody w glebie. Korzystny wptyw na wtasciwosci wodno-
-powietrzne gleby wywieraja preparaty zwiekszajace jej pojemnosé wodna, tzw. hydrozele
(supersorbenty). Zwigzki te maja zdolno$¢ wigzania i magazynowania wody grawitacyjnej,
co zwieksza ilo$¢ wody dostepnej dla systemu korzeniowego roslin.

Celem badan byta ocena wptywu supersorbentu polimerowego, AgroHydrogelu, doda-
wanego do podloza na zawarto$¢ niektorych pierwiastkow w lisciach oraz owocach truskaw-
ki odmiany Elsanta. W latach 2007-2008, w hali wegetacyjnej Zachodniopomorskiego Uni-
wersytetu Technologicznego w Szczecinie, przeprowadzono do$wiadczenie wazonowe
w uktadzie kompletnej randomizacji, w czterech powtorzeniach. Czynnikiem do$wiadczalnym
byt dodatek AgroHydrogelu do podloza — zastosowano dwa poziomy: 1,8 oraz 3,6 g dm™, tj. 15
i 30 g na pojemnik Kicka, oraz kontrola, ktora stanowilo podloze bez dodatku zelu. Do-
Swiadczenie przeprowadzono pod zadaszeniem. Wilgotno$é gleby mierzono za pomocg ten-
sjometréw glebowych kontaktowych. Rosliny podlewano w ilo§ci 0,5 dm3 na wazon, przy
wskazaniu tensjometru, umieszczonego w podlozu z dodatkiem zelu w iloSci 15 g na wa-
zon, wynoszacym 450 hPa. Zawarto$¢ pierwiastkéw w liSciach oraz owocach truskawki
oznaczono metodg ASA. Zastosowany supersorbent polimerowy zmniejszyt pobieranie oraz
kumulacje cynku i otowiu w liSciach oraz miedzi, niklu i otowiu w owocach truskawki.
Szczegolnie wyraznie zaznaczylo sie to w roSlinach rosngcych w podlozu z wigksza dawka
hydrozelu. Dodatek AgroHydrogelu nie wptynal natomiast na zawarto$é zelaza, manganu,
miedzi i niklu w liSciach oraz manganu, cynku i zelaza w owocach badanej odmiany.

Stowa kluczowe: truskawka, AgroHydrogel, mikroelementy.

INTRODUCTION

Poland is one of the largest producers of strawberry fruit (Fragaria ananassa
Duch.). However, the average strawberry crop does not exceed 3.7 t ha1,
which is due, among other reasons, to the fact that cultivation of strawber-
ries is carried out without irrigation and a high sensitivity of this plant to
periodical water defict considerably depressed the yield and its quality
(HoruBowicz, REBANDEL 1997, Makowska 2004). Hydrogels also known as uper-
sorbents, that is preparations increasing water capacity of soil, have a bene-
ficial influence on water and air properties of soil. Their characteristic fea-
ture is an extremely high capability of storing water which otherwise is
absorbed from precipitation and some of it can be gradually conveyed to
plants (Gorecki, PauL 1993, WiErzBIcKA, MAJKOWSKA-GADOMSKA 2005).

Strawberries easily take up mineral elements from the soil. They also
take up macroelements and trace elements and are characterised by their
relatively large content as compared to other fruit plants popular in Poland
(JEDRZEJCZAK, SZTEKE 1989, SzTEKE et al. 2006). The content of mineral ele-
ments in plants depends on many environmental factors, including accessi-
bility to soil water.
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The available literature does not contain explicit conclusions regarding
the effect of hydrogel on chemical composition of berry plants. The present
paper shows the results of experiments whose aim was to determine the
influence of a polymer supersorbent called AgroHydrogel added to soil on
the content of some mineral elements in leaves and fruit of a dessert culti-
var of strawberry called Elsanta.

MATERIAL AND METHODS

In 2007-2008, a pot experiment set up in a system of complete randomi-
zation was carried out in four replications in a greenhpuse of the West
Pomeranian University of Technology in Szczecin. The object of the study
was strawberry cv. Elsanta. The experimental factor was the addition of two rates
of AgroHydrogel to the medium. The two rates were 1.8 and 3.6 g dm™3, i.e.
15 and 30 g per a Kick’s pot versus the control, which was the medium
with no gel. The pots of 10 dm? capacity were filled with 8 dm3 of soil
material. Prior to filling the pots, hydrogel was added to the medium and
then all was mixed. Table 1 shows the characteristics of the soil material.

Table 1
The properties of soil
pH P;‘;rc"g;t S, Plow Plv Wiw Wty
-3
H2O KC1 fraction (g cm ) (%) (%) (%) (%)
6.58 5.97 21 1.24 24.7 34.0 32.9 38.0

S, — bulk density, Pkw — capillary weight, Pkv — capillary volume, Wtw — total water capacity
in investigated soil — weight, Wtv — total water capacity in investigated soil — volume

The doses of mineral fertilization were 50, 80 and 100 kg NPK hal.
Potassium, phosphorus and half a dose of nitrogen were applied prior to
planting. The remaining half a dose of nitrogen was top-dressed before the
flowering of the plants.

In mid-April 2007, frigo seedlings were placed in containers, 1 piece/pot.
The experiment was carried out indoors. The plants wintered in pots in an
unheated greenhouse. The moisture of soil was measured by means of soil
contact tensometers. The plants were watered with 0.5 dm?3 per pot, and
the tensometer, fitted in the medium with 15 g of gel per pot, showed
450 hPa. Well grown, healthy leaves and ripe fruit were taken for determi-
nation. In both years, the fruit for the analysis were gathered systematical-
ly as they were ripening, from the first decade of June to the first decade of
July. A collective sample was created for each replication from the gathered
fruit. The leaves were gathered once a year (in both years of the experi-
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ment) in the second decade of July, after the fruiting of strawberry. The
content of iron, manganese, copper, zinc, nickel and lead in fruit and leaves
of strawberry was determined in four replications in plant material dried at
105°C. An average weight of a laboratory sample of dried leaves and fruit
for one replication was about 30 g. The plant material (5 g) was wet miner-
alized in a 03:01 mixture of nitrogen (V) and chloric (VII) acid. The content
of the elements in leaves and fruit of strawberry was determined by means
of the AAS method (in a SOLAR 939). The determination of the content of
chemical elements was carried out at the Department of Soil Science of
West Pomeranian University of Technology in Szczecin. The laboratory par-
ticipated in interlaboratory studies on the comparison of the content of min-
eral components in reference material (The Report of Institute of Nuclear...
2002).

The results of the chemical composition of the plants underwent one-
factor analysis of variance. The significance of differences between the aver-
ages were defined by Duncan’s test at « = 0.05. Due to the homogeneity of
the variance of error, the results of two years of experiment were expressed
synthetically (WoJcik, Laupaxskr 1989). Coefficients of linear correlation be-
tween the content of the analyzed elements in fruit and their content in
leaves were calculated. When a correlation coefficient was significant at
a=0.05, the relationship was shown in a diagram.

RESULTS AND DISCUSSION

The content of iron in fruit of strawberry cv. Elsanta ranged from 59.56
to 79.66 mg kg1 of dry matter (Table 2). According to HakaLa et al. (2003),
the average content of this microelement in the strawberry varieties they
examined reached 3.2 mg kg1 of fresh matter. According to Gawepa and BEN
(2004), fruit of cv. Elsanta can accmuluate 103 mg Fe kg™! of dry matter.
More iron is accumulated in leaves, where its concentration varied from
146.3 to 273.1 mg kg! of dry matter. Gawepa and BEN (2004) observed that
the content of iron in strawberry leaves reached 475 mg kg~ of dry matter.
No significant influence of the applied supersorbent on the accumulation of
this component was noticed in the fruit or leaves of cv. Elsanta.

Likewise, AgroHydrogel did not affect significantly the amount of man-
ganese in fruit and leaves (Table 2). According to SzTEKE et al. (2006), the
content of this microelement in strawberry leaves is on average 4.51 mg kg1
of fresh matter. These authors emphasize the relationship between soil pH
and manganese cumulation by strawberry fruit, with an increase in the soil
reaction being inhibitory to the uptake of this element by plants. As GaAwEDA
and BEN report (2004), the content of manganese in fruit of cv. Elsanta
is 54 mg kg1 of dry matter, whereas in leaves it can be 137 mg kg! of
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Table 2
Content of mineral elements in leaves and fruit of strawberry cv. Elsanta
(mg kg1 d. m.)
o Agr](?ﬁi,edmgel Fe Mn Zn Cu Ni Pb
Fruit
Control 79.66 a 1457 a 19.84 a 4.866 b 5.296 b 6.556 b
15 g per pot 7147 a 14.36 a 18.46 a 3.742 a 2970 a 1.851a
30 g per pot 59.56 a 14.20 a 16.51 a 349 a 1.890 a 1.297 a
Leaves
Control 2141 a 2724 a 37.38b 4.187 a 2.888 a 3.588 b
15 g per pot 273.1a 2940 a 34.89 ab 3.290 a 2.595 a 2.198 ab
30 g per pot 146.3 a 33.21a 2825 a 3.166 a 2320 a 1384 a

Means assigned identical letters do not differ significantly at the level of significance a = 0.05.

dry matter. The authors have also observed that the content of iron,
manganese zinc and copper in strawberries decreased significantly as they
grew older.

Our experiments did not show any influence of the addition of AgroHy-
drogel to the medium on the content of zinc in fruit. However, the super-
sorbent significantly decreased the content of this element in leaves (Ta-
ble 2). According to SzTEKE et al. (2006), strawberry fruit accumulates on
average 1.13 mg Zn kg1 of fresh matter, and the uptake of this element by
plants does not depend on its content in soil. GawgEDA and BeN (2004) report
that the concentration of this element in fruit of cv. Elsanta is 31 mg kg1,
whereas in leaves, it can reach 50 mg kg1 of dry matter.

Haxkara et al. (2003) claim that the amount of copper in strawberry fruit
varies from 0.38 to 0.98 mg kg™! of fresh matter. According to Gawgpa and
BEN (2004), the amount of copper in strawberry fruit equals 7.8 mg kg~ of
dry matter, and in leaves it is 8.8 mg kg™! of dry matter. The supersorbent
caused a significant decrease in the content of copper in fruit. The largest
content of this element in leaves was found in the control plants, while the
lower copper concentration in leaves appeared in plants cultivated in the
medium with of 3.6 g dm™3 of AgroHydrogel. However, the differences were
not statistically significant (Table 2 ).

The results of our experiment show a considerable influence of the su-
persorbant added to the medium, such as a decrease in the content of lead
and nickel in fruit (Table 2). Significant decrease in the content of heavy
metals in fruit can prove that these heavy metals are strongly absorbed by
the applied preparation, which reduced amounts of these elements in plant
available forms in the medium, which in turn limits their accumulation in
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fruit and increases the biological value of the yield. According to SzTEKE
et al. (2006), strawberry fruit contain on average 0.01 mg Pb kg ! of fresh
matter. Addition of 3.6 g dm=3 AgroHydrogel to the medium caused a signifi-
cant decrease in accumulation of lead in leaves, i.e. by 61% in versus the
control. A similar relationship was also observed for the content of nickel in
leaves of the analyzed strawberry cultivar (at the dose of 3.6 g dm™3 of the
gel, the nickel concentration was 19.7% lower than in the control).

Our analysis of the rectilinear correlation showed that only copper dem-
onstrated a significant positive relationship between its content of in fruit
and the amounts in strawberry leaves (Figure 1). Regarding the other ele-
ments, the coefficients of correlation () were non-significant.

5.2 T T - - - ~

5.0 y=0.66619 + 0.72015x N

4.8 r=0.70852 P
46

4.4
4.2
4.0
3.8
3.6
3.4
3.2
3.0
2.8

leaves (mg kg1)

2.6 4| I .
3.0 32 34 36 3840 42 44 46 48 5.0 5254
fruits (mg kg™1)

Fig. 1. Dependence of Cu content in fruit on Cu content in leaves of cv. Elsanta strawberry

CONCLUSIONS

1. AgroHydrogel added to the medium did not significantly affect the
content of Fe, Mn, Zn in fruit and the amount of Fe, Mn, Cu and Ni in
leaves of cv. Elsanta.

2. The polymer supersorbent significantly decreased accumulation of Cu,
Pb and Ni in strawberry fruit and Zn and Pb in leaves.

3. The analysis of the rectilinear corrlation showed a strong positive

relationship between the content of copper in fruit and its amount in leaves
of strawberry.
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Abstract

In literature of the recent years, more and more attention has been paid to the cor-
relations between magnesium and blood lipids. Lipid balance disorders induced by hypoma-
gnesaemia bring about changes in the liquidity of cellular membranes. Increased migration
of lipids, in particular of VLDL and LDL, across arterial walls has been observed in hypo-
magnesaemia, with their consequential deposition in the internal membrane. Kidneys, apart
from urine production and elimination, fulfil many other important functions in organism.
They determine normal functioning of the whole organism, while disorders in their func-
tion lead to serious changes in homeostasis. Lipid balance disorders are a serious risk fac-
tor in the development of atherosclerotic lesions in patients with chronic kidney failure.

The aim of this study was to examine the correlations between magnesium concen-
tration and total cholesterol and HDL- and LDL-cholesterol contents in women and men
with chronic kidney failure under and over 50 years of age. Subjects were divided into
four groups: K; — 14 women 34-50 years old, K, — 14 women over 50 years old, M; — 17
men 30-50 years old, and M, — 13 men over 50 years old. Tests were made using a CO-
BAS INTEGRA analyser. High concentration of Mg, exceeding the upper limit of reference
values, was observed both in two women and men groups (K; — 1.26 mmol(+) kg1 K, -
1.25 mmol(+) kg1; M; - 1.13 mmol(+) kg M, - 1.16 mmol(+) kg1). Also the levels of
total and HDL-cholesterol in all subjects were within physiological limits (respectively: K;
— 4.61 and 1.23 mmol(+) kg1; K, — 4.69 and 1.29 mmol(+) kg1, M; -3.94 and 1.20 mmol(+)
kgL M, - 3.98 and 1.16 mmol(+) kg1). Only the LDL-cholesterol concentration in the
group of younger men was below normal limit (1.93 mmol(+) kg1). Small positive correla-
tions were obtained between Mg content and that of total and LDL-cholesterol in older

dr hab. Wiestawa Orowicz, prof. US, Department of Physiology, University of Szczecin,
Piastow 40B, 71-065 Szczecin, e-mail: fizjolzw@univ.szczecin.pl
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women and younger men groups as well as between Mg and HDL-cholesterol contents in
both men groups. At the same time, a small negative correlation was obtained between
Mg and LDL-cholesterol concentrations in the older men group. These correlations were
statistically non-significant.

Key words: chronic kidney failure, magnesium, lipids.

OCENA ZALEZNOSCI MIEDZY STEZENIEM MAGNEZU A LIPIDAMI
W SUROWICY KRWI U KOBIET I MEZCZYZN W ROZNYM WIEKU
Z PRZEWLEKLA CHOROBA NEREK

Abstrakt

W literaturze z ostatnich lat coraz wiecej uwagi poswieca si¢ zalezno$ci miedzy ma-
gnezem a lipidami krwi. Zaburzenia gospodarki lipidowej wywotane hipomagnezemia po-
wodujg zmiany plynnoSci bton komérkowych. W hipomagnezemii zauwazono zwiekszone
przechodzenie lipidéw, zwtaszcza lipoprotein VLDL i LDL, przez $ciane tetnic z nastepstwem
odktadania sie ich w btonie wewnetrznej. Nerki, oprocz tworzenia i wydalania moczu, spet-
niajg jeszcze wiele innych waznych zadan w organizmie. Warunkujg prawidtowe funkcjo-
nowanie ustroju jako caltosci, a zaburzenia ich funkcji prowadza do powaznych zmian réw-
nowagi homeostatycznej. Zaburzenia gospodarki lipidowej stanowig powazny czynnik ryzyka
rozwoju zmian miazdzycowych u osob z przewlekla niewydolnoscig nerek.

Celem pracy bylo zbadanie zaleznoSci miedzy stezeniem magnezu a zawartoScig chole-
sterolu catkowitego, HDL- i LDL-cholesterolu u kobiet i mezczyzn z przewleklyg niewydol-
noscig nerek, w wieku do 50. roku zycia oraz powyzej 50. roku zycia. Chorych podzielono
na grupy: K; — 14 kobiet w wieku 34-50 lat, K, —14 kobiet w wieku powyzej 50 lat, M; —
17. mezczyzn w wieku 30-50 lat, My — 13. mezczyzn w wieku powyzej 50 lat. Badania wy-
konano analizatorem COBAS INTEGRA. Zaréwno w obydwu grupach kobiet, jak i mez-
czyzn stwierdzono wysokie stezenie magnezu, przekraczajace gorng granice wartosci refe-
rencyjnych (grupa K; — 1,26 mmol(+) kg1 K, — 1,25 mmol(+) kg1 M; - 1,13 mmol(+)
kg~1; M, — 1,16 mmol(+) kg1). Poziomy cholesterolu catkowitego i HDL-cholesterolu
u wszystkich badanych utrzymywalty sie w zakresie normy fizjologicznej i wynosily odpo-
wiednio: u kobiet mlodszych 4,61 i 1,23 mmol(+) kg1, u kobiet starszych 4,69 i 1,29 mmol(+)
kg1, u mezczyzn mtodszych 3,94 i 1,20 mmol(+) kg~! oraz u mezczyzn starszych 3,98 i1,16
mmol(+) kg~l. Jedynie stezenie LDL-cholesterolu nie osiagalo dolnej granicy normy u mez-
czyzn przed 50. rokiem zycia i wynosilo 1,93 mmol(+) kg !. Uzyskano niewielkie dodatnie
korelacje miedzy zawartoScia Mg a cholesterolu catkowitego i LDL-cholesterolu u kobiet
starszych i mezczyzn mlodszych oraz miedzy zawartoscia Mg a HDL-cholesterolu u mez-
czyzn z obydwu grup. Jednoczes$nie uzyskano niewielkg ujemnag korelacje miedzy Mg
a LDL-cholesterolem u mezczyzn starszych. Korelacje nie byly istotne statystycznie.

Stowa kluczowe: przewlekla niewydolno$¢ nerek, magnez, lipidy.

INTRODUCTION

Chronic kidney failure (CKF) has been newly included into civilisation
diseases of the 21st century, apart from cardiovascular diseases, arterial hy-
pertension, obesity and diabetes. CKF can be a consequence or complication
of all other civilisation diseases. Due to initially latent course of the dis-



323

ease, it is being diagnosed too rarely. The progressing disease can be a basis
for development of chronic kidney failure and for the necessity of renal
replacement therapy connected with that. Moreover, the mortality due to
cardiovascular complications among patients with chronic renal diseases is
three times higher than that resulting from direct consequences of the un-
derlying disease itself. Therefore, early diagnostics — allowing suppression
of growing kidney function failure and prevention from further complica-
tions — is very important (Go et al. 2004, KroL, Rutkowskr 2008).

The classification of chronic renal disease depends on the degree of re-
nal function measured by glomerular filtration rate (GFR). There are 5 stages
of that disease: stage 1 — kidney damage with normal or increased GFR,
stage 2 — kidney damage with mild reduction in GFR, stage 3 — kidney
damage with moderate reduction in GFR, stage 4 — kidney damage with
severe reduction in GFR, and stage 5 — established kidney disease (CzEKALSKI
2007, Mysuiwikc, Hryszro 2008). Other definitions used for chronic renal dis-
ease in successive stages (according to the authors mentioned above) are as
follows: stage 1 — kidney damage in the form of albuminuria, proteinuria,
haematuria; stage 2 — latent (chronic) renal insufficiency, stage 3 — compen-
sated (chronic) renal insufficiency, stage 4 — manifest uncompensated, ad-
vanced chronic renal insufficiency, and stage 5 — terminal (extreme) renal
insufficiency.

In Poland, there are probably 4.24 million patients with CKF (about
11% of population), including 1.27 M in the first stage; 1.16 M in the second
one; 1.66 M in the third one, and 77 thousand in the fourth stage of dis-
ease. On the other hand, the number of sick persons with the end-stage
kidney failure (ESKF), requiring dialysis therapy or renal transplantation, is
about 50 thousand (Rutkowski 2007, STECIwKO et al. 2006).

Lipid balance disorders are one of the elements of clinical manifestation
of the advanced chronic kidney failure. They is a serious risk factor for the
development of atherosclerotic lesions and increase together with the de-
gree of kidney failure intensification (ZwoLINska et al. 1997). It was found
that the concentration of total cholesterol and triglycerides increased with
hypomagnesaemia (ALTURA et al. 1990, D’ERIiL, TrRoTTI 1991, LICHODZIEJEWSKA,
Ki.0$ 1993), while that of HDL-cholesterol decreased (LicHODZIEJEWSKA, KE0$
1993).

The aim of this study was to evaluate the correlations between magne-
sium content and the concentration of total cholesterol and its HDL and
LDL fractions in women and men with chronic kidney failure.
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MATERIAL AND METHODS

Research material was the blood collected prior to dialysis from subjects
with CKF who, in 2008, were patients of the Dialysis Ward of the Independ-
ent Public United Hospital in Szczecin. They were patients with the end-
stage kidney failure (stage 5 CKF). The patients, due to their age and sex,
were divided into four groups: K; — 14 women 34-50 years old, K, —14 wom-
en over 50 years old, M; — 17 men 30-50 years old, and M,, — 13 men over
50 years old.

In the blood serum of the examined subjects, magnesium (Mg) concen-
tration was determined, using COBAS INTEGRA Magnesium cassette. Total
cholesterol (TCh) concentration was determined by means of COBAS INTE-
GRA Cholesterol cassette. To determine the concentration of HDL-cholester-
ol (HDL-Ch) fraction, COBAS INTEGRA HDL-cholesterol plus 2 generation
cassette was used. In order to determine quantitatively the concentration of
LDL-cholesterol (LDL-Ch), COBAS INTEGRA LDL-cholesterol plus 2 gener-
ation cassette was used. The cassettes mentioned above were used in the
COBAS INTEGRA analyser. The findings were analysed statistically, apply-
ing Statistica 8.0 computer software package.

RESULTS AND DISCUSSION

The progressing character of chronic kidney failure leads to the necessi-
ty of implementing renal replacement therapy at the last disease stage. The
method of treatment for the examined subjects was long-term ambulatory
haemodialysis, three times a week. In subjects with extreme renal insuffi-
ciency, different laboratory tests are required to monitor the organism state,
including examination of magnesium concentration and the content of some
lipid compounds.

In all groups of the examined subjects, high serum Mg concentration
was observed, exceeding the upper limit of reference values (Table 1). High-
er content of that chemical element was characteristic of women, both older
and younger ones, when compared to men of similar age, but these differ-
ences were not significant statistically. It results from the research works
carried out by many authors that both hyper- and hypomagnesaemia may
occur in subjects with ESKF, but also with normal magnesium balance. Fair-
ly high concentration of Mg (1.06 + 0.18 mmol dm=3 and 1.08 + 0.13 mmol
dm=3) was found by SwitaLsk1 et al. (2000). The results obtained by Nasr1
and KHEIRI (2008) and RoBLES et al. (1998) in patients with ESKF were with-
in physiological limits. Low concentration of Mg in subjects aged 47.5 + 16.6
years (on average 0.6 = 0.3 mmol dm=3) was found by Nasrl and BARADARAN
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Table 1

Concentrations of magnesium (Mg), total cholesterol (TCh), HDL-cholesterol
(HDL-Ch) and LDL-cholesterol (LDL-Ch) in the blood serum of examined subjects
(mmol(+) kg’1

Group
e ok e [ ow [ ow |
x SD x SD x SD x SD
Mg 126 | 020 | 125 | 026 | 1.13 | 0.21 | 1.16 | 0.24 | 0.70-1.05
TCh 461 | 149 | 469 | 116 | 394 | 1.25 | 3.98 | 0.71 | 3.90-6.22
HDL-Ch 123 | 085 | 129 | 022 | 120 | 058 | 1.16 | 0.36 0.9-2.0
LDL-Ch 2.69% | 0.99 | 2.73*% | 1.07 | 1.93* | 0.71 | 2.35 | 0.58 2.2-4.0
Significance K, - M*
of differences K, - M;*

Explanations:  — mean value, SD — standard deviation, * — significance of differences at
p = 0.05, K; — women 34-50 years old, K, — women over 50 years, M; — men 30-50 years
old, M, — men over 50 years. Reference values for magnesium in blood serum are given
after HEIL et al. (1999), whereas for lipids after Kokor and Koxkor (2005)

(2004). Significantly higher mean concentration of that chemical element in
a group of patients with chronic kidney failure (women aged 62 = 16 years
and men aged 58 * 14 years), when compared to the control group of healthy
subjects, was observed by WALASEK et al. (2005).

Hypermagnesaemia occurrence in patients with ESKF is mostly caused
bye a decrease in glomerular filtration in kidneys, which leads to the im-
pairment of urinary magnesium excretion. The increase of total Mg concen-
tration in blood serum induces reduction of its absorption, probably through
reduction of the expression of magnesium protein transporter (TRAM 6) in
small intestine epithelium (GROENESTEGE et al. 2006). Nevertheless, Mg ab-
sorption from the gastrointestinal tract in haemodialysed patients exceeds
frequently the possibility of its elimination and leads to retention of that
chemical element in organism.

Mean total cholesterol (TCh) concentration in the blood serum in all
groups of examined patients was within physiological limits. However, it
was higher in younger women (group K;) as well as older ones (group K)
when compared to men of both age groups, in whom it was at the lower
limit. The HDL-cholesterol fraction also remained at the normal level in all
examined subjects, being however observed at its lowest concentration in
older men (group M,). The level of LDL-cholesterol did not reach the lower
limit in younger men (group M,). In other patients, the content of that lipid
was within reference values (Table 1). Similar mean concentration of TCh
and HDL-Ch was obtained by Penar et al. (2005), who examined a group of
65 haemodialysed patients with an average age of 55.6 + 13.4 years. The
results presented by WitLiczko et al. (2006) obtained in long-term dialysed
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subjects were also similar to those reported for the examined patients. Nas-
ri and BARADARAN (2004), when examining 16 women and 20 men with ex-
treme kidney insufficiency, also obtained similar values for TCh and LDL-
-Ch, whereas the level of HDL-Ch was below lower physiological limit. The
comparison of 71 long-term dialysed subjects (with an average age of 45
years) with a group of healthy persons made by JENDRYCZKA-MACGKIEWICZ et al.
(1999) showed significantly lower concentration of total cholesterol and HDL
and LDL fractions. The analysis of lipid profile results in subjects with ex-
treme kidney insufficiency revealed a higher mean concentration of TCh
and HDL- and LDL-cholesterol in women when compared to men, which
was confirmed in the authors’ study.

Low LDL-Ch concentration which was obtained in younger men (group
M;) does not necessarily have to be connected with a decrease in the number
of LDL molecules. This may also be connected with a reduction in the con-
tent of cholesterol carried by molecules and be the same as a result of LDL
enrichment with apoprotein B and triglycerides. The apoB-richer molecules
are smaller, denser, they easily penetrate into vascular walls and are sub-
ject to oxidation, which leads to considerable atherogenicity (WYBRANSKA, KwaS-
N1AK 2008). Development of small, dense LDL may be the result of the ab-
normal function of hepatic receptors for lipoproteins affecting LDL
metabolism as well as the abnormal activity of cholesterol ester transport-
ing protein (BARTUS et al. 1999, Bocuckr 2009).

Dyslipidaemia, occurring in patients with CKF, contributes to accelerat-
ed development of atherosclerosis, which occurs 30 times more frequently
in those patients, while mortality due to its complications is several dozen
times higher than in general population (STECTwKo, MASTALERZ-MiGas 2006). In
the opinion of Bocucki (2009), unfavourable changes in blood vessels may
rather be a result of disorders in the lipid composition than the increase of
their concentrations in blood serum.

No statistically significant effect of magnesium concentration on the con-
tent of lipids analysed in blood serum was found. Meaningful positive corre-

Table 2

Correlation coefficients (r) between magnesium concentration (Mg) and total cholesterol
(TCh) and HDL-cholesterol (HDL-Ch) and LDL-cholesterol (LDL-Ch) levels
in the blood serum of examined groups

Group
Blood serum indicator
K, K, M, M,
Mg / TCh -0.057 0.397 0.307 -0.080
Mg / HDL-Ch -0.151 -0.042 0.418 0.253
Mg / LDL-Ch -0.028 0.447 0.225 -0.311

Explanations as in Table 1
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lation (but statistically non-significant) was obtained between Mg and total
cholesterol in older women and younger men. Positive correlations between
magnesium and total cholesterol in patients with chronic kidney failure were
also obtained by other authors (Nasri, BARADARAN 2004, RoBLES et al. 1998).
Magnesium content in blood serum was also positively correlated with HDL-
cholesterol in men of both groups. A positive effect on LDL-cholesterol was
observed in the group of older women and that of younger men (Table 2).
However, also small negative correlation between Mg and LDL-cholesterol
contents was obtained in older men.

CONCLUSIONS

1. In all examined groups of patients with extreme kidney insufficiency,
abnormally high mean magnesium concentration was found (above the up-
per limit of reference values). A probable cause of hypermagnesaemia in
those people was a decrease in glomerular filtration, which led to the im-
pairment of urinary magnesium excretion mechanisms.

2. Mean total cholesterol concentration in women was at a higher
level when compared to men, in whom it oscillated around the lower limit
of reference values. HDL-cholesterol showed mean values within physiologi-
cal limits, which was a result of large individual variability in the groups of
examined patients. The evaluation of HDL-cholesterol content in respective
subjects was difficult due to no information referring to intake of diuretic
drugs. The LDL-cholesterol concentration in younger men was below the
reference range, while remaining within physiological limits in other wom-
en and men groups .

3. No statistically significant correlations were found between magne-
sium concentration and lipid content in the examined patients exept only
irregular relationships between these indicators.
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Abstract

Field trials were carried out in order to examine the role of some geochemical indices
(S:Al; Mg:Al and partition coefficient (K4) for evaluating response of crops to aluminum
toxicity under acid soil conditions. They were established in 2007/2008 at Gluszyna Lesna
(52014, N and 16956, E), a 300-hectare agricultural farm near Poznan. Two different crop
plants were tested: (i) winter oilseed rape, variety Cabriolet, (ii) maize, variety Anamur.
The source of magnesium and sulphur was kieserite (MgSO,-H,0) applied at four Mg
rates: 0, 25, 50, 100 kg Mg ha~! in the first decade of November 2007. The results reve-
aled that the values of partition coefficient for magnesium (Kdy;,) decreased along with
arise in pH, although a reverse trend was observed for the partition coefficient of alumi-
num Kd,;. Changes in S:Al indices observed at both sites along with increasing kieserite
(Mg) rates suggest that S-SO, concentrations in soil may reduce Al toxicity. The introduc-
tion of S-SO, to soil may be intended to meet plant’s nutritional requirements and, simul-
taneously, react with exchangeable aluminum (Al,,) in order to mitigate its phytotoxicity.
On the other hand, the incorporated magnesium (Mg2+) was expected to exchange with
A13* jons in the soil cation exchange complex (CEC). The values of Mg : Al indices decre-
ased with raising kieserite rates at the oilseed rape site. Changes of Mg : Al indices obse-
rved under extremely acid soil conditions (maize site) along with increasing kieserite (Mg)
rates suggest that Mg:Al cannot be treated as a direct index describing the Mg, — Al
interaction, especially at 25 and 50 kg Mg ha™! rates. The values of S:Al and Mg : Al indi-
ces were lower at the maize site than at the oilseed rape site because of large amounts of
Al concentrated in soil solution (amounts of Al on the maize site were ca 3-fold higher
than those determined at the oilseed rape site).
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ZASTOSOWANIE GEOCHEMICZNYCH WSKAZNIKOW (S :AL; Mg : Al)
ORAZ WSPOLCZYNNIKA PODZIALU (K,) DO OCENY REAKCJI
ROSLIN UPRAWNYCH NA TOKSYCZNOSC GLINU

Abstrakt

Dos$wiadczenie zatozono, aby zbadaé¢ role niektérych wskaznikéw geochemicznych
(S:Al oraz Mg:Al) oraz wspélczynnika podzialu (Kj) w ocenie reakcji ro§lin uprawnych
na toksyczno$¢ glinu w warunkach zakwaszenia gleby. Polowe doSwiadczenia przeprowa-
dzono w sezonie wegetacyjnym 2007/2008 w gospodarstwie rolnym o powierzchni 300 ha,
w Gluszynie Lesnej (52914, N and 16956, E) k. Poznania. Dos§wiadczenia obejmowaly dwie
rosliny uprawne: rzepak ozimy i kukurydze oraz cztery dawki magnezu: 0, 25, 50 i 100 kg
Mg hal zastosowane w postaci kizerytu (MgS0,-Hy0), w pierwszej dekadzie listopada
2007. Wykazano, iz wspétczynnik podziatu dla magnezu (KdMg) zmniejszat sie wraz ze wzro-
stem pH gleby, natomiast odwrotny trend zaobserwowano w przypadku wspélczynnika po-
dzialu dla glinu (Kd,;). Zmiany wskaznikéw S/Al, obserwowane na obu stanowiskach, su-
geruja, ze zawarto$¢ S-SO, w glebie moze redukowaé toksyczno$é glinu. Zastosowany
S-S0, stuzyl zaréwno do zaspokojenia potrzeb pokarmowych rodliny wzgledem siarki, jak
ido neutralizowania glinu wymiennego (Alwym), aby ograniczyé jego fitotoksycznosé. Z dru-
giej strony wprowadzenie do gleby magnezu (Mg2*), poza zywieniowym aspektem, moze
powodowaé wypieranie jonéw Al3* z glebowego kompleksu sorpcyjnego (KS). Na stanowi-
sku z rzepakiem ozimym warto$ci wskaznika Mg/Al malaly wraz z rosnacymi dawkami ki-
zerytu. Zmiany warto$ci wskaznika Mg : Al, zachodzace wraz z rosngcymi dawkami kizery-
tu (Mg) na stanowisku z kukurydza (skrajnie kwa$ne warunki zakwaszenia gleby),
wskazuja, iz wskaznik Mg : Al nie moze by¢ traktowany jako bezposredni czynnik opisuja-
cy wspéldzialanie Mg — Al, szczegdlnie dla dawek 25 i 50 kg Mg ha~l. Wartosci wskaznikéw
S:Al i Mg: Al byly zdecydowanie nizsze na stanowisku z kukurydza w poréwnaniu ze sta-
nowiskiem z rzepakiem ozimym. Wynikato to z bardzo duzej zawartosci Al w roztworze
glebowym (zawarto$é AlWym na stanowisku z kukurydzg byta 3-krotnie wyzsza niz na sta-
nowisku z rzepakiem ozimym).

Stowa kluczowe: rzepak ozimy, kukurydza, toksycznosé¢ glinu, zakwaszenie gleb,
wskazniki S: Al oraz Mg : Al, wspélczynnik podzialu (Ky.

INTRODUCTION

Soil acidity is a major growth-limiting factor for plants, both worldwide
and in Poland. Poor plant growth on acid soil has been linked to monomeric
aluminum (AI3+) toxicity (KINRAIDE 1993, BARCELO et al. 1996, Kipp, ProcToR
2001), which usually occurs at pH < 5.0 or, more precisely, at pH < 4.7.
Less phytotoxic forms, AI(OH)2+, Al(OH)y*, are expected at pH between 5.0
and 6.5, when conditions suitable for mitigating aluminum phytotoxicity ap-
pear (Linpsay 1979). Due to excess of aluminum cation excess, crops, which
have a smaller and shallower root system, are unable to take up sufficient
amounts of many nutrients in order to cover their nutritional needs (SzATANIK-
-Kroc, Jozeractuk 2002, GrzeBisz et al. 2005).
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The present state of knowledge concerning the mitigation of aluminum
toxicity assumes an implementation of a practical procedure, i.e., liming
(GrzeBisz et al. 2006). However, a question arises about some other alterna-
tive methods aimed at inducing crop plants’ response to aluminum toxicity
under acid soil conditions. This problem can be solved if relationships be-
tween some macronutrients, for example sulphur (S), magnesium (Mg), and
aluminum cation (Al3*) in acid soil will be considered. It is assumed that
both macronutrients (S and Mg) are intended to alleviate aluminum toxicity
and hence ensure a high nutrient efficiency of crop plants grown under acid
soil conditions.

Sulphur (S), occurring in the soil solution as SO 42_ anions, may precipi-
tate Al3* jons present in the soil solution (SKuBIszZEWSKA, DiaTTa 2008), whereas
magnesium as Mg2* cation in the soil solution can exchange with Al3+ ions
in the soil cation exchange complex. Moreover, magnesium may exhibit
a great capacity for decreasing Al3+ accumulation in plant root apoplast (GRzE-
Bisz, HARDTER 2006) owing to the antagonistic effect of Mg — Al ions in acid
soil.

Metals ions, including aluminum and magnesium, exhibit different affin-
ity with naturally occurring adsorbents and the reactions between these met-
al ions and adsorbents are observed to be reversible as related, among oth-
ers, to soil pH and their content in soils. The magnitude of this process is
generally estimated by chemical tests as well as speciation studies. The ra-
tio of Al and Mg in the solid phase to that in solution at equilibrium is
defined as partition coefficient K;, which is reported as Me,;  Me , where,
Me,;, — adsorbed/retained Al or Mg and Me,,; — their concentrations in
solution (DiaTTa et al. 2003, 2004). High values of partition coefficients are
believed to indicate that Al and Mg have been retained by the soil solid
phase through sorption reactions, while low values imply that most of Al
and Mg are partitioned to the ambient soil solution, where they are poten-
tially prone to transport and biological or geochemical reactions. The mech-
anisms involved are related to several physical and chemical soil properties,
of which soil reaction (pH), organic matter, clay and silt contents are most
often indicated as the nes which control dynamic processes of metal geo-
chemistry.

It was assumed that partition coefficients for aluminum and magnesium
(Kdy,, KdMg) may play an important role in understanding the relationship
between aluminum (Al) and magnesium (Mg) concentrations in the soil solid
phase and the soil solution. Furthermore, Kd,;, KdMg status in soil as well
as the relationship with pH are expected to provide useful agrochemical tool
for evaluating crop plants response to soil acidification.

The aim of the present study was to report the geochemical characteris-
tics of some indices i.e., S: Al; Mg : Al and partition coefficient (K;), in the
assessment of crops’ response to aluminum toxicity under acid soil condi-
tions.
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MATERIAL AND METHODS

1. Characteristics of experimental field, designs and agrochemical soil proper-
ties

a) Field trials and soil sampling

Field trials were established in 2007/2008 at Gluszyna Lesna (52014, N
and 16956, E), a 300-hectare agricultural farm, near Poznan. Soils under
these trials belong to the agronomical category covering the range from
class IV to V. Two different crops were tested: (i) winter oilseed rape, varie-
ty Cabriolet, and (ii) maize variety Anamur. The source of magnesium and
sulphur was kieserite (MgSO,-H,0) applied at four Mg rates: 0, 25, 50,
100 kg Mg ha ! in the first decade of November 2007. Soil samples were
collected at the depths 0-20 cm and 20-40 cm as follows: (i) initial samples —
just before kieserite application, both for oilseed rape and maize site, (ii) in
spring — at the plant regrowth phase for winter oilseed rape, (iii) during the
flowering phase for maize.

b) Soils chemical analysis

Prior to chemical analyses, soil samples were air-dried at room temper-
ature for 4 days, crushed to pass through a 1.0 mm screen and stored in
plastic bags before chemical analyses. The pH was determined potentiomet-
rically (w/v, 1:5) according to the Polish Standard (1994) in 1.0 mole KCl
dm™3. Cation exchange capacity (CEC) was obtained by summation of 1 mole
KCl1 dm™3 extractable acidity and exchangeable alkaline cations (Ca%*, Mg2*,
Na* and K*) extracted by 1 mole CH;COONH, dm=3 (pH 7.0), as described
by THOMAS (1982). These elements were determined by the FASS method
(Varian Spectra AA — 250 Plus).

Exchangeable aluminium was determined according Sokolov’s method
(Mocexk et al, 2000) by using 1 mole KCI for displacing Al ions. The recov-
ered extracts were divided into two aliquots, of which one was directly ti-
trated for determining the concentrations of H and Al, whereas the second
one was titrated after Al precipitation with NaF. Exchangeable Al was ob-
tained from the difference between these chemical tests. Sulphur was as-
sessed by the turbidimetric method based on the extraction of S-SO, com-
pounds by 2% CH3;COOH and further precipitation S-SO, with a 20% BaCl,,
solution (SPARKS 1996). Sulphur concentrations were determined by using
Specord 40 AnalytikJena equipment. All analyses were performed in duplica-
tions.

2. Characteristics of geochemical indices and partition coefficient

In this study, the following indices have been suggested for estimating
Al, Mg and S geochemical changes as induced by oilseed rape and maize
growth.
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where:
Kd,, - aluminum partition coefficient, (dm? kg1);
KdMg — magnesium partition coefficient, (dm3 kg1);

S:Al - index expressing the relationship between S-SO, and Al .
(mass ratio basis);

Mg: Al — index expressing the relationship between Mg, and Al
(mass ratio basis);

Al,, - exchangeable aluminum (mg kg™b);

Mg, - exchangeable magnesium (mg kg1).

Additional estimation of potential aluminum phytotoxicity was undertak-
en as reported below (DiatTa et al. 2009):

< 36.0 mg Al kg1 soil, slight effect
36.0 — 45.0 mg Al kgl soil, negative effect
> 45.0 mg Al kg1 soil, phytotoxic effect

Indices as well as partition coefficients were represented graphically us-
ing EXCEL® spreadsheets.

RESULTS AND DISCUSSION

1. Soil chemical properties

The chemical properties reported in Table 1 showed that before estab-
lishment of the trials, soils under oilseed rape were acid (pH 4.65-4.70) while
the maize site contained extremely acid soils (pH 3.70-3.75) (GRrzEBISZ et al.
2005, StrzEMSKI et al. 1973), irrespective of the sampling depth. The amounts
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Table 1

Selected chemical soil properties of oilseed rape and maize sites before the field trial
(mean, n = 16)

Mg, ex | Caex | Kex

Soil H Al S-S0
P

Plant | layer kel ex * | (mol dm CH,COONH,) | ‘it

(cm) )

mg kg

Oilseed | 020 | 470 | 3867 | 1493 | 3506 | 22818 | 13066 | 21
rape

2040 | 465 | 4960 | 1606 | 59.06 | 26924 | 14534 | 24

020 | 375 | 15003 | 1968 | 4684 | 207.12 | 7211 | 18
M
aze 19040 | 370 | 12045 | 1905 | 4650 | 19494 | 5865 | 17

of exchangeable aluminum (Al,,) at the maize site varied within the range
120.45-150.03 mg kg! and were ca 3-fold higher than those determined at
the oilseed rape site (38.67-49.60 mg kg1). These amounts fluctuated within
the negative (oilseed rape site) and phytotoxic (maize site) effect range of
Al,,, which means that phototoxicity most probably did occur, mainly under
acid conditions. Both soils (under oilseed rape and under maize) were char-
acterized by the sulphur (S-SO,) content of 14.93-19.68 mg kg1 and similar
levels of exchangeable magnesium (Mg,,) at both sites. The agrochemical
properties of the sites were in general less favorable (mainly pH) to oilseed
rape and maize yields, but suitable for verifying the geochemical-based indi-
ces (S/Al; Mg/Al) and partition coefficient (Kdy;; KdMg) concept.

2. Aluminum (Kd,;) and magnesium (Kd,,,) partition coefficients

The partition coefficient (K;) expresses the relationship between an ele-
ment contained in the soil solid phase and its concentration in the soil solu-
tion. Higher Kd,; values imply that when more Al is retained (immobilized)
in the soil solid phase, Al concentration in the soil solution is lower, and
vice versa. The same applies to KdM , although high levels of Mg concentra-
tions in the soil solution are most frequently expected to be caused by agro-
chemical practice. The geochemical characteristics of these parameters are
closely linked with pH changes. From the data found in the scientific litera-
ture, it may be concluded that aluminum generates protons (H*), unlike
magnesium generating hydroxide anions (OH™). These geochemical features
were outlined by relating the respective partition coefficients to soil pH, as
illustrated in Figures 1 and 2.

The above capacity to generate H* and OH™ is expressed on the basis of
a (moles H* or OH™ produced by AI3** and Mg?2*, respectively), which is
a product of the linear coefficient value (y = ax + b, where: y = Ky; x = pH;
b = moles of negative charges produced by soil).
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Fig. 1. Relationship between partition coefficient for aluminum (log Kd,;) and soil pH
at the oilseed rape site during the regrowth and at the maize site during the flowering
stages (0-40 cm depth)

The linear relationship between Kd,; and soil pH for both sites suggests
more intensive generation of hydrogen ions (H*) by Al3*+ along with an in-
creasing pH value (Figure 1). Aluminum (Al3*) starts to produce more H* in
order to decrease soil pH through H* soil acidification. The proton genera-
tion capacity index (ay) reached 0.84 and 0.73 moles H* per mole Al3+ for
the oilseed rape and maize sites, respectively. This is particularly important
in terms of Al proton generation capacity in soils. The reported values indi-
cate that for the acid site (i.e. oilseed rape), more protons are required to
decrease the soil pH in order to ensure more Al activity. This action was
not necessary at the maize site, characterized by extremely acid conditions.
Higher Al concentrations were found within the pH range 4.0-4.7, and this
corresponded to aluminum partition coefficients (Kd,;) varying from
2.4-3.0 dm? kg1 at the oilseed rape site.

At the maize site, the highest concentration of Al varied in the pH
range 3.55-3.85, and this corresponded to partition coefficients (Kd,;) of 1.8-
-2.2 dm3 kg~!. The lower values of (Kd Ap at the maize site as compared to
the oilseed rape site are attributable to the extremely high amounts of ex-
changeable aluminum (Al,,) — Table 1. The values of coefficients of determi-
nation (R2) at both sites are high (0.82 and 0.71, respectively for oilseed
rape and maize sites). This means that relationships between partition coef-
ficients for Al (Kd,;) and soil pH demonstrated a fairly strong dependence.
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Fig. 2. Relationship between partition coefficient for magnesium (logKd,;,) and soil pH
at the oilseed rape site during the regrowth and the maize site during the %owerlng stages
(0-40 cm depth)

Relationships between the partition coefficient for Mg (KdM ) and soil
pH at the oilseed rape and maize sites are illustrated in Flgure 2. Most
interesting is the occurrence of a reverse trend observed for Kdy;, as com-
pared to Kd,;. Magnesium generated lower amounts of hydroxide anions
(OH™) along with a pH raise and the overall geochemical reaction is expect-
ed to overcome aluminum-induced soil acidification. This is directly related
to the rise in Mg concentrations in the soil solution, which further leads to
a decrease in the KdM values. This assumptlon is supported by low KdMg
values in the range from 0.30 to 1.05 dm3 kg1, just half of the values
of Kd,; (maize site). The same pattern was observed at 01lseed rape site
with Kdy;, values varying from 0.80 to 1.40 dm3 kg1, , also half the
value of K% A1 (at oilseed rape site).

Hydroxide anion generation capacity (agy) varied from -0.54 to -0.61
moles OH™ per mole Mg2* for the oilseed rape and maize sites respectively,
confirming a decrease in OH~ ion generation by Mg?* along with a pH in-
crease. This situation is reverse to the one reported for the Al proton gen-
eration capacity in soils. It means that acid conditions strengthen OH™ pro-
duction in contrast to slightly alkaline or alkaline soils.
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3. Sulphur and magnesium versus aluminum: S : Al, Mg : Al geochemical indices

Figure 3 illustrates changes related to S : Al indices, accordingly to kie-
serite (Mg) rates during the oilseed rape regrowth and maize flowering stag-
es. The values of S: Al decreased generally at the depth 20-40 cm, as com-
pared to 0-20 cm, irrespective of Mg rates and type of site. This finding may
be attributed to high concentration of Al in the subsoil (20-40 cm). The oc-
currence of high Al concentration under such conditions (Table 1) seems to
be expected since, based on a diagram of Al dissolution as described by LinD-
sAY (1979), monomeric Al forms (i.e., Al13*) appear mostly at pH < 4.7. Such
approaches have been reported by WALKER et al. (1990) and confirmed by
DiskstrA and FirzaucH (2003) in different soil ecosystems. Changes of S : Al
indices as observed at both sites along with increasing kieserite (Mg) rates
suggest that the S-SO, concentration in soil may reduce Al toxicity. The
introduction of S-SO, to soil may be intended to satisfy plants’ nutritional
requirements and, simultaneously, cause a reaction with exchangeable alu-
minum (Al,,) in order to mitigate its phytotoxicity. The results caused by 50
and 100 kg Mg ha! rates at the oilseed rape site made it more evident that
large amounts of S-SO, have reacted with Al . This may be attributed to

oilseed rape

0.5
0.4
- 0.3
o 0.2
0.1
0.0

0-20 [20-40| 0-20 [20-40| 0-20 | 20-40| 0-20 |20-40
cm  cm cm  cm | cm cm | cm cm

0 25 50 100
Mg rates (kg Mg ha ™)

maize

0.09
0.08 1
0.07 1
0.06 1
0.05 1
wn 0.04 1
0.03 1
0.02 A
0.01 A

cAl

0-20 [20-40| 0-20 | 20-40| 0-20 | 20-40| 0-20 | 20-40
cm cm cm cm | cm cm | cm cm

0 25 50 100
Mg rates (kg Mg ha )

Fig. 3. Changes in S: Al indices at two depths, 0-20 cm and 20-40 cm, under oilseed rape
(regrowth stage) and maize (flowering stage) receiving four Mg rates (kg ha™1) as kieserite
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the low S:Al values in these treatments, as compared to the ones with
25 kg Mg ha™l. The same trend was observed at the maize site, but only for
the 100 kg Mg ha! treatment, where S : Al indices were lower as compared
to the 50 kg Mg ha~! rate. With respect to the oilseed rape site, values of
S : Al mostly varied within the range from 0.10 to 0.30. It was only the
control treatment that was characterized by an S : Al value below 0.10. The
low content of of S-SO, has prevented the S-SO, — Al reaction. At the
maize site, S : Al indices may be divided as follows:

ex

S:Al < 0.045 — the S-SO, — Al,, reaction limited due to large amounts of Al_,

S:Al > 0.045 — interaction between S-SO, and Al_, more efficient because
of relatively low amounts of Al .

Changes of Mg : Al indices as influenced by kieserite application on the
oilseed rape and maize sites are illustrated by Figure 4. The Mg : Al values
were the most interesting as they were decreasing along with the rising
kieserite rates applied on the oilseed rape site. The introduction of magne-

oilseed rape

1.4
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1.0
0.8 1
0.6 1
0.4 1
0.2 1
0.0 1

Mg : Al

0-20 |20-40 | 0-20 |20-40 | 0-20 | 20-40 | 0-20 |20-40
cm cm cm cm cm cm cm cm

0 25 50 100

Mg rates (kg Mg ha)
maize

0.40
0.35 1
0.30 1
Z 0.25
0.20 1
= 0.15
0.10 1
0.05 1
0.00 1

0-20 [20-40 | 0-20 |20-40 | 0-20 |20-40 | 0-20 |20-40
cm cm cm cm cm cm cm cm

0 25 50 100
Mg rates (kg Mg ha )

Fig. 4. Changes of Mg : Al indices at two depths, 0-20 cm and 20-40 cm, under oilseed rape
(regrowth stage) and maize (flowering stage) receiving four Mg rates (kg ha™l) as kieserite
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sium Mg?2*, in additional to nutritional purposes, is intended for an exchange
of Mg2+ with Al3* ions in the soil cation exchange complex (CEC), especially
when total Al content is considered (Table 1).

The Mg : Al indices at the maize site proved to be reverse to the ones
observed at the oilseed rape site, i.e. the Mg : Al values increased along
with the rising kieserite rates. This particular finding may be attributed to
a smaller and shallower root system, which was unable to efficiently take
up magnesium in order to cover maize’s nutritional requirements affected
by AI3+ toxicity. Changes in the Mg : Al indices observed under extremely
acid soil conditions (the maize site) along with increasing kieserite (Mg) rates
suggest that Mg : Al may not be the only index describing the Mg, — Al
interaction, especially at 25 and 50 kg Mg hal.

The values of Mg : Al were almost identical at both depths (0-20, 20-
40 cm), irrespective of the site. A reverse pattern was observed for the S: Al
indices, where values of the S : Al ratio generally decreased at the depth 20-40
cm, as compared to 0-20 cm, irrespective of Mg rates and site characteristics.

ex

Generally, values of the S: Al and Mg: Al indices were lower at the
maize site than at the oilseed rape plot due to the high levels of Al (the
amounts of Al , at the maize site were ca 3-fold higher than those deter-
mined at the oilseed rape site).

CONCLUSIONS

1. Values of the partition coefficient for aluminum (Kd,,) rose along with
a pH increase, irrespective of the site. At higher Kd,; more Al was retained
in the soil solid phase and less in the soil solution.

2. Magnesium partition coefficients (KdMg) decreased with a pH rise
(areverse trend than that of Kd,;). Magnesium generated fewer hydroxide
anions (OH™) along with a pH growth. OH~ groups are expected to over-
come aluminum-based soil acidification.

3. Changes of the S: Al indices observed at both sites with increasing
kieserite (Mg) rates suggest that the S-SO, concentration in soil may have
reduced Al toxicity. The introduction of S-SO, to soil is intended to meet
plants’ nutritional requirements and simultaneously react with exchangea-
ble aluminum (Al,,) in order to mitigate its phytotoxicity.

4. Changes in the Mg : Al indices observed under extremely acid soil con-
ditions (the maize site) imply that Mg : Al may not be the only index de-
scribing the Mg, —Al_  interaction, especially at 25 and 50 kg Mg ha™! rates.

X
5. Values of the S: Al and Mg : Al indices were lower at the maize site,
as compared to the oilseed rape site, due to high levels of Al , (amounts of
Al at the maize site were ca 3-fold higher than at the oilseed rape site).
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EFFECT OF PLANT BIOSTIMULATION
WITH PENTAKEEP V FERTILIZER
AND NITROGEN FERTILIZATION
ON THE CONTENT OF MACRO-
AND MICRONUTRIENTS IN SPINACH*

Sylwester Smolen, Wlodzimierz Sady

Chair of Soil Cultivation and Fertilization of Horticultural Plants
University of Agriculture in Krakow

Abstract

The aim of the research was to determine the influence of foliar nutrition with Pen-
takeep V as well as differentiated nitrogen fertilisation on the content of macro- (Ca, K,
Mg, Na, P and S) and micronutrients (B, Cu, Fe, Mn and Zn) in spinach leaves. Pentakepp
V is a fertilizer containing 5-aminolevulinic acid (5-ALA), which is the direct precursor of
chlorophyll in plants. In 2006-2007, a pot experiment with spinach Spinacia oleracea L. cv.
Spinaker F; was carried out. The plants were cultivated in 60 x 40 x 20 cm containers
placed in an open field under a shade-providing fabric. Containers were filled with loamy
clay soil (35% of sand, 28% silt, 37% clay) with the organic matter content of 2.44% in 2006
and 2.52% in 2007. The experiment design included 2 sub-blocks: with and without foliar
nutrition. The plants were sprayed twice with Pentakeep V fertilizer in a dose of 0.02%
w/v (16 ml 100 dm=3 — 3000 dm3 per 1 ha). In each sub-block, soil fertilization with nitro-
gen was applied: 1 — control (without N fertilization), 2 — 25 mg N dm™3 of the soil (50% of
N dose), 3 — 50 mg N dm™3 of the soil (100% of N dose). Nitrogen fertilization was applied
in the form of ammonium nitrate prior to seed sowing. Among all of the determined nu-
trients, a significant interaction between foliar nutrition and soil application of nitrogen
was observed in the case of Ca and Fe content in spinach leaves. Foliar application of
Pentakeep V decreased the content of Ca in plants without N fertilization as well as incre-
ased the amount of this element in plants fertilized with full dose of nitrogen (100% of
N dose). These observations were further verified by the changes of Ca content in soil
after plant cultivation. Increased uptake of Ca from soil was observed for plants treated
with Pentakeep V and fertilized with the full dose of nitrogen. A higher content of this

Sylwester Smolenr, PhD, Chair of Soil Cultivation and Fertilization of Horticultural Plants,
University of Agriculture in Krakow, Al. 29 Listopada 54, 31-425 Krakéw, Poland, e-mail:
ssmolen@ogr.ar.krakow.pl

*The research was financed by Cosmo Seiwa Agriculture Co., LTD. Japan.
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element in soil was noted after cultivation of plants receiving only Pentakeep V (without
N fertilization). Specific interaction of Pentakeep V on the increased content of Fe in spi-
nach fertilized with 50% dose of N was observed. In comparison with the control, N fertili-
zation in both doses (regardless of the foliar nutrition) led to the decrease of the plant
content of Ca, Na and Fe as well as resulted in the increased concentration of K in spi-
nach leaves. Plants fertilized with half-dose of N were characterized by lower content of
Mn but plants treated with 100 % of nitrogen had higher concentration of this element in
comparison to the control. Foliar application of Pentakeep V (considered independently of
N fertilization) did not significantly influence the content of these nutrients in spinach le-
aves. Weather conditions throughout both years of cultivation had no effect on the inte-
raction between foliar nutrition with Pentakeep V and N fertilization on the content of ana-
lyzed nutrients.

Key words: biostimulation, 5-aminolevulinic acid, macronutrients, micronutrients, mineral
nutrition.

WPLYW BIOSTYMULACJI R9$LIN NAWOZEM PENTAKEEP V ORAZ NAWOZENIA
AZOTEM NA ZAWARTOSC MAKRO- I MIKROSKEADNIKOW W SZPINAKU

Abstrakt

Celem badan byto okreslenie wplywu dokarmiania dolistnego nawozem Pentakeep V
oraz zroznicowanego pod wzgledem dawki nawozenia azotem na zawarto§¢ makro- (Ca, K,
Mg, Na, P and S) i mikrosktadnikéw pokarmowych (B, Cu, Fe, Mn i Zn) w szpinaku. Na-
woz Pentakeep V zawiera kwas 5-aminolewulinowy (5-ALA), ktéry w roslinach jest m.in.
bezposrednim prekursorem czasteczek chlorofilu. W latach 2006-2007 przeprowadzono do-
$wiadczenie wazonowe z uprawa szpinaku Spinacia oleracea L. Spinaker F;. Szpinak upra-
wiano w pojemnikach azurowych o wymiarach 60x40x20 c¢m umieszczonych na terenie
otwartym pod cieniowka. Pojemniki wypelniono gling $rednig pylasta (35% piasku, 28% pytu
i 37% itu) zawierajaca 2,44% i 2,52% materii organicznej odpowiednio w 2006 i 2007 roku.
Badaniami objeto dwa podbloki z dolistnym i bez dolistnego dokarmiania roslin. Rosliny
dokarmiano dolistnie dwukrotnie nawozem Pentakeep V w dawce 0,02% m/o (16 ml
100 dm=3 — stosujac w przeliczeniu 3 000 dm3 wody na 1 ha. W obrebie podblokéw zastoso-
wano doglebowe nawozenie azotem: 1 — kontrola (nienawozona azotem), 2 — 25 mg N dm™3
gleby (50% dawki N), 3 — 50 mg N dm=3 gleby (100% dawki N). Nawozenie azotem zasto-
sowano przedsiewnie w formie saletry amonowej. Sposréd wszystkich oznaczonych pier-
wiastkow istotny wplyw wspéldziatania dokarmiania dolistnego z doglebowym nawozeniem
azotem stwierdzono jedynie w odniesieniu do zawarto$ci Ca i Fe w szpinaku. W roslinach
nienawozonych azotem dokarmianie dolistne Pentakeep V powodowato zmniejszenie zawar-
tosci Ca w szpinaku, w ro§linach za§ nawozonych 100% dawka N zwiekszenie. Wykazane
zmiany zawartoSci Ca w szpinaku pod wptywem Pentakeep V i nawozenia azotem znajduja
uzasadnienie w kierunku zmian zawartosci tego pierwiastka w glebie wykazanych po za-
konczonej uprawie. Swiadczg one (odpowiednio w przypadku kontroli i nawozenia 100%
dawka N) o zmniejszonym i zwiekszonym pobieraniu Ca z gleby przez rosliny dokarmiane
dolistnie Pentakeep V. Wykazano specyficzne oddzialywanie Pentakeep V na zwiekszenie
zawartoSci Fe w roslinach szpinaku nawozonych 50% dawka N. W poréwnaniu z kontrola
nawozenie dwiema zastosowanmi dawkami azotu (rozpatrywane niezaleznie od dokarmia-
nia dolistnego) powodowato zmniejszenie zawartoSci Ca, Na i Fe, a wzrost zawartosci K
w szpinaku. Nawozenie 50% dawka N powodowalo zmniejszenie zawartosci Mn w szpina-
ku, a 100% dawka N zwiekszenie. Zabieg dokarmiania dolistnego Pentakeep V, rozpatry-
wany niezaleznie od nawozenia azotem, nie powodowalt istotnych zmian w zawartoSci ba-
danych pierwiastkow w szpinaku. Przebieg warunkow klimatycznych w obydwu latach
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badan nie miat istotnego wplywu na oddziatywanie dokarmiania dolistnego Pentakeep
V i nawozenia doglebowego azotem na zawarto$¢ badanych pierwiastkow w szpinaku.

Stowa kluczowe: biostymulacja, kwas 5-aminolewulinowy, makrosktadniki,
mikrosktadniki, zywienie mineralne.

INTRODUCTION

Plant biostimulation has recently become an increasingly more common
treatment in modern agricultural production, carried out to intensify the
quantity and improve the quality of crop yield. This procedure can be per-
formed independently or along with foliar nutrition. Biostimulation is car-
ried out using growth stimulators (bioactivators, biostimulators). According
to the Act of 10 July, 2007 on Fertilizers and Fertilization (Journal of Laws,
2007 no 147, item 1033), a growth stimulator is an organic or mineral com-
pound or its mixture, which has positive impact on plants’ growth or other
metabolic processes in plants, excluding a growth regulator, which is a plant
protection product in the sense defined in the provisions on plants protec-
tion. One of the compounds used in plant biostimulation is 5-aminolevulinic
acid (ALA), a common precursor to tetrapyrrole compounds found in chloro-
phyll and hemes. ALA is also a natural organic acid presented in all living
organisms (Tanaka et al. 2005). Hotta et al. (1997) suggest that ALA has
plant growth regulating properties at low concentrations and may enhance
agricultural productivity. Foliar application of this chemical compound leads
to an increased content of photosynthetic pigments in leaves and higher
photosynthetic activity. YaRoNskava et al. (2006) found a positive relation be-
tween ALA content and carbon dioxide assimilation in barley seedlings. Foli-
ar application of ALA resulted in a higher content of chloroplast pigments as
well as increased photosynthetic and antioxidant activity in pakchoi (MEMON
et al. 2009). The effect of ALA or fertilizers containing this compound (e.g.
Pentakeep® fertilizers) on mineral nutrition is still vaguely defined and only
few reports concern this question. Diverse effects of foliar application of
Pentakeep® on the content of N, Cu and Zn in Phoenix dactylifera L. palm
leaves were described (Awap 2008). Studies by WaraNaBE et al. (2000) showed
that ALA improves salt tolerance in cotton seedlings through the reduction
in sodium uptake. The aim of this research was to determine the influence
of foliar nutrition with Pentakeep V and different nitrogen fertilization on
the content of macro- (Ca, K, Mg, Na, P and S) and micronutrients (B, Cu,
Fe, Mn and Zn) in spinach leaves.
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MATERIAL AND METHODS

Spinach (Spinacia oleracea L.) cv. Spinaker F; was cultivated in 2006-
-2007 in open containers 60x40x20 cm in size, placed in an open field under
a shade-providing fabric. The containers were filled with silt loam soil (35%
sand, 28% silt and 37% clay) with the content of organic matter of 2.44% in
2006 and 2.52% in 2007, and the following concentrations of the available
nutrient forms soluble in 0.03 M acetic acid (for 2006 and 2007, respective-
ly): N (NO3-N+NH,-N) — 16.6-86.3 mg, P — 16.6-64.8 mg, K — 37.6-53.1 mg,
Mg — 121.4-158.3 mg and Ca — 1032.2-2342.9 mg dm™3 soil. In 2006 an 2007,
soil pHy,0) was 6.38-6.99, while the total concentration of salt in soil (EC)
was 0.19-0.41 EC mS cm™1, respectively. The content of available forms
of phosphorus and potassium was supplemented before the cultivation to the
following levels: 60 mg P (in 2006) and 200 mg K dm™3 (in 2006 and 2007)
of soil.

The research comprised two sub-blocks: with and without plant foliar
nutrition. In the sub-block with foliar application, plants were sprayed twice
(on 5 and 12 September 2006 as well as on 3 and 14 September 2007) with
Pentakeep V in a dose of 0.02% w/v (16 ml 100 dm=3). The solution was
applied in the amount of 3 000 dm3 per hectare according to the manufac-
turer’s recommendation (Cosmo Seiwa Agriculture Co., LTD. Japan). The
following combinations with soil fertilized with nitrogen were distinguished
within the sub-blocks: 1 — control (without N fertilization), 2 — 25 mg N
dm™3 of the soil (50% of N dose: equal 50 kg N ha! in field fertilization), 3
— 50 mg N dm™3 of the soil (100% of N dose: equal 100 kg N ha™! in field
fertilization). Nitrogen fertilization was carried out prior to seed sowing us-
ing ammonium nitrate. Pentakeep V contains (in gravimetric percent): 9.5%
N (38.8% NOs-N, 5.7% NH,-N), 5.7% MgO, 0.14% B, 0.02% Cu, 0.6%
Fe-DTPA, 0.23% Mn, 0.02% Mo, 0.16% Zn and 5-aminolevulinic acid in con-
centration not declared by the producer.

The experiment was carried out using a split-plot method in four repli-
cates. Each replicate (one container) consisted of 4 rows of plants. In both
years of the experiment, seeds were sown on 1 August using 15 seeds in a
row. After germination plants were thinned out leaving 10 seedlings in one
row (40 plants per one container). Spinach plants were harvested on 19 and
18 September in the subsequent years.

In each year, shredded plant material (spinach leaves) was dried at 70°C,
ground and mineralized in 65% super pure HNO; (Merck no. 100443.2500)
in a CEM MARS-5 Xpress microwave oven (Pastawski, MicaszEwski 2006).
Concentrations of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and Zn were deter-
mined in the mineralized plant material using the ICP-OES technique with
the use of a Prodigy Teledyne Leeman Labs USA spectrometer.
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In both years, prior to the experiment, organic matter concentration in
soil was determined using Tiurin method modified by Oleksynova. Soil
PH 90y Was assessed with a potentiometer, while the total concentration of
salt in soil EC was measured conductometrically. Prior to the experiment
and after the harvest, the content of Ca, K, Mg and P in soil was deter-
mined after extraction with 0.03M CH3;COOH. Concentrations of Ca, K and
Mg were assessed by the AAS method and P was measured by the vanadi-
um-molybdenum method. It was only after the harvest in 2007 that the
concentrations of Na and S (after extraction with 0.03 M CH3COOH) as well
as B, Cu, Fe, Mn and Zn after extraction with 0.01 M CaCl, in soil were
determined by the ICP-OES method.

The results were verified statistically using the ANOVA module of Sta-
tistica 8.0 PL programme at the significance level P < 0.05. The significance
of changes was assessed with the use of variance analysis. Whenever signif-
icant changes were detected, homogenous groups were determined by Dun-
can’s test.

RESULTS AND DISCUSSION

The research conducted by Awap (2008) indicated that during acclimati-
zation of young plants from in vitro conditions, soil application of Pentakeep
V in concentrations of 0.02%, 0.04% and 0.08% improved growth capacity
and increased biomass of Phoenix dactylifera L. plants. Higher concentra-
tions of chlorophyll a, accompanied by an increased content of N, Cu and
Zn, were observed in palm leaves. In contrast, no significant effect of Penta-
keep V on the leaf content of P, K, Fe and Mn was found. It was only in the
case of Zn that its higher accumulation in plants correlated with an increas-
ing concentration of this element in soil after Pentakeep V application. As
no differences were observed in the soil concentrations of N and Cu, the
increase in leaf content of these nutrients was caused exclusively by stimu-
lating the activity of ALA.

Foliar treatment, among other physiological responses, can induce more
effective root uptake of mineral nutrients (Apamec 2002, Barczaxk et al. 2007).
In the present study, the results of statistical analysis indicated significant
interaction of foliar nutrition with Pentakeep V and soil fertilization with
nitrogen on the Ca and Fe content in spinach leaves (Tables 1 and 2). In
both sub-blocks, the concentration of calcium in plants fertilized with 50%
dose of N remained at the same level and was lower in comparison to the
control plants (Table 1). Foliar nutrition with Pentakeep V caused a signifi-
cant decrease in the Ca content in control plants without N fertilization,
which can indicate a reduced calcium accumulation in plant tissues. This
assumption can be supported by the increased amount of this element in
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Table 1
The effect of Pentakeep V foliar nutrition and N fertilization on the content
of Ca, K, Mg, Na, P and S in spinach

Combinations (% d.w. — means from 2006-2007)
Means for interaction:
foliar nutrition x nitrogen Ca K Mg Na P S
fertilization

Without foliar | control 159 ¢ 6.10 a 1.02 a 0.22 a 0.75 a 0.59 a
nutrition

25mg Ndm=3 | 129a 6.70 a 1.05a 0.17 a 0.73 a 0.63 a
50 mg Ndm=3 | 126a 6.79 a 0.95a 0.15a 0.77 a 0.58 a
Pentakeep V | control 1435 6.00 a 0.99 a 021a 0.74 a 0.63 a
25mg Ndm=3 | 129a 6.62 a 0.99 a 0.17 a 0.72 a 0.62 a
50 mg Ndm=3 | 1.385 6.71a 1.08 a 0.19a 0.69 a 0.66 a

Means for nitrogen fertilization

control 15106 6.05 a 1.00 0.21b 0.75 a 0.61a
25 mg N dm™3 129 a 6.66 b 1.02 a 0.17a 0.73 a 0.63 a
50 mg N dm=3 132 a 6.75 b 1.02 a 0.17a 0.73 a 0.62 a
Means for foliar nutrition
without foliar nutrition 138 a 6.53 a 101l e 0.18a 0.75 a 0.60 a
Pentakeep V 137 a 644 a 1.02 a 0.19¢a 0.72 a 0.64 a
Test F for interaction: n.s. n.s. n.s. n.s. n.s. n.s.

foliar nutrition x nitrogen
fertilization x year of study

Means followed by the same letters are not significantly different for P < 0.05.
Test F: n.s. — means are not significant different.

soil from this combination after spinach harvesting (Table 3), particularly in
2006 (Figure 1). Therefore, it is more interesting to have observed how
Pentakeep V increased the Ca uptake and Ca accumulation in spinach plants
fertilized with the full dose of nitrogen. The results of chemical analysis of
soil from this combination showed a lower calcium concentration in compar-
ison to the combination with 50 mg N dm™ fertilization and without foliar
nutrition. However, this dependence was observed only in 2006 (Figure 1).
It should also be mentioned that differences in K concentration noted in soil
after spinach cultivation in 2007 (Figure 1) were not correlated with the
spinach leaf content of potassium in either year of the experiment (Table 1).

Spinach leaves of plants fertilized with the N dose of 25 mg dm=3 and
not treated with Pentakeep V were characterized by the lowest accumula-
tion of Fe (Table 2). Foliar nutrition with Pentakeep V contributed to
a significant increase in the content of this element in plants. In other N
combinations, the Fe concentration in leaves was not dependent on foliar
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Table 2

The effect of Pentakeep V foliar nutrition and nitrogen fertilization on the content
of B, Cu, Fe, Mn, Zn in spinach

Combinations (% d.w. — means from 2006-2007)

Means for interaction:
foliar nutrition x nitrogen fertilization

Without foliar nutrition |control 30.6 a 11.5a | 4682Db | 2248a | 195.0 a
25mg Ndm=3 | 29.0a 127a | 3933a | 1910a | 1918 a
50mg Ndm=3 | 315a 125a | 4465b | 246.1a | 209.7 a
Pentakeep V control 29.0 a 125a | 453.5b | 2023a | 1918 a
25mg Ndm=3 | 28.7a 118a | 443.0b | 1995a | 1825a
50 mg Ndm=3 | 302a 125a 4243 ab| 2342a | 203.7a

B Cu Fe Mn Zn

Means for nitrogen fertilization

control 298 a 12.0a | 4609b | 2135b | 1934 a
25 mg N dm™3 28.8 a 123a | 4182a | 1953 a | 1872a
50 mg N dm=3 309 a 125a 4354 ab| 240.1¢c | 206.7b
Means for foliar nutrition
without foliar nutrition 304 a 122a | 436.0a | 2206a | 1988 a
Pentakeep V 29.3 a 123a | 440.3a | 2120a | 192.7a
Test F' for interaction: foliar nutrition x n.s. n.s. n.s. n.s. n.s.

nitrogen fertilization x year of study

Means followed by the same letters are not significantly different for P < 0.05.
Test F: n.s. — means are not significant different.

application, which makes the results obtained for the combination of 25 mg
dm=3 N dose difficult to interpret. The concentration of Fe in soil from all
combinations remained at the same level (Table 3). Higher content of this
element in plant tissues can result from specific interaction of Pentakeep V
with plants nourished with the lower dose of nitrogen. Nitrogen fertilization
(regardless of foliar nutrition) decreased the Fe content in spinach leaves,
especially in the case of 25 mg dm=3 N dose (Table 2).

In the present study, no significant effect of the interaction between
Pentakeep V foliar nutrition and N fertilization on the content of K, Mg,
Na, P, S, B, Cu, Mn and Zn in spinach leaves was observed (Tables 1 and 2).
This finding is supported by the results of our previous study on foliar nu-
trition and N fertilization (SMOLEN, Sapy, 2009), where only a slight interac-
tion of foliar nutrition (alternately with 2% of urea solution, 1% of Supervit
R fertilizer solution and again with 2% urea solution) and N fertilization on
the mineral composition of carrot roots was found. Among all of the nutri-
ents taken into consideration in that study, i.e. Al, As, B, Ba, Be, Bi, Ca,
Co, Cr, Fe, Ga, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Ti and V, it
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LSDfnliar nutrition x nitrogen fertilization x year of study =1015.3 LSDfoliar nutrition x nitrogen fertilization x year of study =32.1
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1 — control, 2 — 25 mg dm dose of N, 3 — 50 mg dm™ dose of N.
0 — sub-block without foliar nutrition, M- sub-block with Pentakeep V.
Fig 1. Ca and K content in soil after spinach cultivation in 2006 and 2007

was only the concentration of Na in cv. Kazan F; carrot that was affected
by the interaction of the tested factors.

The effect of N fertilization on mineral nutrition depends on the form of
applied N, its dose as well as the cultivated species (JURKOWSKA et al. 1981,
SORENSEN 1999). JURKOWSKA et al. (1981) demonstrated that increasing N ferti-
lization led to a higher content of N, S, Ca, Na and Mg as well as a de-
creased concentration of P, Cl and K in oat and sorrel plants. In a study
conducted by SoreENSEN (1999), higher doses of nitrogen nutrition resulted in
lower (P and K) or higher (Na) accumulation of macronutrients in cabbage
and carrot. In the present research, nitrogen fertilization (in both doses)
contributed to the reduction in the leaf content of Ca, Na and Fe (Tables 1
and 2) as well as increased plant concentration of potassium. Variable inter-
action of N nutrition with Mn accumulation was observed as the application
of 25 mg N dm3 decreased and that of 50 mg dm=3 N dose increased the
Mn concentration in leaves. The demonstrated changes in the Na and Mn
content in plants did not coincide with the results of soil analysis (Table 3),
as the content of these nutrients in soil remained at the same level.

In the research conducted by SmoLEN and Sapy (2009), foliar nutrition
(analyzed independently of nitrogen fertilization) considerably increased Bi
and Be concentrations, although it did not affect the content of the other
twenty-three nutrients in storage roots. The results from the present study
indicate that foliar application of Pentakeep V (regardless of N nutrition)
had no significant effect on the content of all the analyzed nutrients in
spinach leaves (Tables 1 and 2). Except for manganese, the mean values of
concentrations of elements in soil from both sub-blocks (with and without
foliar nutrition) remained at the same level (Table 3).

Awap (2008) informed that the effectiveness of ALA influence on plants

is closely related to weather conditions during cultivation. In our study, the
total rainfall in 2006 was 2.6-fold lower than in 2007 but its distribution was
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much more uniform throughout the growing season (Table 4). The first dec-
ade of August 2007 was characterized by relatively small rainfall and nearly
twice as many sunshine hours as in 2006. In the first decade of September
2007, the number of sunshine hours was 4.6-fold lower and the rainfall was
18.8-fold higher than in 2006. The average relative humidity of air in the
first decade of August 2006 was higher, and in the third decade lower, in
comparison to the respective periods in 2007. In both years, the total number
of sunshine hours remained at the same level. Despite variable climatic con-
ditions in both years, the content of the analyzed nutrients in spinach leaves
was not related to this factor. This observation suggests that there is no
significant interaction between foliar nutrition, nitrogen fertilization versus
the cultivation years, the third factor included in our statistical analysis.

The influence of Pentakeep V application and nitrogen fertilization on
yield, nitrogen metabolism and the content of heavy metals and trace nutri-
ents in spinach plants will be presented in a separate publication.

Table 4
Meteorological data from the spinach cultivation period in 2006 and 2007

2006 2007
average . average .
. aur . amr
Month | Decade X & 1 rainfall | sunshine | humidity X a' | rainfall | sunshine | humidity
emPe | (mm) ) | RH@® | =P | (mm) (h) | RH %)
rature rature
°C) ©C)
1 188 | 35.1 36.4 83.4 20.9 0.2 71.0 61.0
August 2 20.2 10.3 63.1 73.7 20.4 10.4 55.1 78.2
3 16.4 58.7 55.5 82.1 19.2 14.0 81.0 68.2
1 16.8 15.3 68.4 76.5 131 | 288.0 14.6 86.7
September
2 16.8 1.0 64.5 76.1 12.1 0.8 56.7 79.9
Total - 1204 | 2879 - - 3134 | 2784
CONCLUSIONS

1. Among all of the tested nutrients (Ca, K, Mg, Na, P, S, B, Cu, Fe,
Mn and Zn), a significant effect of interaction between foliar nutrition and
nitrogen fertilization was found only for the content of Ca and Fe in spinach
leaves.

2. Pentakeep V application on plants unfertilized with N resulted in
a decrease in the Ca content, although foliar nutrition increased the leaf
concentration of this element in plants fertilized with 50 mg N dm3.
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3. Foliar nutrition of plants fertilized with the 25 mg N dm™3 dose led
to an increase in the accumulation of Fe in spinach.

4. Nitrogen fertilization at both levels (regardless of foliar nutrition)
caused a reduction in the Ca, Na and Fe content as well increased accumu-
lation of K in spinach leaves.

5. Soil application of 25 mg N dm™ resulted in a decrease, while the
50 mg dm=> N dose increased the Mn concentration in plants.

6. Foliar application of Pentakeep V (regardless of N nutrition) had no
significant effect on the content of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and
Zmn in spinach leaves.

7. The weather conditions throughout the cultivation period had no sig-
nificant impact on the interaction Pentakeep V with nitrogen fertilization
on the content of Ca, K, Mg, Na, P, S, B, Cu, Fe, Mn and Zn in spinach
plants.
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Abstract

Activity of most enzymes of the key-metabolic pathways depend on the content of ade-
nine nucleotides, such as ATP, ADP and AMP, in cells. Based on the level of these nucleoti-
des, the adenylate energy charge (AEC) was defined as AEC = ([ATP] + 0.5[ADP]) : ([ATP]
+ [ADP] + [AMP]). Theoretically, AEC values can range from 0 to 1 and represent the
physiological state of a soil microbial population.

Soil microorganisms and the enzymes they secrete are connected with biological pro-
cesses which form soil fertility in all ecosystems, including forests. Forests are such ecolo-
gical systems which are an integral complex and their dysfunction could be caused by per-
manent influence of anthropogenic factors, including industrial emission of gases and dusts.

The aim of this study was the determination of changes in adenylate energy charge
values and fluorine content in the humus layer of forest-podsol soils affected by the emis-
sion of Police Chemical Plant. During a year, soil samples were taken five times (in Octo-
ber 2007, February, April, June and September 2008) from five different sites Wkrzanska
Forest near Wegornik, Tatynia, Tanowo, Trzeszczyn and Msciecino. In the samples, con-
centration of fluorine, both water-soluble (extracted by 0.01 M CaCl,) and potentially ac-
cessible to plants (extracted by 2 M HCIO,), was assayed by potentiometry. Additionally,
the content of adenine nucleotides was assayed by chromatography. Based on the content
of nucleotides, adenylate energy charge values in soil were calculated. The AEC values
and fluorine content in soil depended on a distance from the emitter and the dates on
which the samples were taken. In order to determine the relationships between the flu-
orine content and AEC values, Pearson’s correlations coefficients were calculated. Between

dr inz. Arkadiusz Telesinski, Chair of Biochemistry, West Pomeranian University of Tech-
nology in Szczecin, Stowackiego 17, 71-434 Szczecin, Poland
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the fluorine (both, water-soluble and plant available) content and AEC values there was
a signifficant negative correlation, which could mean that AEC is a very good indicator of
the fluorine content in soil.

Key words: fluorine, adenylate energy charge, soil, forest.

KSZTALTOWANIE SIE LADUNKU ENERGETYCZNEGO KOMORKI
NA TLE ZAWARTOSCI FLUORU W GLEBACH LESNYCH Z TERENOW OBJETYCH
EMISJA ZAKEADOW CHEMICZNYCH POLICE S.A.

Abstrakt

Aktywnos$¢ wiekszosci enzymow kluczowych szlakéw metabolicznych zalezna jest od
zawarto$ci w komorce nukleotydow adeninowych: ATP, ADP i AMP. Na podstawie zawartoSci
tych nukleotydow zdefiniowano pojecie tadunku energetycznego komorki (AEC), jako: AEC
= ([ATP] + 0,5[ADP]): ([ATP] + [ADP] + [AMP]). Teoretycznie wartosci AEC mieszczg sie
w przedziale od 0 do 1 i obrazujg stan fizjologiczny populacji mikroorganizméw glebowych.

Wtasnie z mikroorganizmami i wydzielanymi przez nie enzymami sa zwigzane biolo-
giczne procesy ksztaltujace zyzno$é gleby we wszystkich ekosystemach, w tym ekosyste-
mach le$nych. Lasy sg ukladami ekologicznymi stanowigcymi pewng cato$é¢ pod wzgledem
przyrodniczym, a zachwianie ich funkcjonowania moze nastepowaé¢ w wyniku trwatego
wplywu czynnikéw antropogenicznych, w tym emisji przemystowych o charakterze gazo-
wym i pylowym.

Celem badan bylo okreslenie zmian wielko$ci tadunku energetycznego komorki oraz
zawarto$ci fluoru w warstwie préchnicznej lesnych gleb bielicowych objetych emisjg Zakta-
déw Chemicznych Police S.A. W ciggu roku pobrano pieciokrotnie (pazdziernik 2007, luty,
kwiecien, czerwiec i wrzesien 2008) probki glebowe z terenéw Puszczy Wkrzanskiej w oko-
licach Wegornika, Tatyni, Tanowa, Trzeszczyna, MsSciecina oraz oznaczono w nich potencjo-
metrycznie zawarto$¢ fluoru rozpuszczalnego (ekstrahowanego 0,01 M CaCly) i potencjal-
nie dostepnego dla roélin (ekstrahowanego 2 M HCIlO,), a takze chromatograficznie
zawarto$¢ nukleotydow adeninowych. Na podstawie zawartoSci nukleotydéw obliczono wiel-
kos¢ tadunku energetycznego komorki w glebie. Wielko§¢ AEC oraz zawartosé¢ fluoru w gle-
bie byta determinowana odlegto$cia od emitora oraz terminem pobierania probek. W celu
okreslenia zaleznoS$ci miedzy zawartoscig fluoru a wielkoscia AEC obliczono wspétezynniki
korelacji liniowej Pearsona. Na ich podstawie stwierdzono istotng ujemng zalezno$é¢ miedzy
zawartos$ciag w glebie fluoru (zaréwno rozpuszczalnego, jak i potencjalnie dostepnego dla
ros§lin) a wielko$cig tadunku energetycznego komorki, co moze $wiadczyé o tym, iz AEC
jest bardzo dobrym wskaznikiem zawarto$ci fluoru w glebie.

Stowa kluczowe: fluor, tadunek energetyczny komorki, gleba, ekosystemy lesne.

INTRODUCTION

Forest ecosystems as ecological structures are an integral complex. They
include organisms and their abiotic environment. Dysfunction of their func-
tioning could be caused by permanent influence of anthropogenic factors,
including industrial emission of gases and dusts (TELESINSKI et al. 2008).
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Soil is one of the environmental elements which are strongly affected
by pollution. Soil is highly biologically active and depressing soil activity
indicates soil contamination. The activity of most enzymes of key-metabolic
pathways depends on the content of adenine nucleotides, such as adenosine
tri- (ATP), di- (ADP) and monophosphates (AMP)in cells. These three ade-
nine nucleotides give information about adenylate energy charge, which was
defined by Atkinson and WarroN (1977) as ([ATP] + 0.5 [ADP]) : ([ATP + [ADP]
+ [AMPY)).

Theoretically, AEC values can range from 0, corresponding to a totally
dephosphorylated adenine nucleotide pool of heavily impaired microorgan-
isms, to 1, corresponding to a completely phosphorylated adenine nucleotide
pool of viable microorganisms under optimal growth conditions (WIESE, SEY-
DEL 1995). AEC values above 0.8 are the evidence of intense growth; AEC
values between 0.5 and 0.7 represent cells incapable of reproduction and
AEC values under 0.4 occur in a dying microorganisms population (JOER-
GENSEN, RauBucH 2002). Fluorine is a chemical element especially dangerous
to the environment. It belongs to the elements defined as having a small
range of safe levels (Evbokimmova 2001). Nevertheless, it activates some en-
zymes. More often, however, it contributes to disturbances of biochemical
functions in cells.

The aim of study was to determine changes in the fluorine content and
AEC values in forest-podsol soils affected by emission from Police Chemical
Plant and located at different distance from the source of emission, and to
assess the relationship between the fluorine content and AEC.

MATERIAL AND METHODS

The material for analyses consisted of soil samples taken from the hu-
mus layer of forest- podsol soils affected by the emission of Police Chemical
Plant. During a year, soil samples were taken five times (in October 2007,
February, April, June and September 2008) from five different sites in
Wkrzanska Forest near Wegornik, Tatynia, Tanowo, Trzeszczyn and Mscie-
cino. The location of the sites is presented in Table 1. The organic carbon
content in these soils was between 10-12%.

In the soil samples, concentration of water-soluble fluorine (extracted by
0.01 M CaCl,) and plant available fluorine (extracted by 2 M HCIO,) was
assayed by potentiometry with a pH/mV Orion 920 A device with an ion-
selective fluorine electrode, according to LARSEN and Wippowson (1971) and
according to OcoNskl and SamuJto (1996) as modified by Nowak and Kuran
(2000).

Measurements of adenine nucleotides and calculations of the adenylate
energy charge were made according to the procedure elaborated by Bar et al.
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Table 1
Location of sampling sites
Distance from Police
Site Chemical Plant Direction
(km)
Tatynia 2.5 w
Trzeszczyn 3.5 SW
MsSciecino 4.5 S
Tanowo 6.5 SW
Wegornik 10.0 W

(1988) as described by Dyckmans and RauBucH (1997). Dimethylsulphoxide
(DMSO), NazPO, (10 mM) buffer + EDTA (20 mM) at pH 12 were used as
extractants. After derivatisation with chloracetaldehyde, adenine nucleotides
were determined by HPLC. The separation was carried out on a Hypersil
C18 5p ODS (250 x 4.6 mm) column. Chromatography was performed iso-
cratically (2 em3 min~1) with 50 mM ammonium acetate buffer containing
1mM EDTA and 0.4 mM TBAHS mixed with methanol (90:10 v:v) as
a mobile phase. Fluorometric emission was measured at a wavelength of
410 nm with 280 nm as the excitation wavelength. The AEC was calculated
as ([ATP] + 0.5[ADP]) : ([ATP] + [ADP] + [AMP]).

The results were processed statistically using two-way analysis of vari-
ance. The least significant differences (LSD) were determined by Tukey’s
test at @ = 0.05. In order to determine relationships between the fluorine
content and AEC values, the results were analysed statistically using Pear-
son’s linear correlation coefficients. Statistical calculations were carried out
with the use of Statistica 8.0 programme.

RESULTS AND DISCUSSION

During the study, significant differences of water-soluble and plant avail-
able fluorine in forest soils were noticed for all sampling dates and sites.
The water-soluble fluorine content was in the range of 1.259 to 10.272 mg
kg—1d.w. soil, and the content of fluorine potentially available to plants was
in the range from 59.3 to 302.1 mg kg~1d.w. soil (Table 2). These values are
similar to the fluorine content in garden soils affected by emissions from
Police Chemical Plant, which was determined by Kiopka et al. (2008). The
smallest mean content of fluorine, both water-soluble and potentially acces-
sible to plants, was recorded near Trzeszczyn, in the SW direction. The
largest water-soluble fluorine content was found in soil samples taken from
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Table 2
Fluorine content in forest soil near Police Chemical Plant (mg kg1 d.w. soil)
Water-soluble fluorine in soil
Date (A) Tatynia Trzeszczyn | Msciecino Tanowo Wegornik mean
sites (B)

9.10.2007 4410 4.290 3.771 4.422 5.211 4.421
27.02.2008 1.728 1.598 1.259 1.603 1.541 1.546
23.04.2008 8.243 6.948 9.208 8.751 10.272 8.684
16.06.2008 1.161 1.132 3.792 1.699 3.637 2.284
27.09.2008 1.898 2.280 3.947 2.262 3.750 2.827
Mean 3.488 3.250 4.395 3.747 4.882 3.953

o s

Fluorine potentially accessible to plants
Date (4) sites (B)

Tatynia Trzeszczyn | Msciecino Tanowo Wegornik mean
9.10.2007 136.3 145.1 156.5 145.2 137.9 144.2
27.02.2008 84.8 72.2 59.3 74.6 62.9 70.8
23.04.2008 292.0 237.8 282.7 266.6 302.1 2176.2
16.06.2008 163.5 197.2 234.7 233.6 211.9 208.2
27.09.2008 196.3 178.4 297.7 264.6 229.8 2334
Mean 174.6 166.1 206.2 196.9 188.9 186.5

B S

the farthest site from the emitter (Wegornik, 10 km W), whereas fluorine
potentially accessible to plants was the most abundant in Msciecino, which
is remote from Police Chemical Plant. Nevertheless, results of many stud-
ies have shown that fluorine content in soil diminishes with a growing dis-
tance from the emitter of this element (FranzariNGg et al. 2006). A reverse
relationship has been determined for the water-soluble fluorine content.
However, in the present study, same as in the investigations completed by
Kropka et al. (2008), no relationship has been found between the content of
fluorine potentially accessible to plants and the distance from Police Chem-
ical Plant.

Fluorine content in forest soil was the highest in spring, which could
have been caused by decay of shed leaves and needles, which accumulated
fluorine from air (FRANZARING et al. 2006). Afterwards, the fluorine content in
forest soil decreased. Kr.opka et al. (2008) showed that the highest fluorine
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Table 3
AEC values in forest soil near Police Chemical Plant
Sites
Date
Tatynia Trzeszczyn | Msciecino Tanowo Wegornik
9.10.2007 0.791 0.800 0.782 0.822 0.811
217.02.2008 0.889 0.908 0.894 0.903 0.882
23.04.2008 0.643 0.760 0.657 0.642 0.589
16.06.2008 0.922 0.932 0.789 0.899 0.827
217.09.2008 0.878 0.838 0.811 0.856 0.840
a
1.0
N AEC =-0.033 (F) + 0.947
09}°
0.8
% 0.7
0.6
0.5
0 2 4 6 8 10 12
fluorine water-soluble (mg kg™)
b
1.0
0.9 |
0.8
Q
% 0.7
AEC =-0.001 F + 0.958 0 O T
0.6 r =-0.638* o

0.5

0 40 80 120 160 200 240 280 320

fluorine potentially accessible for plants (mg kg1)

Fig. 1. Relationship between content of fluorine: water-soluble (a) and potentially accessible
to plants (b), and adenylate energy charge in forest soil near Police Chemical Plant
(* — significant at p = 0.05, ** — significant at p = 0.01)
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content in garden soils attributable to emission from Police Chemical Plant
was in June, declining during the plant growing season. This might have
been caused by the fact that fluorine was taken up by growing plants.

The adenylate energy charge (AEC) values in the humus layer of forest
soils near Police Chemical Plant varied from 0.589 to 0.932 (Table 3) and
depended on the fluorine content. Many authors showed that AEC decreased
in the presence of xenobiotics in soil, for example heavy metals (CHANDER et
al. 2001) and pesticides (LEHR et al. 1996, Nowak et al. 2006).

The calculated coefficients of Pearson’s linear correlation showed a sig-
nificant negative relationship between the fluorine content in soil and ade-
nylate energy charge (Figure 1). However, the correlation coefficients be-
tween the water-soluble fluorine content and AEC were significant at p = 0.01,
and between the content of fluorine potentially accessible to plants and AEC
were significant at p = 0.05. Thus, AEC could be a very good indicator of
fluorine (especially in its water-soluble form) content in soil. Other biochem-
ical parameters could be used for bioindication of soils contaminated with
fluorine. Nowak et al. (2005) showed that inhibition of the activity of phos-
phatases, 3-glucosidase and dehydrogenase was significantly positively corre-
lated with fluorine content in soil. Earlier studies by other authors showed
that soil enzymatic activity, especially that of acid phosphatase, could also
be a very good indicator of soil contamination with this element (TELESINSKI
et al. 2008).

CONCLUSIONS

1. Fluorine content in the humus layer of forest-podsol soils depended
on the distance from Police Chemical Plant and increased with a growing
distance from the emitter.

2. Adenylate energy charge values depended on the fluorine content in
soil, especially in its water-soluble form, and significantly decreased with an
increasing concentration of this element.

3. Adenylate energy charge could be a very good indicator of fluorine
content in forest soil.
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