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ORIGINAL PAPERS

LEVEL OF MAGNESIUM IN TISSUES
AND ORGANS OF FRESHWATER FISH*

Ewa Brucka-Jastrzebska, Dorota Kawczuga

Chair of Physiology
University of Szczecin

Abstract

The aim of the study has been to estimate the effect of culture conditions and a cul-
ture site on magnesium (Mg) concentrations in freshwater fish. The study encompassed
tissues (blood) and organs (gills, liver, kidney, dorsal muscles) of five fish species: common
carp (Cyprinus carpio L.), rainbow trout (Oncorhynchus mykiss Walbaum), Siberian stur-
geon (Acipenser baeri Brandt), northern pike (Esox lucius L.) and grass carp (Ctenopha-
ryngodon idella Valenciennes).

A total of 125 fish comprised 25 individuals of each species, aged 6, 12, 18 and 24 mon-
ths. The fish were cultured in privately owned fish breeding ponds (Western Pomerania,
Poland). Tissue and organ samples were wet mineralised in concentrated HNOg; in a CEM
MDS 2000 microwave oven. Magnesium concentrations were determined by inductively co-
upled plasma atomic emission spectrometry (ICP-MS) in a Jobin Yvon type JY-24 appara-
tus. The research had an approval of the Polish Local Ethics Committee no 9/05. The ma-
gnesium concentration in the tissues and organs ranged from 26.3+174.2 mg kg! w.w.
The lowest Mg concentration was found in the gills of rainbow trout (26.3+5.4 mg kgl
w.w.), and the highest — in the liver of rainbow trout (174.2+27.6 mg kg! w.w.). The ma-
gnesium concentrations were also significantly affected by the type of feed.

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

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

*The study has been financially supported by the Ministry of Science and Higher Educa-
tion, grant no N 304 026 31/0814.



POZIOM MAGNEZU W TKANKACH I NARZADACH RYB SLODKOWODNYCH
Abstrakt

W procesie rozwoju organizméw zasadniczg role odgrywajag warunki hodowli. Ryby
stodkowodne charakteryzujg si¢ duzym zréznicowaniem pod wzgledem miejsca bytowania
w toni wodnej, warunkéw hydrochemicznych i rodzaju pozywienia.

Celem pracy byto zbadanie wplywu wieku ryb, warunkéw termicznych i zanieczysz-
czen antropogenicznych na poziom magnezu w tkankach (krew) i narzadach (skrzela, wa-
troba, nerki i miesnie grzbietowe) pieciu gatunkow ryb: karpia (Common carp L.), pstraga
teczowego (Oncorhynchus mykiss Walbaum), jesiotra syberyjskiego (Acipenser baeri
Brandt), szczupaka pospolitego (Esox lucius L.) i amura biatego (Ctenopharyngodon idella
Valenciennes). Badania przeprowadzono w 6., 12., 18. i 24. miesiacu zycia. Ryby do badan
pobierano z prywatnego oSrodka hodowlanego na Pomorzu Zachodnim (Polska). Probki tka-
nek i narzadéw zmineralizowano na mokro w stezonym HNO; w piecu mikrofalowym CEM
MDS 2000. Mg oznaczono z uzyciem emisyjnej spektrometrii atomowej w plazmie induk-
cyjnie sprzezonej (ICP-AES) w aparacie Jobin Yvon typ JY-24. Na przeprowadzenie badan
uzyskano zgode (nr 9/05) Lokalnej Komisji ds. Etyki. Poziom Mg w tkankach i narzgdach
ryb ksztaltowal sie w zakresie 26.3+174.2 mg kg~! w.w. Najnizszy poziom Mg oznaczono
w skrzelach pstraga teczowego (26.3+7.4 mg kg~! w.w.), a najwyzszy w jego watrobie
(174.2+27.6 mg kg! w.w.). Mozna wnioskowaé, ze stezenie magnezu byly zalezne od ro-
dzaju spozywanej paszy.

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

INTRODUCTION

Magnesium as a metal itself was first obtained in England in 1808, by
Sir Humphry Davy, who performed electrolysis of a mixture of magnesia
and mercury oxide. Antoine Bussy prepared magnesium in a consistent form
in 1831. Davy’s first suggestion for the name was magnium, but now the
name magnesium is used. Because of some important interaction between
phosphate and magnesium ions, the latter are essential to the basic nucleic
acid chemistry of life and are crucial for all cells of all known living organ-
isms. Over 300 enzymes require the presence of magnesium ions for their
catalytic action, including all enzymes utilizing or synthesizing ATP, or those
that use other nucleotides to synthesize DNA and RNA (Froor 2006). Mag-
nesium compounds are used medicinally as common laxatives, antacids and
in a number of situations where stabilization of abnormal nerve excitation
and blood vessel spasm is required. High solubility of magnesium ions in
water helps ensure that it is the third most abundant element dissolved in
seawater. Magnesium ions are sour in taste, and in low concentrations help
to impart natural tartness to fresh mineral waters. The free element (met-
al) is not found naturally on Earth. The free metal burns with a character-
istic brilliant white light, making it a useful ingredient in flares. The metal
is now mainly obtained by electrolysis of magnesium salts obtained from
brine.
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Breeding conditions, e.g. feeding, have a significant effect on the devel-
opment of fish. In the growth and development of both terrestrial and aquat-
ic animals, culture conditions play a key role. A variety of chemicals occur
in the natural environment, most of which, however, do not penetrate in-
side living organisms in significant amounts despite being in direct contact.
Due to human actions, man-made pressure on the environment is increas-
ing. It can interfere, for instance, in the homeostasis of aquatic environ-
ments, which mau cause soem disturbance in the fish body balance.

During the evolution, countless relationships have developed between
organisms and their environment. When these relationships are disrupted
by altered environmental conditions, diseases or even death of organisms
may occur. Elements of the environment such as water, air and food deliver
essential components for organisms, but at the same time they may be
sources of xenobiotics and harmful substances, which can impair life func-
tions of organisms.

The control of levels of micro- and macroelements in fish organisms is
a significant diagnostic research tool, as it shows the physiological condition
of organisms. Concentration 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 feeds the fish receive. All the elements affect the
homeostatic behavior of fish, which may vary due to the excess or deficien-
cy of any of the factors. Their surplus or shortage may lead to serious
disorders of the biochemical processes, which can result in many diseases.

The aim of this study has been to evaluate the effect of culture condi-
tions and culture site on levels of the selected macroelement (Mg) in five
species of freshwater fish: rainbow trout (Oncorhynchus mykiss Walbaum),
common carp (Cyprinus carpio L.), Siberian sturgeon (Acipenser baeri Brandt),
northern pike (Esox lucius L.) and grass carp (Ctenopharyngodon idella Va-
lenciennes). The study encompassed tissues (blood) and organs (kidney, liv-
er, gills and 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 research had an
approval of the Polish Local Ethics Committee no 9/05.

The fish aged from 6 to 24 months, weighed from 147.8 to 985.4 g and
measured from 18.4 to 39.5 cm (total length). The fish were collected four
times: in April (6 month — spring), October (12 month — autumn), April (18
month — spring) and October (24 month — autumn).
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The fish were fed Aller Aqua pelleted feeds (Table 1), each species with
an appropriate feed type. All the fish feed products were produced by extru-
sion. The fish feed must cover the basic metabolism of the fish and ensure
healthy growth. In order to meet these requirements, the fish feed composi-
tion must fulfill all requirements for nutrients, vitamins (A, E and D3) and
minerals. The daily food ration was 3.4+0.8 g per kg fish. The fish were fed
twice a day.

Table 1
Composition of Aller Aqua feed for individual species of freshwater fish
Examined fish
Feed parameters common | rainbow | Siberian northern

carp trout sturgeon pike grass carp
Name of feed cﬁlgc Aller 576 | Aller M/L | Aller M/L c‘f’;lzfc
Composition
Size of feed (mm) 5.0 M/L M/L M/L 5.0
Protein (%) 35.0 42.0 45.0 45.0 35.0
Fat (%) 9.0 30.0 15.0 15.0 9.0
Carbohydrates (%) 43.0 14.0 21.0 21.0 43.0
Ash (%) 7.0 75 8.0 8.0 7.0
Fiber (%) 5.0 1.0 2.5 2.5 5.0
é?c:lultgﬁfgy (grossenergy) | y305/18.1| 5823/2.3 | 49241205 | 4924/205 | 4325/18.1
Digestible energy (Kcal MJ—1) 3353/14.0 | 4833/20.2 | 38887/16.2 | 38887/16.2 | 3353/14.0
Nitrogen (d.m.* %) 5.2 7.1 7.9 7.9 5.2
Phosphorus (d.m. %) 1.3 7.0 1.2 1.2 1.3
Energy in dry matter (Kcal MJ—1) | 4701/19.6 | 6162/25.7 | 5381/022.5 | 5381/022.5 | 4701/19.6

* d.m. — dry mass

Table 2 presents chemical and biochemical parameters of water in which
the fish were kept. Fish behaviour and appearance were recorded. Intravital
examination 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 tissues (blood) and organs (skin, liver,
kidney, dorsal muscles) were collected from each fish. The collected materi-
al was stored at -20°C. Prior to analysis, 1-g subsamples of organs and tis-
sues, weighed to the nearest 0.001 g, were wet mineralised in 3 cm3 HNO,
in a CEM MDS 2000 microwave oven. The solutions obtained were quantita-
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Table 2
Hydrochemical parameters at the fish farm 30 km from Szczecin
April/ Spring g(li(friz ‘?plﬁﬂ/g gflt?;z Statistically
Water parameters month of fish life Zigﬁ;aczz
6 12 18 24 P<0.01
mean = SD | mean + SD | mean = SD | mean = SD

Temperature (°C) 11.20 + 2.88 | 6.80 +3.40 | 13.80 £ 3.40 | 7.85 = 4.24 a, b, c
pH 778055 | 7.38+095 | 7.48+0.95 | 7.68 =091 -
zsgs‘j;‘ii;’xy sen 781+035 | 7.98+063 | 7.94+055 | 7.33 =073 ;

SZ)Y gen saturation | 7091 . 950 | 7951 + 3.48 | 78.79 = 4.28 | 7655 + 4.41 -
zﬁiiln;z_3) 175+ 080 | 1.69+088 | 1.65+068 | 1.78 +0.78 -
Z‘ff‘gb‘z"n}:jl;dness 825+1.08 | 725+1.18 | 7.75+ 1.58 | 7.36 = 1.35 -
ChOD (mg dm3) 167132 | 1.71+1.09 | 1.66=1.12 | 1.62 = 1.19 -
BOD (mg dm™3) 434+122 | 461133 | 481+132 | 475+ 1.13 -
NH,*N (mg dm=3) | 1.18+0.75 | 1.34+048 | 1.26=0.29 | 1.39 = 0.33 -
NO,™-N (mg dm™3) 741+1.05 | 611+1.15 | 6.78+055 | 6.12 =145 ad
NO,~N (mg dm™) | 0.68=0.16 | 0.48+0.36 | 0.56=0.26 | 0.52 = 0.58 a
PO,3~P (mg dm3) | 0.15+0.07 | 0.14+0.05 | 0.13%0.03 | 0.16 = 0.03 -
Ca2+ (mg dm=3) 66.51 =425 | 5951 = 3.75 | 69.31 = 2.79 | 55.54 + 3.25 e d
Cd%+ (mg dm™3) 0.020.01 | 0.01+0.01 | 0.02=001 | 0.02=0.01 -
Pb2* (mg dm™3) 0.03+0.05 | 0.03+0.07 | 0.03=0.07 |0.04x0.057 -
Mg2* (mg dm3) 1633 +4.05 | 1523 +3.33 | 17.44 = 447 | 13.79 = 341 ¢

a — statistically significant differences in the water parameter between the 6t and 12th
month of fish life (P<0.01); b — statistically significant differences in the water parameter
between the 12th and 18th month of fish life (P<0.01); ¢ — statistically significant differences
in the water parameter between the 18th and 24th month of fish life (P<0.01);
d — statistically significant differences in the water parameter between the 6! and 24th
month of fish life (P<0.01).

tively transferred to polyethylene vials and brought up to 25 g with deion-
ised water. Magnesium was determined with inductively 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 kg1 w.w.).
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The results were subjected to statistical treatment with Statistica 6.0
software. Analyses of variance (ANOVA) were performed at the significance
levels of P =0.01.

RESULTS AND DISCUSSION

The growth in industrial and agricultural production has resulted in an
increasing number of systems impacted by contaminants present in waste-
water releases. For example, heavy metals (Cd, Pb, Cu, Zn) are known to
accumulate in organs of fish (BALINT et al. 1997). These metals pollute aquatic
and terrestrial ecosystems, adversely affecting the environment and inhabit-
ing organisms. High concentration of metals in fish tissues can lead to
a redox reaction, generating free radicals, especially reactive oxygen species
(DautreMEPUITS et al. 2002). These highly reactive compounds may induce
tissue alternations and change some physiological responses of fish (Paris-
-Paracios et al. 2000, VArRaNKA et al. 2001). Magnesium plays a regulatory
role in prooxidant and antioxidant processes (LoPEz-ToORRES et al. 1993, OzMEN
et al. 2004). Aquatic organisms are more sensitive to exposure and toxicity
compared to terrestrial ones, 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 (VALAVANIDIS et
al. 2006). Moreover, the water parameters can affect water organisms, for
example the influence of high temperature on aquatic biocenosis manifests
itself as an increase in biological production rate and also shorter lifecycles
of aquatic organisms, which die in large numbers due to the lack of syn-
chronisation with climate rhythms. This results in the accumulation of or-
ganic matter and an increase in 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. Fluctuations in their concentrations may dis-
rupt internal homeostasis and produce various pathological conditions. Toxic
effects of metals on different tissues and organs involve structural damage
and functional disorders, which may be reflected by changes in blood compo-
sition and levels of ions, proteins, hormones or glucose and its metabolites,
as well as by 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 between the dates
of taking samples.

The research has shown that Mg concentration changed during the
growth of fish. The average magnesium content in blood ranged from 87.7
to 168.2 mg kg~! w.w. (Table 3). The highest magnesium levels were detect-
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Table 3
Mg level in blood of five freshwater fish species aged 6, 12, 18 and 24 months
Mg (mg kg~! w.w.)
Statistically
) . month of fish life significant
Fish species 8 19 18 2% differences
P<0.01
mean = SD mean = SD mean = SD mean = SD
Common carp 1039+ 183 | 1636 +35.1 | 1262 +23.5 | 161.3 =23.9 a, b,cd
Rainbow trout 1183 +354 | 1635 +253 | 165.6 + 35.1 | 168.2+ 244 a, d
Siberian sturgeon | 88.5 + 26.2 1445 + 26.3 | 110.8 £ 32,9 | 141.5 + 34.2 a, b, c d
Northern pike 85.3 £ 24.5 91.5 + 18.6 97.1 + 21.7 89.1 + 254 ns
Grass carp 1054 +276 | 994 +274 98.5 + 25.1 104.3 + 24.1 ns

a — statistically significant differences in the water parameter between the 6th and 12th
month of fish life (P<0.01); b — statistically significant differences in the water parameter
between the 12th and 18th month of fish life (P<0.01); ¢ — statistically significant differences in
the water parameter between the 18t and 24t month of fish life (P<0.01); d — statistically
significant differences in the water parameter between the 6t and 24t month of fish life
(P<0.01); ns - no significant differences

ed in blood of rainbow trout (168.2+24.4 mg kg~! w.w.). The lowest magnesi-
um levels were found in blood of northern pike (85.3+24.5 mg kg~! w.w.).
Magnesium was distributed in fish blood according to the following pattern
of decreasing concentrations: northern pike > grass carp > Siberian stur-
geon > common carp > rainbow trout. Statistically significant differences
were also detected in the blood Mg levels during the growth of common
carp and rainbow trout (Table 3).

The average Mg content in gills ranged from 26.3+91.2 mg kg1 w.w.
(Table 4). The highest Mg levels were detected in gills of grass carp
(91.2+12.4 mg kg~! w.w.) and the lowest ones were found in gills of rainbow
trout (26.3+5.4 mg kg! w.w.). Magnesium was distributed in fish gills ac-
cording to the following pattern of decreasing concentrations: rainbow trout
> Siberian sturgeon > northern pike > common carp > grass carp. Statisti-
cally significant differences were also found in Mg levels in gills during the
growth of common carp, rainbow trout and Siberian sturgeon (Table 4).

The average Mg content in liver ranged from 35.3+174.2 mg kg~! w.w.
(Table 5). The highest Mg levels were detected in liver of rainbow trout
(174.2+27.6 mg kg1 w.w.). The lowest Mg levels were found in liver of grass
carp (35.3+9.5 mg kg~! w.w.). Magnesium was distributed in fish liver accord-
ing to the following pattern of decreasing concentrations: grass carp > north-
ern pike > Siberian sturgeon > rainbow trout > common carp. We also found
statistically significant differences in the liver Mg concentrations during the
growth of rainbow trout, Siberian sturgeon and northern pike (Table 5).
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Table 4
Mg level in gills of five freshwater fish species aged 6, 12, 18 and 24 months
Mg (mg kgt w.w.)
Statistically
. ) month of fish life significant
Fish species A 12 15 ” differences
P<0.01
mean + SD mean + SD mean + SD mean = SD
Common carp 436 =115 72.6 = 24.4 62.2 +13.5 743 =119 a, b,cd
Rainbow trout 26.3 £54 415+ 18.3 43.6 £ 22.1 622+ 174 a,cd
Siberian sturgeon | 43.2 + 13.2 51.3+123 47.8 £ 11.9 58.3 + 13.2 d
Northern pike 64.3 175 68.5 + 6.6 67.4 = 11.3 59.8 + 194 ns
Grass carp 85.5 +17.3 912+ 121 783 + 154 84.6 + 17.8 ns

a — statistically significant differences in the water parameter between the 6th and 12th
month of fish life (P<0.01); b — statistically significant differences in the water parameter
between the 12t2 and 182 month of fish life (P<0.01); ¢ — statistically significant differences
in the water parameter between the 182 and 24'h month of fish life (P<0.01); d — statistically
significant differences in the water parameter between the 6th and 24t month of fish life
(P=<0.01); ns — no significant differences

Table 5
Mg level in liver of five freshwater fish species in 6, 9, 12 and 24 months
Mg (mg kg™t w.w.)
Statistically
. . month of fish life significant
Fish species s 12 13 ” differences
P<0.01
mean = SD mean = SD mean = SD mean = SD
Common carp 1446+ 356 | 161.5+45.2 | 154.6 + 23.2 | 158.1 + 264 ns
Rainbow trout 102.1 +31.8 | 169.6 + 185 | 103.1 £ 38.1 | 174.2 + 27.6 a, b, d
Siberian sturgeon 413 +7.9 1142 = 181 | 61.2 =282 102.8 + 28.8 a, b,c d
Northern pike 65.5 + 21.3 63.7 + 16.6 79.6 = 17.7 89.3 + 19.6 b,d
Grass carp 35395 46.1 + 84 48.5 + 18.3 43.4 + 18.8 ns

a — statistically significant differences in the water parameter among the 6 and 12 month

of fish life (P<0.01); b — statistically significant differences in the water parameter among the
12 and 18 of fish life (P<0.01); ¢ — statistically significant differences in the water parameter
among the 18 and 24 of fish life (P<0.01); d — statistically significant differences in the water
parameter among the 6 and 24 of fish life (P<0.01); ns — no significant differences

The average Mg content in kidneys ranged from 66.1+168.7 mg kg!
w.w. (Table 6). The lowest Mg levels were detected in kidneys of Siberian
sturgeon (66.1x17.9 mg kg~! w.w.). The highest Mg levels were found in
kidneys of northern pike (168.7+32.6 mg kg~! w.w.). Magnesium was distrib-
uted in fish kidneys according to the following pattern of decreasing concen-
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Table 6
Mg level in kidney of five freshwater fish species aged 6, 12, 18 and 24 months
Mg (mg kg1 w.w.)
Statistically
) . month of fish life significant
Fish species 8 19 18 2% differences
P<0.01
mean = SD mean = SD mean + SD mean + SD
Common carp 736256 | 141.8+252 | 653 +38.6 | 1453 +344 a, b,cd
Rainbow trout 83.4 =229 1473 +37.9 | 874 x21.7 110.3 + 314 a, b, d
Siberian sturgeon | 66.1 + 17.9 74.1 + 218 73.2 + 23.2 68.8 + 15.2 ns
Northern pike 155.3 £ 31.7 | 168.7 £ 32.6 | 163.5 +26.6 | 151.9 + 26.4 ns
Grass carp 85.4 +24.6 91.2 + 16.7 93.7+254 | 128.9 + 28.8 ¢, d

a — statistically significant differences in the water parameter between the 6th and 12th
month of fish life (P<0.01); b — statistically significant differences in the water parameter
between the 12t2 and 182 month of fish life (P<0.01); ¢ — statistically significant differences
in the water parameter between the 18 and 24th month of fish life (P<0.01); d — statistically
significant differences in the water parameter between the 6t and 24t month of fish life
(P=0.01); ns — no significant difference

trations: Siberian sturgeon > grass carp > common carp > rainbow trout >
northern pike. Statistically significant differences were also found in Mg lev-
els in kidneys during the growth of common carp, rainbow trout and grass
carp (Table 6).

The average Mg content in dorsal muscles ranged from 46.6+-143.1 mg
kg1 w.w. (Table 7). The highest Mg levels were detected in dorsal muscles
of northern pike (143.1+28.4 mg kg~! w.w.). The lowest Mg levels were found
in dorsal muscles of common carp (46.6+8.9 mg kg~! w.w.). Magnesium was
distributed in fish dorsal muscles according to the following pattern of de-
creasing concentrations: common carp > Siberian sturgeon > grass carp >
rainbow trout > northern pike. Statistically significant differences were also
found in Mg levels in dorsal muscles during the growth of common carp,
rainbow trout and Siberian sturgeon (Table 7).

It was found that the breeding site significantly affected the Mg concen-
tration in the tissues and organs among individual freshwater fish species.
The magnesium concentration were also significantly affected by the type of
feed. All the applied pellet feeds were different in the concentration of fat
(9-15%) and protein (35-45%) — Table 1. It was noticed that in common carp
and grass carp fed Aller Aqua Aller classic pellet pasture, or in northern
pike and Siberian sturgeon fed Aller Aqua Aller M/L, the Mg concentrations
were higher compared to rainbow trout fed Aller Aqua Aller 576 pellet pas-
ture. The results allow us to state that the culture site, culture conditions
and the feeding type have a significant effect on the Mg level in tissues and
organs of the examined fish.



16

Table 7

Mg level in dorsal muscles of five freshwater fish species aged 6, 12, 18 and 24 months

Mg (mg kg™t w.w.)
Statistically
) . month of fish life significant
Fish species A 12 15 ” differences
P<0.01
mean = SD mean = SD mean = SD mean = SD
Common carp 854+ 24.1 576+ 155 46.6 + 8.9 82.6 + 21.7 a,c
Rainbow trout 87.2 £33.5 61.3 + 14.6 99.3 + 27.2 59.5 +25.4 a, b,c d
Siberian sturgeon | 63.6 + 16.2 89.7 244 472 + 152 46.7 + 14.8 a,b,d
Northern pike 125.7 £ 327 | 138.1+24.6 | 1383 +24.7 | 143.1 + 284 ns
Grass carp 724 +24.3 68.7 + 27.3 715 =247 69.5 + 11.3 ns

a — statistically significant differences in the water parameter between the 6th and 12th
month of fish life (P<0.01); b — statistically significant differences in the water parameter
between the 12th and 182 month of fish life (P<0.01); ¢ — statistically significant differences
in the water parameter between the 182 and 242 month of fish life (P<0.01); d — statistically
significant differences in the water parameter between the 6th and 24t month of fish life
(P=<0.01); ns — no significant differences

Many authors reported considerably higher levels of this element in
muscles of freshwater and marine fish (PuJiN et al. 1990, KarcIN 1996, GRro-
SHEVA et al. 2000, JURKIEWICZ-KARNAKOWSKA 2001). Magnesium is weakly accu-
mulated in fish tissues, as it is retained by gills, where the metal is deposit-
ed in large amounts (WiTEska 2003). This may be explained by the fact that
Mg penetrates to blood less easily than other metals (Ni, Cd, Pb). Levels of
some bioelements in fish bodies depend on culture methods, season of the
year, feed quality and water chemistry. All these factors together influence
the physiological condition of fish, which can be disturbed by excess or defi-
ciency of minerals. Surplus or shortage of minerals may seriously disturb
biochemical processes and upset internal homeostasis, leading in consequence
to various diseases. TAcoN (1992) reported that disorders occurred in organ-
isms of various fish species due to deficiency or excess of macroelements,
which were caused by avitaminosis or poisoning and improper nutrition. It
is therefore important to monitor levels of macroelements in fish organisms
and tissues.

Among the examined freshwater fish species, statistically significant dif-
ferences in the levels of the macroelement were observed. The analysed
bioelement (Mg), which by some is regarded as one of the most important
macronutrients, was reported to accumulate in excess during diseases caused
by viral or bacterial conditions, and during increased activity of hepatocytes
(PouramanaD, O’BrIEN 2000, LusHcHAK et al. 2005). Levels of magnesium re-
corded in this study were not high (Tables 3, 4, 5, 6, 7) and remained with-
in the normal range for salmonids (Salmonidae) and cyprinids (Cyprinidae).
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For the sturgeon family (Acipenseridae), northern pike (Esox lucius L.) and
grass carp (Ctenopharyngodon idella Valenciennes), an accurate normal range
of magnesium remains undetermined.

In our research, we have observed that magnesium concentration in
fish blood of common carp and rainbow trout (Table 3), in gills of common
carp, rainbow trout and Siberian surgeon (Table 4), in liver of rainbow trout
and northern pike (Table 5) in kidney of grass carp (Table 6) and in muscles
of northern pike decreased with the age of fish. Another observation was

that the magnesium concentration in kidneys of northern pike increased
(Table 6).

O1kaRrI et al. (1985) have shown that an infusion of magnesium salt into
the body cavity of freshwater-adapted fish (rainbow trout) affects the magne-
sium concentration in plasma. Magnesium could either be reabsorbed or
secreted in control freshwater-adapted trout, apparently as a function of nu-
tritional status. Fish could switch from reabsorption to secretion in response
to magnesium loading. It is suggested that freshwater fish eliminate excess
dietary magnesium renally (O1xkarI et al. 1985). Variability of metal concen-
trations in freshwater fish must be seen from a wider perspective of other
variables such as habitat, seasonal variations, age of fish, Fulton’s condition
factor and individual ability for metal uptake (ALLEN 1993, CanLi, ATLI 2003,
LoprEz-ToRRES et al. 1993, MARTINEZ-ALVAREZ et al. 2005, Ritora et al. 2002,
Svosopova et al. 1997).

Fish are characterized by species-specific and seasonal changeability
of macroelements. Stosik and Deprura (2000) found changes in magnesium
concentrations due to the season of the year and the change in the level
of lymphocytes in the examined fish. According to these authors, the above
changes resulted from a close relationship of the season and the solar expo-
sure. In many other research projects, it has been shown that Mg levels
were different depending on the temperature, season, sex, feeding type and
culture type. (THoMAS et al. 1999). We have found that feeding common carp,
Siberian sturgeon and rainbow trout Aller Aqua pellet pasture affected the
concentration of the analyzed element. The results have confirmed that the
content of magnesium was within the physiological reference ranges of fish.
The differences found in the bio—element levels resulted from individual and
seasonal variability typical of fish. Due to their environmental requirements,
fish may be regarded as indicators, which supply information on the degree
of pollution of the aquatic environment.
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CONCLUSIONS

1. The culture site was found to have statistically significant influence
on the magnesium concentrations in organs and tissues in the examined
freshwater fish species.

2. We have found that feeding common carp, Siberian sturgeon, rainbow
trout, northern pike and grass carp (Aller Aqua pellet pasture) affected the
concentration of the analyzed element.

3. The differences in the concentration of magnesium are a result
of individual species differences.

4. Mg concentration in the analyzed organs and tissues of freshwater
fish were significantly varied.
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Abstract

Metabolic alterations in physiological aging may depend on oxidative-antioxidative ba-
lance and biomineral status. The aim was to analyze concentrations of serum copper (Cu)
and zinc (Zn) among excess body mass persons due to their age. Material: 72 healthy Cau-
casians, divided into 3 groups: AGE1, AGE2, AGE3 (30-45, 46-60, 61-75 years old respecti-
vely), with body mass index (BMI) =25 kg m™2 were qualified for oral glucose tolerance
test (OGTT) and fasting (GO') and 2-hours (G120') glycemia were determined (enzymatical-
ly). Type 2 diabetes mellitus was excluded. Concentration of serum Cu and Zn (AAS), in-
sulin (ELISA) and plasma lipids: total cholesterol, high density lipoproteins cholesterol, tria-
cyloglyceroles (enzymatically) were measured in fasting samples. Low density lipoproteins
cholesterol was obtained using Friedewald formula. Insulin Resistance ratios and Cu/Zn
ratio were calculated. Results: No differences concerning BMI, waist, diastolic blood pres-
sure, lipids and insulin concentrations and insulin resistance ratios were observed. Incre-
asing G0’, G120' and systolic blood pressure from group 1 to 3 (p=0.01, p=0.01, p=0.04 re-
spectively) were found. AGE2 group had the lowest Zn concentration 10.67+3.37 umol dm™3, (p=0.002)
and the highest Cuw/Zn ratio 1.73+0.64 (p=0.0003). We calculated negative correlations Zn
and SBP (R=-0.45, p=0.04), Zn and DBP (R=-0.46, p=0.04), Zn and G 120’ (R=-0.45, p=0.03)
in the oldest group. Conclusions: Different zinc concentration while aging may occur, and
may imply different metabolic usage of the biominerals, especially in obese patients other-
wise healthy subjects.
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ANALIZA STEZEN CYNKU I MIEDZI W SUROWICY OSOB ZE ZWIEKSZONA MASA
CIALA W ZALEZNOSCI OD WIEKU

Abstrakt

W procesie starzenia obserwuje sie rozwdj zaburzen metabolicznych, w ktorych dys-
kutuje sie udzial stanu réwnowagi oksydacyjno-antyoksydacyjnej oraz biopierwiastkéw: cyn-
ku i miedzi. Celem badan byta ocena stezenia cynku i miedzi w surowicy oséb o zwiekszo-
nej masie ciata w zaleznoSci od ich wieku. W badanich uczestniczyly 72 osoby rasy bialej
o zwiekszonym BMI >25 kg m™2; przeprowadzono test doustnego obcigzenia glukoza
(OGTT), mierzac glikemie na czczo (GO’) i po 2 h (G120’) enzymatycznie. Wykluczono oso-
by z cukrzyca typu 2. Na czczo oznaczono stezenie cynku i miedzi (AAS), insuliny (ELISA)
w surowicy oraz stezenie parametrow lipidowych: cholesterolu catkowitego, cholesterolu
frakcji HDL, triacylogliceroli (enzymatycznie). Cholesterol frakcji LDL wyznaczono wzorem
Friedewalda. Obliczono wskazniki insulinoopornosci oraz stosunek Cu/Zn. Badano grupy
w zalezno$ci od wieku: AGE1, AGE2, AGE3 (odpowiednio: 30-45, 46-60, 61-75 lat). Stwier-
dzono, ze grupy nie roznity sie¢ BMI, obwodem pasa, rozkurczowym ci$nieniem tetniczym,
profilem lipidowym, stezeniem insuliny oraz wskaznikéw insulionopornosci. Analiza grup
1-3 wykazata wzrastajace stezenie GO’, G120’ i ci$nienie skurczowe (SBP), odpowiednio
p=0,01; p=0,01; p=0,04 oraz réznice w stezeniu Zn (p=0,002) i Cu/Zn (p=0,0003), z najniz-
szymi warto$ciami Zn 10,67+3,37 pnmol dm=3 i najwyzszym Cu/Zn 1,73+0,64 — u AGE2;
u AGE3 zaobserwowano ujemne korelacje dla Zn i SBP (R=-0,45; p=0,04), Zn i DBP
(R=-0,46; p=0,04), Zn i G120’ (R=-0,45; p=0,03). Dysproporcja stezen Zn miedzy grupg
w §rednim a podesztym wieku moze by¢ tlumaczona réznymi sposobami wykorzystania Zn
w obliczu zaburzen metabolicznych.

Stowa kluczowe: starzenie sig, pierwiastki §ladowe, miedz, cynk.

INTRODUCTION

Owing to modern medicine, the population of elderly people has been
growing. Increased body mass resulting in overweight or obesity and differ-
ent metabolic alterations may occur while aging. Studies concerning obesity,
hypertension, dyslipidemia and hyperglycemia are currently discussed (CERI-
ELLO 2008, HsUuErH et al. 2010, Su et al. 2008).

The oxidative-antioxidative status may play an important role in the
development of obesity-related disorders when we age. Copper and zinc are
essential cofactors involved in it. There are necessary for normal functions
of antioxidant, hematological, vascular, and neurological systems. It is known
that overweight and obese individuals are predisposed to lower blood con-
centrations of vitamins and minerals compared to people with normal body
weight (SINGH et al. 1998, MARREIRO et al. 2006).

Elderly people are more prone to insulin-resistance than middle-aged
individuals. Starting from the age of 30, plasma glucose concentration rises:
fasting glycemia increase about 1-2 mg cm™ and postprandial glycemia about
2-4 mg cm™3 in every 10 years (WINGER, HORNICK 1996).
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There is very little knowledge about trace elements such as zinc or
copper or biomechanisms causing aging and finally death. Studies on lon-
gevity and metabolic factors contributing to healthy aging are observed. Al-
terations in the bioavailability of essential trace elements i.e. zinc and cop-
per, which are components of certain enzymes and nucleoproteins, may lead
to some tissues and systems dysregulations. During physiological aging, the
zinc status declines (MoccHEGIANI et al. 2006) while plasma copper increases
(MILNE, JOHNSON 1993).

It is difficult to assess whether the changes in the trace element status
are associated with chronic disease or aging. Studies on the biomineral sta-
tus in humans and the balance of trace elements may combine all patholog-
ical mechanisms involved and explain obesity-related problems while aging.

The aim of this study has been to analyze concentration of serum cop-
per (Cu) and zinc (Zn) among obese persons due to their age.

MATERIAL AND METHODS

The study was performed in the Department of Clinical Biochemistry
and Laboratory Medicine, Chair of Chemistry and Clinical Biochemistry of
Poznan University of Medical Sciences, under the permission from the local
ethics group in accordance with the Declaration of Helsinki of 1975 for Hu-
man Research, and the study protocol was approved by the Bioethics Com-
mittee of Poznan University of Medical Sciences in Poznan, Poland.

Subjects and Settings: Healthy Caucasians, 72 persons from the Poznan
metropolitan area, with no acute disease or severe chronic disorder, were
assessed. The following exclusion criteria were complied: coronary arterial
disease, history of diabetes, neoplastic diseases, inflammatory diseases, pre-
vious therapy, use of antioxidant drugs, alcohol use, smoking and electro-
cardiograph findings specific for myocardial ischaemia. Subjects were divided
into 3 age-groups, such as AGEl: 0-45 years old (n=24, males=12, fe-
males=12), AGE2: 46-60 years old (n=24, males=12, females=12) and AGE3:
61-75 years old (n=24, males=12, females=12). Blood sampling and biochemi-
cal analysis: Blood was collected by venous arm puncture. All studied per-
sons were qualified for an oral glucose tolerance test (OGTT) according the
WHO recommendation (World Health Organization, 1999). The newly diag-
nosed type 2 diabetic patients were excluded. Glucose and lipids assay: The
concentration of plasma glucose at 0 minutes (fasting) and 120 minutes (post-
prandial) of the 75-g OGTT, and plasma lipids: total cholesterol (T-C), high
density lipoprotein cholesterol (HDL-C), triacyloglyceroles (TAG) were evalu-
ated enzymatically using a bioMerieux reagent kit (France) and a UV-160A
Shimadzu spectrophotometer (Japan). Low density lipoprotein cholesterol
(LDL-C) was obtained using Friedewald formula. Insulin assay: Fasting se-
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rum insulin was measured by the ELISA method (BioSource, Belgium) on
a microplater reader (Sunrise Tecan, Switzerland). Insulin resistance, IR ra-
tio — IR = {Ins/G0’ (mg cm™3)} and Homeostatic Model Assessment for Insu-
lin Resistance, HOMA-IR = {G0' (mmol dm3)*Ins}/22,5 were calculated. Trace
elements assay: Serum copper and zinc concentrations were determined in
duplicate by flame atomic absorption spectrometry (Zeiss AAS-3, Germany).
The reference sera level 1 and level 2 (Randox, United Kingdom) were used
for monitoring the accuracy of the determinations. The Cu/Zn ratio was
established.

Statistical analysis: Statistica (version 6.0) for Windows was used for
statistical analysis. The normality of value distribution was checked by the
Shapiro-Wilk test. The non-parametric Kruskal Wallis followed by the Man-
Whitney U test were applied to assess the significance of differences be-
tween the groups. In order to determine the relation between Cu or Zn and
the other factors, Pearson linear correlation was used. A p<0.05 was consid-
ered statistically significant. The results are expressed as a mean +/- stand-
ard deviations (SD) and a median, given in round brackets.

RESULTS

Among the 72 studied persons, 24 were young adults aged 39 + 4 (41),
24 were middle-aged 52 + 4 (51) years old and 24 were elderly people aged
65 = 6 (64). The baseline characteristics and clinical parameters of the age-
groups 1-3 are presented in Table 1. There were no differences concerning
the BMI, waist, diastolic blood pressure, lipids and insulin concentrations as
well as IR and HOMA-IR ratios in investigated groups. The Kruskal-Wallis
test followed by the Man-Whitney U test showed increasing fasting (G0’)
and postprandial (G120') glycemia and systolic blood pressure (SBP) from
group 1 to 3 (p=0.01, p=0.01, p=0.04, respectively). In the youngest group
(AGE1), positive correlation between age and GO' (R=0.43, p=0.034) was ob-
served. In the middle-aged group (AGE2), positive correlation between age
and BMI (R=0.37, p=0.036), age and SBP (R=0.35, p=0.046) and negative
correlation between Zn and waist (R=-0.36, p=0.05) were calculated. In the
last group of elderly patients (AGE 3) negative correlations between Zn and
SBP (R=-0.45, p=0.044), Zn and DBP (R=-0.46, p=0.042), Zn and G120’
(R=-0.45, p=0.026) were observed (all relationships in Table 2). We did not
observe any differences in cooper concentration among the age-groups. In
AGE2 group, the lowest zinc concentration:10.67+3,37 pmol dm=3 (p=0.002)
and the highest Cu/Zn ratio: 1.73+0.64 (p=0.0003) were noticed (Figures 1
and 2).
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Table 2
Correlations in 1-3 age groups
Correlations Age 1 Age 2 Age 3
Age and GO' R=0.43, p=0.034 NS NS
Age and BMI NS R=0.37, p=0.036 NS
Age and SBP NS R=0.35, p=0.046 NS
Zn and waist NS R=-0.36, p=0.05 NS
Zn and SBP NS NS R=-0.45, p=0.044
Zn and DBP NS NS R=-0.46, p=0.042
Zn and G120’ NS NS R=-0.45, p=0.026
18
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s | 5 ]
T 12
=
: — ]
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Fig. 1. Comparison of the groups — Zn concentration. Kruskal-Wallis
ANOVA test, p=0.02

DISCUSSION

The age-related changes in body mass depend on reduction in muscle
mass and water volume (30-40%) alongside increased fat mass. Additionally,
biochemical imbalance such as glucose and lipid concentrations, is observed.
Therefore, it is difficult to decide whether obesity could be attributed to
aging processes or to metabolic disorders, including changes in trace ele-
ments.
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Fig. 2. Comparison of the groups — Cu/Zn ratio. Kruskal-Wallis
ANOVA test, p=0.0003

The status of zinc and cooper is broadly discussed in the context of aging
(Horz et al. 2003, Morris 2006, BELBRAOUET 2007, Lam 2008). In most of these
studies, zinc deficiency is defined as a serum concentration below 10.7 pmol
dm™3. HoLtz et al. (2003) observed that serum zinc concentration tends to
increase into the third decade of age and decline afterwards. RavagLia et al.
(2000) investigated the oldest-old (octogenarians) and found that serum zinc
significantly decreased in this population group compared to elderly (over 60
years old) and younger populations. Our study on an obese population showed
the lowest zinc level and the highest Cu/Zn ratio in the middle-aged group
(10.67+3.37 pmol dm=3 and 1.73+0.64, respectively) while in the younger sub-
jects and the elderly group, zinc concentration was higher than the deficien-
cy status.

GHAYOUR-MOBARHAN et al. (2008) showed significant differences in the cop-
per and zinc status in patients with dyslipidemia, with or without estab-
lished coronary arterial disease, compared with control subjects, arguing that
differences in the serum zinc decrease and copper increase may be related
to inflammation. The groups we examined Our did not differ in the lipid
profile, but the total cholesterol, LDL-cholesterol and triacylglyceroles were
the highest in the middle-aged group. Thus, the zinc deficiency in observed
AGE2 group could be associated with disturbed lipids.

In a study run by BELBRAOUET et al. (2007), elderly hospitalized patients
were at a higher risk of zinc than copper. We investigated obese but otherwise
healthy subjects and confirmed Belbraouet’s observations that the zinc status
decreases and copper does not change in obese patients while they age.
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CONCLUSIONS

Essential trace elements, zinc and cooper, are involved in many bio-
chemical processes and their plasma concentrations may depends on the
dietary, age and health status. While we age, changes in the plasma zinc
concentration could imply different metabolic usage of the biominerals, es-
pecially in obese but otherwise healthy subjects. Thus, investigations on
trace elements may help to prevent and treat diseases, thus extending peo-
ple’s lifespan.
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Abstract

Water soldier is a plant growing all across lowlands in Poland, in eutrophic reservoirs
of still and slowly flowing water. Because this macrophyte is used as a fertilizer or a com-
ponent in fodder for cattle or pigs, the purpose of this paper was to determine the content
of magnesium and calcium in water soldier depending on pollution of water with selected
heavy metals.

The study used water and plant samples collected from the natural environment and
a hydroponic experiment (6 variants of water pollution with heavy metals and two terms
of plants’ exposure). Concentrations of magnesium and calcium in the mineralized samples
were measured in three cycles with the atomic absorption spectrometry method on a spec-
trometer Solaar S AA. Water soldiers (from the hydroponic experiment) contained 5.911 g
Mg kg! d.w. and 16.32 g Ca kg! d.w. It was determined that both addition of a heavy
metal and the exposure time had a statistically significant effect on concentrations of ma-
gnesium and calcium in water soldier, as well as on their concentration in water. Except
the control and regardless the exposure time, most magnesium remained in those water
soldier specimens that had been exposed to iron and cadmium. The smallest amounts of
magnesium in a plant were observed when water had been enriched with ions of zinc and
cooper. After 6 weeks of exposing the plants to the metals, the content of magnesium was
12% lower than after 3 weeks. On the other hand, the smallest amount of calcium in
water soldier was recorded for specimens exposed to iron and cadmium, while the largest
amount was found in those grown with an addition of zinc and in the control group. The
drop in calcium content measured on the second term, compared to the first one, was
6.119 g kg! d.w. Pollution of water with heavy metals has a negative effect on develop-
ment of water soldier and on accumulation of calcium and magnesium. The reduced con-

dr inz. Malgorzata Galczynska, Department of General and Ecological Chemistry
West Pomeranian University of Technology, Stowackiego 17, 71-434 Szczecin, e-mail:
malgorzata.galczynska@zut.edu.pl
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tent of calcium and magnesium in plants collected from waters polluted with heavy metals
will affect the value of water soldier both as a fertilizer and a fodder additive.

Key words: magnesium, calcium, Stratiotes aloides, water.

WPLYW ZANIECZYSZCZENIA WOD NA AKUMULACJE MAGNEZU I WAPNIA
PRZEZ STRATIOTES ALOIDES L.

Abstrakt

Osoka aloesowata wystepuje na calym nizu na terenie Polski w zeutrofizowanych
zbiornikach wéd stojacych i powoli plynacych. Ze wzgledu na stosowanie tego makrofitu do
uzyZniania gleb i jako komponentu pasz dla bydla i §wiri celem pracy bylo okreslenie za-
wartosci magnezu i wapnia w osoce aloesowatej w zaleznosci od zanieczyszczenia wod wy-
branymi metalami ciezkimi.

W badaniach wykorzystano prébki wéd i roslin pobrane ze sSrodowiska naturalnego
i z doSwiadczenia hydroponicznego (6 wariantéw skazania wod i 2 czasy ekspozycji roslin
na dzialanie jonow metali ciezkich). Pomiary zawarto$ci magnezu i wapnia w zmineralizo-
wanych probkach wykonano technika ASA w 3 powtérzeniach.

Wykorzystana w doswiadczeniu hydroponicznym osoka aloesowata zawierata 5,911 g
Mg kg1l sm. i 16,32 g Ca kg'! s.m. Na podstawie analizy statystycznej ustalono, ze zaréw-
no dodatek metalu ciezkiego, jak i czas ekspozycji mialy istotny statystycznie wpltyw na
zawarto§¢ Mg i Ca w osoce aloesowatej i stezenie tych pierwiastkow w wodzie. Najwiecej
Mg, poza kontrola, niezaleznie od czasu ekspozycji, pozostalo w osobnikach osoki aloesowa-
tej poddanych dziataniu Fe i Cd. Najmniejsze iloSci Mg w roslinie stwierdzono po dodatku
do wody jonéw Zn i Cu. Po 6 tygodniach ekspozycji ros§lin na dzialanie metali zawartosé
Mg byta o 12% mniejsza niz po 3 tygodniach. Najmniejsza zawarto§¢ Ca w osoce aloesowa-
tej zanotowano u osobnikéw poddanych dziataniu Fe i Cd, a najwieksza po dodatku Zn
iw kontroli. Spadek zawartoéci Ca w II terminie w stosunku do I wyniést 6,119 g kg™ s.m.
Zanieczyszczenie wod metalami cigzkimi ma niekorzystny wplyw na rozwdj osoki aloeso-
watej oraz kumulacje Ca i Mg. Zmniejszona zawarto§¢ Ca i Mg w roslinach pobranych
z zanieczyszczonych metalami ciezkimi wod obnizy warto§é zaréwno uzyskanego nawozu,
jak i dodatku paszowego.

Stowa kluczowe: magnez, wapn, Stratiotes aloides, woda.

INTRODUCTION

Pollution of surface waters with compounds of nitrogen, phosphorus and
heavy metals affects the presence and development of different kinds of hy-
drophytes (SMOLDERS et al. 1996, 2000, 2003, MaLEvVA et al. 2004). Water sol-
dier colonizes both eutrophic and mesotrophic reservoirs of still and slowly
flowing water. Apart from Poland, where it occurs over its entire lowlands
(SzmEJA 2006, TARKOWSKA-KUKURYK 2006), it is found in continental waters on
the whole European territory of Russia, in the Caucasus, in Scandinavia,
within the basins of the Baltic and Mediterranean Seas and the European
part of the Atlantic Ocean basin, in Western Siberia and Northern Kaza-
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khstan (RoeLors 1991, EFrREMOV, SVIRIDENKO 2008). In some European coun-
tries, water soldier is protected by law (ScULTHORPE 1967, BRAMMER 1979), while
in the countries where this species covers large areas of water reservoirs
(Suutart et al. 2009) it is used as a fertilizer and a component in fodder for
cattle or pigs (Cook, Urmi-Konig 1983)

The purpose of this paper was to determine the content of magnesium
and calcium in water soldier, depending on pollution of water with selected
heavy metals.

MATERIAL AND METHODS

The samples of water and plants, used for chemical determinations, were
collected from the natural environment and from a hydroponic experiment.
In 2008, in the Drawskie Lake District Protected Landscape Area and in
Swidwie Nature Reserve, nine habitats of water soldier were established,
from which samples of water and plants were collected on 11 August. In the
same year, a hydroponic experiment was run to grow water soldier in solu-
tions of NPK with addition of heavy metals. On 20 June, water soldier spec-
imens used for that experiment were collected from a ditch encircling Lake
Swidwie and transported to a laboratory, where they underwent cleaning
and selection procedures. Next, they were grouped into pairs Stratiotes
aloides (a mature and a young specimen), which did not differ in their mass-
es and represented similar development stages, and placed in 14 vases con-
taining 8 liters of distilled water each. In order to satisfy nutritional needs
of the plants, the vases were fed with solutions of biogenic compounds, name-
ly: NH,NO;, KosHPO,, KNO3. Concentration of NPK compounds was 0.92 mg
NH,* dm=3, 2.2 mg PO43‘ dm=3, 2.76 mg NO4~ dm=3 and 2.56 mg K* dm™3.
After one week, the water in the vases where the water soldier specimens
were growing was supplemented with solutions of such heavy metals as:
CuCl,-2H,0, ZnSO,-7TH,0, Pb(CH3CO0),-3H,0, MnSO,-H,0, FeCls,,
3CdSO,-8H,0. In the vases, the concentration of the heavy metals was:
12.3 mg Fe dm™3, 6.08 mg Mn dm=3, 12.1 mg Zn dm™3, 0.6 mg Cu dm™,
3.04 mg Pb dm=3 and 0.05 mg Cd dm=3. In the experiment, the control
sample was a vase with two specimens of Stratiotes aloides, growing in
a solution of biogenic compounds without any addition of heavy metals. The
plants were exposed to the solution of heavy metals for 3 and 6 weeks
(terms 1 and 2). For further tests, water and plant samples were collected
from the vases on two dates, i.e. on 21 July and 11 August, and from the
natural environment — on 11 August 2008. All the collected plant samples
were dried up and ground. The water samples were subjected to mineraliza-
tion in HNOg, while the plant samples were mineralized in heat, in a mix-
ture of the acids HNO4; and HClO,. The content of magnesium and calcium
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in the mineralized samples was measured with the atomic absorption spec-
trometry method on a spectrometer Solaar S AA in three cycles.

Additionally, in the water solutions where the Stratiotes aloides speci-
mens had grown, both in the natural environment and the hydroponic ex-
periment, the concentrations of N-NO3, N-NH, and orthophosphates(V) were
determined. To determine compounds of nitrogen and phosphorus in water,
colorimetric methods were applied in compliance with the Polish standards.
The measurements were made in a spectrophotometer Spekol 11. In the
water samples, by means of electro-analytical methods, percentage of water-
borne oxygen, pH and electrolytic conductivity were determined. For meas-
uring physical qualities, an oxygen meter (a micro-processor unit HI 9145),
a laboratory pH-meter (CP-411 with a temperature probe, for liquids, with
an electrode EPS-1) and a conductometer (inoLab Coud 730 with an elec-
trode TetraCon 325) were used.

The test results were processed statistically, based on two-factor ANOVA.
Significance of differences between the mean values was determined with
Tukey’s test, at a=0.05.

RESULTS AND DISCUSSION

In polluted aquatic environments, water plants can absorb nutrients and
heavy metals both from water and ground sediments. Most of the metals
affect the microelements critical for maintenance of life of aquatic organ-
isms and display toxic effects only when their concentration available to an
organism exceeds the value necessary to satisfy its nutritional requirements.
Copper, iron, zinc, manganese, cobalt and selenium are all very important
for metabolism. On the other hand, exposure of aquatic organisms to high
concentrations of the same elements may strongly affect their development.
Other metals such as lead, cadmium and mercury, do not play any signifi-
cant role in life cycles of organisms; nevertheless, they can cause damage
to an organism’s tissues if they are present in the environment in toxic
concentrations. Reactions of plants to heavy metals depend on the individu-
al sensitivity of each plant, intensity of the stress (duration, concentration)
and the form the metal is available in. The toxic effect of absorption of the
heavy metals results from their high concentration in cells. By making bonds
with functional groups of proteins and polynucleotides, heavy metals upset
functions of membranes in the photosynthetic and mitochondrial transport
of electrons and inactivate many enzymes involved in regulating the basic
cellular metabolism. As a result, these phenomena lead to reduction of the
cell energy balance, disturb absorption of minerals, impair growth and de-
velopment of plants, or even cause their death (GRuca-KRrROLIKOWsSKA, WACLAWEK
2006).
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In our hydroponic experiment, we observed that water soldier absorbed
heavy metals. After three weeks of water soldier plants’ exposure to heavy
metals, a decrease in masses of the specimens in question, as a result of
their negative influence on the plant development, was recorded. After an-
other three weeks, decomposition of older leaves of the plants was seen
analogously in the control group (Table 1).

Table 1
Percentage loss of mass of water soldier (%)
Addition Loss mass (%)
of heavy metal control Pb Cd Fe Zn Cu Mn
I term 6.25 28.4 23.5 50.5 11.3 45.5 62.7
II term 54.2 40.6 52.2 49.9 59.1 68.3 68.9

In order to determine whether the decomposition of external leaves of
water soldier had to be attributed to the heavy metals alone, comparative
analysis was performed for natural habitat conditions of Stratiotes aloides
and the conditions in the hydroponic experiment. The analysis was based on
physical and chemical parameters of the water reservoirs where water sol-
dier had grown (Table 2).

Table 2
Physicochemical parameters of water

Natural Hydroponic

Parameters reservoirs experiment
mean SD mean SD
pH 7.05 0.24 7.23 0.42
Physical electrolytic conductivity (uS cm™1) 503 208 258 106
Oy (%) 72.7 13.6 49.1 21.1
N-NO; (mg dm=3) 0.099 0.014 0.216 0.084
Chemical |N-NH, (mg dm=3) 0.079 0.078 0.129 0.165
PO,? (mg dm~3) 0.466 0.631 0.106 0.065

The natural water pH was close to neutral, whereas a slightly higher
pH value was determined in the hydroponic experiment (Table 3). According
to the research conducted by RENMaAN (1989), water soldier grows in waters
with pH between 5.64 do 7.50. However, a study conducted by OBOLEWSKI et
al. (2009) in the area of the River Lyna oxbow lakes showed that water
soldier populated waters with pH from 7.6 to 8.49.
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In their work, PINDEL and WozNiak (1998) proved that Stratiotes aloides
grew in waters where electrolytic conductivity equaled 240 pS cm~! and was
similar to the conditions in the hydroponic experiment. On the other hand,
in the tested waters collected from the natural environment, the value of
this parameter was more than double. Nevertheless, OBoLEWSKI et al. (2009)
inform that in the area of the River Lyna oxbow lakes water soldier oc-
curred in waters with electrolytic conductivity within the range from 364 to
471 pS em™L

In the analyzed waters, collected from the natural environment, the
content of water-borne oxygen was much higher than in the water from the
hydroponic experiment. The drop in the value of this parameter proves con-
sumption of oxygen in bio-chemical processes resulting from decomposition
of dead leaves of water soldier.

In respect of its presence in plant tissues, nitrogen is the fourth most
abundant element, after carbon, oxygen and hydrogen. Nitrogen participates
in almost all bio-chemical reactions taking place in cells, and its shortage
frequently hampers formation of new tissues. The main forms of N availa-
ble to plants include the ions NO5~ i NH,* (SAKAKIBARA et al. 2006). Accord-
ing to TarKowsKA-KUKURYK (2006), water soldier grows in waters where con-
centration of N-NOg remained within the range from 0.03 to 0.24 mg dm3,
and N-NH, from 0.19 to 0.27 mg dm3. Similar concentrations of N-NO4
and N-NH, were observed in waters collected from the natural environ-
ment, as well as from the hydroponic experiment.

Phosphorus is absorbed by plants generally in an oxidized form: H,PO,~
or HPO 42_, and is a macronutrient playing a critical role in both catabolism
and anabolism. It is also involved in the mechanism of transporting organic
compounds and inorganic ions by cellular membranes. When there is a defi-
cit of phosphorus, the intensity of various metabolic transformations, espe-
cially anabolic ones, slows down, leading to a slower growth of plants
(ScuacHTMAN et al. 1998). According to the results obtained by OBOLEWSKI et
al. (2009), Stratiotes aloides dwells in waters with even higher concentra-
tion of orthophosphates(V) (0.63-1.31 mg dm=3) than we found in the water
samples collected from natural reservoirs or particularly from the hydropon-
ic experiment. The decreased concentration of orthophosphates(V) in the hy-
droponic experiment from 2.20 to 0.1 mg dm=3 may indicate that water sol-
dier absorbs large quantities of phosphorus from the aquatic environment.

When comparing the Stratiotes aloides habitat conditions in its natural
environment to those in the hydroponic experiment, one may conclude that
a decrease in the mass and decomposition of older leaves of water soldier
specimens resulted from the negative influence of heavy metals on the de-
velopment of plants and, probably, from the shortage of phosphorus. Those
factors led also to the accumulation of magnesium and calcium in the plants
concerned (Table 3, Figure 1). Many researchers point to the fact that water
soldier dwells in waters with high concentration of calcium. It has been
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Table 3

Mean content of magnesium and calcium in water soldier and concentration of these elements

in water depending on the addition of a heavy metal and the exposure time

Content Concentration
of elements in lant of elements in water
Treatment (gkgldw) (mg dm™3)
Ca Mg Ca Mg
control 11.21 5.293 6.161 5976
Pb 3.50 4915 4.781 3.634
Cd 9.404 5.074 1.694 4.063
Addition
of heavy metal (D) Fe 1.831 5.628 0.114 1.367
Zn 12.450 2.773 6.604 1.522
Cu 8.271 3.050 7.088 1.402
Mn 1.921 4.344 0.045 0.976
1 10.00 4.712 4.039 3.319
Exposure time (C)
1I 3.881 4.167 3.528 2.092
D 0.074 0.052 0.047 0.029
LSDy o5 c 0214 0.152 0.137 0.083
DC 0.349 0.248 0.224 0.135
Mg Ca
-1 _
gkg dw. gkg ! d.w.
16.0 16.0
12.0 12.0 H —|
8.0 8.0 H
4.0 | 4.0 H
0.0 4 0.0 U E

control Pb Cd Fe Zn Cu Mn
addition of heavy metal

[ JtermI

B term II

control Pb Cd Fe
addition of heavy metal

[ JtermI
B term II

Fig. 1. Content of magnesium and calcium in water soldier
from the hydroponic experiment

Zn Cu Mn
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" control Pb Cd Fe Zn Cu Mn “control Pb Cd Fe Zn Cu Mn
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[ JtermI [ JtermI
B term II B term II

Fig. 2. Concentration of magnesium and calcium in water
from hydroponic experiment

proven that calcium is accumulated by plants until September and during
intensive photosynthesis the surplus of this element precipitates in the form
of carbonates on surfaces of submerged leaves (Cook, UrMi-KONIG 1983, BrRAM-
MER, WETZEL 1984, RENMAN 1989, KrOLIKOWSKA 1997, SzmEJA 2006). On average,
the water soldier collected from the natural reservoirs accumulated 6.837 g
Mg kg1 d.w. and 23.28 g Ca kgl d.w. at a concentration of magnesium in
water 1.756 mg dm=3 and calcium 52.42 mg dm=3. According to the results
obtained by OBoLEWsKI et al. (2009), water soldier grows in waters with a much
higher concentration of ions of this element (8.90-12.90 mg Mg dm™3).
In plants, magnesium occurs in large quantities in chloroplasts and ribos-
omes. It is a very important element, which participates in activating en-
zymes involved in processes of photosynthetic and oxidative phosphoryla-
tion, glycolysis, the citric acid cycle, synthesis of multi-molecular building
and spare materials and in transformation of nitric compounds. With the
transpiration current, calcium is transported to the top of the plant, and
because of its low mobility it is accumulated mainly in older leaves. Any
surplus of calcium, which can have a negative effect, is excluded from meta-
bolic transformations and bound with oxalic acid in the form of crystals.
As a potassium antagonist, calcium causes lower elasticity of cellular walls
and membranes, particularly in ageing cells (PASTERNAK et al. 2010).

The water soldiers grown in the hydroponic experiment contained 5.911 g
Mg kg1 d.w. and 16.32 g Ca kg~! d.w. In the course of the tests, it was
determined that both an addition of a heavy metal and the exposure time
had a statistically significant effect on concentrations of magnesium and cal-
cium in water soldier, as well as on their concentration in water (Table 3).
Except the control and regardless the exposure time, most magnesium re-
mained in those water soldier specimens that had been exposed to iron and
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cadmium. The smallest amounts of magnesium in a plant were observed
where water had been enriched with ions of zinc and copper. After 6 weeks
of exposing the plants to the metals, the content of magnesium was 12%
lower than after 3 weeks. On the other hand, the smallest amount of calci-
um in water soldier was recorded in specimens exposed to iron and cadmi-
um, while the largest amount was found in those with an addition of zinc
and in the control group. The drop in calcium content on the second term,
compared to the first term, was 6.119 g kg~! d.w.

Apart from the control group, the highest content of calcium in the
plant material was observed on the 15! term in the variant enriched with
zinc and cadmium, whereas the lowest was seen in the one supplemented
with iron and manganese. On the 204 term, apart from the control group,
the highest content was recorded for the copper and cadmium variant, while
the lowest content of that element was observed in the variant with the
addition of iron and manganese (0.667 g Ca kg~! d.w. and 0.685 g Ca kg!
d.w.). The values of the results obtained from the hydroponic experiment
are much lower than those obtained from the analysis of the plant material
collected from the natural environment. Accelerated by the presence of
heavy metals, decomposition of older leaves of water soldier resulted in the
fact that our determinations of calcium accumulation concerned generally
younger leaves, which contained smaller quantities of this element.

As a result of the accelerated atrophy and decomposition of the oldest
water soldier leaves, ions of calcium and magnesium appeared in the water
solutions (Figure 2).

On the 2" term, a slight growth in the magnesium content was ob-
served in the water supplemented with manganese and zinc, while a drop
was seen in the control group and the lead and cadmium variant. On the
15t term, concentrations of magnesium in water remained within the range
from 0.860 to 7.432 mg Mg dm™3, whereas on the 27¢ term, this range was
from 1.097 to 4.513 mg Mg dm™3. The results obtained from the hydroponic
experiment exceed the limits stated by OBoLEwski et al. (2009), as well as
those achieved in our own tests in the natural environment.

When analyzing calcium concentration in water samples, we found that
it distinctly decreased on the 279 term of measuring this element both in
the control group and in the variant enriched with zinc, copper and manga-
nese, which can be a sign that calcium, freed from older leaves, is very well
absorbed by younger ones. The results obtained from the vase experiment
regarding the calcium content in water are much lower than those obtained
from the water samples collected from the natural environment.

Because of the high content of biogenic elements, water soldier is some-
times used as a fertilizer or compost. In some countries, e.g. Finland, the
plant is used as fodder for cattle and pigs. Calcium and magnesium accumu-
lated by the plant are exceptionally valuable elements. Fertilizers enriched
with these elements can contribute to reduction of soil acidification and,
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when introduced as an additive to the fodder, they can lower the risk
of occurrence of such diseases as rickets, hypocalcaemia, hypomagnesaemia
and allergies in cattle and pigs. Considering the increasing pollution of wa-
ters with heavy metals, one must admit that introduction of water soldiers
to the nutritional chain of plants (soil fertilization) and animals (fodder addi-
tives) will not only contribute to economic utilization of Stratiotes aloides,
but also to dispersion of heavy metals. However, a lower content of calcium
and magnesium in the plants collected from waters polluted with heavy met-
als depresses the value of water soldier as a fertilizer or a fodder additive.

CONCLUSIONS

1. Pollution of water with heavy metals has a negative effect on devel-
opment of water soldier and on accumulation of calcium and magnesium.

2. The reduced content of calcium and magnesium in plants collected
from waters polluted with heavy metals will affect the value of water sol-
dier both as a fertilizer and a fodder additive.
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Abstract

Potato tubers were examined in a field experiment conducted over the years 2004-
-2006 and arranged as a split-plot design with three replicates. Two factors were studied:
I— three mid-early cultivars of edible potato: Wiking, Mors, Zagiel; II — six methods of
Colorado beetle control: control (without application of chemicals), Actara 25 WG (0.08 kg
ha1), Regent 200 SC (0.1 dm3 hal), Calypso 480 SC (0.05 dm3 ha-l), Calypso 480 SC
(0.075 dm3 ha™!) and Calypso 480 SC (0.1 dm3 ha™l). Potassium content was determined
in the dry matter of potato tubers following wet mineralization and using atomic absorp-
tion spectrophotometry (AAS). Phosphorus was determined by means of the photometric
method. The objective of the study was to examine the effect of insecticides used to con-
trol Colorado beetle on phosphorus and potassium content in potato tubers. Most potas-
sium was found in the tubers of Mors — 27.19 g kg1 on average, significantly less in Wi-
king — 25.14 g kg! on average, and the least in Zagiel -23.67 g kg! on average. The
highest and lowest phosphorus concentrations were determined in, respectively, Mars
(3.490 g kg1 on average) and Wiking (2.910 g kg! on average). Application of insecticides
resulted in a significant increase in potassium and phosphorus content in tubers, which
ranged from an average of 0.15 to 0.61 g kg1 for potassium and 0.059 to 0.118 g kg1 for
phosphorus, compared with the control. Our analysis of the influence of atmospheric con-
ditions on phosphorus content in potato tubers demonstrated that the highest phosphorus
levels, 3.563 g kg1 on average, were determined in 2006, which was characterized by the
highest precipitation and temperature. The lowest potassium accumulation in potato tu-
bers was recorded in 2004, 2.897 g kgl on average.

Key words: insecticides, cultivars, phosphorus, potassium.
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WPLYW INSEKTYCYDOW NA ZAWARTOSCI FOSFORU I POTASU
W BULWACH TRZECH ODMIAN ZIEMNIAKA

Abstrakt

Materiat badawczy stanowity bulwy ziemniaka pochodzace z do$wiadczenia polowego
przeprowadzonego w latach 2004-2006 zalozonego metodg losowanych podblokéw (split-plot)
w trzech powtorzeniach. Badano w nim dwa czynniki: I — trzy $rednio wczesne odmiany
ziemniaka jadalnego: Wiking, Mors, Zagiel, II — sze$¢ sposobéw zwalczania stonki ziemnia-
czanej: 1) obiekt kontrolny — bez ochrony chemicznej, 2) Actara 25 WG (0,08 kg ha™l),
3) Regent 200 SC (0,1 dm3 ha™l), 4) Calypso 480 SC (0,05 dm3 ha=1), 5) Calypso 480 SC
(0,075 dm3 ha=1), 6) Calypso 480 SC (0,1 dm3 ha~!). Zawartoéé potasu oznaczono w suchej
masie bulw ziemniaka po mokrej mineralizacji, metodg absorpcyjnej spektrofotometrii ato-
mowej (ASA). Fosfor oznaczono metodg fotometryczng. Celem badan bylo okreslenie wpty-
wu insektycydow do zwalczania stonki ziemniaczanej na zawarto$¢ fosforu i potasu w bul-
wach ziemniaka. Najwiecej potasu zawieraly bulwy odmiany Mors — érednio 27,19 g kg1,
istotnie mniej Wiking — srednio 25,14 g kg™!, a najmniej odmiana Zagiel — $rednio 23,67 g kgL
Natomiast najwiecej fosforu zawierala odmiana Mors — §rednio 3,490 g kg~!, a najmniej
Wiking — érednio 2,910 g kg!. W wyniku stosowania insektycydéw odnotowano istotne
zwiekszenie iloSci potasu w bulwach w poréwnaniu z obiektem kontrolnym - $rednio od
0,15 do 0,61 g kg! oraz zawartosci fosforu — érednio od 0,059 do 0,118 g kgl. Analizujac
wplyw warunkow atmosferycznych na zawartos¢ fosforu w bulwach ziemniaka, stwierdzo-
no, ze najwiecej zawieraly go ziemniaki uprawiane w 2006 r. — érednio 3,563 g kg™!, w kto-
rym zanotowano najwyzsze opady i temperatury. Najmniej tego pierwiastka bulwy kumu-
lowaly w 2004 r. — érednio 2,897 g kgL.

Stowa kluczowe: insektycydy, odmiany, fosfor, potas.

INTRODUCTION

Potatoes are a very popular crop plant in Poland and their consumption
remains high. As the mineral content of potato tubers is approximately 1%,
they may be a significant source of nutrients and essential elements for the
human body, although they can also contain harmful elements (SzTEKE et.
al. 2006).

Studies by WicHrowska et al. (2009) have indicated that consumption
of about 300 g potatoes provides the body with 48.6% of potassium and 25.1%
of phosphorus.

The mineral content of potato tubers is predominantly influenced by the
genotype and weather conditions. Moreover, it can also be affected by agro-
technological practices, fertilization, soil tillage and plant protection
agents in particular (CzEkara, GLADYSIAK 1995, Kraska 2002, Kozera et al. 2006,
Sawicka , Kus, 2002 WicHROWSKA et al. 2009).

There is not much information in the available literature on the influ-
ence of insecticides on macronutrients in potato tubers. Hence, the objec-
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tive of this field study was to determine the effect of an application of insec-
ticides to control the Colorado beetle on the phosphorus and potassium con-
tent in edible potato tubers.

MATERIAL AND METHODS

We examined tubers harvested in a field experiment conducted over the
years 2004-2006 at Zawady Experimental Farm, owned by the former Uni-
versity of Podlasie (University of Natural Sciences and Humanities). The
experimental design was a split-plot arrangement of treatments with three
replicates.

Two factors were examined in the experiment:
factor I — three mid-early edible potato varieties: Wiking, Mors, Zagiel;
factor II — six methods of Colorado beetle control:

1) control — no application of chemicals,

2) Actara 25 WG at the rate of 0.08 kg ha1,

3) Regent 200 SC at the rate of 0.1 dm3 ha1,

4) Calypso 480 SC at the rate of 0.05 dm3 ha=1,
5) Calypso 480 SC at the rate of 0.075 dm3 ha1,
6) Calypso 480 SC at the rate of 0.1 dm3 ha!.

Potassium content was determined in the dry matter of potato tubers
following wet mineralization and using atomic absorption spectrophotometry
(AAS). Phosphorus was determined by means of the photometric method.

The results were statistically analysed by means of variance analysis.
The F Fisher-Snedecor test was used to detect the significance of each source
of variation and mean separation between variables was obtained by Tuk-
ey’s Least Significant Difference test at the significance level of p=0.05.

Air temperatures and precipitation during the potato growing seasons
varied in individual years (Table 1). In 2004, the total rainfall was 320.9 mm
with the highest precipitation occurring in May — 97.0 mm. September was
the driest month as it received only 19.5 mm rain. The average monthly air
temperatures in 2004 varied and ranged from 8.0 to 18.9°C.

In the growing season of 2005, alternating months of extremely dry and
very wet weather appeared. Average air temperatures in all the months of
the potato growing season varied relative to the long-term means.

The highest rainfall, 358.6 mm, was recorded in 2006. Substantial fluc-
tuations of precipitation were observed during the summer months, which
are critical to potato growth and yielding.
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Table 1

Characteristics of weather conditions during potato vegetation seasons (RSD Zawady)

Months
Years Apr-Sept
Apr | May | June | July | Aug | Sept
Rainfalls (mm)

2004 35.9 97.0 52.8 49.0 66.7 19.5 320.9
2005 12.3 64.7 44.1 86.5 454 15.8 268.8
2006 29.8 39.6 24.0 16.2 228.1 20.9 358.6
Multiyear average 52.3 50.0 68.2 45.7 66.8 60.7 343.7

Air temperature (°C)
2004 8.0 11.7 15.5 17.5 18.9 13.0 14.1
2005 8.7 13.0 15.9 20.2 17.5 15.0 15.0
2006 8.4 13.6 17.2 22.3 18.0 154 15.8
Multiyear average 7.7 10.0 16.1 19.3 18.0 13.0 14.0

RESULTS AND DISCUSSION

The results of our study demonstrated that potassium and phosphorus
accumulation in potato tubers significantly depended on the cultivar, Colora-
do beetle control method and years (Tables 2, 3).

Of the examined cultivars, the highest potassium content was deter-
mined in the tubers of Mors, on average 27.19 g kg—l. Significantly less
potassium was found in Wiking (25.14 g kg~! on average) and the least in
cv. Zagiel tubers (23.67 g kg! on average). Most phosphorus was accumu-
lated in the tubers of cv. Mars (3.490 g kg™, on average) and the least in cv.
Wiking (2.910 g kg! on average). It agrees with the results reported by
Koropzesczyk and SzvicieL (2005), Mazurczyk (1994), WicHROWSKA et al. (2009) as
well as ZarzEcka and MysTKOwsSKA (2004), who demonstrated significant influ-
ence of cultivars on potassium and phosphorus content in potato tubers.

Application of insecticides was followed by an average increase of 0.15
to 0.61 g kg~! in tuber potassium content compared with the content in the
tubers of non-controlled potatoes (Table 2). A significant increase in potassi-
um content was found in tubers harvested from all the “insecticidal” treat-
ments, apart from the Actara 25 WG-sprayed plots.

Compared with the control content, the plant protection agents applied
to control Colorado beetle significantly increased the phosphorus content of
potato tubers by an average of 0.059 to 0.118 g kg~! (Table 3). The lowest
increase in phosphorus content, by 0.059 g kg1, was recorded in the treat-
ment where Calypso 480 SC had been applied at the rate of 0.05 dm3 ha1
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Table 2
Content of potassium in the dry matter in potato tubers (g kg1 )
Potato beetle control Years Cultivars Mean
methods 2004 2005 2006 | Wiking | Mors | Zagiel
1. Control treatment 26.05 24.46 24.54 24.76 27.03 23.24 25.01
2. Actara 25 WG
0.08 kg ha-! 26.27 24.53 24.69 24.80 27.14 23.54 25.16
3. Regent 200 SC 2626 | 2464 | 2529 | 2508 | 27.38 | 2373 | 2539
0.1 dm® ha
4. Calypso 480 SC
0.05 dm3 ha-1 26.50 24.48 25.12 25.13 27.10 23.86 25.37
5. Calypso 480 SC
0.075 dm? ha-1 26.50 24.63 25.28 25.47 27.22 23.71 25.46
6. Calypso 480 5C 2681 | 2465 | 2541 | 2561 | 2729 | 2396 | 2562
0.1 dm°® ha
Mean 26.39 24.56 25.05 25.14 27.19 23.67 -
LSDy) o5 for: years| 0.20
cultivars| 0.20
methods of controlling the potato beetle 0.19
Table 3
Content of phosphorus in the dry matter in potato tubers (g kg™1)
Potato beetle control Years Cultivars Mean
methods 2004 2005 2006 | Wiking | Mors | Zagiel
1. Control treatment 2.803 2.992 3.552 2.847 3.408 3.093 3.116
2. Actara 25 WG
0.08 kg ha-! 2.888 3.133 3.565 2914 3.488 3.184 3.195
3. Regent 200 SC 2934 | 3125 | 3574 | 2902 | 3533 | 3193 | 3211
0.1 dm® ha
4. Calypso 480 SC
0.05 dm3 ha-1 2.878 3.089 3.559 2.896 3.495 3.154 3.175
5. Calypso 480 SC
0.075 dm? ha-1 2.908 3.122 3.574 2.905 3.505 3.194 3.201
6. Calypso 480 5C 2971 | 38150 | 3582 | 2995 | 3511 | 3.198 | 3234
0.1 dm® ha
Mean 2.897 3.102 3.563 2.910 3.490 3.169 -
LSDy o5 for: years| 0.018
cultivars| 0.018
methods of controlling the potato beetle 0.027
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whereas the highest increase (an average of 0.118 g kg™!) was found follow-
ing an application of the same insecticide but at the rate of 0.1 dm3 hal.
Similar results have been reported by Kraska and Patys (2005). They applied
insecticides with the following active ingredients: deltamethrin, bensultap and
acetamiprid, and found an increase in potassium and phosphorus content of,
respectively 2.4 and 0.3 g kg~ in the dry matter of potato roots, compared
with the control. By contrast, Pro$Ba-Biarczyk et al. (2002) ZcHukova et al.
(1992) found no changes in potassium and phosphorus concentrations due to
application of plant protection agents. According to LeszczyNski (2002), applica-
tion of insecticides and fungicides in most cases does not result in signifi-
cant changes in chemical composition of potato tubers.

Studies by Koropziesczyk and SzMiGIEL (2005) revealed that potassium con-
tent in potato tubers was significantly influenced by weather conditions. The
highest potassium concentration was determined in the tubers of potato
whose growing season was characterized by lower temperatures and higher
rainfall, which was confirmed in the present study, as the highest potassium
content (26.39 g kg1, on average) was found in the tubers of potatoes culti-
vated in 2004 and the lowest — in the dry 2005 (Table 2). On the other
hand, studies by Wapas et al. (2007) demonstrated that more potassium was
accumulated in tubers in the years characterized by lower total precipita-
tion during the stage of tuber initiation.

Our analysis of the impact of atmospheric conditions on phosphorus con-
tent in potato tubers indicated that most phosphorus, 3.563 g kg~! on aver-
age, was accumulated in the tubers of potato grown in 2006, when the high-
est precipitation was accompanied by the highest temperatures (Table 3).
Least phosphorus, 2.897 g kg1 on average, was accumulated in the tubers
in 2004, which coincides with the findings by ZarzEcka and MysTKowsKa (2004).
Kuikocka (2001) and Mazurczyk and Lis (2001) found that weather conditions
during the growing season had no significant influence on phosphorus con-
tent in potato tubers.

CONCLUSIONS

1. The insecticides applied to control the Colorado beetle increased po-
tassium content in potato tubers compared with the control.

2. The highest phosphorus content was determined in the tubers of po-
tato harvested from the plots sprayed with the following insecticides:
Regent 200 SC and Calypso 480 SC, at the respective rates of 0.1 and
0.1 dm3 ha1.

3. In the experiment discussed, phosphorus and potassium content in

potato tubers was largely determined by cultivars and weather conditions in
the individual years.
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QUALITY OF FRUIT CHERRY, PEACH
AND PLUM CULTIVATED UNDER
DIFERENT WATER
AND FERTILIZATION REGIMES
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Abstract

In 2003-2005, a two-factors field experiment was set up on sandy soil of low useful
water retention. The aim of the study has been to determine the effect of irrigation and
mineral fertilization on the quality of some species of stone fruit trees. The treatments
were designed by the split-plot method in 7 replications with cherry, 5 replications with
peach, and 4 replications with plum trees. Swards between the trees and herbicide fallows
in the rows of trees were maintained. Two factors were considered: subcrown irrigation
and mineral fertilization. The mineral fertilization comprised the following variants: 0 NPK
—no fertilization, 1 NPK — 130 kg NPK ha™!, 2 NPK — 260 kg NPK ha~! for cherry and
plum trees, and 0 NPK —no fertilization, 1 NPK — 150 kg NPK ha~!, 2 NPK — 300 kg NPK
ha-l for peach. Irrigation and fertilization differentiated concentrations of macro- and mi-
cronutrients in fruits of cherry, peach and plum trees. Irrigation resulted in a higher con-
tent of sugars and vitamin C in the dry matter of peaches and a lower concentration of su-
gars in cherries. A higher dose of mineral fertilizers depressed the dry matter content
in fruit of plum trees and the concentration of sugars in the fresh matter of cherries.

Key words: irrigation, fertilization, mineral compounds, sugar, vitamin C, acidity.

JAKOSC OWOCOW WISNI, BRZOSKWINI I SLIWY UPRAWIANYCH
W ZROZNICOWANYCH WARUNKACH WODNYCH I NAWOZOWYCH
Abstrakt

Doswiadczenia polowe przeprowadzono na glebie lekkiej o malej retencji wody uzy-
tecznej. Badano wplyw nawadniania i nawozenia NPK na jako§¢ owocéow wisni, brzoskwini

dr inz. Anna Jaroszewska,Chair of Water Management, West Pomeranian University
of Technology, Stowackiego 17, 71-424 Szczecin, e-mail: anna.jaroszewska@zut.edu.pl
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i Sliwy. Wszystkie doswiadczenia zalozono metoda losowanych podblokéw w uktadzie zalez-
nym (ang. split-plot), w 7 powtérzeniach w doSwiadczeniu z wisnig Lutéwka, 5 — z brzo-
skwinig Redhaven i 4 — w doSwiadczeniu ze §liwg Cacanska Rana. Czynnikiem badanym
byto nawadnianie podkoronowe oraz nawozenie mineralne. W uprawie wisni i §liwy zasto-
sowano nastepujace dawki: 0 NPK — bez nawozenia, 1 NPK — 130 kg NPK ha~! (40+30+60),
2NPK - 260 kg NPK ha! (80+60+120). W uprawie brzoskwini: 0 NPK — bez nawozenia,
1NPK - 150 kg NPK hal (40+30+60), 2 NPK — 300 kg NPK ha=l (80+60+120). Nawad-
nianie i nawozenie mineralne réznicowalo zawarto§¢ makro- i mikroskladnikéw oraz azo-
tanow w owocach wisni, brzoskwini i §liwy. Zastosowane nawadnianie wptyneto istotnie
na zawarto$¢ cukréw i witaminy C w suchej masie brzoskwini oraz koncentracje cukréow
w owocach wisni. Wysoka dawka nawozéw przyczynita si¢ do zmniejszenia sie istotnie za-
wartosci suchej masy w owocach §liwy oraz koncentracji cukrow ogétem w $wiezej masie
owocow wisni.

Stowa kluczowe: nawadnianie, nawozenie, sktadniki mineralne, cukier, witamina C,
kwasowos$é.

INTRODUCTION

The quantity and biological quality of fruit tree yields depend on both
irrigation and fertilization (RzEkANowsKI, ROLBIECKI 1996, OsTROWSKA, OCHMIAN
2003, Popsiapto et al. 2005, INTRIGLIOLO, CASTEL 2006). Production of large
quantities of fruit is not the key point. It is more important to maintain
high quality of fruit along with its abundant yield (Moraas, Szymczak 2007).
Concentrations of mineral components in orchard plants are very important
for both agrotechnology and human nutrition. Their inadequate levels or
disproportionate ratios often cause a reduction in yields and a decrease in
their quality (Koszaxski et al. 2006). The aim of the present study has been
to determine the effect of subcrown irrigation and mineral fertilization on
the amount of some macro- and micronutrients as well as the amount
of nitrates, sugars, vitamin C and acidity of cherry, peach and plum fruits.

MATERIAL AND METHODS

In 2003-2005, three two-factor field experiments were set up at the Agri-
cultural Experimental Station in Lipnik near Stargard Szczecinski. The field
experiments were carried out on soil classified as a good rye complex soil
and, in respect of soil cultivation, as light soil of small useful water retention.
The experiments were designed with the method of random subblocks in
a dependent system of split-plots, in seven replications with cv. Lutéwka cher-
ry, five with cv. Redhaven peach and four with cv. Cacanska Rana plum trees.
The trees were planted in the following spacing: cherry trees — 4 x 2 m,
peach trees — 3.5 x 3 m, plum trees — 4.5 x 4 m. Swards between the trees
and herbicide fallows in the rows of trees were maintained.
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The first experimental factor consisted of subcrown irrigation, minis-
prinkling: without irrigation; irrigated plots. Mineral fertilization made up
the second factor. The following fertilizer doses were applied in the cultiva-
tion of cherry and plum trees: no fertilization, 1 NPK — 130 kg NPK ha!
(40+30+60), 2 NPK — 260 kg NPK ha! (80+60+120); in the cultivation of
peach trees: no fertilization, 1 NPK — 150 kg NPK ha~! (40+30+60), 2 NPK
— 300 kg NPK ha~! (80+60+120). Nitrogen fertilizers were applied in early
spring, before the vegetation started, whereas phosphorous and potassium
fertilizers were introduced according to agronomic recommendations. Irriga-
tion was applied according to the indications of a tensiometer at the
water potential of soil 0.01 MPa. For the irrigation, a subcrown system was
used, in which water was distributed through Hadar mini-sprinklers. One
mini-sprinkler was set for each tree. Water doses supplied under the tested
stone fruit trees varied in individual periods of vegetation from 0.22 to 0.68
m3 tree~! (21.7 to 61.3 mm ha~1), depending on monthly precipitation totals
in each year. The following chemical elements were determined annually:
nitrogen — with Kiejdahl’s method, potassium and calcium — with the photo-
metric method, phosphorus — with colorimetric method; magnesium, iron
and zinc — with atomic absorption spectrometry (AAS), nitrates — potentio-
metrically, sugar — with Luff-Schoorl’s method, acidity — potentiometrically,
and vitamin C — by spectrometry. The results were processed statistically
using the analysis of variance for multiannual experiments on treatments
means from individual experiments with reconstruction errors. The signifi-
cance of differences was assessed at LSD, (s by Tukey’s test. Analysis of
correlation for the features which were significantly differentiated by the
interaction of experimental factors was also carried out.

RESULTS AND DISCUSSION

Production of high quality of fruit relies on good agronomic technology,
protecting the fruit — bearing plants and providing them with required nu-
trients and water. Water deficits during the period of intensive growth of
shoots and fruit has negative effect on both quantity and quality of yields.
Apart from a large volume of yield, it is also important to obtain yields of
good biological value, which determines the usefulness of fruit for consump-
tion and processing (Krawiec 2000, LipeEckt 2001). Research on the influence
of irrigation on the content of macro- and micronutrients in fruit of trees
shows it has differentiated effect on the quality of fruit. Increased, decreased
or unchanged An increase and a decrease or no changes concentration of
nutrients in the fruit growing on irrigated trees have been observed
(Popsiapro et al. 2009). The results of our own research show a decrease in
the concentration of nitrogen in fruits of all three kinds of fruit trees but it
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was only in peaches that the drop was significant drop (4%). On the irrigat-
ed plots, lower concentrations of nitrates in fruits of cherry and plum trees,
magnesium in cherries, iron and zinc in cherries, zinc in peaches and iron
in plums were also observed (Table 1). Calcium is a nutrient which greatly
affects the quality of fruit. Its deficiency causes cracking of cherries and
plums. Irrigation rose the calcium concentration in fruits of cherry trees
but lowered it in fruits of peach and plum trees. In our earlier study
(Popsianro et al. 2009), it was shown that irrigation did not cause any change

Table 1

Content of mineral compounds in the dry matter of cherry, peach and plum fruit
(means for 2003-2005)

Treatment N | P | K | Ca | Mg Fe | Zn | N-NOg
(g kgl dm.) (mg kg1 d.m.)
Cherry
Irrigation 0 115 2.25 12.8 0.65 0.90 | 130.0 | 9.50 98.3
w 11.3 2.36 13.4 0.70 0.61 117.8 | 8.44 74.9

Fertilization 0 NPK 11.2 2.14 12.5 0.72 0.77 | 141.7 | 9.08 91.6
1 NPK 11.2 2.37 13.3 0.56 0.66 | 106.7 | 10.5 66.6
2 NPK 11.9 241 135 0.74 0.84 | 1233 | 7.33 101.8

NIR o5 o n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
w n.s. n.s. n.s. n.s. n.s. 18.0 n.s. n.s.

Peach
Irrigation o 9.20 2.12 12.0 1.42 0.76 87.7 141 184
w 8.84 2.19 12.7 1.26 0.77 88.9 12.9 184

Fertilization 0 NPK 8.79 2.08 12.5 1.41 0.77 93.3 13.7 17.9
1 NPK 8.97 2.32 12.7 1.51 0.79 91.7 12.8 18.8
2 NPK 9.29 2.08 11.8 1.11 0.74 80.0 14.0 18.7

NIR o5 o 0.33 n.s. n.s. n.s. n.s. n.s. n.s. n.s.
w n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

Plum
Irrigation (6] 9.29 1.87 11.7 0.61 0.61 103.3 | 6.33 67.0
w 9.13 2.01 12.0 0.51 0.61 78.9 6.94 60.8

Fertilization 0 NPK 8.76 1.95 11.5 0.55 0.60 | 101.7 | 6.92 62.8
1 NPK 9.45 1.93 12.2 0.48 0.61 88.3 6.83 61.8
2 NPK 9.43 1.93 11.9 0.65 0.62 83.3 6.17 67.2

LSDy o5 (0] n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
W n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.

n.s. — not significant
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in the amount of calcium in cherries. The present results of analyses of
fruits have demonstrated that the complementary irrigation differentiated
the content of sugars, vitamin C and acids (Tables 2-4). Significant effects of
this treatment, such as an increased content of sugars (by 5%) in the dry
matter of peach and vitamin C (by 43%) in the fresh matter of peach and
a decrease in the concentration of sugars in the dry matter of cherry (by
3%) were also observed. The results reported by RzekaNnowski, RoLBIECKT (1996)
show a decrease in the level of dry matter and in the content of vitamin C
in the fruit of irrigated apple trees. These authors noticed that irrigation
also depressed the content of sugars in cv. Spartan apple tree fruits but
caused no significant differences in this respect in apples grown on other
apple trees.

Table 2
Content of dry matter, sugar, vitamin C and acidity in cherry fruit (means from 2003-2005)
Dry matter Vitamin C Acidity
Treatment (g 100 g1 (gs/“fg;r) (s‘hgﬁf ) (mg (g 100 g1
fm.) oLk o 1100 gL fm.) fm.)
Irrigation (6] 0.13 7.64 58.9 4.58 1.12
w 0.13 7.34 57.0 451 1.16
Fertilization | 0 NPK 0.13 7.76 57.6 4.44 1.19
2 NPK 0.12 7.22 58.3 4.64 1.09
LSD o5 O n.s. n.s. 0.19 n.s. n.s.
w n.s. 0.05 n.s. n.s. n.s.
n.s. — not significant
Table 3
Content of dry matter, sugar, vitamin C and acidity in peach fruit (mean from 2003-2005)
Dry matter Vitamin C Acidity
Treatment (g100 gt (Zufg;r) (;%gif) (mg (g100 g
fm.) o o 100 g1 fm.) fm.)
Irrigation (0} 0.12 7.14 59.3 4.21 0.46
w 0.12 751 62.4 6.00 0.49
Fertilization | 0 NPK 0.12 7.20 61.1 4.94 0.49
2 NPK 0.13 7.45 60.6 5.27 0.45
LSD o5 (6] n.s. n.s. 0.31 0.18 n.s.
w n.s. n.s. n.s. n.s. n.s.

n.s. — not significant

Mineral fertilization, applied in this experiment, caused an increase in
the content of nitrogen in the fruits of all the kinds of trees, potassium and
phosphorus in fruit of cherry trees and potassium in fruit of plum trees
(Table 1). Concentration of phosphorus in fruits of peach and plum trees,
affected by fertilizing, ranged within an approximately same level in all the
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Table 4
Content of dry matter, sugar, vitamin C and acidity in plum fruit (means from 2003-2005)

Dry matter Sugar Sugar Vitamin C Acidity

Treatment (g 100 g1 ug ug (mg (g 100 g1
fm.) (% fm.) (% d.m.) 100 g1 f£m.) fm.)
Irrigation (0] 0.15 7.33 49.8 1.06 1.39
w 0.13 6.49 48.6 1.37 1.40
Fertilization | 0 NPK 0.15 7.29 49.8 1.20 1.37
2 NPK 0.13 6.53 48.6 1.23 142
LSDy o5 (0] n.s. n.s. n.s. n.s. n.s.
W 0.02 n.s. n.s. n.s. n.s.

n.s. — not significant

fertilizing combinations (Table 1). These results are partly confirmed by the
study on cherry trees conducted by Popsiapro et al. (2009), who observed
that increasing doses of mineral fertilizers were accompanied by an increas-
ing content of nitrogen and potassium in cherries, whereas the concentra-
tion of phosphorus did not change. In the present study, high mineral
fertilizing was also found to be favourable to storing nitrates in fruits of all
the fruit trees (Table 1). A similar relationship was reported by CHELPINSKI
et al. (2009), who reported an increase in the amount of nitrates in peaches
after application of multi-component fertilizers. In this experiment, fertiliz-
ing increased the content of calcium and magnesium in fruits of cherry and
plum trees but decreased it in peaches. Intensive mineral fertilizing also mod-
ified concentration of micronutrients in the fruits, but only in cherries
a significant effect of this treatment appeared such as a 13% decrease in iron.
Mineral fertilizing had no significant influence on the content of dry matter
of cherries and peaches, which ranged within an approximately same level.
A high dose of fertilizers decreased significantly the dry matter content in
fruit of plum trees (by 3%) and also the concentration of total sugars in the
fresh matter of fruit of cherry trees (by 4%). The experiments run by SzwEDo
et al. (2000), Svacepys, VISKELIS (2002) as well as our own studies showed no
significant influence of mineral fertilizing on the content of sugars in the
dry matter, vitamin C and acidity in fruits of the examined kinds of fruit
trees.

Additionally, in the analyzed material, positive, highly significant corre-
lation between the content of potassium and calcium and the concentration
of sugars in the fresh matter of fruit of plum trees was observed. Moreo-
ver, a highly significant positive relationship between the concentration of
nitrogen and the content of sugars in the dry matter of fruit of peach trees
was recorded (Table 5). The results are not confirmed by Ben (1997), who
noted that the concentration of nitrogen and calcium showed negative cor-
relation with the content of sugars, and the relationship between the con-
tent of phosphorus, potassium and magnesium and the concentration of sug-
ars was non-significant.
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Table 5

Correlation between concentrations of macronutrients in fruit (x) of cherry,
peach and plum trees versus the content of sugar in the fresh and dry matter of cherries,
peaches and plums (y)

. Specification X Macronutrient
Sugar total N p K Ca Ve
Cherry

in fresh matter | 0.13 | -0.58 | -0.49 | -0.93 | -0.96 | -0.89 | 0.00 | -0.87 | 0.45 | -0.87
043 | 0.82*% | -0.16 | 0.53 | -0.78 | 0.19 | 0.00 | 0.49 | 0.66 | 0.67

Peach
in fresh matter | -0.24 | 0.82 | -0.59 | -0.13 | 0.36 | -0.02 | -0.21 | -0.63 | 0.78 | -0.63
in dry matter -0.61 | 0.13 | -047 | 0.13 | 0.70 | -0.28 | 0.45 | -0.13 | 0.13 | -0.13
Plum

in fresh matter | -0.18 | -0.72 | -0.89 | -0.14 | -0.63 | 0.95 | 0.44 | 0.98 | -0.84 | -0.54
in dry matter 022 | -0.72 | -069 | 051 | -0.15 | 0.26 | 047 | 0.14 | -0.82 | -0.78

*(figures in bold) significant

CONCLUSIONS

1. Irrigation results in the differentiation of the content of macro- and
micronutrients in fruits of cherry, beach and plum trees. In fruit of peach
trees, decreased nitrogen content and a lower concentration of nitrates in
fruits of cherry and plum trees were observed. Irrigation led to increased
content of sugars and vitamin C in the dry matter of fruit of peach trees
and decreased concentration of sugars in fruit of cherry trees.

2. Mineral fertilization decreased the content of iron in fruit of cherry
trees. In the fertilized treatments, an increase in the concentration of nitro-
gen was observed in fruits of all the fruit trees. A high dose of fertilizers
significantly decreased the content of dry matter in fruit of plum trees and
total concentration of sugars in the fresh matter of fruit of cherry trees.

3. The strongest relationships between the content of potassium and cal-
cium and the concentration of sugars in the fresh matter were noticed in
fruit of plum trees. A highly significant positive relationship was also ob-
served between the concentration of nitrogen and the content of sugars in
the dry matter of cherries. No differences were recorded between the con-
tent of nitrogen and the concentration of sugars in the fresh matter of fruit
of peach trees.
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Abstract

In 2007-2008, pot experiments were conducted on cv. Michalina head lettuce grown in
an unheated greenhouse in spring. The aim of the study was to compare organic and mi-
neral iron compounds as well as their rates in terms of the efficiency of their effect on
yield of lettuce and iron content in lettuce leaves. The experimental factors included: 1) so-
urces of iron, i.e. 2 mineral — iron(II) sulfate and iron (III) sulfate, and 3 organic — iron
(III) citrate, iron (II) gluconate and iron chelate Fe (III) DTPA, 2) level of iron, i.e. 6 levels
— 20 (control), 45, 70, 95, 120 and 220 mg Fe dm3 substrate.

Lettuce was grown in 6 dm3 containers. Limed highmoor peat, enriched with macro-
and micronutrients to meet requirements of lettuce, was used as a substrate. Each experi-
ment included 26 combinations comprising 4 replications each. A container with 4 lettuce
plants constituted one replication. Lettuce was harvested at the consumption stage. Con-
centrations of iron, copper, manganese and zinc were determined in plant material by ASA
after wet mineralization in a mixture of acids HNOg and HCIO, at a 3:1 ratio (v:v).

The application of iron(III) sulfate, iron(II) sulfate, iron citrate or iron gluconate ran-
ging from 45 to 220 mg Fe dm= and Librel Fe-DTPA chelate ranging from 45 to 120 mg
Fe dm™3 did not have any significant effect on the yield of lettuce. Librel Fe-DTPA applied
at a rate of 220 mg Fe dm™3 resulted in a reduction of yield. The highest Fe content (irre-
spectively of the applied Fe rates) in lettuce leaves was recorded after the application of
Librel Fe DTPA, while the lowest one — after iron gluconate was used. When analyzing the
effect of Fe levels, irrespectively of the used iron compounds, the lowest Fe content in leaves
was observed in the control, growing at the levels of 45 and 70 mg Fe dm=3, as well as at
90 and 120 mg Fe dm=3 and reaching its peak after the application of 220 mg Fe dm™3.

Key words: iron compounds, lettuce, yielding, micronutrients.
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POROWNANIE SKUTECZNOSCI ORGANICZNYCH I MINERALNYCH ZWIAZKOW
ZELAZA W UPRAWIE SAEATY W SZKLARNI

Abstrakt

W latach 2007-2008 wiosng w nieogrzewanej szklarni przeprowadzono do$wiadczenia
wazonowe z salatg glowiastg odmiany Michalina. Celem pracy bylo poréwnanie organicz-
nych i mineralnych zwiazkéw zelaza, a takze ich dawek pod katem skutecznosci dziatania
na plon salaty oraz zawarto$¢ zelaza w jej liSciach. Czynnikami doswiadczen byty: 1) Zrédio
zelaza, tj. 2 mineralne — siarczan zelaza (II) i siarczan zelaza (III) oraz 3 organiczne —
cytrynian zelaza (III), glukonian zelaza (II) i chelat zelaza Fe (III) DTPA; 2) poziom zelaza,
tj. 6 pozioméw — 20 (kontrola), 45, 70, 95, 120, 220 mg Fe dm=3 podtoza.

Salate uprawiano w pojemnikach o objetosci 6 dm3. Jako podloze zastosowano torf wy-
soki zwapnowany i wzbogacony w makro- i mikrosktadniki zgodnie z wymaganiami sataty.

Kazde doswiadczenie obejmowato 26 kombinacji sktadajacych sie z 4 powtérzen. Po-
wtorzenie stanowil pojemnik z 4 roslinami sataty. Zbior salaty przeprowadzono w fazie doj-
rzato$ci konsumpcyjnej. W materiale roSlinnym oznaczono zawarto$¢ zelaza, miedzi, man-
ganu i cynku metoda ASA po mineralizacji na mokro w mieszaninie kwaséow HNOg i HCIO,
w stosunku 3:1 (viv).

Zastosowanie siarczanu zelaza (III), siarczanu zelaza (II), cytrynianu zelaza lub gluko-
nianu zelaza w zakresie 45-220 mg Fe dm™3 oraz chelatu Librel Fe-DTPA w zakresie
45-120 mg Fe dm™3 nie miato istotnego wplywu na plon sataty. Librel Fe-DTPA zastosowa-
ny na poziomie 220 mg Fe dm™3 spowodowal zmniejszenie plonu. Najwieksza zawartosé Fe
(niezaleznie od dawki Fe) w liSciach sataty stwierdzono po zastosowaniu Librel Fe DTPA,
a najmniejsza po zastosowaniu glukonianu zelaza. Analizujac wpltyw pozioméw Fe, niezalez-
nie od zwiazkow zelaza, stwierdzono najmniejszg zawarto$é Fe w liSciach w proébie kontrol-
nej, wieksza po zastosowaniu 45 i 70 mg Fe dm™3, jeszcze wieksza w przypadku 90 i 120
mg Fe dm=3 i najwieksza po zastosowaniu 220 mg Fe dm™3.

Stowa kluczowe: zwigzki zelaza, satata, plonowanie, mikrosktadniki.

INTRODUCTION

Iron deficiency is associated with the incidence of anaemia, which af-
fects approx. 500 million people worldwide. Groups at the highest risk in-
clude children and women at the child-bearing age (THOMPsON 2007). Iron
deficits in food occur despite the fact that its total content in soils is gener-
ally quite high (on average 2%). Plant chlorosis caused by deficit of available
iron is common worldwide, particularly on calcareous soils and in arid and
semi-arid regions (Ruszkowska, WoJcIESKA-WYSKUPAJTYS 1996, Lucena 2003).

The iron requirements in Europe and Poland are satisfied much more
often than in the Third World countries. However, the amount of iron con-
sumed with typical diets by different population groups in Poland is fre-
quently lower that the recommended level. GoLcz and DizuBak (1998) as well
as Bosiackr and TyksiNski (2009) indicated low content of iron in vegetables
sold in the city of Poznan. Studies on a variety of suitable sources of iron
for plants and their rates need to be conducted.
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The aim of the study has been to compare organic and mineral iron
compounds as well as their rates in terms of their efficiency on the yield
of lettuce and on the iron content in its leaves.

MATERIAL AND METHODS

In 2007-2008, pot experiments were conducted on cv. Michalina head
lettuce grown in an unheated greenhouse in spring. The experimental fac-
tors included:

A) iron compounds:
— mineral — iron (III) sulfate Fe,(SO,)3-H,0 and iron (II) sulfate
FeSO,-7TH,0;
— organic —iron (III) citrate C;gH;O,Fe - H,0, iron (II) gluconate
C19HgoFeOy, and iron (III) chelate Librel Fe-DTPA,
B) level of iron:
— 6 levels — the control (20), 45, 70, 95, 120 and 220 mg Fe dm=3 substrate.

Each year of the experiment, on 21 March, lettuce seeds were sown in
a single-seed system to multiple trays with cups size of 4x4 cm filled with
highmoor peat (Lithuania), limed at 5 g dm™ CaCO4 and enriched with
Azofoska at 1.5 g dm™3. Lettuce seedlings were transplanted to containers
of 6 dm™ filled with appropriately prepared substrate (11 April). Each combi-
nation included 4 replications, with a container with four lettuce plants con-
stituting one replication. The control was the same for the entire experi-
ment, i.e. fertilization with macro- and micronutrients except iron.

The substrate was prepared from highmoor peat, which was limed based
on the neutralization curve to pH in HyO = 6.3. After liming, sufficient
concentrations of Ca — 2045, Mg — 160, S-SO, — 25 mg dm~3 were found in
the substrate, therefore they were not supplemented. The other nutrients
in the substrate were supplemented to the following levels (in mg dm™3):
N- 180, P — 140, K - 220, Zn — 20, Mn — 20, Cu — 5, B - 1 and Mo - 1.
Iron was applied according to the assumptions adopted for the experiment,
considering its initial content in limed peat of 20 mg Fe dm™3.

While growing, plants were watered to 70% water capacity, which was
measured using Wahnschaffe cylinders. On 16 May 2007 and 13 May 2008,
lettuce was harvested. Plants were cut, weighed, dried in a convection dry-
er and homogenized. Concentrations of iron, manganese, zinc and copper
were determined in the plant material by ASA after wet mineralization in
a mixture of acids HNO5 and HCIO, at a 3:1 ratio (v:v). The results of fresh
weight of lettuce heads and content of micronutrients in plants were ana-
lyzed statistically. After significant differences had been identified, means
were clustered according to the Newman Keuls test at the significance level
a=0.05.



62

RESULTS AND DISCUSSION

Mean results from the 2-year experiment indicate that the average
weight of lettuce heads did not differ significantly after the application of iron
in the form of Fey(SO,)5-Hy0, FeSO,-TH,0, CgH50,Fe-H,0 or C;5Hy5FeOy,
at rates ranging from 45 to 220 mg Fe dm™3 and in the form of Librel
Fe-DTPA at rates ranging from 45 to 120 mgFe dm™3 (Table 1). It was only
the highest level of the Librel Fe-DTPA chelate (220 mg Fe dm=3) that re-
sulted in a significant reduction of lettuce yield. At this rate of the chelate,
the yield of lettuce was lower, also in comparison to the yield harvested in
the control combination. TyksiNskI (1992), when growing lettuce on peat,
observed that yields of lettuce did not differ at iron rates ranging from 0 to
900 mg Fe dm=3 applied in the form of iron (II) sulfate. In turn, TYKSINSKI
and Komosa (2007), after an application of 125 mg Fe dm™ in the form of
chelate Fe-DTPA, stated a significant reduction of lettuce yield in relation
to a rate of 75 mg Fe dm™3. Moreover, in combinations of 100 and 125 mg
Fe dm=3, brown necrotic spots appeared on leaves. These authors suggested
that such a response of plants was not an effect of excess iron, but rather of
the carrier used in the production of the chelate.

Table 1
The effect of iron compounds on the yield of lettuce fresh matter (g container1).
Mean values for the experiments in 2007 and 2008
. Fe level (mg dm™3 substrate)
compounds 20 45 70 | o5 | 120 | 220 |
(control)
Fey(SOy)5-Hy,O 496.5b | 517.4b|495.1b | 491.5b | 500556 | 4689 b | 495.0 b
FeSO,-7TH,0 496.5b | 49855 | 4926 b | 4888 b | 536.4b | 516.9b| 504.9 b
CgH50, Fe-Hy,O 496.5b | 523.4b | 536.8b | 5369b| 511956 | 517.0b6| 5204 b
C1oHyoFeOy, 4965b | 522.1b | 517.3b | 546.6b | 539.4 b | 491.3b | 5189
F(i%)’;f;A 496.5b | 5239b | 515.6 b | 4583 b | 459.5b | 237.0a | 4485 a
x 496.5b | 517.1b | 511.5b | 504.4 5| 509.5b | 446.2 a

Means followed by same letters are not significantly different at o = 0.05.

When analyzing the iron content in lettuce, it was found to be depend-
ent on the applied compound and the level of iron (Table 2). The biggest
amounts of iron were found in plants fertilized with Librel Fe-DTPA, while
the lowest amounts were found in the case of iron gluconate. In turn, when
iron was supplied in the form of iron (III) sulfate, lettuce had a significantly
higher content of iron in comparison to that fertilized with iron (II) sulfate
and iron citrate. Irrespective of the source of iron, over the entire range
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Table 2
The iron content in lettuce leaves (mg kg=!d. m.).
Mean values for the in experiments 2007 and 2008
- Fe level (mg dm™3 substrate)
e _
x
compounds 20 45 70 95 120 220

(control)

Fey(SO,); HyO | 149.9 ab| 179.9 b-e | 184.8 b-e | 2075 de | 203.0 c-e | 216.6¢ | 190.3 ¢
FeSO, TH,0 | 149.9 ab| 159.7 a-d | 152.2 ab | 176.0 b-e | 172.0 a-d | 170.5 a-d | 163.4 b
CeHsO0; Fe-H,O | 149.9 ab| 164.1 a-d | 162.0 a-d | 162.7 a-d | 151.9 ab | 166.9 a-d | 159.6 b
CpoHyoFeO,, | 1499 ab| 1463 ab | 147.2ab | 154.1a-c| 122.2a | 136.7ab | 1428 a

Librel
Fe-DTPA 1499 ab| 169.1a-d| 1813 b-e| 262.6f | 283.9f | 3912g |239.6d
x 1499a | 16385 1655 b 192.6 ¢ 1866 ¢ | 216.4d

Means followed by same letters are not significantly different at a = 0.05.

of fertilization treatments, the content of iron in lettuce was significantly
higher than in the control combination. Its highest content was recorded
after the introduction of 220 mg Fe dm™3 to the substrate. Lettuce grown in
a substrate with 45 and 70 mg Fe dm™3 contained similar levels of iron and
significantly lower ones than in a substrate with 95 and 120 mg Fe dm3.
It needs to be stressed that after the application of Librel Fe-DTPA chelate
within the range of 95-220 mg Fe dm™3, a significantly higher content of
iron appeared in lettuce in comparison with the other experimental objects.
The efficiency of Fe chelation by DTPA and citric acid was investigated by
Horrman et al. (2004). Very good chelation efficiency was observed for DTPA.
In a study by TvyksiNski and Komosa (2007), after the application of Fe-DTPA
chelate at rates of 100-125 mg Fe dm™3, lettuce showed symptoms of iron
excess in the form of brown necrotic spots on leaves or marbled chlorosis.
Such plant response was not found in this study.

Iron has a significant effect on the volume and quality of yield; howev-
er, it creates considerable problems due to it being readily transformed into
forms hardly available to plants (Garcia-MmNa et al. 2003, CHOHURA et al. 2007).
WREESMAN (1996) stated that the application of chelate forms is of primary
importance in the limitation of iron immobilization, as they are character-
ized by good water solubility and low dissociation constant.

The content of manganese in lettuce depending on the source and level
of iron in the substrate is given in Table 3. Lettuce fertilized with iron (III)
sulfate contained significantly more manganese than that fertilized with the
other iron compounds. The lowest manganese content was recorded in let-
tuce grown on a substrate with chelate Librel Fe-DTPA. Manganese content
in plants decreased with the increasing levels of iron in the substrate, al-
though the reduction was significant (except for 45 mg Fe dm™) only in



64

Table 3
The manganese content in lettuce leaves (mg kg=! d. m.).
Mean values for the experiments in 2007 and 2008
- Fe level (mg dm™3 substrate)
e _
x
compounds 20 45 70 95 120 220

(control)

Fey(SO,);-HyO | 308.4b-d | 3269 ¢d | 330.3 cd | 339.8 cd |306.4b-d| 351.6d | 327.2¢
FeSO, 7TH,0 | 308.4 b-d | 313.4 b-d | 289.8 b-d | 275.6 b-d | 281.9 b-d | 285.2 b-d | 292.4 b
CeH;0; FeH,O | 308.4 b-d | 329.9 cd |288.4 b-d|291.6 b-d | 266.3 b-d | 257.9 b-d | 290.4 b
C1oHyoFeO,, | 308.4b-d | 327.9 cd | 2929 b-d | 270.8 b-d | 246.0 be | 22855 |279.1b

Librel
Fe-DTPA 3084 b-d| 155.5a 1525a | 1374a | 139.3a | 101.8a | 165.8a
x 3084 ¢ | 290.7bc | 270.8 ab | 263.1ab | 2479a | 2449 a

Means followed by same letters are not significantly different at a = 0.05.

comparison to the control combination. A similar dependence between man-
ganese and iron in studies on lettuce was reported by TykSINsKkI (1993).

The content of zinc, similarly to manganese, was the highest in lettuce
fertilized with iron (III) sulfate, while the lowest one was found in lettuce
fertilized with chelate Librel Fe-DTPA (Table 4). Plants fertilized with iron
(II) sulfate were better nourished with zinc than those fertilized with iron
citrate or iron gluconate. The level of iron ranging from 70 to 220 mg
Fe dm™3 substrate in relation to the level of 45 mg Fe dm™3, as well as the
control combination (20 mg Fe dm™3) caused a significant reduction of the
zinc content in plants. The content of zinc in lettuce grown after the appli-
cation of 70 mg Fe dm™ was significantly bigger only in relation to the
treatment including 120 mg Fe dm=3. The determined zinc content fell within
the range considered by TvyksiNskI (1992) as optimal for lettuce.

Different iron fertilization rates had an effect on the nutritional status
of lettuce in copper (Table 5). Irrespectively of the level of iron in the sub-
strate, the mean copper content in plants was the highest when iron was
applied in the form of Librel Fe-DTPA chelate. Lettuce fertilized with iron
(IT) sulfate, iron citrate or iron gluconate contained less copper than that
fertilized with iron (III) sulfate. With the iron content in the substrate rang-
ing from 70 to 95 mg Fe dm™3, the content of copper in plants was similar
to that recorded in the control. After the application of 45 mg Fe dm™3
substrate, the content of copper in lettuce was significantly lower, while at
120 and 220 mg Fe dm™3 it was significantly higher. A similar increase in
the content of copper under the influence of increasing levels of iron in the
substrate was found in investigations on lettuce conducted by TyxsiNski and
Komosa (2008), while ANcHONDO et al. (2001) showed an opposite dependence
in leaves and fruits of chili pepper grown in a hydroponic system.
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Table 4
The zinc content in lettuce leaves (mg kg1 d. m.).
Mean values for the experiments in 2007 and 2008
- Fe level (mg dm™3 substrate)
S d 20 x
compounds 45 70 95 120 220
(control)
Fey(SOy5-HyO | 1503 fh | 188.8: 188.8 ¢ 1859i | 1622 ¢-i| 190.2: | 177.7e¢
FeSO,-TH,0 150.3 f-h | 178.8 h-i | 160.1 g-i | 161.2 g-h| 149.9 f-h | 152.6 f-h | 158.8 d
CgH50; Fe-HyO | 1503 fh | 1674 g-i | 1499 fh | 141.6 e-g | 127.6 d-f | 123.5d-f | 143.4 ¢
CoHyoFeO,, 1503 f-h | 161.0 g-i | 122.7d-f | 124.9d-f| 1139 c-e | 104.6 b-d | 129.6 b
Librel
Fo-DTPA 1503 f-h | 945a-c | 80.1ab 759a | 89.7a-c | 110.8 ¢d | 100.2 a
x 150.3 ¢ 158.1¢ 14035 | 137.9ab | 128.7a | 136.3 ab
Means followed by same letters are not significantly different at a = 0.05.
Table 5
The copper content in lettuce leaves (mg kg1 d. m.).
Mean values for the experiments in 2007 and 2008
- Fe level (mg dm™3 substrate)
S d 20 x
compounds 45 70 95 120 220
(control)
Fey(SOy)5-Hy,O 99 a-e 9.5 a-e 9.6 a-e 12.8¢-i | 127 e-i 142 hi | 1145
FeSO,-7TH,0 99 a-e 7.5 a-c 9.5 a-e 10.7a-h | 109 b-h | 11.3 c-i 99a
CgH50; Fe-HyO | 99 a-e 7.3 a-c 10.1 a-f 6.7 a 10.1af | 10.4a-h| 9.1a
CoHgoFeOyy 99 a-e 7.3 a-c 8.5 a-d 6.9 ab 103a-g | 101af | 89a
Librel . . . . .
Fo-DTPA 9.9 a-e 119d-i | 11.7d-i | 14.1g-i | 14.0fi 1481 12.8 ¢
x 9956 8.7a 99b 1025 116 ¢ 1217 ¢

Means followed by same letters are not significantly different at o = 0.05.

Differences in the content of iron as well as manganese, zinc and cop-
per under the influence of fertilization with FeSO, and Librel Fe-DTPA
chelate are confirmed in a study by Yrvainio et al. (2004) with FeSO, and
the chelates Fe-ETPA, Fe-EDDS and Fe-EDDHA.

In view of the iron nutrition status of lettuce, fertilization with Librel
Fe-DTPA chelate at 45-120 mg Fe dm™3 is recommendable. This level pro-
vides the highest iron content in lettuce, similar yields and an optimal cop-
per content. Reduced concentrations of zinc and manganese may be increased
by fertilization with these microelements.
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CONCLUSIONS

1. Application of iron (III) sulfate, iron (II) sulfate, iron citrate or iron
gluconate ranging from 45 to 220 mg Fe dm™3, or Librel Fe-DTPA chelate
within the range from 45 to 120 mg Fe dm™ did not have any significant
effect on yields of lettuce. Librel Fe-DTPA applied at 220 mg Fe dm™3 re-
sulted in reduced yields.

2. The highest Fe content (irrespectively of Fe rates) was found after
the application of Librel Fe-DTPA chelate, while the lowest one — after the
application of iron gluconate.

3. Irrespectively of the applied iron compounds, the highest increase in
the content of iron in lettuce in relation to the control was found at 220 mg
Fe dm™3 substrate.
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Abstract

A plant growing experiment was conducted in 2003-2004 on the aubergine cultivars
Epic F; and Solara F; grown in an unheated polyethylene tunnel greenhouse at the Expe-
rimental Station in Marcelin, the University of Life Sciences in Poznan. The seedlings were
planted on 15 May on beds at a 0.5x0.5 m spacing, i.e. 4 plants m™2, in 6 dm3 cylinders
filled with substrate limed to pHH20=6.5, which consisted of: 1) highmoor peat from
Lithuania, 2) pine bark from the pulp plant Zaktady Celulozowe + fen peat from Biskupice
near Poznan (v : v = 1 : 1). The basic fertilization, i.e. pre-vegetation fertilization and top
dressing with macronutrients, based on an analysis of the substrate was applied, using the
universal method in 0.03 M CH3COOH. The fertilization was designed to achieve the follo-
wing substrate abundance levels: L (N — 300, P — 265, K — 500 mg dm™3), S (N — 400,
P - 350, K — 665 mg dm™3), H (N — 500, P — 440, K — 830 mg dm™3), while maintaining the
N:P:Kratioas1:09:1.7.

The aim of this study has been to determine the effect of nitrogen, phosphorus and
potassium on the content of macronutrients in fruits of two aubergine cultivars grown on
organic substrates. The fruits were harvested in the first decade of August and underwent
chemical analyses in order to determine concentrations of macroelement. For determina-
tion of the total forms of nutrients, the fruit samples were subjected to wet mineralization
and the following nutrients were assayed: N, P, K, Ca, Mg. Significant differences between

dr inz. Bartosz Markiewicz, Chair of Horticultural Crop Fertilization, University of Life
Sciences in Poznan, Zgorzelecka 4, 60-198 Poznan, phone: (061) 8466312, e-mail:
bartosz.markiewicz@wp.pl
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the cultivars were found only in the mean concentration of potassium, (Epic F; — 26.65 g
K kg ! d.m, Solara F, - 2972 g K kgl d.m) while the concentrations of nitrogen and
calcium were significantly different between the substrate variants. No effect of the fertili-
zation level on the mean content of nitrogen, phosphorus, potassium, magnesium or sul-
fur was found in aubergine fruits.

Key words: aubergine, fruits, macronutrients.

WPLYW NAWOZENM AZOTEM, FOSFOREM I POTASEM NA ZAWARTOSC
MAKROELEMENTOW W OWOCACH OBERZYNY (SOLANUM MELONGENA L.)
UPRAWIANEJ W PODLOZACH ORGANICZNYCH

Abstrakt

W latach 2003-2004 przeprowadzono doswiadczenia wegetacyjne z uprawg oberzyny
odm. Epic F; i Solara F; w nieogrzewanym tunelu foliowym, w Stacji Do§wiadczalnej Mar-
celin Uniwersytetu Przyrodniczego w Poznaniu. Rosliny sadzono 15 maja na zagonach
w rozstawie 0,5 x 0,5 m, tj. 4 ro§liny m=2, w cylindrach o objetoéci 6 dm3 wypelnionych
podlozem zwapnowanym do pHpy0 = 6,5. Sktad podioza to: 1) torf wysoki z Litwy, 2) kora
sosnowa z Zaktadéw Celulozowych + torf niski z Biskupic k. Poznania (v : v = 1 : 1). Na-
wozenie podstawowe — przedwegetacyjne i poglowne makrosktadnikami oparte na analizie
podioza wykonanej metoda uniwersalng w 0,08 M CH3COOH - ustalono do zalozonych
pozioméw: N (N — 300, P — 265, K — 500 mg dm™3), S (N — 400, P — 350, K — 665 mg dm™),
W (N — 500, P — 440, K — 830 mg dm™3) z zachowaniem proporcji makrosktadnikéw N : P :
K=1:09: 17. Celem pracy bylo okreslenie wplywu nawozenia azotem, fosforem i pota-
sem na zawarto$¢ makroelementéw w owocach 2 odmian oberzyny uprawianej w podio-
zach organicznych. Owoce do analiz chemicznych na zawarto§¢ makroelementéow zebrano
w I dekadzie sierpnia, poddano mineralizacji i oznaczono zawartosé: N, P, K, Ca, Mg.
Wigkszg zawarto$¢é azotu oznaczono w owocach ro§lin uprawianych w torfie wysokim
(13,69 g N kg ! s.m.) w poréwnaniu z uprawianymi w mieszaninie kory z torfem (11,65 g N
kgl s.m.). Istotne réznice w $redniej zawartosci sktadnika, poréwnujac odmiany, stwier-
dzono tylko w zawartoSci potasu w owocach (Epic F; — 26,656 g K kgl s.m, Solara F, -
29,72 g Kkg! s.m), natomiast analizujac rodzaj podloza — w przypadku azotu i wapnia.
Nie stwierdzono wplywu poziomu nawozenia na Srednia zawarto$S¢ azotu, fosforu, potasu,
magnezu isiarki w owocach oberzyny.

Stowa kluczowe: oberzyna, owoce, makroelementy.

INTRODUCTION

Aubergine fruits are valued for their taste and dietary properties. Fleshy,
low-calorie (15-24 kcal) aubergines are not a significant source of vitamins
(small amounts of vitamins B, PP, L-ascorbic acid) but they are rich in min-
erals. Aubergines possess a highly advantageous composition of minerals,
i.e. much potassium, calcium, iron and phosphorus but little sodium (CEBULA
1996). 100 g of fresh aubergine fruit contains 220 mg potassium, which cov-
ers 10% of daily allowance for that nutrient (HERMANN 1996). Moreover, au-
bergine fruits contain chlorine (52 mg%), phosphorus (up to 47 mg%), sulfur
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(44 mg%), similar amounts of calcium and magnesium (from 11 to 18 mg%),
as well as iron, manganese, copper and zinc (HERMANN 1996).

The aim of this study has been to determine the effect of nitrogen,
phosphorus and potassium on the content of macroelements in fruits of 2
cultivars of aubergine grown on organic substrates.

MATERIAL AND METHODS

A plant-growing experiment was conducted in 2003-2004 on the auber-
gine cultivars Epic F; and Solara F; grown in an unheated polyethylene
tunnel greenhouse at the Experimental Station in Marcelin, the Poznan
University of Life Sciences. The seedlings were planted on 15 May on beds
at a 0.5 x 0.5 m spacing, i.e. 4 plants m2, in 6 dm? cylinders filled with
substrate limed to pHpyeq = 6.5, which consisted of: 1) highmoor peat from
Lithuania, 2) pine bark from the pulp plant Zaktady Celulozowe + fen peat
from Biskupice near Poznan (v : v = 1 : 1). Basic fertilization, i.e. pre-
vegetation fertilization and top dressing with macronutrients, based on anal-
ysis of the substrate, was applied using the universal method in 0.03 M
CH3;COOH. The fertilization pattern was designed to achieve substrate abun-
dance levels: low (N), standard (S) and high (W), while maintaining the
N :P:Kratioat 1:0.9 : 1.7 (Table 1). The other macro- and micronutri-
ents constituted the background of the experiment.

Table 1
Nutrient levels in the pre-vegetation and top dressing fertilization
of aubergine
Fertilization
pre-vegetation top dressing
Nutrient
mg dm=3
LSH L S H
N 350 300 400 500
P 310 265 350 440
K 580 500 665 830
Ca 1500 - 2000

The top dressing treatment was performed 3 times at 4-week intervals.
Deficiencies of nitrogen, phosphorus and potassium were supplemented to
the established levels. Mineral fertilizers NH,NO3, KH,PO, and K,SO, were
applied in the experiment.
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All agricultural measures were performed following the current recom-
mendations for auberginecultivation. Fruits were picked several times at
the picking maturity stage. Fruits for chemical determination of concentra-
tions of macronutrients were harvested in the first decade of August. In
order to determine the total forms of nutrients, fruit samples were subject-
ed to wet mineralization in:

— sulfosalicylic acid, using sodium thiosulfate as a reducer and a selenium
mixture as a catalyst — in order to determine nitrogen,

— sulfuric acid in the presence of an oxidant HyO, — in order to determine the
other macronutrients (except nitrogen).

After mineralization of the plant material, the following determinations
were performed:

total N — by distillation according to Kjeldahl in a Parnas-Wagner apparatus,
P — by colorimetry with ammonia molibdate (according to Schillak),

K, Ca — by flame photometry,

Mg — by atomic absorption spectrometry (AAS).

S — by nephelometry with BaCl,,

The results of the chemical analyses were analyzed statistically using
Duncan’s test at the significance a = 0.05.

RESULTS AND DISCUSSION

Fruits of both aubergine cultivars contained varied contents of macro-
elements depending on the substrate and fertilization levels. Higher concen-
trations of nitrogen were found in fruits of plants grown on highmoor peat
(13.69 g N kg! d.m.) in comparison to those grown on a mixture of bark
and peat (11.65 g N kg~! d.m.). Fruits from the highmoor peat variant con-
tained more nitrogen at the low and high fertilization levels in comparison
to the standard level. However, no significant differences were found in the
mean nitrogen content in fruits of both cultivars at different fertilization
levels. The results concerning the nitrogen content in fruits of both auber-
gine cultivars were markedly lower than those reported by MicHAaLoJC and
Buczrowska (2008, 2009), who studied the effect of nitrogen fertilizer, the
method of plant habit formation as well as the rate and type of potassium
fertilizer and obtained results close to = 20 g N kg~! d.m.

In aubergine fruits, more phosphorus was determined than found by
MicHaLoJ¢, Buczrowska (2008, 2009). The posphorus content in fruits of both
cultivars grown in the mixed substrate increased with an increasing level of
fertilization, but the differences were not significant. Similarly, no signifi-
cant differences between cultivars or fertilization levels were recorded in
the phosphorus content in fruits.
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Table 2
Mean content of macronutrients in aubergine fruits depending on the cultivar,
substrate and fertilization level in 2003-2004.
Tia. Nutrient solution (g kg~ d.m.)
Cultivar Substrate Eertllhzal
tion leve N P K Ca Mg S

L 14.40 5.02 28.47 0.90 1.80 1.87

highmoor peat S 12.17 4.82 25.62 0.70 1.62 1.80

H 14.32 4.45 25.57 0.80 1.40 1.70

Epic F;
L 10.20 3.92 26.10 1.10 1.50 1.75
pine bark + low - [ g 1005 | 4.30 | 27.02 | 090 | 155 | 1.60
moor peat

H 11.10 4.32 27.10 0.97 1.57 1.80

L 13.50 447 28.12 0.92 1.47 1.65

highmoor peat S 12.57 4.60 28.65 0.82 1.45 1.77

H 15.17 5.00 29.37 1.12 1.50 1.82

Solara F;
L 12.25 4.22 30.70 1.22 1.62 1.75
pine bark + low - S 12.80 | 450 | 2942 | 1.02 | 147 | 192
moor peat

H 13.52 5.07 32.07 1.00 147 1.90
M f lti 1204 a| 447a | 2665a | 0.89a | 1.57a | 1.75a
ean for cuttivar 1330 a| 4.64a | 29.72b | 1.02a | 1.50a | 1.80a
Mean for substrate 13696 | 4.72a | 2763 a | 0.87a | 1.54a | 1.77a
1165a| 4.39a | 28.73a | 1.03b6 | 1.53a | 1.78 a
1258 a| 441a | 28.35a | 1.03b | 1.60a | 1.75a
Mean for fertilization level 1190a | 4.55a | 2768a | 0.86a | 1.52a | 1.77 a
13.53a| 471 a | 2853a |097ab| 1.48a | 1.80a

Means marked by the same letters do not differ significantly at the level of = 0.05

L, S, H — fertilization level: L —low, S — standard, H — high

The highest potassium content was found in fruits of cv. Epic F; grown
on peat at the low fertilization level (28.47 g K kg! d.m.) and in fruits of
cv. Solara F; grown on the mixed substrate of lowmoor peat and bark at
the high fertilization level (32.07 g K kg! d.m.). Moreover, significant dif-
ferences were shown in the potassium content between cultivars (26.65 g K kg1
d.m. Epic F;, 29.72 g kg! d.m. Solara F,). These results were similar to
the ones reported by MicHAt.oJ¢ and Buczkowska (2008, 2009).

Aubergine fruits contained from 0.70 g Ca kg™! d.m. to 1.22 g Ca kg!
d.m. The mean calcium concentrations did not differ significantly. However,
a significant effect of the substrate on the mean calcium content was ob-
served in aubergine fruits. At the low fertilization level aubergine fruits
accumulated the highest amounts of calcium.
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In this study, no effect of cultivar, substrate or fertilization level was
found on the mean content of magnesium and sulfur in aubergine fruits.
Different concentrations of macronutrients in fruits, despite statistically sig-
nificant differences, are confirmed by Zornoza et al. (1995), who showed that
genetic variation of cultivars has some effect on the differentiated uptake,
translocation and accumulation of anions and cations in plants. According to
KanaHAMA (1994), the nutrients which are translocated the fastest from vege-
tative organs to fruits include phosphorus and nitrogen; slower transport
was found for potassium, while magnesium and calcium were the slowest
nutrients.

CONCLUSIONS

1. Significant differences between the cultivars were found only in the
mean concentration of potassium, while the concentrations of nitrogen and
calcium were significantly different between the substrate variants.

2. Higher mean amounts of nitrogen were determined in fruits of plants
grown on highmoor peat in comparison to the mixed substrate.

3. No effect of the fertilization level on the mean concentrations of ni-
trogen, phosphorus, potassium, magnesium or sulfur was found in auber-
gine fruits.
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EFFECT OF LAND USE OF FIELDS
EXCLUDED FROM CULTIVATION
ON SOIL CONTENT OF AVAILABLE
NUTRIENTS

Stanislaw Sienkiewicz, Piotr Zarczyflski,
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Chair of Agricultural Chemistry and Environment Protection
University of Warmia and Mazury in Olsztyn

Abstract

Fallowing farmland is one of the ways of keeping soil excluded from agricultural pro-
duction. A fallow field is not cultivated or cropped for many years. Proper management
of fallow land can bring meaurable profits for both the producer and the soil environment.
The purpose of this study has been to evaluate the abundance of soil in avialable forms
of phosphorus, potassium and magnesium on farmland excluded from production. In 1996,
an experiment was run, comprising five treatments: a bare fallow field, a field turfed with
fodder galega (Galega orientalis Lam.), a classical fallow field, a fallow field covered with
fodder galega (Galega orientalis Lam.) with awnless bromegrass (Bromus intermis) and
a fallow field sown with awnless bromegrass (Bromus intermis). The only agritechnical tre-
atment performed periodically was mechanical weeding of the bare fallow. The plant bio-
mass grown on plant-covered treatments remained on field every year. Plant material was
sampled only for tests. Once the growing season finished, soil samples were taken from
each treatment in four replicates from the 0-25 cm and 25-50 cm deep layers. The soil
samples were assayed in order to determine concentrations of available forms of phsopho-
rus, potassium and magnesium using generally applicable analytical methods. In both lay-
ers of soil (0-25 and 25-50 cm deep), significantly more P, K and Mg available to plants
were found in soil turfed with fodder galega. It was also observed that the concentration
of phosphorus in the subsoil from this treatment was significantly higher in 2007 than in
2000. Strong correlation was determined between the uptake of phosphorus by plants and
the concentration of its bioavailable form in soil in the following year. Keeping soil as a ba-
re field as well as leaving natural plants for several years resulted in the biggest depletion
of bioavailable forms of macronutrients in soil.

Key words: soil, fallow land, bare field, available nutrients, P, K, Mg.
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WPLYW ZAGOSPODAROWANIA GRUNTOW WYLACZONYCH Z UPRAWY
NA ZAWARTOSC SKEADNIKOW PRZYSWAJALNYCH W GLEBIE

Abstrakt

Odtogowanie gruntéw jest jednym ze sposobow utrzymania gleb wylaczonych z pro-
dukcji. Pole odlogowane nie jest uprawiane i obsiewane przez wiele lat. Wtasciwe postepo-
wanie z tego typu gruntami moze przynie$¢ wymierne korzySci zaréwno dla producenta,
jak i Srodowiska glebowego. Celem badan byta préba oceny stanu zasobnosci gleb w przy-
swajalne formy fosforu, potasu oraz magnezu w gruntach wylaczonych z produkcji.
W 1996 r. zatozono dos$wiadczenie, ktére obejmowato 5 obiektow: ugér czarny, obiekt zadar-
niony rutwicg wschodnig (Galega orientalis Lam.), odlég klasyczny, obiekt pokryty mie-
szankg rutwicy wschodniej (Galega orientalis Lam.) ze stoklosg bezostng (Bromus inter-
mis) i obiekt obsiany stoklosa bezostng (Bromus intermis). Jedynym zabiegiem
agrotechnicznym wykonywanym okresowo bylo mechaniczne odchwaszczanie czarnego ugo-
ru. Biomasa ro§linna wyrosta na obiektach zadarnionych pozostawata corocznie na polu.
Materiat roslinny pobierano jedynie do badan. Po zakonczeniu wegetacji pobierano probki
glebowe z kazdego obiektu w 4 powtérzeniach z warstwy 0-25 cm i warstwy 25-50 cm,
w ktorych oznaczono zawarto§é przyswajalnych form fosforu, potasu i magnezu ogélnie do-
stepnymi metodami analitycznymi. W niniejszej pracy zaprezentowano wyniki badan prze-
prowadzonych w latach 2000-2007. W badaniach udowodniono, ze sposéb odlogowania i ugo-
rowania gleby istotnie wpltywal na zawarto§¢ przyswajalnych form fosforu, potasu
imagnezu. W obydwu warstwach gleby (0-25 cm i 25-50 cm) istotnie najwiecej P, K i Mg
przyswajalnego znajdowalo si¢ w glebie obsianej rutwicg wschodniag. W 2007 r. stwierdzono
réwniez istotny wzrost koncentracji fosforu na tym obiekcie w podglebiu, w poréwnaniu
z 2000 rokiem. Okreslono silng zalezno$é¢ miedzy pobraniem fosforu przez rosliny a zawar-
toscig przyswajalnej formy w glebie w roku nastepnym. Utrzymywanie gleby w czarnym
ugorze, a takze kilkuletnie pozostawienie ro§linnoSci naturalnej przyczynilo sie w najwiek-
szym stopniu do zubozenia gleby w dostepne formy makroelementow.

Stowa kluczowe: gleba, odiég, ugor, sktadniki przyswajalne P, K, Mg.

INTRODUCTION

Maintaining proper concentration of nutrients in bioavailable forms is
one of the conditions shaping soil fertility (Koscik, KarLita 2000, LETKOWSKA,
STRACZYNSKA 2001). It can be assumed that while farmland is kept fallow or
bare, the soil fertility is unimportant. This approach, however, is highly
irresponsible. If agricultural production is to be restored on fallow land, prop-
er abundance in nutrients is a necessary condition for obtaining high yields
of demanded quality in the future. Should any of the nutrients required by
crops be deficient, restoring the soil’s necessary fertility would involve addi-
tional costs of fertilisation. The practice of fallowing land most often in-
cludes discontinuation of mineral fertilisation, which means that the input
of nutrients to soil stops. Therefore, it is highly recommended to check the
fertility of soil under fallow fields. According to NiEDZWIECKI et al. (1999),
concentrations of bioavailable nutrients in soil under fallow fields is not var-
iable. A study reported by Woéscikowska-Karusta et al. (2003) demonstrated
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that fallow soil, similarly to cropped land, was very low and low in available
phosphorus and potassium, and the way it was managed did not affect the
concentration of total and available forms of these nutrients in deeper lay-
ers. These authors determined significantly higher concentrations of availa-
ble forms of phosphorus in humus horizons of cropped or fallow soils than
in the other soil genetic horizons. Other researchers observed considerably
weaker leaching of phosphorus from fallow land turfed with grass (ULCN,
MartssonN 2003).

The purpose of the present study has been to evalutae the abundance of
soils in available forms of phosphorus, potassium and magnesium under fields
excluded from agricultural production.

MATERIAL AND METHODS

A large area experiment was established in 1996 on a field in Knopin
(the commune of Dobre Miasto, the Province of Warmia and Mazury). The
experiment was set up on a field which belonged to a private farmer. Prior
to the experiment, all the land at that farm had been cultivated and in 1996
it was cropped with winter oat. The field set out for the experiment was
turned into fallow land. The experimental field was divied into five treat-
ments, each covering 1,600 m?:

1) bareland,

2) fodder galega (Galega orientalis Lam.),

3) classical fallow,

4) fodder galega (Galega orientalis Lam.) with awnless bromegrass (Bromus
inermis),

5) awnless bromegrass (Bromus inermis).

Prior to the establishment of the experiment, the soil was limed (3 t
CaO ha™!) and supplied with phsophorus and potassium fertilisers in the
amounts corresponding to 26.1 kg P ha=! and 74.7 kg K hal. In late April
of 1997, under the optimum temperature and humidity conditions, seeds of
the test plants were sown on fields in treatments 2, 4 and 5. Seeds of fod-
der galega, scarified and inoculated with Rihsobium galeage, were sown. In
the treatment with single-species seeding, 30 kg ha~! were sown. When fod-
der galega was mixed with awnless bromegrass, 40 kg ha=! (30 kg of fodder
galega and 10 kg of awnless bromegrass of cv. ‘Brudzynska’) were sown.
The mixture of bromegrass and white clover of cv. Romena was composed
of 10 kg of seeds of bromegrass and 5 kg of seeds of white clover (treat-
ment 5). The first treatment was maintained as a bare field and, as a need
arose, it was loosened and simultaneously weeded. In the following years of
the trials, no fertilisation or any other chemical treatments were performed.
Samples for analyses were taken from plant-covered treatments while the
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whole remaining biomass was left on fields. Before the trials began, 4 soil
pits were made in order to obtain detailed characterictis of the soil. The
humus horizon characterised by the particle size distribution of light loam
reached down to 30 cm over the whole field. Soil under the whole experi-
mental field was classified as good wheat complex, class II according to the
Polish soil classification system. The abundance of the humus horizon in
plant-available nutrients was within: 71.9-119.2 mg P kg1, 196.2-223.0 mg
Kkg! and 69.1-85.1 mg Mg kg! of soil. The content of organic carbon in
this soil layer ranged from 9.50 to 12.03 g kg~! and that of total nitrogen —
from 1.08 to 1.24 g kg1.

The results of the study presented in this article come from 2000-2007.
Every year after the growing season, soil samples were collected from each
treatment in four replicates from the layers of 0-25 cm and 25-50 cm deep.
The soil material was brought to the air-dry state, after which it was crushed
and passed through a 1 mm mesh sieve. The ready samples underwent the
following chemical analyses: available magnesium was determined with Sch-
achtschabel’s method and available phosphorus and potassium were assayed
with Egner-Riehm’s method. The results were subjected to analysis of variance
for a two-factor experiment, using the software application Statistica v. 7.0.

RESULTS AND DISCUSSION

The authors’ own study has demonstrated that the way farmland is kept
fallow has strong influence on the concentration of avialable phosphorus in
the 0-25 cm deep soil layer (Table 1), The highest abundance of soil in plant-
available forms of this element, from the first to the last year of the experi-
ment, was maintained in soil cropped with fodder galega. Significantly less
available phsophorus was present in soil under the other treatments.
It should be emphasised that soil cropped with the mixture of fodder galega
and awnless bromegrass, although poorer in phosphorus than soil covered
exclusively with the papilionaceous plant, mainatained a significantly higher
concentration of this element compared to the classical or bare fallow field.
Significant differences obtained for the interaction between the tested fac-
tors imply that the ways of keeping land idle have a varied influence on the
amounts of available phosphorus in soil. Under the effect of fodder galega,
a distinct tendency appeared for the soil concentration of available phospho-
rus to increase. When fallow land had been sown with awnless bromegrass
for many years, soil became demonstrably poorer in available P. In soil un-
der bare fallow, the quantity of available phosphorus also declined, but the
decreasing tendency was weaker in later years. The references concerning
this issue provide us with contradictory information. DziENia et al. (1997),
for example, report that the concentration of this nutrient in fallow land
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Table 1

Concentration of available P in soil in mg kg~1 (0-25 cm and 25-50 cm deep layer)

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

79.95 | 75.60 | 73.90 | 74.50 | 75.15 | 76.23 | 74.51 | 73.81 | 75.45
7155 | 69.95 | 7042 | 68.81 | 67.03 | 6842 | 67.44 | 66.92 | 68.82

107.2 | 106.0 | 113.0 | 112.0 | 116.5 | 119.0 | 118.1 | 119.2 113.9
7251 | 66.46 | 73.23 | 78.85 | 78.03 | 68.89 | 69.04 | 7520 | 72.78

73.05 | 72.25 | 75.63 | 76.45 | 78.80 | 76.36 | 61.48 | 7432 | 73.54
72.05 | 71.10 | 7235 | 71.15 | 69.40 | 71.42 | 68.48 | 68.45 | 70.55

Bare field

Fodder galega

Classical fallow

Fodd
ombc | 89.00 | 87.50 | 81.45 | 79.01 | 78.83 | 8145 | 82.25 | 81.92 | 82.68
galeg 69.50 | 64.69 | 68.25 | 68.45 | 73.45 | 67.55 | 68.55 | 69.35 68.72
grass
Bromeorass 81.80 | 72.50 | 67.85 | 67.76 | 67.75 | 72.15 | 69.41 | 74.22 71.68
g 62.51 | 61.24 | 6041 | 6245 | 63.60 | 65.24 | 64.99 | 62.81 6291
Average 86.20 | 82.77 | 82.37 | 81.94 | 83.41 | 85.04 | 81.15 | 84.69 -
g 69.62 | 66.69 | 68.93 | 69.94 | 70.30 | 68.30 | 67.70 | 68.55
0-25 cm 25-50 cm
LSD o5 for years 0.028 LSD o5 for years 0.011
LSD, o5 for treatments 0.023 LSD, o5 for treatments 0.008
LSD, o5 for interaction 0.064 LSD, o5 for interaction 0.025

increases. A completely different opinion is expressed by WoiNowska et al.
(2003) or PHiri et al. (2001), who report that land fallowing leads to consid-
erable depletion of available phosphorus from soil resources. In turn, the
results of the experiments presented by WodJcikowska-Kaprusta et al. (2003)
indicate that the way farmland is kept idle has no influence on the soil
concentration of plant-available forms of phosphorus.

The abundance of the subsoil (25-50 ¢cm deep) in available phsophorus
was also modified by the way the land was kept fallow (Table 1). Analogous-
ly to the surface layer, significantly more available phosphorus was deter-
mined in soil cropped with fodder galega. In addition, significantly more
phosphorus available to plants in the subsoil under fodder galega was ob-
served in 2004 than in 2007. Maintaining a bare or a classical fallow field
resulted in a similar decline in the concentration of bioavailable phospho-
rus. These results correspond to the data reported by ULéN and MATTISSON
(2003), who observed much smaller losses of this element from a similar
soil horizon under grass. Noteworthy is the fact that plant cover, depending
on its type, can maintain or even raise the resources of plant-available forms
of phosphorus not only in the arable soil layer but also in the soil horizon
directly underneath.



80

Our own tests did not confirm the results obtained by the above au-
thors. On the contrary, it can be claimed that the way land is kept fallow
has a dominant effect on modification of bioavailable forms of phorphorus. It
should be added, however, that the concentration of this element was high
or very high during the whole experiment. This, perhaps, was the reason
why the results were different from the references. Another fact which
seems to support this conclusion is a very strong dependence between the
uptake of phosphorus by plants and the concentration of the bioavailable
form of this element in the following year (Figure 1).
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Fig. 1. Dependence of the concentration of available P in soil in mg kg™! on the amount
of the element accumulated in plant biomass in kg ha!

The abundance of soil (0-25 cm deep) in available potassium was also
dependent on the type of fallowing (Table 2). Significantly more bioavailable
potassium was maintained in soil under fodder galega, classical fallow and
bare field than in soil under bromegrass and significantly less of this ele-
ment was found in soil under the mixture of fodder galega and awnless
bromegrass. The results suggest that the concentration of bioavialable po-
tassium in the consecutive years was strongly depressed in soil from all the
treatments. However, considering the fact that both species grown in the
experiment demand much potassium and are highly productive plants, it can
be claimed that much of the available potassium was temporarily acummu-
lated in organic matter. After some time, it returns to the plant-available
form, therefore the decrease in the concentration of potassium in plant-
covered treatments need not be considered solely as a loss. An equally unfa-
vourable effect of land fallowing on the concentration of available potassium
in soil has been reported by WoJsnowska et al. (2003), LEkowska and
STRACZYNSKA (2001), NIEDWIECKI et al. (1998), DziENia et al. (1997). Similarly to
phosphorus, WoéJcikowska-Kapusta et al. (20030) claim that land fallowing has
no effect on the soil abundance in this nutrient. Amounts of substances
leached from soil are directly dependent on water management and primari-
ly on amounts of precipitation, which shape the extent of migration of ele-
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Table 2

Concentration of available K in soil in mg kg~! (0-25 em and 25-50 cm deep layer

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

206.6 | 209.3 | 209.7 | 207.7 | 191.5 | 199.2 | 190.5 | 1949 | 201.2
128.0 | 1222 | 125.1 | 1243 | 1253 | 116.2 | 1204 | 116.0 | 122.2

2229 | 202.4 | 204.2 | 207.6 | 208.5 | 220.7 | 221.1 | 222.2 | 213.7
1263 | 1233 | 1225 | 1155 | 1222 | 98.30 | 99.60 | 121.5 116.0

211.3 | 201.5 | 209.2 | 204.9 | 207.5 | 210.5 | 195.1 | 207.3 | 205.9
1155 | 1185 | 110.2 | 1142 | 126.1 | 103.0 | 99.60 | 1144 | 112.7

Bare field

Fodder galega

Classical fallow

Fodd
o (;H:;me 195.9 | 186.8 | 189.6 | 184.6 | 183.5 | 195.8 | 182.6 | 198.8 | 189.7
galeg 116.0 | 1205 | 1112 | 1052 | 114.2 | 103.0 | 1079 | 111.1 | 111.1
grass
Bromegrass | 2089 | 2005 | 202.4 | 203.8 | 1825 | 2015 | 195.1 | 2025 | 199.7
g 119.0 | 1152 | 108.2 | 112.3 | 104.3 | 103.9 | 99.60 | 103.8 | 108.3
Avera 209.1 | 200.1 | 203.0 | 201.7 | 194.7 | 205.5 | 196.9 | 205.1
erage 120.8 | 1199 | 1154 | 114.3 | 1184 | 104.9 | 105.4 | 1134
0-25 cm 25-50 cm
LSD o5 for years 0.207 LSD o5 for years 0.049
LSDO.05 for treatments 0.164 LSDO.05 for treatments 0.039
LSD, o5 for interaction 0.463 LSD, o5 for interaction 0.111

ments (Koc et al. 1999). Depressing the concentration of available potassium
in soil under the bare fallow could have been due to its increased leaching.
It should be remembered that this element accumulated in organic matter
produced each year in all the treatments except the bare field remained on
field. Potassium accumulated in biomass was therefore returned to soil and
because it is not arrested in permanent organic bonds, it quickly becomes
available to plants. Thus, it seems that even the losses in potassium dem-
onstrated in our study in soil under plant cover could be smaller than the
amounts determined by chemical analyses.

Similar relationships in terms of available potassium as in the surface
layer of soil occurred in the 25-50 cm deep layer (Table 2). Statistical calcu-
lations proved that the way of keeping farmland fallow significantly modified
the concentration of bioavailable K in the soil horizon under humus. Fluctu-
ations recorded in our study were evidently smaller than in the surface soil
layer. Differentiation in the abundance of the subsoil in this nutrient de-
pending on years proved to be non-significant. However, it depended to
a large extent on the way farmland was excluded from agricultural use. The
best way of land fallowing, which prevented loss of ptassium, was by sowing
a field with fodder galega. It is possible that the highest capacity of galega
to take up potassium contributed to a more effective mobilisation of this
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nutrient. Other possible causes could be translocation of potassium from
deeper horizons (the root system) and upper layers (leaching).

The most profound loss in soil abundance appeared in the treatment
with awnless bromegrass. Good utilisation of nutrients from less dissolvable
compounds and consequently their mobilisation by fodder galega may have
resulted in larger accumulation of bioavailable magnesium in soil under this
plant or under its mixture with awnless bromegrass (Table 3). In the soil
from the other treatments, concentrations of available magnesium decreased
in the following years of the trials. A similar opinion is expressed by BLE-
CHARCZYK et al. (1985), DzieNIA et al. (1997), WoaNowsKa et al. (2003). In con-
trast, MaLickt and Popstawka-CHMIELEWSKA (1998) report that discontinuation
of farming can contribute to an increase in the concentration of available
magnesium in soil. Finally, BArRaN et al. (2001) concluded that land fallowing
did not change the soil abudance in this nutrient.

Based on the results of soil analyses, it can be assumed that there was
some translocation of available magnesium from the 0-25 cm to the subsoil
(Table 3). This effect was demonstrably more evident under the classical
fallow field and the field overgrown with awnless bromegrass. In turn, the
decreased abundance of the upper soil layer as well as the subsoil under the
bare field may suggest that magnesium was translocated even deeper into

Table 3

Concentration of available Mg in soil in mg kg1 (0-25 ¢m and 25-50 cm deep layer

Year
Treatment Average
2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

71.73 | 70.60 | 71.62 | 68.13 | 66.93 | 66.00 | 68.10 | 65.00 | 68.51
78.75 | 74.25 | 72.12 | 73.51 | 69.00 | 72.00 | 68.50 | 71.00 | 72.39

80.00 | 78.00 | 79.25 | 81.98 | 85.50 | 81.00 | 84.00 | 86.00 | 81.97
81.50 | 83.20 | 84.51 | 87.24 | 93.75 | 86.00 | 82.00 | 88.22 | 85.80

79.50 | 74.75 | 72.36 | 74.86 | 74.87 | 73.05 | 69.00 | 70.50 | 73.61
86.50 | 95.51 | 94.25 | 98,51 | 104.0 | 96.00 | 95.00 | 100.0 | 96.22

Bare field

Fodder galega

Classical fallow

Fodd
e ‘;gome 83.03 | 82555 | 83.35 | 86.15 | 83.85 | 77.00 | 83.00 | 73.00 | 81.49
galeg 85.50 | 84.25 | 89.42 | 94.52 | 97.75 | 94.00 | 96.00 | 95.50 92.12
grass
Bromesrass 68.75 | 66.63 | 63.50 | 63.50 | 64.25 | 51.00 | 68.00 | 50.00 61.95
g 82.50 | 84.58 | 83.25 | 86.24 | 88.00 | 87.00 | 86.00 | 84.00 85.20
Average 76.60 | 74.51 | 74.02 | 7492 | 75.08 | 69.61 | 74.42 | 68.90
g 8295 | 84.36 | 84.71 | 88.00 | 90.50 | 87.00 | 85.50 | 87.74
0-25 cm 25-50 cm
LSD, o5 for years 0.045 LSD, o5 for years 0.113
LSD, o5 for treatments 0.036 LSD, o5 for treatments 0.089

LSD, o5 for interaction 0.101 LSD, o5 for interaction 0.253
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the soil. The statistical calculations confirmed the significant effect of both
the way land was kept fallow and the duration of land fallowing on the
concentration of available magnesium. Decreased concentration of this nu-
trient was observed only under the bare field. Lack of plant cover resulted
in a 19% decline in the concentration of plant-available forms of this ele-
ment in the 25-50 cm deep soil layer compared to grass-covered fields. The
presence of plant cover had positive influence on retaining available magne-
sium in the subsoil.

Time-related fluctuations in the soil abundance in available magnesium
may be related to the amount of Mg accumulated in plants growing on
fallow land (Figure 2). Strong correlation was found between soil abundance
in available magnesium and the amount of the accumulated element in
plants left on field in the previous year.
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Fig. 2. Dependence of the concentration of available Mg in soil in mg kg~! on the amount
of the element accumulated in plant biomass in kg ha™!

CONCLUSIONS

1. Keeping soil excluded from agricultural production for many years as
a fallow field turfed with fodder galega may increase the availability of phos-
phorus, potassium and magnesium in the 0-25 and 25-50 ¢cm deep soil hori-
Zons.

2. A mixture of fodder galega and awnless bromegrass shows a similar
effect on available magnesium.

3. A bare fallow field and the classical fallow do not protect soil from
losing plant-available forms of P, K and Mg.
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4. Soil abundance in available phosphorus and magnesium when a field
has been kept fallow for many years and plants have remained on field
after harvest depends on the amount of these nutrients accumulated in bio-
mass.
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FOLIAR NUTRITION OF POPPY PLANTS
(PAPAVER SOMNIFERUM L.)
WITH SELENIUM AND THE EFFECT
ON ITS CONTENT IN SEEDS*
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Abstract

Selenium is a trace element which in small amounts is necessary for human and ani-
mal nutrition. In a living organism, it helps a number of antioxidant enzymes to function
normally. In many parts of the world, including the Central European region, its content
in agricultural products is very low. Attempts are therefore made to increase its content
and cover human requirements with biologically valuable products by incorporating sele-
nium into the system of plant nutrition. In a vegetation trial established in 2008 and 2009,
we explored the effect of foliar applications of Se(IV) on yields and on its content in seeds
and the uptake of selenium by a poppy (Papaver somniferum L.) stand. Selenium was ap-
plied at a rate of 300 g ha=! during the stage of the end of elongation growth and after
the fall of blossoms. Poppy yields were significantly influenced by the weather in the expe-
rimental years. In the dry year of 2009, poppy production was 40.6% lower than in 2008.
Selenium application at the end of elongation growth reduced poppy seed yields by an ave-
rage of 11.5%. Late supplementary nutrition at the stage after blossom fall also reduced
yields (by 11.8%). Owing to the effect of extra-root Se nutrition, the content of selenium
in poppy seeds increased highly significantly from 139 pg kg! to 757 ng kg! of seeds.
Also the uptake of selenium by the poppy stand was significant and after foliar application
it increased 4.8 times.

Key words: selenium, poppy, foliar application, yield of seeds, quality of seeds.
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NAWOZENIE DOLISTNE MAKU (PAPAVER SOMNIFERUM L.) SELENEM
I WPLYW NA ZAWARTOSC SELENU W ZIARNIE MAKU

Abstrakt

Selen to pierwiastek Sladowy, ktory w niewielkich ilosciach jest niezbedny w zywieniu
ludzi i zwierzat. W Zywym organizmie selen wspomaga prawidiowe dzialanie wielu enzy-
méw antyoksydacyjnych. W wielu rejonach S$wiata, lacznie z obszarem Europy Srodkowe;j,
zawarto$¢ selenu w produktach rolnych jest niewielka. W zwigzku z tym podejmowane sa
starania, by zwiekszy¢ jego zawarto$S¢ przez wprowadzenie selenu do systemu nawozenia
ro§lin uprawnych, by pokryé zapotrzebowanie na ten pierwiastek w diecie dzieki biologicz-
nie wartosciowym produktom.

W doswiadczeniu wegetacyjnym przeprowadzonym w latach 2008 i 2009 badano wptyw
dolistnego nawozenia Se(IV) na plonowanie maku (Papaver somniferum L.) oraz na za-
warto§¢ selenu w ziarnie maku i pobor tego pierwiastka przez roSliny. Selen zastosowano
w dawce 300 g ha™! pod koniec fazy wzrostu lodygi oraz w czasie przekwitania. Plony maku
byty silnie uzaleznione od warunkow pogodowych w czasie do§wiadczenia. W suchym 2009 r.
plon maku byt o 40,6% nizszy niz w 2008 r. Zastosowanie selenu pod koniec fazy wzrostu
todygi ograniczyto plon maku o $rednio 11,5%. Pézniejsze zastosowanie nawozenia selenem,
w fazie przekwitania, takze zmniejszylo plony (o 11,8%). Dzigki dodatkowemu dozywieniu
korzeni selenem zawarto$é Se w ziarnie maku wzrosta istotnie ze 139 pg kg! do 757 ng
kgl. Pobér selenu przez lan maku takze byt istotny, i wzrést 4,8-krotnie po nawozeniu
dolistnym tym pierwiastkiem.

Stowa kluczowe: selen, mak, nawozenie dolistne, plon ziarna, jako§¢ ziarna.

INTRODUCTION

Selenium is classified into a group of micronutrients which appear in
plants in the form of a number of allotropic variants, like sulphur (TERRY
2000). In human and animal organisms, it ensures a number of metabolic
functions. Its deficiency damages the enzyme systems which protect cells
from oxidation stress and in humans it strengthens the defence system of
the organism (ComMBs, Gray 1998, BrRooME 2002, ARTHUR 2003).

Plant products lack Se, particularly in the Central European region.
Therefore, efforts are made to increase its content and to cover human
demands with biologically valuable products by incorporating selenium into
the system of plant nutrition (SMrkoLJ, STIBILJ 2004, GERM et al. 2007, OzoLT
et al. 2008). The recommended daily rate of selenium ranges around 40 pg
in women and 50 pg in men (ALEXANDER 2005) or — according to the National
Health and Medical Research Council — from 50 to 200 pg per individual/day
(PFANNHAUSER 1994). It is administered in the form of inorganic compounds
and is more difficult to utilise than biologically bound selenium in plants.

Although there are many reference sources dealing with foliar applica-
tions of Se to various plant species, such as potatoes (Pogar et al. 2000,
CUDERMAN et al. 2008), rice (Fanc et al 2008, Liu and Gu 2009), soybean (YanG
et al. 2002, MARTINEZ et al. 2009), leguminous plants and grasses (Hu et al.
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2009, HamBUCKERS et al. 2008), or various vegetable species (SMRKOLJ et al.
2005, SLEJKOVEC, GOESSLER 2005, KapoLNa et al. 2009, Rios et al. 2010), rela-
tively little is known about the effect of selenium application on the growth
and development of poppy grown as foodstuff.

MATERIAL AND METHODS

In 2008 and 2009, in small-plot field experiments, we monitored the
effect of foliar applications of Se(IV) on yields and quality of poppy seeds. In
2008, an experiment was conducted in Morkovice (49°14»48.53"N,
17°12»19.61"E), and in 2009 it was set up in Zabcice (49°0»42.32"N,
16°36»9.98"E). The experiment was established according to the design given
in Table 1. The basic data about the agrochemical soil composition are giv-
en in Table 2.

Table 1

Design of the experiment

Variant Treapmen@ Dose of 1Se Source Time of application
no. of fertilization (g ha™) of Se (IV)
1 control 0
2 Sel 300 NagSeOq end of elongation growth
3 Se2* 300 NagSeOq after flowering

*only in 2009

Table 2
Agrochemical characteristics of the soil
Content of nutrients in mg kg—! DM soil (Mehlich 3)
Year | pH/CaCl,
N min. 3 K Ca Mg Swater—sol.
2008 6.2 15.0 91 254 2672 244 29.0
2009 6.2 5.0 66 179 4477 313 10.6

An Accord seeding machine was used for sowing spring poppy, variety
Major, on 15 February 2008 and 24 March 2009. The seeding rate in both
years was 1.5 kg ha™l, inter-row spacing 0.2 m. The size of the experimen-
tal plot was 15 m? (2008) and 10 m?2 (2009) and each treatment was repeat-
ed 4 times. Nitrogen was applied in both years at a rate of 60 kg hal.
Pests and fungi were controlled according to their occurrence in the respec-
tive years of the experiment. Poppy was harvested in the stage of full matu-
rity on 5 August 2008 and 10 August 2009. Table 3 shows the average month-
ly temperatures and sums of precipitation in the experimental years.
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The content of selenium was determined in the seeds after wet miner-
alisation using an atomic absorption spectrophotometer (AAS).

The results were assessed using the programme Statistica 7.1 CZ by
applying variance analysis (ANOVA) followed by Fisher’s test at a 95% and
99% level of significance (P<0.05, P<0.01).

RESULTS AND DISCUSSION

Tables 4 and 5 show that poppy seed yields in the experimental years
were significantly (P<0.01) affected by the weather. While the average yield
in 2008 reached 1.781 t of poppy seeds per ha, in 2009 the yield was 40.6%
lower (1.059 t ha™1). The cause was dry and warmer than average April and
the first half of May in 2009 (Table 3), which inhibited growth of the aerial
plant mass and resulted in reduced seed production.

Table 3
Course of weather conditions in 2008 (Morkovice) and in 2009 (Zabice)
Sum of precipitation (mm) Temperature (°C)

Month Morkovice Zabéice Morkovice Zabéice
2008 LTA 2009 LTA 2008 LTA 2009 LTA
January 11.3 27.0 20 24.8 2.42 -2.2 -3.3 -2.0
February 3.1 25.0 57.6 24.9 3.52 -0.7 04 0.2
March 484 31.0 78.1 23.9 4.23 3.7 5.0 4.3
April 394 42.0 3.6 33.2 9.33 8.7 14.5 9.6
May 68.0 65.0 424 62.8 14.37 14.2 15.6 14.6
June 77.9 74.0 114.7 68.6 19.00 16.9 17.3 17.7
July 58.4 78.0 74.0 57.1 19.26 18.8 20.7 19.3
August 44.3 78.0 29.6 54.3 19.74 17.8 21.1 18.6

LTA - long term average

The application of Se in the individual years of the experiment at a rate
of 300 g per ha significantly (P<0.05) reduced the yields of poppy seed. Ta-
ble 4 shows the production of poppy seeds in 2008 reduced by 7.1% com-
pared to the control. In 2009, the production of poppy seeds showed a simi-
lar trend; the application of selenium during the stage of the end of
elongation growth reduced seed yields by 18.3% (Table 5). In literature, the
information about the effect of Se on growth and production of oil plants is
contradictory. In their experiment, BANUELOS et al. (1997) discovered that
yields of rape were lower due to a high supply of Se in the soil (40 mg kg1
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Table 4
Effect of Se application on the poppy yield in 2008
pnant Yield (t ha-1) + SE Rel. (%) P<0.05
Control 1.770 = 0.029 100.0 a
Sel 1.645 = 0.022 92.9
P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.
Table 5
Effect of Se application on the poppy yield in 2009
Variant of fertilization | Yield (t ha=!) + SE Rel. (%) P<0.05
Control 1.165 + 0.015 100.0 a
Sel 0.952 = 0.049 81.7
Se2 1.028 = 0.075 88.2 ab

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.

of soil). Likewise Ruiz et al. (2007) reported inhibited growth of sunflowers
after the application of selenium, which appeared as reduced yield of ach
enes. In contrast, TorsHIN et al. (1994) and Dabpnia et al. (2008) reported that
soil and foliar applications of selenium had a positive effect on seed and
achene yields in oil plants. In our experiment, late supplementary fertilisa-
tion with selenium during the stage after the fall of blossoms (var. Se2) also
reduced yields (by 11.8%). However, the reduction in poppy production was
not significant (P<0.05).

Based on average yields in the experimental years (Table 6), it was evi-
dent that poppy seed yield was reduced by 11.5% due to the application of
300 g Se per ha during the end stage of elongation growth as compared to
the treatment where selenium had not been applied, but the reduction was
not statistically significant (P<0.05).

Table 6
Average effect of Se application on the poppy yield
Variant 1
of fertilization Yield (t ha=') + SE Rel. (%) P<0.05
Control 1468 + 0.115 100.0 a
Sel 1.299 + 0.133 88.5 a

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.
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Due to Se application to plants at the end of elongation growth, the
content of selenium in poppy seeds increased statistically highly significant-
ly (P<0.01) — Figure 1, i.e. from 139 ng kg™! to 757 ug kg~! of seeds, which
means a nearly 5.5-fold growth compared to the treatment not fertilised
with selenium. Many references report (Gupta, MacLEoD 1999, GRANT et al.
2007, Dapnia et al. 2008, Lyons et al. 2009, Dapnia et al. 2009) a multiple
growth in the selenium content in seeds of various plants as a result of its
soil or foliar application. In our experiment, the uptake of selenium per
unit of area increased almost five times due to supplementary fertilisation
(Table 7).
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Fig. 1. Average content of Se in poppy seeds (ng kg1).
Error bars present Fisher P<0.05

Table 7
Selenium uptake by poppy seeds (mg ha=1)
Variant 1
of fertilization Se uptake (mg ha™) Rel. (%) P<0.05
Control 204.1 100.0 a
Sel 983.3 481.9 b

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.

CONCLUSIONS

In respect of the experimental years, the reduction of poppy seed pro-
duction was more marked in 2009, when the poppy plants were stressed by
the dry and warm weather at the beginning of vegetation. Foliar application
of Se at the end of elongation growth at a rate of 300 g ha~! reduced poppy
seed yields by 11.5% as an average of the experimental years. The reduc-
tion in seed yields (by 11.8%) after the application of selenium in the period
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after the fall of blossoms was not statistically significant. The amount
of selenium in seeds and its uptake in poppy yields owing to foliar applica-
tion increased 5.4 and 4.8 times, respectively.
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Abstract

Nitrogen, in particular nitrate nitrogen, is a mobile nutrient that can be readily di-
spersed in soil, thus causing environmental pollution. Sulfur may have a beneficial effect
on nitrogen transformations in soil and in plants. The objective of this study was to deter-
mine the effect of sulfur fertilization on the dynamics of changes in mineral nitrogen
(N-NH,* and N-NOg™) content of soil samples collected each year in the spring and fall at
a depth of 0-40 and 40-80 cm. A three-year field experiment was conducted in Byszwatd
near Lubawa. The soil had acidic reaction (pH; .1 kc1 gm—3 ©f 5.30) and contained the
following concentrations of mineral nutrients: mineral nitrogen — 24.0, sulfate sulfur — 4.10,
available phosphorus — 34.5, available potassium — 110.0 mg kg! soil. The experiment was
carried out in a randomized block design and comprised eight fertilization treatments in
four replications. Three sulfate sulfur (S-SO42‘) and elementary sulfur (S-S9) fertilization
levels were applied: 40, 80 and 120 kg ha™l. The content of nitrate nitrogen (V) and am-
monia nitrogen (III) was determined in soil samples by the colorimetric method using phe-
noldisulfonic acid and Nessler’s reagent, respectively. In most cases, increasing sulfur do-
ses caused an increase in the N-NH,* content of soil samples collected at a depth of
0-40 cm. The N-NH,* content of the 40-80 cm soil layer varied. NPK+S fertilization, in
particular the application of a single S-SO42_ dose, contributed to an increase in N-NOg~
concentrations in both sampled soil horizons in the majority of treatments, compared with
the NPK treatment.

Key words: fertilization, sulfate sulfur, elementary sulfur, ammonia nitrogen, nitrate ni-
trogen, soil.

dr inz. Malgorzata Skwierawska, Chair of Agricultural Chemistry and Environment Protec-
tion, University of Warmia and Mazury in Olsztyn, ul. Oczapowskiego 8, 10-718 Olsztyn,
e-mail: malgorzata.skwierawska@uwm.edu.pl



94

WPLYW ROZNYCH DAWEK I FORM SIARKI NA ZMIANY ZAWARTOSCI
AZOTU MINERALNEGO W GLEBIE

Abstrakt

Azot, szczegdlnie forma azotanowa, nalezy do grupy tzw. pierwiastkow mobilnych w gle-
bie, moze szybko rozprasza¢ si¢ w naturalnym Srodowisku powodujac jego zanieczyszcze-
nie. Siarka moze korzystnie wpltywaé na przemiany azotu w glebie i roslinie. Celem do-
Swiadczenia byta ocena wplywu nawozenia siarka na dynamike mineralnych form azotu
(N-NH,*, N-NOg™) w glebie, z poziomu 0-40 i 40-80 cm, pobieranej wiosng i jesienia w kaz-
dym roku. Badania przeprowadzono w 3-letnim do$wiadczeniu polowym w Byszwaldzie,
w poblizu Lubawy. Gleba wyjsciowa miata odczyn kwasny (pH; .. kc1 qm-3 Wynosilo 5,30),
a zawartos¢ skladnikéw mineralnych wynosita: azot mineralny 24,0, siarka siarczanowa
4,10, przyswajalny fosfor 34,5 i potas 110,0 mg kg gleby. Doswiadczenie state zatozone
metoda losowanych blokéw obejmowalo 8 obiektéow nawozowych w 4 powtdrzeniach. Za-
stosowano 3 poziomy nawozenia siarka: 40, 80 i 120 kg ha~! w formie siarczanowe;j
(S-SO42‘) i elementarnej (S-S%. W przygotowanych prébkach glebowych oznaczono azot
azotanowy (V) metoda kolorymetryczng z uzyciem kwasu fenolodisulfonowego; azot amo-
nowy (III) metodg kolorymetryczng z zastosowaniem odczynnika Nesslera. W poziomie gle-
by 0-40 cm wzrastajace dawki siarki spowodowaly na ogét zwiekszenie zawarto$ci N-NH,*.
W warstwie 40-80 cm zmiany zawartosci N-NH,* w glebie nie podlegaty okreslonym prawi-
dlowosciom. W wiekszoSci obiektow nawozenie NPK + S, szczegélnie pojedyncza dawka
S-SO42‘, przyczynilo sie¢ do zwigkszenia zawarto$ci N-NO3~ w obydwu warstwach gleby
w poréwnaniu z obiektem NPK.

Stowa kluczowe: nawozenie, siarka siarczanowa, siarka elementarna, azot amonowy, azot
azotanowy, gleba.

INTRODUCTION

Optimal rates of sulfur-based fertilizers contribute to improving the uti-
lization of nutrients, in particular nitrogen. The beneficial effect of sulfur on
nitrogen transformations and the sulfur to nitrogen ratio has been demon-
strated for example by ScHUNG et al. (1993), FismEs et al. (2000), KozLowsKka
(2002), Kaczor. Brobowska (2002). Sulfur reduces the content of undesirable
and harmful compounds, including nitrate nitrogen and ammonia nitrogen,
in plants. Sulfur deficiency inhibits protein synthesis, disturbs the process of
photosynthesis and leads to the accumulation of non-protein nitrogen (ZHao
et al. 1997, McGraTH et al. 1996, ScHERER 2001). Nitrogen is known to affect
soil fertility (BEDNAREK, REszka 2008). Since nitrogen, in particular nitrate
nitrogen, is a mobile nutrient, it can be readily dispersed in soil, thus caus-
ing environmental pollution and groundwater contamination (ARMSTRONG, BURT
1993, BorowiEc, ZABLOCKI 1996). Due to a steady increase in commercial crop
production and related environmental issues, relationships between nitro-
gen and sulfur compounds in soil remain an important consideration.

The objective of this study was to determine the effect of increasing
doses of sulfate sulfur and elementary sulfur on the content of mineral ni-
trogen compounds in soil samples collected at a depth of 0-40 and 40-80 cm.
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MATERIAL AND METHODS

The effect of sulfur fertilization on the dynamics of changes in mineral
nitrogen (N-NH*, and N-NO~3) content of soil samples collected at a depth
of 0-40 and 40-80 cm was studied. A three-year field experiment was con-
ducted in Byszwatld near Lubawa, in 2000-2002. The soil had acidic reaction
(PH; 101 KC1 dm-3 ©f 5.30) and contained the following concentrations of min-
eral nutrients: mineral nitro, gen — 24.0, sulfate sulfur — 4.10, available
phosphorus — 34.5, available potassium — 110.0 mg kg! soil. The experi-
ment was carried out in a randomized block design and comprised eight
fertilization treatments in four replications: 1) 0; 2) NPK; 3) NPK +
+Sl-SO42‘; 4) NPK + 82-8042‘; 5) NPK + S3-SO42_; 6) NPK + Sl-SO;
7) NPK + SQ-SO; 8) NPK + S3-SO. Three sulfate sulfur (S-SO42‘) and elemen-
tary sulfur (S-SY) fertilization levels were applied: 40, 80 and 120 kg ha1.

The following fertilizers were used: nitrogen — ammonium saltpeter or
ammonium sulfate, phosphorus — triple superphosphate, potassium — 60%
potash salt or potassium sulfate, sulfur — potassium sulfate + ammonium
sulfate and elementary sulfur in the treatments with this form of sulfur.
The tested crops were common cabbage, onion and spring barley. The above
plants were selected based on their sulfur requirements and sensitivity.

Soil samples were collected in each plot, at a depth of 0-40 c¢cm and
40-80 cm, before setting up the experiment, after harvest of each crop and
prior to the sowing of the next crop. In the spring of 2001, soil samples
were collected only from the 0-40 cm soil layer due to persistent precipita-
tion. Air-dried soil samples were passed through a 1 mm mesh sieve. The
content of nitrate nitrogen (V) and ammonia nitrogen (III) was determined
in soil samples by the colorimetric method using phenoldisulfonic acid and
Nessler’s reagent, respectively. The results were verified statistically with
analysis of variance for two-factorial experiments in a randomized block de-
sign. Experimental factor ¢ was sulfur form, and experimental factor
b — sulfur dose. Regression analysis was performed using Statistica 6.0 PL
software. The significance of differences between datasets was determined
with Duncan’s test.

RESULTS AND DISCUSSION

In the fall, after cabbage harvest, the ammonia nitrogen content of soil
samples collected at a depth of 0-40 cm ranged from 0.30 to 3.30 mg kg!
soil (Table 1). The application of a triple dose of elementary sulfur caused
a significant increase in N-NH,* concentrations, in comparison with the re-
maining sulfur doses. In the spring of 2001, a considerable increase in the
ammonia nitrogen content of soil was noted, compared with the samples
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Table 1

Effect of different rates and forms of sulfur on the content of ammonium nitrogen
in soil (0-40 cm) (mg kg soil)

After Before After onion Before After barley
Treatment cabbage onion barley
. harvest . harvest
harvest sowing sowing
0 0.30 39.8 6.40 7.50 4.40
NPK 2.40 12.8 4.90 5.40 4.50
NPK+ 81-8042‘ 2.70 18.8 3.90 6.40 2.90
NPK+ 82-8042‘ 0.40 25.8 5.00 14.0 4.10
NPK+ S3-SO42‘ 0.30 28.7 6.50 9.00 7.10
NPK+SI-S-0 2.60 22.0 4.90 17.3 4.00
NPK+S2-S-0 2.60 20.7 6.40 8.0 5.40
NPK+S3-S-0 3.30 26.3 4.70 12.5 6.50
LSD-p-0.05
a 0.080 1.190 0.260 0.420 0.320
b 0.110 1.680 0.360 0.600 0.450
5 0.160 2.380 0.510 0.850 0.630
ax

SO42‘ — sulfate sulfur; SO — elementary sulfur; S;—40 kg ha-1, Sy —80 kg ha-1, Sg — 120 kg ha-1,
a — form of sulfur; b — dose of sulfur; a x b interaction,
n.s. — no significant difference

analyzed in the fall. After harvest in 2001, the application of increasing sul-
fur doses led to an increase in the ammonia nitrogen content of soil, except
in the treatment fertilized with 120 kg elementary sulfur. Soil samples col-
lected in the spring of 2002 were characterized by a higher ammonia nitro-
gen content than the samples analyzed in the fall. Both the dose and form
of sulfur had a significant effect on changes in N-NH,* levels. In the third
year of the experiment, elementary sulfur exerted a stronger effect, which
could have resulted from its oxidation to sulfate (ZHou et al. 2002, SKWIERAW-
SKA, ZAWARTKA 2009). In the fall, after barley harvest, a decrease in the am-
monia nitrogen content of the 0-40 cm soil layer was observed, in compari-
son with the same treatments studied in the spring. N-NH,* concentrations
were in the range of 2.90-7.10 mg kg~! soil. Soil samples collected each
year in the spring (at a depth of 0-40 ¢cm) were found to accumulate larger
quantities of N-NH,* than the samples collected in the fall of the preceding
year. In most cases, increasing sulfur doses contributed to an increase in
the N-NH,* content of soil after harvest, which was particularly noticeable
in the second and third year of the study. In a laboratory experiment, the
application of elementary sulfur significantly reduced the leaching of water-
soluble ammonia nitrogen (ZAWARTKA, SKWIERAWSKA 2005). The N-NH,* con-
tent of the 40-80 cm soil layer varied (Table 2).
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Table 2

Effect of different rates and forms of sulfur on the content of ammonium nitrogen
in soil (40-80 cm) (mg kg’1 soil)

After Before After onion Before After barley
Treatment cabbage onion barley
. harvest . harvest
harvest sowing sowing
0 4.10 - 20.9 4.18 2.70
NPK 3.50 - 29.8 8.40 4.50
NPK+ 5,-80,%~ 2.20 - 24.3 4.57 3.50
NPK+ S,-80,%- 2.40 - 29.3 4.13 3.90
NPK+ S5-80,2- 3.50 - 29.0 4.56 4.80
NPK+S;-S-° 2.10 - 28.8 4.57 6.80
NPK+S,-S-0 3.60 - 25.0 5.87 4.30
NPK+S,-S-0 3.90 - 22.8 5.00 5.20
LSD-p-0.05
o 0.080 0.720 n.s. 0.150
b 0.120 - 1.020 0.468 0.220
0.160 1.450 0.662 0.300
axb

Explanation see Table 1.

In the fall, after cabbage harvest, the N-NO3~ content of soil samples
collected at a depth of 0-40 cm ranged from 2.60 to 6.20 mg kg1 soil (Ta-
ble 3). The highest N-NO;~ content was noted in the treatment fertilized
with 80 kg elementary sulfur. In the spring, before onion sowing, a signifi-
cant increase in the N-NOj~ content of soil was observed, in comparison
with the same treatments studied in the spring, in particular after the ap-
plication of 120 kg sulfate and elementary sulfur. Both the dose and form of
sulfur had a significant effect on changes in N-NO;™ levels. After the har-
vest in 2001, the N-NOg~ content of soil decreased, which could have been
due to its leaching out and uptake by plants. Similar results were reported
by MARcINKOWSKI (1996) and Sykut (2000). In the spring, prior to spring bar-
ley sowing, a substantial increase in the nitrate nitrogen of soil was noted,
compared with the samples collected in 2000 and 2001, in particular in the
treatment fertilized with a triple dose of elementary sulfate, which oxidized
over time. In the fall of 2002, after harvest, nitrate nitrogen concentrations
fluctuated.

In the fall of 2000, in the 40-80 cm soil layer, nitrate nitrogen content
was in the range of 2.60-3.90 mg kg! soil. Both the dose and form of sulfur
had a significant effect on changes in N-NO;™ levels. In the fall of 2001, the
N-NOgj~ content of soil was higher than in the previous year, in particular
in treatments fertilized with 40 and 120 kg S-SO42‘ ha=1. Soil samples ana-
lyzed in the spring and fall of 2002 were characterized by a considerably
lower nitrate nitrogen content than the samples collected in the fall of 2001.
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Table 3
Effect of different rates and forms of sulfur on the content of nitrate nitrogen
in soil (0-40 cm) (mg kg’1 soil)
After Before After onion Before After barley
Treatment cabbage onion barley
. harvest . harvest
harvest sowing sowing

0 2.60 9.20 2.00 11.0 10.6
NPK 5.30 6.30 2.50 14.7 14.2
NPK+ Sl-SO42‘ 3.10 10.80 5.20 19.5 17.2
NPK+ S2-SO42‘ 5.00 7.50 5.80 19.8 16.8
NPK+ 83-8042‘ 4.30 11.8 3.70 18.4 14.5
NPK+Sl-S-0 3.70 5.00 3.40 14.5 12.7
NPK+SQ-S-0 6.20 8.40 4.20 13.0 11.6
NPK+SS-S-0 3.00 18.5 2.90 25.2 12.3
LSD-p-0.05
o 0.110 0.72 n.s. 1.360 0.900
b 0.160 1.02 0.500 1.920 1.270

b 0.230 1.44 0.700 2.710 1.800
ax

Explanation see Table 1.

Soil samples collected at a depth of 0-40 cm in NPK+S treatments were
found to accumulate less of nitrates in the fall than in the spring (Table 3).
In soil samples collected from the 40-80 cm layer, nitrate concentrations
were higher in the fall (Table 4). As demonstrated by Icras and JADCzYSZYN
(2008), the risk of nitrate leaching is the greatest in the fall, due to precipi-
tation. The decrease in N-NOj~ concentrations in samples collected from
the deeper soil layer in the spring could be related to translocation of ni-
trate nitrogen to groundwater. High mobility of nitrate ions was also ob-
served by ZAWARTKA, SKWIERAWSKA (2004) in a lysimetric experiment.

No regular, unambiguous correlations between the form and dose of
sulfur and nitrate concentrations in the soil were observed throughout the
experiment. Nevertheless, NPK+S fertilization, in particular the application
of a single S—SO42_ dose, contributed to an increase in N-NO3~ concentra-
tions in both sampled soil horizons in the majority of treatments, compared
with the NPK treatment. The noted differences were statistically signifi-
cant, as shown by the results of Duncan’s test (Table 5).

In the spring and fall of 2000 and 2002, the predominant form of miner-
al nitrogen that accumulated in the 0-40 cm soil layer was N-NO3™. Accord-
ing to some authors (Foryma, Kryszkowska 1990, Mosies, TusiNskr 1993), higher
nitrate content of deeper soil horizons results from high mobility of nitrate
nitrogen in soil, particularly between the fall and spring, and from the an-
tagonist effect of sulfate anions. In 2001, the predominant form of mineral
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Table 4
Effect of different rates and forms of sulfur on the content of nitrate nitrogen
in soil (40-80 cm) (mg kg’1 soil)
After Bef.'ore After onion Before After barley
Treatment cabbage onion barley
. harvest . harvest
harvest sowing sowing

0 2.80 - 5.80 3.40 2.00
NPK 3.90 - 3.30 5.35 3.70
NPK+ $,-80,%~ 3.00 - 28.5 3.85 4.00
NPK+ S,-80,%- 2.60 - 18.5 4.85 3.30
NPK+ S5-80,%- 2.90 - 20.5 6.22 5.90
NPK+S;-S-0 2.90 - 16.0 4.75 2.50
NPK+S,-S-0 3.40 - 12.7 5.20 2.30
NPK+S,-S-0 3.80 - 7.80 342 3.10
LSD-p-0.05
a 0.060 n.s. n.s. n.s.
b 0.090 - 1.740 n.s. 0.310

0.130 2.46 1.454 0.430
axb
Explanation see Table 1.

Table 5

Significance of differences in the content of nitrate nitrogen in soil between particular objects
according to Duncan's test.
Differences statistically significant at (p<0.05)

Treatment NPK |I-8-80,% | II-8-SO,%| III-S-SO,2| I-S-S° | II-S-S° | III-S-S°
0

NPK 0.537

$,-80,2~ | 0.002*| 0.014*

$,-80,2~ |0.023%| 0.086 | 0437

S3-80,2~ |0.013%| 0055 | 0.564 0.799

S,-8° 0297 | 0620 | 0.046* | 0.196 0.136

S,-80 0256 | 0549 | 0.058 0.228 0163 | 0.883

Sg- 80 0.044%| 0140 | 0.308 0.763 0.604 | 0290 | 0.326

x 5922 | 6.688 | 10.107 | 9.075 9.390 | 7.302 | 7.484 | 8.702

Explanation see Table 1;
* 2¢ average content of nitrate nitrogen in soil in particular objects for the years 2000-2003
(mg kg1 soil).
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nitrogen in both sampled soil layers was N-NH,*. The above is consistent
with the findings of SkowroNskaA (2004), who reported that in her study am-
monia nitrogen had the highest share of total mineral nitrogen content.

CONCLUSIONS

1.In most cases, increasing sulfur doses caused an increase in the
N-NH,* content of soil samples collected at a depth of 0-40 cm. The
N-NH,* content of the 40-80 cm soil layer varied.

2. NPK+S fertilization, in particular the application of a single S—SO42_
dose, contributed to an increase in N-NO~3 concentrations in both sampled
soil horizons in the majority of treatments, compared with the NPK treat-
ments.

3. The predominant form of mineral nitrogen that accumulated in soil
(0-40 cm) was nitrate nitrogen in 2000 and 2002, and ammonia nitrate in 2001.
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Abstract

Vegetables enriched with iodine can become an alternative to iodized salt as a way of
introducing this element to human diet. Iodine is not a nutritional element for plants. Its
influence on biochemical and physiological processes occurring in plants, including mineral
nutrition, has not yet been diagnosed. In the available literature, no information can be
found on the comparison of iodine biofortification efficiency of carrot storage roots thro-
ugh soil fertilization and foliar nutrition. The aim of this study was to assess the influence
of pre-sowing soil fertilization with iodine (in the form of KI) and foliar application of this
element (as KIO3) on the biofortification effectiveness and mineral composition of carrot
storage roots. Carrot cv. Kazan F; was cultivated in a field experiment in 2008 and 2009.
The experiment comprised different variants of soil and foliar application of iodine: control
(without soil or foliar application of iodine), combinations with pre-sowing soil fertilization
with iodine in the dose of 0.5, 1.0 and 2.0 kg I ha™! as well as foliar nutrition with iodine
in the concentration of: 0.0005%, 0.005% and 0.05% repeated four times. In total, using
1,000 dm3 of work solution per 1 ha, the following amounts of iodine were applied to plants
in the latter variant: 0.02, 0.2 and 2.0 kg I ha1, respectively. In carrot storage roots, iodi-

dr inz. Sylwester Smolen, Chair of Soil Cultivation and Fertilization of Horticultural Plants,
University of Agriculture, 29 Listopada, 31-425 Krakow, e-mail: ssmolen@ogr.ar.krakow,pl
*The present study was financed by the Ministry of Science and Higher Education — grant
N N310 3081 34: Biofortification of selected vegetable species with iodine depending on its
dose and application method.
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ne as well as P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd and Pb were analyzed
with the ICP-OES technique, whereas nitrogen was determined with Kiejdahl’s method.
In all the tested combinations, significant increase in iodine concentration in carrot was
observed versus the control (2.1 mg I kg1 d.w). Storage roots of carrot treated with the
highest doses of iodine (through soil and foliar application) contained comparable amounts
of this element: 10.2 and 8.6 mg I kg! d.w., respectively, which were also the highest
quantities relative to the control and the other treatments. Soil fertilization in the dose of
1.0 and 2.0 kg I ha1 as well as foliar nutrition with 0.0005%, and 0.05% solution of iodine
contributed to an increased content of nitrogen in carrot roots. Soil and foliar application
of iodine, in relation to the control, resulted in a higher content of Mg, Fe, Al and K as
well as a lower S concentration in carrot, except K and S in the combination with soil
fertilization of 0.5 kg I ha~l. Diversified influence of the iodine dose, form and application
method was observed in reference to concentrations of: P, Ca, Na, B, Cu, Mn, Zn, Cd and
Pb in carrot storage roots. Iodine treatments included in the research had no significant
influence on the Mo content in carrot.

Key words: biofortification, iodine, foliar nutrition, mineral composition, carrot.

WSTEPNA OCENA WPLYWU I}IAWOZENIA I DOKARMIANIA DOLISTNEGO
JODEM NA EFEKTYWNOSC BIOFORTYFIKACJI MARCHWI W JOD
ORAZ JEJ SKLAD MINERALNY

Abstrakt

Warzywa wzbogacane w jod mogg staé¢ sie alternatywna, do jodowania soli kuchennej,
drogg wprowadzania jodu do diety czlowieka. Jod nie jest sktadnikiem pokarmowym roslin.
Jego oddzialywanie na procesy biochemiczne i fizjologiczne roslin, w tym na funkcjonowa-
nie gospodarki mineralnej, nie zostalo zdiagnozowane. W dostepnej literaturze brak jest
informacji na temat poréwnania efektywnosci biofortyfikacji korzeni spichrzowych marchwi
w jod poprzez nawozenie doglebowe i dolistng aplikacje tego pierwiastka. Celem badan byto
okreslenie wplywu doglebowego przedsiewnego nawozenia jodem (w formie KI) i dolistnej
aplikacji tego pierwiastka (w formie KIOgz) na efektywnos¢ biofortyfikacji w jod oraz skiad
mineralny korzeni spichrzowych marchwi. Marchew odmiany Kazan F; uprawiano w la-
tach 2008-2009 w doswiadczeniu polowym. W badaniach uwzgledniono kombinacje ze zroz-
nicowanym nawozeniem doglebowym i dokarmianiem dolistnym jodem. Wyrézniono kon-
trole (nienawozong i niedokarmiang dolistnie jodem), kombinacje z przedsiewnym
nawozeniem doglebowym jodem w dawkach: 0,5, 1,0 i 2,0 kg I ha™! oraz 4-krotne dolistne
dokarmianie ro§lin jodem w stezeniach 0,0005%, 0,005% i 0,05% — sumarycznie po zastoso-
waniu 1000 dm3 cieczy roboczej ha=! zaaplikowano roslinom odpowiednio: 0,02, 0,2 i 2,0 kg
I ha—l. W korzeniach spichrzowych marchwi oznaczono: zawartosé jodu oraz P, K, Mg, Ca,
S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd i Pb technikqg ICP-OES, a takze zawarto$¢ azotu
metodg Kiejdahla. We wszystkich badanych kombinacjach stwierdzono istotne zwigkszenie
zawartoéci jodu w marchwi w poréwnaniu z kontrola (2,1 mg I kgl s.m.). Korzenie mar-
chwi traktowanej najwyzszymi dawkami jodu (doglebowo i dolistnie) zawieraly poréwny-
walng, najwyzszg zawartoéé jodu — odpowiednio 10,2 i 8,6 mg I kgl s.m. W odniesieniu
do kontroli nawozenie doglebowe w dawkach 1 i 2 kg I ha=! oraz dokarmianie dolistne
0,0005%, i 0,05% wplynelo na zwiekszenie zawartosci azotu w marchwi. Dolistna i doglebo-
wa aplikacja jodu, w poréwnaniu z kontrolg, wplyneta na zwigkszenie zawartosci Mg, Fe
iAl, a takze K oraz obnizenie zawartoSci S w marchwi — oprécz K i S w kombinacji zna-
wozeniem 0,5 kg I hal. Stwierdzono zréznicowane oddziatywanie dawki, formy i sposobu
aplikacji jodu na zawarto§é P, Ca, Na, B, Cu, Mn, Zn, Cd i Pb w marchwi. Zastosowane
zabiegi aplikacji jodu nie mialy wptywu na zawarto§¢ Mo w marchwi.

Stowa kluczowe: biofortyfikacja, jod, dokarmianie dolistne, skltad mineralny.
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INTRODUCTION

Plant biofortification with iodine (or other biogenic elements) is defined
as such an increase in the concentration of the element in edible parts of
plant that efficiently improves the consumer’s health (WHITE, BRoADLEY 2005,
2009, YanG et al. 2007, ZrHao, McGratH 2009).

In Poland and in many other countries, the build-up of iodine content in
human diet is achieved through salt iodization. It is an effective way of
introducing iodine to people’s diet in order to reduce health problems re-
sulting from its deficiency. On the other hand, salt consumption in many
countries is far too excessive and has led to greatly increased incidences of
cardiovascular diseases. For that reason, WHO has developed the Global
Strategy on Diet, Physical Activity and Health for the years 2008-2013. One
of the main goals of this programme is to reduce salt intake while seeking
alternative methods of introducing iodine to human diet. The need for
a global development of an effective way of increasing iodine intake results
from numerous functions that iodine plays in the human organism. Moreo-
ver, it should be mentioned that 35.2% of the global population has inade-
quate iodine nutrition (WINGER et al. 2008).

Plant roots preferably take up the iodide (I") rather than iodate (I057)
form of iodine (SmiTH et al. 1999). In higher doses, however, iodates are less
toxic to plants when compared to the reduced form of this element — in
particular via foliar application of iodine. With respect to the effectiveness
of plant biofortification, it is higher for foliar nutrition with this element
rather than with soil fertilization (ALTMOK et al. 2003, STRZETELSKI et al. 2010),
especially when long-term drought occurs during plant cultivation that fa-
vors strong iodine binding by the soil sorption complex (Da1 et al. 2004).

In the last few years, many studies have been carried out on iodine
biofortification of numerous plant species such as cabbage (WENG et al. 2008),
lettuce (Bar et al. 2007, Brasco et al. 2008), tomato and spinach (GonDA et al.
2007), alfalfa (ALTmok et al. 2003), pakchoi, celery, pepper and radish (Hong
et al. 2008) as well as radish (StrzeTELSKI et al. 2010). The scope of the
mentioned research has included the assessment of the effectiveness of plant
fortification with iodine depending on the dose, form and source type of the
element — technical salts and organic matter rich in iodine (application of
marine algae). The cited papers, however, contain no information on a docu-
mented effect of iodine on mineral nutrition of plants. Likewise, no data
can be also found in the available literature on the comparison between the
effectiveness of iodine biofortification of carrot achieved through soil fertili-
zation and foliar nutrition.

The aim of the study was to determine the influence of pre-sowing soil
fertilization with iodine (in the form of KI) and foliar application of this
element (as KIO;3) on the effectiveness of iodine biofortification and mineral
composition of carrot storage roots.
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MATERIAL AND METHODS

In 2008-2009, a field experiment was conducted in Krakéw, Poland, in-
volving cv. Kazan F; carrot cultivation in crop rotation system on uniform
soil complex. Carrot was cultivated on silt loam soil (35% sand, 28% silt and
37% clay) with the content of organic matter in the 0-30 ecm soil layer:
2.84%-3.41% (in 2008 and 2009, respectively) and the following concentra-
tions of the available nutrient forms soluble in 0.03 M acetic acid (in 2008
and 2009, respectively): N (NO3-N+NH,-N) — 8.1-3.8 mg, P — 51.4-45.0 mg,
K — 111.8-185.4 mg, Mg — 115.6-107.4 mg and Ca — 1255.8-837.9 mg dm™ soil.
In 2008 and 2009, soil pH(HzO) was 6.98-7.10, while the total concentration
of salt in soil (EC) was 0.12-0.11 mS cm™!, respectively. Carrot was grown
on ridges, 40 cm wide and 30 cm high, where seeds were sown at a rate of
37 seeds m™! in a row (approximately 550,000 seeds per 1 hectare). Seed
sowing was performed on 24 April in both years of the study. Nitrogen as
ammonium nitrate was applied in a dose of 100 kg N ha~! pre-sowing and
as top dressing. Pre-sowing nitrogen fertilization (and iodide application) was
conducted immediately before ridge formation, whereas top dressing was
performed at canopy closure.

Different iodine soil fertilization (as KI) and foliar nutrition (in the form
of KIO,) treatments were applied in the experiment, including: 1 — control
(without soil fertilization and foliar nutrition with iodine); combinations with
soil pre-sowing fertilization of iodine in the dose of 2-0.5 kg I ha=!, 3-1.0 kg
I ha-! and 4-2.0 kg I ha™! as well as combinations with foliar application of
iodine, repeated four times, in the following concentrations: 5 — 0.0005% (to-
tal — 0.02 kg I ha1), 6 — 0.005% (0.2 kg I ha™1) and 7 — 0.05% (2.0 kg I ha™1).
Foliar nutrition was performed using 1,000 dm? of work solution per hec-
tare on the following dates: 15t — 8 and 10 July, 224 — 22 and 28 July, 34 —
4 and 19 August, 4th — 18 August and 7 September (in 2008 and 2009, re-
spectively).

The experiment was arranged in a split-plot design with four replica-
tions. Each experimental treatment was randomized in four repetitions on
2.7 m x 5 m (13.5 m2) plots. The total area under experiment was 378 m2.

Carrot was harvested on 30 September 2008 and 23 September 2009.
During harvest, about samples consisting of 5 kg of carrot storage roots
were taken in four replications (from each plot) for further analyses. Addi-
tionally, soil samples were collected from the 0-30 cm layer with a soil drill.

In carrot storage roots, the content of iodine was assessed after incuba-
tion with 25% TMAH according to the standard protocol prEN 15111- R2-P5-
-FO1 and the amount of N-total was determined with Kjeldahl’s method
(PErssoN, WENNERHOLM 1999). Concentration of P, K, Mg, Ca, S, Na, B, Cu,
Fe, Mn, Zn, Mo, Al, Cd and Pb were determined after sample mineraliza-
tion in 65% super pure HNO; (Merck no 100443.2500) in a CEM MARS-5
Xpress microwave oven (Past.awski, MicaszEwskI 2006).
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In soil samples, pH was determined with a potentiometer and concen-
trations of I, N-NH,, N-NO,, P, K, Mg, Ca, S and Na were determined after
soil extraction in 0.03 M acetic acid (NowosiELskl 1988). The content B, Cu,
Fe, Mn, Zn, Mo, Al, Cd and Pb was assayed after extraction with 1 M HCI
(GORACH et al. 1999).

Iodine as well as P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd
and Pb in carrot and soil samples were determined with the ICP-OES tech-
nique using a Prodigy Teledyne Leeman Labs USA spectrometer. Concen-

trations of nitrogen forms in soil samples (N-NH,, N-NO3) were determined
by the FIA technique [PN-EN ISO 13395: 2001; PN-EN ISO 11732:2005 (U)].

The results were statistically verified using the ANOVA module of Sta-
tistica 9.0 PL programme for significance level P<0.05. Significance of chang-
es was assessed with the use of variance analysis. When significant changes
appeared, homogenous groups were determined with Duncan’s test.

RESULTS AND DISCUSSION

Carrot storage roots from all the tested combinations with iodine soil
and foliar treatments contained significantly higher amounts of this element
than control plants (Table 1). When lower iodine doses through soil fertiliza-
tion (0.5 and 1.0 kg I ha™l), carrot roots accumulated slightly more iodine
than after foliar application of iodine in the total dose of 0.02 and 0.2 kg
Ihal. On the other hand, carrot treated with the highest doses of iodine
(both soil and foliar application of 2.0 kg I ha™!) contained comparable con-
centrations of this element, i.e.10.2 and 8.6 mg I kg~! d.w., respectively,
which were also the highest quantities determined It is worth mentioning
that the soil carrot harvest, in all the treatments, contained a comparable
content of iodine soluble in 0.03 M acetic acid (Table 2). This observation
indirectly indicates that iodine introduced to soil was either taken by culti-
vated plants or strongly sorbed by organic matter (thiol groups and polyphe-
nols) or hydrous oxides of Fe and Al (WHITEHEAD 1984, MURAMATSU et al. 1996,
YamacucHi et al. 2005). Iodine desorption in soil is most profound under anaer-
obic conditions with the negative redox potential (Eh) resulting mainly from
excessive humidity of soil (MURAMATSU et al. 1996). For that reason, in culti-
vated soils (mostly characterized by aerobic conditions and the positive re-
dox potential), iodine desorption as well its uptake by plants can be inhibit-
ed. This assumption can be an additional explanation for the fact that despite
applying smaller doses of iodine in foliar nutrition (combinations 5 and 6)
iodine concentration in carrot was only slightly lower comparing to soil fer-
tilization in combinations 2 and 3.

In comparison to the control, soil fertilization with 1.0 and 2.0 kg I ha—1
as well as foliar application of 0.02 and 2 kg I ha™! contributed to increased
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content of N-total in carrot (Table 1). Positive effect of soil iodine fertiliza-
tion on N-total concentration in carrot storage roots (enhancement of nitro-
gen utilization from mineral fertilizers) is confirmed by our previous results
obtained from pot (SMOLEN et al. 2009) and field cultivation of carrot (SMOLEN
et al. 2010). It should be mentioned that in the present study soil analyses
after carrot harvest demonstrated a relatively low content of mineral nitro-
gen: N-NH, and N-NO; (Table 2). In the case of N-NOs, significant changes
in the amount of this nitrogen form observed in soil did not correlate with
its content in carrot storage roots.

The tested factors (soil fertilization and foliar application of iodine) had
significant influence on the content of P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn,
Zn, Al, Cd and Pb (Table 1) in carrot roots. Accumulation of Mo in carrot
roots from all the tested combinations remained on a comparable level. Sig-
nificant differentiation was revealed between the tested combination in re-
spect of pH as well concentrations of P, K, S, B, Cu, Mn, Zn, Mo, Al, Cd and
Pb in soil after carrot cultivation (Table 2).

In comparison to the control, foliar and soil application of iodine result-
ed in increased concentrations of Mg, Fe and Al as well as K and S, except
K and S in carrot fertilized with 0.5 kg I ha—! (Table 1). The changes in K
concentration in carrot were reflected by the changeable level of this ele-
ment in soil (Table 2). When compared to the control, higher accumulation
of Al in carrot roots, caused by soil application of iodine, was related to
enhanced uptake of this element from soil. This observation is supported by
the reduced content of Al in soil samples from these combinations. Changes
in the Mg and Fe concentration in carrot cannot be explained on the basis
of the results of soil analyses, as the levels of these elements in soil sam-
ples from all the tested combinations were comparable.

In the case of P, Ca, Na, B, Cu, Mn, Zn, Cd and Pb, the iodine dose,
form and method of application produced varied effects on the accumulation
of these elements in carrot storage roots (Table 1).

Taking into consideration soil fertilization alone, application of higher
doses of iodine (1.0 and 2.0 kg I ha™!) led to increased concentrations of P,
Zn Cd and Pb in carrot in comparison to the control (Table 1). A significant
build-up in Ca, Na and Mn concentration in carrot roots fertilized with 2.0 kg
I ha=! (combination no 4) as well as a reduction in the accumulation of
these elements in carrot fertilized with 0.5 and 1.0 kg I ha~! were observed.
In all the combination with soil iodine application, a lower concentration of
Cu was found when compared to the control. As regards boron, a significant
increase of its accumulation in carrot was observed when fertilized with
iodine in the doses of 0.5 and 2.0 kg I ha—l. Among all the elements (P, Ca,
Na, B, Cu, Mn, Zn, Cd, Pb), correlation consisting of an increased concen-
tration in carrot (Table 1) and soil (Table 2) as a result of iodine fertilization
was observed only for Zn, Cd and Pb. Lower accumulation of copper in carrot
roots (Table 1) could be related to its reduced content in soil (Table 2).
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The influence of foliar iodine nutrition with (combinations nos 5-7) on
the content of P, Ca, Na, B, Cu, Mn, Zn, Cd and Pb in carrot storage roots
was also interesting to trace (Table 1). It should be highlighted that, de-
pending on the dose of iodine sprayed over leaves, the treatment produced
different effects on the above elements was found, i.e. significant increase,
reduction or no effect of iodine on the accumulation of P, Ca, Na, B, Cu,
Mn, Zn, Cd and Pb in carrot. After foliar application of the lowest concen-
tration of iodine (0.02 kg I ha™l), storage roots of carrot plants contained
the highest levels of P, Ca, B, Cu, Mn and Cd, even when compared to the
control. Noteworthy is the fact that alongside increased concentrations of
the applied iodine, reduced Mn accumulation was observed. Notwithstand-
ing, in all the tested combinations with iodine foliar nutrition, Mn content
exceeded values obtained for the control. It should be mentioned that the
differentiation of the carrot concentration of P, Ca, Na, B, Cu, Mn, Zn, Cd
and Pb was not reflected by the content of these elements in soil (Table 2).

In the context of the above results, it was interesting to notice that the
foliar application of iodine in the lowest concentration (combination no 5)
contributed to significantly enhanced uptake of N, P, Ca, Na, B, Cu, Zn and
Cd by carrot storage roots. This observation can indirectly bring explanation
for yet unsupported positive influence of low concentration of iodine on im-
proved plant growth and yielding (KaBata and MUKHERJEE 2007). Neverthe-
less, in the present study no significant impact of iodine applied to leaves or
soil was found in reference to the yield of carrot storage roots or leaves —
detailed data not shown.

To sum up, it can be stated that the influence of iodine on mineral
nutrition of carrot plants is ambiguous. To much extent it can depend on
agronomic conditions of cultivation, including the applied nitrogen fertiliza-
tion (SMOLEN 2009, SMOLEN et al. 2009, 2010). In studies with pot carrot culti-
vation, nitrogen fertilization both in the form of Ca(NOj), and (NH,),SO,,
in comparison to the control, contributed to a different iodine influence (in
the form of KI and KIOj) on the uptake and accumulation of Ca, K, Mg,
Na, P and S (SmoLEN et al. 2009) as well as Al, B, Cd, Cr, Cu, Fe, Li, Ti and
V (SMmoLEN 2009) in carrot storage roots. In the field experiments conducted
by SMOLEN et al. (2010), iodine nutrition (both as KI and KIOg) of plants not
fertilized with nitrogen resulted in a significant increase of P, K, Ca content
and a reduction in Fe concentration but had no effect on Mg, S, Cu, Mn,
Zn, Mo, Al and Pb accumulation in carrot roots. However, KIO; application
(in comparison to KI) to plants fertilized with ammonium sulphate led to
higher concentrations of N, P, K, Mg, S, Na, B, Cu, Fe, Mn, Zn, Al and Cd
in carrot. As far as the fertilization with calcium nitrate is concerned, soil
application of KIOg contributed to increased accumulation of N, K, Fe and
Zn in carrot storage roots when compared to a KI treatment.
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CONCLUSIONS

1. Foliar nutrition of carrot with iodine in the dose of 2.0 kg I ha™! (as
KIO,) allowed us to obtain a comparable effect of iodine biofortification of
carrot storage roots in comparison to soil fertilization with this element in
the same dose but applied in the KI form.

2. An increase in the N-total content in carrot was observed as a result
of soil fertilization in the dose of 1.0 and 2.0 kg I ha™! as well as foliar
nutrition of iodine in the concentration of 0.02 and 2.0 kg I ha1).

3. The research revealed a synergistic effect of iodine applied both to
soil and to leaves on the uptake of N, K, Mg, S, Fe and Al by carrot storage
roots.

4. In the case of P, Ca, Na, B, Cu, Mn, Zn, Cd and Pb, different effects
of the iodine dose, form and application method were observed in reference
to the concentrations of these elements in carrot roots.

5. Soil fertilization with iodine resulted in an increased uptake of P, Zn
Cd and Pb (synergistic effect) as well as a reduced uptake of Cu (antago-
nism) by carrot storage roots.

6. Foliar application of the lowest concentration of iodine (0.02 kg I ha™1)
contributed to significantly higher accumulation of P, Ca, Na, B, Cu, Zn and
Cd in carrot storage roots.

7. A significant effect of the tested factors was found in reference to the
changes of soil pH as well as the content of N-NOg, P, K, S, B, Cu, Mn, Z,
Mo, Al, Cd and Pb in soil after carrot cultivation.
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VALUES OF QUALITY TRAITS
OF OILSEED RAPE SEEDS DEPENDING
ON THE FERTILISATION
AND PLANT DENSITY
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Abstract

The aim of this paper has been to evaluate yields and seed quality of winter oilseed
rape depending on the plant density, foliar fertilisation with magnesium, sulphur, boron
and Asahi growth biostimulant combined with constant NPK fertilisation. The research was
performed in 2006-2008 as a two-factor field experiment. The first factor involved plant
density (A — 20, B — 30, C — 40 plants per 1 m2) and the second one comprised fertilisation
treatments (n = 7). Foliar fertilisation was applied once or twice. In rape seeds, the follo-
wing were determined: the content of total nitrogen, content of fat and its fractions.

The results show that the concentrations of total nitrogen and fat in rape seeds were
significantly dependent on both the plant density and fertilisation. Significantly the highest
content of those nutrients occurred after a double application of magnesium sulphate (VI),
Solubor and Asahi biostimulant at the plant density of 40 and 30 plants m2, respectively.
The composition of fatty acids extracted from seeds of the hybrid oilseed rape cultivar Nel-
son significantly depended only on fertilisation. The highest content of oleic acid and its
increase, as compared with the control, was identified after a single application of magne-
sium sulphate (VI), Solubor and Asahi biostimulant. The fertilisation significantly decre-
ased the value of the sum of polienic acids C;g., and C;q.5 in rape seeds against the con-
trol. It was only after a double application of magnesium sulphate (VI), microelement
fertiliser (Solubor) and Asahi biostimulant that the accumulation of these fatty acids rema-
ined at the level of concentration reported in the control seeds.

Keywords: winter rape, quality traits, plant density, fertilisation variants.
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OCENA CECH JAKOSCIOWYCH NASION RZEPAKU W ZALEZNOSCI
OD NAWOZENIA I OBSADY ROSLIN

Abstrakt

Celem badan byla ocena plonowania i jako$ci nasion rzepaku ozimego w zaleznosci od
obsady ro$lin, nawozenia dolistnego magnezem, siarkg, boronem i biostymulantem wzrostu
Ashai w potgczeniu ze stalym nawozeniem NPK. Badania przeprowadzono w latach 2006-
-2008 jako dwuczynnikowe doswiadczenie polowe. Pierwszy czynnik to gesto§é obsady ro-
glin (A — 20, B — 30, C — 40 ro$lin na 1 m?), drugi — to warianty nawozenia (n = 7). Nawo-
zenie dolistne zastosowano jedno- lub dwukrotnie. W nasionach rzepaku okreslono zawar-
tosé catkowita azotu, zawarto$¢ ttuszczu oraz jego frakeji.

Wyniki badan wskazuja, ze zawartosé catkowita azotu oraz zawarto$¢ ttuszczu zalezaty
istotnie od gestosci obsady roslin oraz nawozenia. Istotnie najwyzsza zawarto§é¢ wymienio-
nych skladnikow stwierdzono po podwdjnym zastosowaniu siarczanu magnezu (VI) lub bio-
stymulantu Ashai Solubor przy obsadzie ro$lin odpowiednio 40 oraz 30 roslin na m2. Sktad
kwasow ttuszczowych ekstrahowanych z nasion mieszancowej odmiany rzepaku ozimego
Nelson byt istotnie zalezny od nawozenia. Istotnie najwyzszg zawarto$¢ kwasu olejowego
oraz wzrost jego zawartosci, w poréwnaniu z kontrola, okreslono po pojedynczym zastoso-
waniu siarczanu magnezu (VI) oraz Soluboru i Ashai. Nawozenie istotnie obnizylo wartosé
sumy wielonienasyconych kwaséw ttuszczowych Cig.9 i C;g.4 W nasionach rzepaku w po-
réownaniu z kontrolg. Jedynie po zastosowaniu dwukrotnie siarczanu magnezu (VI), nawo-
zu mikropierwiastkowego Solubor i biostymulantu Ashai akumulacja tych kwasow tlusz-
czowych utrzymata si¢ na poziomie odpowiadajaym zawarto$ciom okreslonym w nasionach
kontrolnych.

Stowa kluczowe: rzepak ozimy, cechy jako$ciowe, obsada roslin, warianty nawozenia.

INTRODUCTION

Owing to progress in quality breeding as well as production of high yield-
ing population and hybrid cultivars, oilseed rape has become one of the
most important plants in the moderate climatic zone. The acreage of oilseed
rape and agrimony (winter and spring in total) in Poland was 796.8 thou-
sand ha in 2006, being about 172.9 thousand ha higher (by 27.7%) than in
2005, and 317.4 thousand ha higher than the 2001-2005 mean (by 66.2%)
(Rostak 2006).

Rape seeds are most often used in oil and animal feed industry, al-
though oil produced from improved cultivars can be also processed for non-
food purposes (BARTKOWIAK-BRODA 2005, WaLKOWSKI 2002).

With the prospect of a continued growth in rape acreage and oilseed
rape applications, a closer look should be paid at elements of the agronomic
practise dedicated to this crop in order to ensure possibly highest yields of
adequate quality while optimising costs. Among some important components
of the cultivation technology are: preparation of the stand, the type of crop
rotation, tillage method, cultivar selection, the application of certified seeds,
sowing date and rate, chemical control of the plantation, as well as the
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harvest date combined with a selected harvest method as well as fertilisa-
tion (MaLHu1, LEacH 2000, PopLESNA 2003, SzEwczuk 2003, BARTKOWIAK-BRODA
et al. 2005).

With that in mind, research has been undertaken, which aimed at de-
termining whether or not and — if so — to what extent winter rape yielding
as well as seed quality depend on the plant density and foliar application
of magnesium, sulphur and boron against constant NPK fertilisation.

MATERIAL AND METHODS

The experiment was carried out in 2006-2008, in the village of Piecki
near i Kruszwica (Figure 1) on soil classified as quality class soil V. The
experiment was designed as a two-factor trial in three replicates.
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Fig. 1. Location of the experiment

Fertilisation with nitrogen, phosphorus and potassium was constant. The
first research factor involved the plant density (A — 20, B — 30, C — 40 plants
per 1 m?), and the second one — fertilisation treatments: 7 treatments with
varied foliar fertilisation according to the following pattern:

0) control,

1) magnesium sulphate (VI) + microelement fertilisation (Solubor),

2) Asahi biostimulant,

3) magnesium sulphate (VI) + microelement fertiliser (Solubor) + Asahi biosti-
mulant,
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4) magnesium sulphate (VI) + microelement fertiliser (Solubor),

5) Asahi biostimulant,

6) magnesium sulphate (VI) + microelement fertiliser (Solubor) + Asahi biosti-
mulant.

The plants in treatments 1, 2, 3 were fertilised and treated with the
biostimulant once (April), while in treatments 4, 5, 6 — twice with a two-
week break.

The following were applied pre-sowing: 120 kg K,0, 50 kg P,0; and
25 kg N ha™l. In spring, at the beginning of the growing season, the follow-
ing were applied as top dressing treatments: 70 kg S ha=! (Wigor), 80 kg
K,0 ha=! (potash salt) and 20 kg P,054 ha~1 (triple superphosphate) as well
as 100 kg N ha~! (ammonium nitrate). The treatments were carried out in
the first decade of March. Two weeks later, 90 kg N ha~! was applied.

Winter barley constituted the forecrop for oilseed rape. In each year,
the plants were sown in the last decade of September, while the harvest
took place in the last decade of July of the successive year. Each year,
representative rape seed samples were taken for deetermination of total
nitrogen with Kiejdahl method. The content of fat was determined with an
analyzer NMR — MQA 7005 Oxford, while the fat fractions were assayed
using gas chromatography.

The results underwent analysis of variance in a two-factor design with
Tukey’s semi-intervals of confidence.

RESULTS AND DISCUSSION

The rape seed yield, as a result of the fertilisation applied, varied a lot
and ranged from 4.66 t ha™1 to 4.76 t ha™l, with the mean value of 4.69 t ha~!
(Figure 2). The seed yield was significantly determined by the foliar applica-
tion of the tested fertilisers.

The significantly highest rape seed yield was recorded after a double
foliar application of magnesium sulphate (VI), Solubor, Asahi (treatment 6)
at the density of 30 plants m~2. Szewczuk (2003) demonstrated that it was
also justifiable to apply multi-component fertiliser on two dates with since
foliar fertilisers usually enhanced the yield structure components, especially
the 1000 seed weight, and thus raised the yield. Interestingly, in the present
research the highest yields were reported from the plots with an increased
dose of microelement fertiliser containing boron (treatment 6). A similar
reaction of rape to boron is reported by Bowszys, Krauze (2000). SIENKIEWICZ-
-CHOLEWA (2005) also points to a yield-forming role of boron and claims that
rape seed yield after microelement fertilisation in most of the experiments
tended to increase noticeably.
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The content of total nitrogen in oilseed rape seeds ranged from 35.6 g kg1
to 40.9 g kg~!, with the mean total of 38.12 g kg1, and depended signifi-
cantly on the plant density as well as on the fertilisation applied
(Table 1).

Table 1
Content of nitrogen and fat in winter rape seeds
Plant Mineral fertilisation
density 0 1 2 3 4 5 6
Content of total nitrogen in rape seeds (g kg™1)
20 (A) 37.1Bd 37.8Bc 37.2ABc | 37.9Bab 38.6Aa 36.9Ad 38.6Aa
30 (B) 35.6Cd 39.2Aa 37.8Abc 39.0Aa 39.14a 37.3Ac 38.0Bab
40 (C) 38.2Ac 38.1Bc¢ 38.1Ac 39.8Ab 38.3ABc 37.1Ad 40.9Ba
Content of fat in winter rape seeds (%)
20 (A) 44.7Cc 44.2Cd 45.0Bb 45.3Aab 43.9Be 45.4Aa 45.0Bb
30 (B) 45.1Bc¢ 45.1Ac 45.6Ab 45.3Ac 44.5Ad 45.6Ab 46.4Aa
40 (C) 45.5Aa 44.6Bb 44.8Bb 43.7Bd 43.6Bd 44.2Bc 43.2Ce

a, b, ¢, d — means marked with different letters in the row differ significantly depending
on the (p < 0.05); A, B, C — means marked with different letters in the column differ
significantly depending on the plant density (p < 0.05)

In general, a significantly higher content of total nitrogen occurred in the
seeds of plants growing at the density of 40 plants m™2, while the lowest N
content was identified in the seeds growing at the density of 20 plants m™2.

On average, the significantly highest total N content was found follow-

ing a double application of magnesium sulphate (VI), microelement fertiliser
(Solubor) and Asahi biostimulant (treatment 6). It was also observed that
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after a double application of magnesium sulphate (VI) and Solubor as well
as after a single foliar application of magnesium sulphate (VI), microele-
ment fertiliser (Solubor) and Asahi biostimulant (treatment 4), the content
of nitrogen in rape seeds was significantly bigger than the control, on aver-
age by 5.8%.

Numerous authors (Foryma et al. 2000, WieLEBsKI, WoJTowicz 1998, 2001,
SiENKIEWICZ-CHOLEWA 2001, KoTeckI et al. 2001, Parka et al. 2003, PoDLESNA
2004, WieLEBskI 2005) have demonstrated that the application of nitrogen
and the treatment of rape with multi-component fertilisers as well as with
sulphur enhance the content of total nitrogen, and thus the content of pro-
tein in seeds, an observation which is supported by the present research.

Technological usability of oilseed rape seeds for fat production depends
on the content of fat and the percentage composition of fatty acids. The
content of fat in the rape seeds ranged from 43.2% to 46.4% and it was
determined by both experimental factors (plant density and fertilisation) as
well as their interaction (Table 1).

SIENKIEWICZ-CHOLEWA (2001) reports a slightly lower (from 39% to 43%)
content of fat in rape seeds as a result of microelement application. Accord-
ing to Musnickr et al. (1999), it is the genetic factor which is decisive in
creating the content of fat in rape seeds; the differences in extreme cases
ranged from just 6.3% to 6.5%. JEDRZEJAK et al. (2005), on the other hand,
claim that the productivity of crude fat depends mostly on the moisture and
thermal conditions as well as on nitrogen fertilisation and, to a little extent,
on the genetic factor.

The significantly highest content of fat was found in rape seeds collect-
ed from the plots of the density of 30 plants m™2, following the successive
application of twice magnesium sulphate (VI), Solubor and Asahi (treat-
ment 6), twice Asahi (treatment 5) as well as once Asahi (treatment 2). They
were, respectively, 2.8%, 1.1% and 1.1%, higher than the control (treat-
ment 0). BArRLOG, Potarzyckr (1997) found that foliar fertilisation of rape with
magnesium, at a split dose, demonstrated a significant increase in the con-
tent of fat in rape seeds from 0.5 to 1.0%. Interestingly, the number of
applications of Asahi biostimulant did not affect the content of fat in rape
seeds. Rape obtained from the plots on which the density was 20 plants m=2
accumulated significantly less fat in seeds as compared with the content
produced from the plots where the density was 30 plants m2 (by an aver-
age of 1.3%). The literature reports show that microelements have a favour-
able affect on the content of fat in rape seeds (LAANISTE et al. 2004); positive
effects were recorded for single microelements as well as for their mix-
tures.

The composition of fatty acids is highly cultivar-specific, so agrotechni-
cal and weather factors do not actually change it (Musnick et al. 1999).
Interestingly, the composition of fatty acids in oilseed rape seeds was typical
and significantly determined only by fertilisation (the 284 factor). In the
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present research, it was found that winter rape seeds demonstrated the
greatest share of oleic acid in crude fat, which — depending on the plant
density — ranged from 62.66% to 62.87%. In dependence on the fertilisation
applied, its share ranged from 61.93% to 63.53% (Figures 3, 4). The greatest
increase in the content of oleic acid, as compared with the control, was
found after a single application of magnesium sulphate (VI), Solubor and
Asahi biostimulant (treatment 3).
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The composition of fatty acids in rape seeds can be cultivar-specific de-
pendent on the harvest date (Jackowska, Tys 2006, Murawa et al. 2000) or
slightly depenent on nitrogen fertilisation (Kotecki et al. 2001). Moreover,
Krauze, Bowszys (2001) demonstrated that fertilisation with sulphur increased
the share of essential fatty acids (linolenic and linoleic acids) in fat, thus
enhancing the nutritive value of fat. The fertilisation applied in the present
research decreased the sum of polienic acids C,g. and C;g.5 (linoleic acid+
linolenic acid) in rape seeds, as compared with the control. Interestingly,
the values of the sum of the content of those acids were identical and the
highest (29.73%) in rape seeds obtained from the control and after a double
application of magnesium sulphate (VI), microelement fertiliser (Solubor) and
Asahi biostimulant (Figure 4).

After a single application of magnesium sulphate (VI) and Solubor (treat-
ment 1) an increase in the content of linoleic acid (Cyg4.5) in rape seeds
appeared, accompanied by a decrease in the content of oleic acid. Numerous
results reported by other authors have shown changes in the composition of
fatty acids as a result of fertilisation with microelements and multi-compo-
nent fertilisers (Kotecki et al. 2001, SIENKIEWICZ-CHOLEWA 2002, 2005, PALKA et
al. 2003); they most often affected polyunsaturated acids, especially linoleic
acid, which could indicate their lack of stability (RoBak, GocoLEWSKI 2002).

A weaker effect on the values of the sum of the content of acids Cg.,
and Cyg.5 in rape seeds was identified for the plant density. The highest
content of acids Cg.9 + Cyg.3 (29.5%) was found in seeds from the treat-
ments where the density was 40 plants m~2, remaining unchanged for the
other two densities. In none of the rape seed samples significant changes in
the value of the sum of acids C,g.9 and C;4.5 depending on the plant density
were found.

CONCLUSIONS

1. The significantly highest rape seed yield was ensured by a combined
double application of magnesium sulphate (VI), microelement fertiliser (Sol-
ubor) and Asahi biostimulant. The plant density did not affect winter rape
yielding.

2. The total nitrogen and fat in rape seeds were significantly determined
by both the plant density and fertilisation. Significantly most of these nutri-
ents were identified after a double application of magnesium sulphate (VI),
Solubor and Asahi biostimulant in seeds collected from plots at the density
of 40 and 30 plants m™2, respectively.

3. The composition of fatty acids extracted from winter rape seeds sig-
nificantly depended on fertilisation. The significantly highest content of oleic
acid and an increase in its concentration, as compared with the control, was
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found after a single application of magnesium sulphate (VI), Solubor and
Asahi biostimulant.

4. Similarly, fertilisation significantly depressed the values of the sum
of polienic acids C;g.9 and Cyg.5 in rape seeds, as compared with the control.
A double application of magnesium sulphate (VI), microelement fertiliser (Sol-
ubor) and Asahi biostimulant were the only treatments which resulted in
the accumulation of these fatty acids remaining at the level of the concen-
tration recorded in the control seeds.
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Abstract

Magnesium is fundamental to the existence of life. The consequence of altered ma-
gnesium homeostasis may be magnesium deficiency. It is well known that magnesium plays
a role in tumour biology such as carcinogenesis, angiogenesis and tumour progression. In
the field of gastrointestinal cancer surgery of the clinical importance, magnesium has not
been specifically studied. Therefore, the aim of our study was to evaluate changes of ma-
gnesium concentrations in patients operated due to a small intestine or colorectal cancer
parenterally nurtured in comparison with a group of patients submitted to surgical inte-
rventions due to gastrointestinal cancer but receiving standard nutrition after the opera-
tion. The study group involved 78 patients operated on for gastrointestinal cancer, who
were divided into 3 groups: C — patients operated due to different types of alimentary tract
cancers who were provided with normal feeding after the operation, I — patients operated
due to colorectal cancer who were given TPN after the operation, II — patients operated
due to small intestine cancer who were given TPN after the operation. Three measure-
ments were performed in control group (C): the 15t measurement — a day before opera-
tion, the 284 measurement — on the third day after the operation and the 3*¢ measure-
ment — on the fifth day after the operation. In the group of patients receiving TPN, three
measurements were performed as well: the 15t measurement — a day before operation,
the 2"d measurement — on the third day after applying TPN and the 3'¢ measurement —
on the fifth day after applying TPN. Our studies revealed that application of TPN, conta-

prof. dr hab. Kazimierz Pasternak, Department of Medical Chemistry, Medical University,
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ining magnesium, in patients operated both due to colorectal cancer and small intestine
cancer prevented decrease in the blood serum concentration of that element below the
reference norm, which occurred in patients receiving standard diet.

Key words: magnesium, colorectal cancer, small intestine cancer, TPN.

MAGNEZ U PACJENTOW OPEROWANYCH Z POWODU NOWOTWORU ODBYTU
LUB JELITA CIENKIEGO I OTRZYMUJACYCH CALKOWITE ZYWIENIE
POZAJELITOWE (CZP) W OKRESIE POOPERACYJNYM

Abstrakt

Magnez jest pierwiastkiem niezbednym do zycia. Konsekwencja zaburzen homeostazy
magnezu moze byé jego deficyt. Magnez odgrywa role w biologii nowotwordéw, tj. w karci-
nogenezie, angiogenezie lub rozwoju guza nowotworowego. Dotychczas nie ma szerokich
badan dotyczacych znaczenia magnezu w operacjach nowotworéw przewodu pokarmowe-
go. Dlatego celem badan byto zbadanie zmian stezenia magnezu u pacjentéow operowanych
z powodu nowotworéw odbytnicy lub jelita cienkiego i otrzymujacych caltkowite zywienie
pozajelitowe w okresie pooperacyjnym, w poréwnaniu z grupa pacjentow poddanych inter-
wengcji chirurgicznej z powodu nowotworéw przewodu pokarmowego, ale otrzymujacych po
operacji standardowa diete.

Badaniem objeto 78 pacjentow operowanych z powodu nowotworéw przewodu pokar-
mowego, ktorych podzielono na 3 grupy: kontrolng (K) — pacjenci operowani z powodu
réznych nowotworéw przewodu pokarmowego, po operacji otrzymujacy normalne zywie-
nie, I — pacjenci operowani z powodu zaawansowanego nowotworu odbytnicy, po operacji
otrzymujacy CZP, II — pacjenci operowani z powodu nowotworu jelita cienkiego, po operacji
otrzymujacy CZP. W grupie K dokonywano trzech pomiaréw w kolejnych okresach:
1. pomiar — doba przed operacja, 2. pomiar — trzecia doba po operacji, 3. pomiar — pigta
doba po operacji. W grupach I, II — u pacjentéw otrzymujacych CZP— dokonywano réwniez
trzech pomiaréw: 1. pomiar — doba przed operacja, 2. pomiar — trzecia doba po zastosowa-
niu CZP, 3. pomiar — piata doba po zastosowaniu CZP.

W badaniach wykazano, ze podawanie CZP zawierajacego magnez, zaréwno chorym
operowanym z powodu nowotworéw odbytnicy, jak i nowotworéw jelita cienkiego, zapobie-
ga obnizeniu stezenia tego pierwiastka w osoczu krwi ponizej norm referencyjnych, tak
jak to ma miejsce w przypadku pacjentéw otrzymujacych standardowsg diete

Stowa kluczowe: magnez, nowotwér odbytnicy, nowotwér jelita cienkiego, CZP.

INTRODUCTION

In the 1970s, nutritional treatment became commonly applied in clinical
practice. It is introduced when, due to clinical or/and biochemical symptoms
of malnutrition or deficiency, it is necessary to administer appropriate nutri-
ents for supplementation. Approximately 35-50% of hospitalized patients are
malnourished and in many cases the condition develops or progresses dur-
ing hospitalization while surgical interventions increase the incidence of com-
plications and prolong hospital stay (SUNGURTEKIN et al. 2004, SCHNELLDORFER,
Apams 2005, HaLL 2006, STRATTON et al. 2006). Most patients with malignant
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cancers suffer from malnutrition, decrease in body weight and fat-free body
weight. Moreover, a decrease in body weight is the most frequent symptom
of the presence of a tumour and, in over 60% of patients, development of the
disease increases malnutrition. Total Parenteral Nutrition (TPN) is neces-
sary in patients with alimentary tract cancers with metastases and stated
malnutrition, who are unable to swallow or absorb food provided in a nor-
mal way for longer than 7-10 days (EcHENIQUE, COoRREIA 2003). Despite numer-
ous studies, we still lack a unanimous answer whether TPN application in
patients with various tumours is beneficial or laden too many contraindica-
tions. Therefore, monitoring the malnutrition state and choosing an appro-
priate therapy may help to improve treatment conditions, accelerate recov-
ery and successfully decrease costs of all medical procedures (STRaTTON 2005).

Magnesium plays a crucial role in many physiological and metabolic proc-
esses. Its homeostasis is therefore fundamental to the existence of life. The
consequence of altered magnesium homeostasis is magnesium deficiency.
Hypomagnesaemia may cause weakness, tremors, seizures and cardiac ar-
rhythmias (Tang, Rupe 2005). Altered plasma magnesium levels can in turn
affect calcium and potassium levels (Huang, Kuo 2007, ALEXANDER et al. 2008).
Moreover, magnesium plays a role in tumour biology such as carcinogene-
sis, angiogenesis and tumour progression (ANASTASSOPOULOU, THEOPHANIDES
2002, RuBiN 2005).

Therefore, the aim of this study has been to determine changes in blood
serum magnesium concentrations in patients operated due to small intes-
tine or colorectal cancer and parenterally nurtured in comparison with
a group of patients submitted to surgical interventions due to gastrointesti-
nal cancers but receiving standard nutrition after the operation.

MATERIAL AND METHODS

The study group involved 78 patients operated on for gastrointestinal
cancer who were divided into three groups:

— C - patients operated on for different types of gastrointestinal cancer who
were provided with normal feeding after the operation (on the day of an
operation and during the 5 days afterwards, patients received intravenously
typical amounts of liquids and essential electrolytes: ca 200 mmol of Na,
80 mmol of K and 300 mmol of ClI,

— I - patients operated on for colorectal cancer who were given TPN after the
operation, Lublin;

— II — patients operated on for small intestine cancer who were given TPN
after the operation.

The patients were chosen for the parenteral nutrition on the basis of
a conducted screening examination (Table 1).
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Table 1
Information about the patients

Parameter Control (n = 20) I(n=34) II (n = 24)
Sex (male/female) 14/6 22/12 18/8
Age (years + SD) 65 + 13.2 69 + 104 58 =11
Body weight (kg = SD) 58.6 + 12.4 50.8 + 10.6 54.3 + 11.3
Primary tumor (n):
Colon/rectum 7 34
Small intestine 2 24
Esophageal 3
Pancreas 4
Stomach 4

In the control group, particular measurements were conducted on the
following days: 15t measurement — one day before the operation, 24 meas-
urement — three days after the operation, 3'¢ measurement — five days
after the operation.

In the experimental group, three measurements were taken as well:

15t measurement — one day before the operation, 224 measurement —
three days after starting TPN, 3" measurement- five days after starting
TPN.

The patients received TPN for a period of 5 or 7 days and afterwards
normal nutrition was provided.

The study was approved by the Bioethical Commission of the Medical
University in Lublin (No KE-0254/31/2006).

All patients were hospitalized in the I Chair and Department of General
and Transplant Surgery and Nutritional Treatment of the Medical Universi-
ty in Lublin, and they fully agreed to participate in the research constitut-
ing this present work.

The patients were chosen for the parenteral nutrition on the basis of
a conducted screening examination. Compositions of the mixtures given in
TPN are presented in Table 2.

The plasma from each blood sample was collected immediately after cen-
trifugation at 2000 x g for 15 minutes and then stored at —20°C until analysis.

The concentration of magnesium was determined spectrophotometrical-
ly by the reaction with xylidyne blue at the wavelength 520 nm, using

a Hitachi spectrophotometer. The results were expressed in mmol dm=3.

Statistical analysis of the results was performed with the use of SPSS
12.0 PL software.
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Table 2
Content of nutrients given in total parenteral nutrition
Interqu-

Group Parameter Mean SD Median | Min. Max. artile
range

I nitrogen (g dm=3) 5.61 0.12 5.70 5.40 5.70 0.30
amino acids (g dm=3) 38.25 3.11 40.00 33.00 40.00 7.00
carbohydrates (g dm=3) 98.30 24.04 80.00 80.00 | 132.00 52.00

fats (g dm=3) 47.60 3.76 50.00 42.00 50.00 8.00

Na (mmol dm=3) 46.05 5.92 50.00 27.00 50.00 23.00

K (mmol dm3) 31.35 4.82 30.00 15.00 36.00 21.00

Mg (mmol dm™3) 3.05 0.22 3.00 3.00 4.00 1.00

Ca (mmol dm=3) 2.87 0.17 3.00 2.50 3.00 0.50

C1 (mmol dm™3) 45.08 4.29 48.00 31.60 48.00 16.40

Zn (mmol dm=3) 0.02 0.02 0.03 0.00 0.03 0.03
acetates (mmol dm3) 45.98 11.49 40.00 19.50 60.00 40.50
phosphates (mmol dm3) 11.09 5.22 7.50 5.70 18.00 12.30

II nitrogen (g dm=3) 6.02 0.96 5.70 5.40 8.60 3.20
amino acids (g dm™3) 39.80 7.63 40.00 33.00 60.00 217.00
carbohydrates (g dm=3) 105.45 | 26.21 | 107.00 | 80.00 | 150.00 70.00

fats (g dm3) 51.05 8.85 50.00 42.00 75.00 33.00

Na (mmol dm™3) 42.40 17.13 35.00 27.00 75.00 48.00

K (mmol dm™3) 29.25 12.38 30.00 15.00 45.00 30.00

Mg (mmol dm=3) 3.57 0.74 3.90 2.50 4.50 2.00

Ca (mmol dm™3) 2.94 0.77 2.50 2.30 4.50 2.20

C1 (mmol dm™3) 45.66 14.96 40.00 31.60 72.00 40.40

Zn (mmol dm=3) 0.01 0.02 0.00 0.00 0.04 0.04
acetates (mmol dm™3) 43.58 20.60 50.00 19.50 75.00 55.50
hosphates (mmol dm~3) 11.63 6.18 11.25 5.70 23.00 17.30

The results were tested with a mixed-design variance analysis (ANOVA
model). This approach, relying on the values of F test, allowed us to simul-
taneously analyze the influence of the group and the time of measurements
on the examined parameters.

The level of statistical significance, which indicated statistically signifi-
cant differences or interrelations, was p<0.05.
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RESULTS

The magnesium concentration and values of the arithmetic mean, stand-
ard deviation (SD), median, lower and upper quartile, maximum and mini-
mum as well as interquartile range are presented in Table 3.

Table 3
Magnesium concentration in blood serum of the three groups of patient
Group (mm(l)\{[lcflm‘?’) Mean SD | Median qioa‘ll‘vt?fe qggft?{e Min. | Max. qLI;E'etlljle
range
C Mg (1) 0.76 0.26 0.72 0.55 0.89 0.47 1.44 0.97
Mg (2) 0.63 0.19 0.62 0.46 0.77 0.32 1.28 0.96
Mg (3) 0.61 0.17 0.62 0.47 0.74 0.32 0.91 0.59
I Mg (1) 0.65 0.28 0.65 0.52 0.94 0.31 0.83 0.52
Mg (2) 0.74 0.25 0.75 0.48 0.89 0.53 1.27 0.74
Mg (3) 0.81 0.25 0.94 0.80 1.12 0.52 111 0.59
Mg (1) 0.58 0.12 0.55 0.49 0.64 0.39 0.89 0.50
I Mg (2) 0.66 0.17 0.71 0.65 0.90 0.49 1.09 0.60
Mg (3) 0.78 0.24 0.79 0.61 0.79 0.54 1.11 0.57

A mixed-design variance analysis according to the ANOVA model was
used to test the significance of differences between subsequent measure-
ments of magnesium concentrations. The influence of the time of measure-
ment on magnesium concentration was checked. The analysis of variance
demonstrated statistically significant differences between average values of
magnesium concentrations from all the measurements (¥ = 12.246; p<0.05).
The pairs of measurements that differed significantly wer 1-2 and 1-3 (post-
-hoc). A statistically significant decrease in the magnesium concentration be-
tween measurements 1-2 and 1-3 in the control group and a statistically
significant increase in the magnesium concentration between measurements
1-3 in groups I and II were observed while comparing particular measure-
ments (Table 4).

The influence of the affiliation to a group of patients on the magnesium
concentration was also tested.

The variance analysis showed statistically significant differences between
group C and groups I and II (F = 4.241 p<0.05). Analyses of particular groups
of patients showed that on the first date of determinations, the magnesium
concentration was significantly higher in group C than in group II. On the
second measurement date, the Mg concentration in group I was significant-
ly higher than in group C, and in the third date — it was significantly higher
in groups receiving TPN (I and II) than in group C (Table 4).
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Table 4
Statistics of significance tests of differences for particular measurements
and in groups of patients
Group sti?::ics Significance level Post-hoc C I 1I
* 2 1- 2. 1- - -
19.946 0.000(*) 1-2,1-3 1-2,1-3 1-3 1-3
Measurement test significance level ost-hoc 1 2 3
v statistics gt v P
4.241 0.007(*) C-I, C-I1 C-1I C-I C-I, C-I1

RESULTS AND DISCUSSION

Carcinogenesis is associated with disturbances of all metabolic processes
in an organism, which results in a negative nitrogen balance, increase in
glycogenesis, decrease in muscle protein synthesis and disturbances in wa-
ter and electrolyte balance. There are many studies stating that hypomag-
nesaemia occurring in oncological patients is not only a consequence of asit-
ia, anorexia and malnutrition but also a side-effect of drug administration
and chemotherapy (ALBERDA et al. 2006). Cancer patients treated with a high
dose or prolonged doses of cisplatin or cetuximab, both as monotherapy and
in combination with chemotherapeutics, develop hypomagnesaemia (TEJPAR
et al. 2007, VINCENZI et al. 2008).

Magnesium tolerance test, which is based on the measurement of
a parenterally administered Mg load retention, is a more accurate method
for the detection of Mg deficiency (RICHETTE et al. 2007), but total plasma
magnesium levels measurement, as used in this study, is a standard deter-
mination method for routine diagnostic purposes. In our study, the control
group consisted of patients qualified to surgical intervention due to gastroin-
testinal cancers, whose magnesium concentration was below the reference
norm but not equal the values corresponding to hypomagnesaemia (hy-
pomagnesaemia is defined as any decrease in the serum magnesium con-
centration below 0.8 mmol dm™3). On the third day after an operation, the
magnesium level was lower than before it and did not change on the fifth
day. No symptoms of hypomagnesaemia, as cardiac arrhythmia, were ob-
served in these patients. Numerous studies have confirmed that magnesium
level decreases in patients undergoing gastrointestinal surgery (SAravi,
HonarmaND 2007). ARMSTRONG et al. (2007) demonstrated that patients who
underwent pancreaticoduodenectomy for peri-ampullary neoplasia, although
generally well nourished, have lower serum micronutrient levels and a rela-
tive reduction of antioxidants versus paired controls. ScHwaRz, NEVAREZ (2005)
have found in patients undergoing laparotomy, predominantly for upper gas-
trointestinal malignancies, that postoperative hypomagnesaemia occurred



132

in 42% of patients without bowel preparation and in 70% of patients having
bowel preparation with sodium phosphate purgative. Evans et al. (2009), who
studied statistically significant changes in the plasma magnesium in response
to picolax bowel preparation and colorectal resection, observed that 34%
patients became hypermagnesaemic following bowel preparation and 20% be-
came hypomagnesaemic following resection.

In some studies, no measurements of magnesium concentration were
performed after an operation, but some of the patients were observed to
develop cardiac arrhythmia, which was probably caused by a decrease in the
magnesium level (AtsmoN, DoLEv 2005, WaALsH et al. 2006). Apart of potential
cases of cardiac arrhythmia, hypomagnesaemia has been implicated in the
pathogenesis of prolonged postoperative ileus and pseudoobstruction (VINCENZI
et al. 2008).

In our research, hypomagnesaemia before surgical intervention was ob-
served in patients with colorectal cancer and with small intestine cancer.
On the third day of TPN application, an increase in the magnesium concen-
tration in both groups was observed. On the fifth day of the therapy, the
magnesium level was within the physiological reference range. There are
only a few studies monitoring magnesium levels in the postoperative period
or during the postoperative nutritional therapy. In our previous study, mag-
nesium concentration in blood serum of patients with pancreatic cancer was
within the lower limits of the reference range before an operation, and the
application of TPN after the operation first caused some minimal fluctua-
tions observed on the 3'd day but on the 50 day, the TPN therapy brought
the Mg concentration back to the same level as before the surgical inter-
vention (SZPETNAR et al. 2009). MacHowsKka, Dupa (2002) studied magnesium
balance in patients operated due to gastric and colorectal cancer. These pa-
tients were divided into three groups: I — patients in whom postoperative
magnesium concentration remained within the reference limits, II — patients
in whom postoperative Mg concentration was found to be below the afore-
mentioned reference limits for at least one day, III — patients receiving ad-
ditional 2 mmol Mg2* per each 500 on intravenous fluid. Magnesium con-
centration decreases after surgery in groups I and II were minimal, although
the Mg concentration in group I remained within the reference limits, while
in group II it was below them for four consecutive days. Changes in the
group receiving magnesium were minimal with positive Mg balance during
the first two days after surgery. PapacEORGIU et al. (2002) showed a signifi-
cant decrease in the blood serum magnesium concentration in patients after
surgery, when they were administered total parenteral nutrition. The mean
value obtained during the first measurement decreased during the second
and third one but rose again during the fourth measurement.

According to these studies, application of TPN containing appropriately
balanced amounts of macro- and microelements may limit magnesium loss
and help to improve the patients’ condition after surgical intervention. This
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effect is ever more important as the aim of curative surgery for small intes-
tinal carcinoma is a complete resection of the neoplasm. In carcinomas with
adhesion to neighbouring organs, surgical procedure may turn into multivis-
ceral resection. Restitution of depressed serum magnesium postoperatively
may have specific benefits. Postoperative magnesium supplementation has
led to a significant reduction in cardiac dysrhythmias, improved postopera-
tive analgesia and inhibition of platelet-dependent thrombosis (SHica et al.
2004, Scawarz, NEVAREZ 2005).

Preparing appropriate TPN administrated just after the operation as well
as controlling the balance of liquids and electrolytes are important steps
also because of the risk of refeeding syndrome, which manifests itself by
arapid decrease in concentrations of phosphates, magnesium and potassium
as well as fluid retention in the organism (HearING 2004).

CONCLUSION

TPN is recommendable for patients with neoplastic disease and diag-
nosed malnutrition subjected to surgical intervention, who are unable to
swallow and absorb given food for a longer period. Thus, precise and accu-
rate calculations of the amount of administered parenteral nutrition are
mandatory. Our study has revealed that application of TPN, containing mag-
nesium, in patients operated both due to colorectal cancer and small intes-
tine cancer prevented decrease in the blood serum concentration of this
element below the physiological reference norm, which occurred in patients
receiving standard diet. In patients operated due to gastrointestinal cancer,
administration of parenteral nutrition is necessary even for a long time af-
ter the surgical intervention, and monitoring of the magnesium level in
these patients seems to be a requisite. Determination of the efficacy of Mg
supplementation if hypomagnesaemia occurs is likewise recommended.
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AND QUALITATIVE LOSSES
PART I. NATURAL LOSSES
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Abstract

Storage is one of the most important and, at the same time, most difficult stages in
potato production and potato economy. During long-term storage, potato tubers are affec-
ted by processes leading to quantitative changes. The present three-year field experiment
(2003-2005) investigated the effect of varied mineral fertilization (N, K and Mg against the
fixed P dose) and storage (3 and 6 months) on the occurrence of quantitative potato tuber
losses. The research involved mid-early cultivars: Bila and Triada. The samples were sto-
red in a storage chamber for 3 and 6 months (temperature +4°C, relative humidity 95%).
The present research shows that natural losses were affected by all the experimental fac-
tors. The K and Mg fertilizer doses significantly decreased the amount of fresh weight
losses as compared with the control; as for potassium, the most favourable in that respect
was the dose of 160 kg K,0 ha1, and for magnesium — 60 kg MgO ha~l. Nitrogen fertili-
zation, on the other hand, demonstrated a negative effect on the amount of losses thro-
ughout the storage period. The highest fresh weight losses occurred after 6 months of sto-
rage and for the nitrogen, potassium and magnesium fertilization experiments they reached
8.9, 6.4 and 7.3%, respectively. The best storage life was reported for cv. Triada potato tu-
bers — potassium fertilization and cv. Bila — magnesium fertilization.

Key words: potato tuber, N, K, Mg fertilization, storage, natural losses.
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WPLYW BIOPIERWIASTKOW (N, K, Mg) ORAZ DLUGOTRWALEGO
PRZECHOWYWANIA BULW ZIEMNIAKA NA STRATY ILOSCIOWE I JAKOSCIOWE
Cz. 1. UBYTKI NATURALNE

Abstrakt

Przechowywanie nalezy do najwazniejszych, a jednoczesnie najtrudniejszych etapow
w produkcji i gospodarce ziemniakiem. W okresie dlugotrwalego sktadowania w bulwach
ziemniaka zachodza procesy prowadzace do zmian ilo$ciowych. W trzyletnim dos§wiadczeniu
polowym (2003-2005) badano wplyw zréznicowanego nawozenia mineralnego (N, K i Mg
na tle statej dawki P) oraz przechowywania (3 i 6 miesiecy) na ksztaltowanie si¢ strat ilo-
Sciowych bulw ziemniaka. Do badan wybrano Srednio-wczesne odmiany: Bila i Triada. Pré-
by przechowywano w komorze przechowalniczej przez okres 3 i 6 miesigcy (temp. +4°C,
wilgotnosé wzgledna powietrza 95%). Z badan wynika, ze na ubytki naturalne miaty wptyw
wszystkie czynniki do$wiadczen. Zastosowane dawki nawozow K i Mg zmniejszaly istotnie
ilo§¢ ubytkow Swiezej masy w stosunku do obiektu kontrolnego, przy czym dla potasu naj-
korzystniejsza w tym zakresie okazala si¢ dawka 160 kg K,O ha-l, adla magnezu 60 kg
MgO ha-l. Natomiast nawozenie azotowe mialo negatywny wplyw na wielkoéé ubytkéw w
calym okresie przechowywania. Najwieksze ubytki Swiezej masy wystapitly po 6 miesigcach
przechowywania i wynosity w doswiadczeniach z nawozeniem azotowym, potasowym i ma-
gnezowym odpowiednio: 8,9, 6,4 i 7,3%. Stwierdzono, ze najlepsza trwalo§é przechowalnicza
mialy bulwy ziemniaka odmiany Triada — nawozone potasem oraz odmiany Bila — nawozo-
ne magnezem.

Stowa kluczowe: bulwa ziemniaka, nawozenie N, K, Mg, przechowywanie, ubytki
naturalne.

INTRODUCTION

One of the largest segments of the farm produce market in Poland is
the production of edible potato. Its importance is confirmed by the continu-
ing high demand for both fresh potatoes and their products, with the potato
processing growing all the time. Of the total potato produce, about 95% of
potatoes annually are stored from 1 to 9 months (October through June) for
various types of use (Gasiorowska 2000, LeszczyNskr 2000, 2006 LisiNskA, SOwaA-
-NiepziarLkowska 2004a). Storage is one of the most important and yet most
difficult stages in the production of potato and potato economy. During long-
term storage, potato tubers are affected by processes leading to quantitative
changes (Gasiorowska 2000, LeszczyNski 2000, SoBoL 2005). The magnitude of
these changes depends on a number of factors, cultivar-specific ones, ag-
ritechnical practice during the vegetation period (mainly mineral fertiliza-
tion) and the conditions in a storage room (LEszczyNski 2000, Sowa-
-NIEDZIALKOWSKA 2002, Sowa-NIEDZIALKOWSKA, ZGORSKA 2005). The amount
of losses is also affected by the handling of potatoes throughout storage prep-
aration, such as the elimination of diseased, damaged and soil-covered tu-
bers (Czerko 2001) since only mature, healthy and mechanically undamaged
tubers demonstrate good suitability for long-term storage (Sowa-NIEDZIALKOWSKA
2002).
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The aim of this study was to determine the effect of varied N, K, Mg
mineral fertilization applied during the growing season and the length of
a storage period, 3 and 6 months, on the occurrence of natural losses in the
selected cultivars of edible potatoes.

MATERIAL AND METHODS

The research material originated from three independent field experi-
ments conducted at the Experimental Station in Mochetek (2003-2005), owned
by the Faculty of Agriculture, the University of Technology and Life Scienc-
es in Bydgoszcz (the Kujawy and Pomorze Province).

The experimental design involved:

I. Nitrogen doses (0, 50 and 100 kg N ha™1) in the form of 34% ammonium
nitrate against 120 kg ha™! P,;05 and 160 kg K,0 ha=1; edible cultivar — cv.
Bila (medium early);

II. Doses (0, 80, 160 and 240 kg K,0 ha=1) in the form of 50% potassium
sulphate, against 100 kg N ha~! and 120 kg P,04 ha~1; edible cultivar — cv.
Triada (medium early);

III. Magnesium doses (0, 20, 40, 60, 80 and 100 kg MgO ha™1) in the form of 26%
magnesium sulphate against 100 kg N ha1, 120 kg P,054 ha! and 160 kg
K50 ha=1; edible cultivar — cv. Bila (medium early).

In autumn, each year before planting, manure was used in experiments
I and II at the amount of 25 t ha~l. No manure was applied in the magnesi-
um experiment (III) so as to attain a clearer view of the plants’ response to
the magnesium fertilization. In all the years, cereals were the forecrop for
potato. Cultivation, weed-control and plant protection treatments were carried
out in accordance with the requirements of the best agritechnical practice,
adjusted to the actual weather conditions and potato development stages.

The samples were kept in a storage chamber for 3 and 6 months (tem-
perature +4°C, relative humidity 95%). After storage, the loss of fresh
weight, i.e. natural losses, was determined.The results of the 3-year re-
search were statistically verified using the Sigma Stat software (SPSS Inc.,
Chicago, the U.S.) and Tukey’s test to verify the significance of differences.

RESULTS AND DISCUSSION

Reduction in the initial weight of potato tubers, the so-called natural
losses, occurs in all storage conditions, and consequently brings about
a reduction of marketable yield and economic losses. The loss of weight de-
pends on many factors interacting with one another, both during the growth
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of plants (fertilization) and storage (storage time, temperature, relative hu-
midity and air gas composition) (LEszczyNskr 2000, SOWA-NIEDZIALKOWSKA, ZGOR-
ska 2005). The present results support these relationships since both the
mineral fertilization (N, K, Mg) applied during the growing season and the
time of storage had a significant impact on fresh weight losses of the tubers
stored (Figures 1,2,3). The longer the storage, the greater the natural loss-
es, and the process is fully justified as resulting from physiological changes
characteristic for plant products. The present research demonstrated that
the highest fresh weight losses occurred after 6 months of storage, and for
the nitrogen, potassium and magnesium fertilization experiments, they ac-
counted for, respectively: 8.9, 6.4, 7.3% (means for the years and fertiliza-
tion levels). Similar results were reported by Gasiorowska (2000) who noted
that the longer the tuber storage, the higher the losses; and after 9 months
the losses were nearly four times higher compared to a period of 3 months.

date of test
(%) (A)
20

16

12— after 3 months after 6 months
8 of storage of storage

0 - .
-4 ——‘i 50 100 0 50 100

63 73 18 79 Y
-12 : -9.9

dose N kg ha (B)
LSD,_905 A-n.s*B-128 AxB-ns.
* - non-significant differences

Fig. 1. Loss of fresh weight (%) of cv. Bila potatoes, depending on nitrogen fertilization
and date of test (mean from 3 years)

In the potassium and magnesium fertilization experiments, the highest
fresh tuber weight losses were observed for control treatments both after 3
and after 6 months of storage (Figures 2,3). The fertilizer doses applied
significantly decreased the amount of fresh weight losses compared with the
control; as for potassium, the most favourable in that respect was the dose
of 160 kg K,0 ha™l, and for magnesium it was 60 kg MgO ha~!. Reduction
in the losses both after 3 and 6 months of storage, versus the control, by
applying the above most favourable doses, accounted for 2.6 and 3.3% for
potassium and 3.4 and 2.8% for magnesium, respectively. A positive effect
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Fig. 2. Loss of fresh weight (%) of cv. Triada potatoes, depending on potassium fertilization
and date of analysis (mean from 3 years)
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Fig. 3. Loss of fresh weight (%) of cv. Bila potatoes, depending on magnesium fertilization
and date of test (mean from 3 years)
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of magnesium on limiting natural losses was also reported by Ciecko et al.
(2001) or RogoziNska and Jaworski (2001), who noted that it was the dose of
40 kg MgO ha! which appeared significantly favourable.

A positive effect of potassium on limiting the quantitative losses, which
coincides with the results of the present research, is reported by e.g.
JABLONSKI (2000, 2001), RocoziNskaA, Jaworski (2001). Cie¢ko et al. (2001), on
the other hand, when testing the same potassium doses as in the present
research but different potato cultivar and storage conditions, did not identify
any significant effect of that factor on the amount of storage losses.

In the experiment where varied nitrogen fertilization was applied, an
opposite effect was recorded (Figure 1), since each of the doses increased
the losses during storage as compared with the control. Irrespective of the
storage time, maximum losses were reported at the dose of 100 kg N ha™1.
A negative effect of nitrogen fertilisation on the storage life of tubers was
also demonstrated in other research (Gasiorowska 2000, JABLONSKI 2006a,b,
RocoziNska et al. 2002); it has been unanimously stated that nitrogen can
lead to specific difficulties when storing potatoes, mainly delayed tuber rip-
ening over the vegetation period and their increased susceptibility to stor-
age diseases. Different results were reported by JaBroNski (2006a,b), who
demonstrated that levels of nitrogen fertilization (60 and 90 kg N ha™!) did
not have any significant effect on natural losses after 6 months of tuber
storage in a storage room (under optimal conditions); the average amount of
losses reported did not exceed 7% irrespective of the cultivar and was al-
most the same as in the present research.

According to Sowa-Niepziarzkowska (2004b) and JaBroNskI (2004, 2006a,b),
the cultivars in which the losses after a long-term storage period, irrespec-
tive of the affecting factors, do not exceed 12% are considered to be the
material of good storage life, while the fresh weight losses exceeding 10 %
deteriorate the quality and result in an excessive loss of tuber turgor. The
selection of cultivars is very important since, under the same conditions,
much more commercial ‘produce’ of higher quality with lower financial out-
lays can be obtained from cultivars well surviving storage. The cultivars
selected for the present research, Triada and Bila, demonstrated good stor-
age life since fresh weight losses for those cultivars, irrespective of the fac-
tors analyzed, did not exceed 12% (Figures 1,2,3). Sowa-NIEDZIALKOWSKA
(2004b) stresses that each increase in natural losses, even by a single per
cent, results not only in financial losses for the producer but also in worse
quality of the tubers stored, and good quality is what the customer (the
consumer, food industry) is interested in.
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CONCLUSIONS

1. Magnesium (60 kg MgO ha1) and potassium (160 kg K;0 ha1) ferti-
lization applied to potato growing limits the losses of fresh weight of potato
tubers during storage, contrary to nitrogen fertilisation.

2. The best storage life was demonstrated for cv. Triada potato tubers,
fertilized with potassium, and cv. Bila — fertilized with magnesium.
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Abstract

Following publications underlining the potential use of selenium (Se) in reducing the
risk of prostate, skin, colorectal, liver, mammary and lung cancer, awareness of the impor-
tance of Se to human health has markedly increased. Moreover, Se status has been in-
versely associated with other health problems, such as impaired immune function, arthro-
pathy and cardiomyopathy. The most important and well-known Se functions are
represented by cell protection against oxidative stress and regulation of thyroid hormone
metabolism. Recently, ongoing studies have focused on the relationship between Se intake
and fertility and reproductive pathology, as demonstrated by the finding of low Se levels
in blood and placenta of women suffering pre-eclampsia and intrauterine growth retarda-
tion. Similar problems have also been investigated in livestock and, since the concentra-
tion of Se in different soils and different geographical regions varies, addition of this ele-
ment to animal feed is often required to prevent Se-deficiency diseases in production animal
systems. Furthermore, Se supplementation in cattle and ewes is associated with increased
embryo production, higher fetal mass and reduced incidence of retained placenta. Howe-
ver, the beneficial effects of supranutrional diet — above European Commission and Food
and Drug Administration recommendations (0.5 and 0.3 mg kg™! dm, respectively), but be-
low the maximum tolerable level established by the National Research Council (5 mg kg!
dm) — are affected by other environmental, nutritional and management factors (source
of Se, time and length of the treatment, presence of interfering elements, diet feeding
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pattern). The relationship between Se supplementation and the risk of reproductive dise-
ases are complex but recent developments represent promising results in order to refine
dietary recommendations for both humans and livestock and develop effective health stra-
tegies.

Key words: selenium, pregnancy, placenta, fetus, humans, livestock.

WPLYW PODAWANIA SUPLEMENTU SELENU MATCE NA CIAZE
U LUDZI I ZWIERZAT HODOWLANYCH

Abstrakt

Literatura opisujaca zastosowanie selenu (Se) w celu obnizenia ryzyka wystapienia no-
wotworow wyraznie spowodowata wzrost $wiadomo$ci znaczenia tego pierwiastka dla zdro-
wia czlowieka. Ponadto interesujgce jest, ze poziom Se koreluje na zasadzie odwrotnej pro-
porcjonalnosci z innymi problemami zdrowotnymi, takimi jak upos$ledzenie funkcjonowania
uktadu odpornosciowego, artropatia, kardiomiopatia, a nawet $miertelno§é. Najwazniejsze
inajlepiej poznane funkcje selenu to ochrona komérek przed stresem oksydacyjnym i re-
gulacja metabolizmu hormonéw tarczycy. Ostatnie badania koncentruja sie na zwiazku mie-
dzy spozyciem selenu a plodnoscig i chorobami zwigzanymi z procesem rozmnazania, ktory
to zwigzek wykazano poprzez oznaczenie niskich zawartosci selenu we krwi i lozysku ko-
biet, u ktérych wystepuje stan przedrzucawkowy i wewnatrzmaciczne zahamowanie wzra-
stania. Podobne problemy badano u zwierzat hodowlanych; poniewaz zawarto$¢ selenu
w skorupie ziemskiej jest zréznicowana w réznych miejscach, dodatek tego pierwiastka do
karmy zwierzat jest wskazany celem unikniecia choréb zwigzanych z jego niedoborem. Po-
nadto suplementacja Se u bydia i owiec wiaze sie¢ ze zwiekszong produkcja embriondw,
wysokg masa plodu i zmniejszonag czestoSciag wystepowania zatrzymania lozyska. Jednak
na pozytywne efekty diety wplywaja inne czynniki $rodowiskowe, zywieniowe i zwigzane
z zarzadzaniem, takie jak zZrodto selenu (organiczne lub nieorganiczne), czas i dtugos$c tera-
pii, interakcja pierwiastkow, sktad diety. Potrzebne sg dalsze badania majgce na celu lepsze
zrozumienie metabolizmu Se, szczegdlnie u przezuwaczy, oraz wymagan dla optymalnego
zdrowia. Zwigzek miedzy suplementacja Se i ryzykiem chordob reprodukcyjnych jest ztozo-
ny, jednak wyniki ostatnich badan sg obiecujacym etapem na drodze do ustalenia doktad-
niejszych zalecen dietetycznych zarowno dla ludzi, jak i dla zwierzat hodowlanych oraz opra-
cowania efektywnych strategii prozdrowotnych.

Stowa kluczowe: selen, ciaza, tozysko, ptod, ludzie, zwierzeta hodowlane.

INTRODUCTION

Selenium (Se) is an essential trace mineral for normal growth and de-
velopment in livestock and humans, primarily known for its antioxidant,
anti-inflammatory and antiviral properties (Rayman 2000, McDoweLL 200 3).
Potential health benefits of supranutritional dietary Se in animals and hu-
mans include improved immune response and thyroid function, as well as
cancer chemoprevention (use of natural or synthetic compounds to reverse,
suppress or prevent cancer development) (CLARK et al. 1996, EL-Bavoumy 2004,
Micke et al. 2005). Selenium’s unique role in human physiology is also rep-
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resented by the prevention of atherosclerosis, arthritis, diseases of acceler-
ating aging, central nervous system pathologies and male infertility (RAYMAN
2000). Se deficiency in livestock leads to a nutritional myopathy (white mus-
cle disease), ill thrift, infertility and impaired immunity (VAN METRE, CALLAN
2001), while clinical cases are rare among humans (BURK, LEVANDER 2006). In
certain areas of China, Se deficiency predisposes patients to Keshan disease,
an endemic viral cardiomyopathy primarily affecting children and young
women (KoLLER, ExoN 1986). In Siberian Russia and China, growing children
with Se deficiency may develop chronic osteoarthropathy (Kaschin-beck dis-
ease) (Mo 1987). Since Se is required for the proper function of the immune
system, it seems to be a key nutrient in counteracting the development of
virulence and inhibiting HIV progression to AIDS (Ravman 2000). There is
increasing evidence that Se supplementation of the maternal diet may be
critical for progeny development and in humans a good Se nutrition has
been suggested as an important factor for decreasing mortality and morbidi-
ty of preterm infants (MAKHOUL et al. 2004).

The present paper describes the results of numerous investigations into
the effects of maternal Se supplementation on pregnancy and its role in
normal placental and fetal development in both humans and livestock.

SELENIUM FUNCTION AND SUPPLEMENTATION

Se is an essential nutrient that exerts its biological functions as a com-
ponent of at least three groups of proteins: glutathione peroxidase that is
responsible for the reduction of hydroperoxides in cells, plasma and gas-
trointestinal tract; the iodothyronine deiodinases, responsible for the periph-
eral deiodination of thyroxin (T3) to 3,5,3 triiodothyronine (T2) and other
metabolites; and thioredoxin reductases, which are involved in many cell
functions, including control of apoptosis and maintenance of the cellular re-
dox state (RookE et al. 2004). Glutathione peroxidase, the most well-known
selenoprotein (Sel), is an antioxidant enzyme protecting tissue against oxi-
dative damage (KHAN et al. 1995, Rayman 2000) and, therefore, Se plays an
important role in scavenging free radicals, in regulating prokaryotic and
eukaryotic cell survival and maintaining the integrity of intracellular or-
ganelles (HosTETLER et al. 2003). This antioxidant function is shared with
Vitamin E and, although both can be synergistically beneficial, animals at
grass or with other green foods should be of adequate vitamin E status,
while dietary Se deficiencies are both more frequent and severe so that Se
supplementation is strictly recommended (HEmiNngway 2003). Se affects also
cytochrome P450-dependent drug and xenobiotics metabolism (SHULL et al.
1979) and counteracts the toxicity of several metals such as arsenic, cadmi-
um, mercury and copper (Macos, WEBB 1980). Moreover, Se plays a role in
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increasing intracellular killing by neutrophils (Gvanc et al. 1984), antibody
production and lymphocyte function in ruminants (LARSEN et al. 1988). Un-
like metals that interact with proteins in the form of cofactors, Se as
a metalloid becomes cotranslationally incorporated into the polypeptide chain
as part of the amino acid selenocysteine (Sec) and selenoproteins contain
Sec as an integral part of their polypeptide chain (Pappas et al. 2008). Plants
absorb Se from the soil in the form of selenite or selenate and synthesize
selenomethionine (SeMet) (Rayman 2004). This means that Se in natural feed
ingredients is mainly in the form of SeMet, which can also be synthesized
by yeasts and some bacteria (Comss 2001). SeMet and Sec, the 215t amino
acid (Bock et al. 1991), are identical to methionine and cysteine except for
the sulphur (S) atom replaced by Se (ComBs, ComBs 1984). SeMet can be
either reduced to form selenide or directly incorporated into proteins in
place of Met (BUTLER et al. 1989). Vertebrates receive dietary Se in the forms
of SeMet and other Se-amino acids (e.g. Se-methylselenocysteine, selenocys-
tathionine) including Sec and its methylated forms, depending on their con-
tents in food components. Although Se is widely distributed in the environ-
ment, Se content of food is greatly affected by the soil on which crops are
grown or animals are grazed. Its concentrations and availability in soil in
different countries are extremely variable and, specifically in Europe, the Se
content of soil is low (McNEAL, BALISTRIERT 1989). Therefore, currently, feeds
for farm animals are supplemented with inorganic Se sources like sodium
selenite (Na,SeO3) and sodium selenate (Nay,SeO,) as well as with an or-
ganic form of Se, e.g. selenized yeast (Papras et al. 2008) at concentrations
that do not exceed 0.5 mg kg1 (CommissioNn REcuraTion EC 2006) and 0.3 mg
kg1 dm (FDA 2004) in Europe and USA, respectively. The dietary require-
ment of Se for both ruminants and non-ruminants is 0.1 mg kg~! d.m. in
the diet (RaposTiTs et al. 2000), while the maximum tolerable level of Se has
been increased from 2 (NRC 1980) to 5 mg kg~! d.m. (NRC 2005). However,
it has been stated that lower value are necessary to avoid excessive accu-
mulation in edible tissues (NRC 2005). The main problems with excess Se
are due to mixing errors or overdosing with injectable preparations. In these
cases, the toxicity is acute and is manifested by poor growth, high Se con-
tent in tissues, abnormal gait, vomiting, dyspnea, titanic spasm, laboured
respiration, and death (NRC 2005). “Blind staggers” has historically associat-
ed with subacute to chronic Se toxicity, even if it cannot be reproduced with
pure Se compounds alone and likely involves other factors, such as alkaloid
poisoning starvation, or polioencephalomalacia (Gupra 2007). Chronic seleno-
sis causes depression, weakness, anemia, hair/wool loss, diarrhea, weight
loss, lameness, hoof wall abnormalities and death (Gupra 2007). From first
approval in 1974, either sodium selenate or sodium selenite could be used
and, apparently, the two forms are of equal biopotency (UNDERWOOD, SUTTLE
2001). Indeed, it was found that, in the rat, 86% of a "®Se-labeled oral dose
of either sodium selenate or selenite is absorbed (MasoN, WEAVER 1986). How-
ever, when sodium selenite is orally given to ruminants, most of the Se is
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excreted in the feces (Cousins, CARNEY 1961). Presumably, microorganisms
and the reducing environment within the rumen promotes conversion of
the selenite to less-soluble forms, such as elemental Se or selenides (Cous-
INS, CAIRNEY 1961). Furthermore, numerous studies have shown the reten-
tion of the selenomethione form, as found in selenium yeast, to be greater
than the inorganic sources in tissue and blood (PEHrRsON et al. 1999). Thus,
while the use of inorganic Se may prevent severe selenium deficiencies,
supplementation with selenium yeast could provide enhanced Se status and
antioxidant function at times of the greatest stresses and disease challenge,
such as in the periparturient period (WiLbE 2006). Se may be supplemented
in livestock as a free-choice Se mineral supplement, fertilization, injection,
oral drenching, distribution in water or ruminal pellets (SzarRek et al. 1997).
Alternatively, subcutaneous injection, usually as sodium selenite, or oral dos-
ing with 10-30 mg of this compound for cattle and 1-5 mg for sheep are
common means of preventing Se-responsive diseases in livestock. Heavy ru-
minal pellets, even in slow release bolus, prevent the occurrence of white
muscle disease in sheep and cattle grazing Se-deficient pastures (UNDERWOOD,
SurtLE 2001). However, Se bioavailability and retention in ruminants is also
influenced by diet composition, so that absorption of Se is greater in sheep
receiving a concentrate-based diet than in sheep receiving a forage-based
one (KoENIG et al. 1997).

EFFECTS OF SELENIUM SUPPLEMENTATION ON PREGNANCY
IN HUMANS AND LIVESTOCK

Selenium seems to be an integral element for normal reproductive func-
tion (ArLLisoN, LaveN 2000). It is known that the incidence of retained placen-
ta, abortion, early embryonic death and ovarian cysts increase in Se-defi-
cient cows (SEGERSON et al. 1977, Maas 1983, HArrISON et al. 1984, ViPoND
1984, Cook, GReeN 2007) and that Se supplementation overcomes some forms
of infertility in ewes (HARTLEY 1963). These beneficial effects can also be
observed in avians, since the inclusion of Se in the maternal diet improves
the embryo viability, hatchability and growth of the progeny (Parras et al.
2006). In animal models, it has also been demonstrated that Se may modu-
late ovarian granulosa cell proliferation and estradiol-174 synthesis in vitro,
affecting ovulation and the number of live embryos (Basini, Tamanint 2000).
In humans, some studies have suggested that Se deficiency is related to
adverse outcomes of pregnancy, miscarriages and preterm deliveries
(DoBrzynskI et al. 1998, AL-Kunant et al. 2001). In fact, both prenatal and
postnatal Se supplementations are essential for proper functioning of anti-
oxidant systems in offspring, already in place at the time of birth following
prenatal supply and maintained after the first few days of progeny life by
means of postnatal supplementation in maternal milk (Pappas et al. 2008).
In man, several neonatal diseases (especially in preterm infants) are be-
lieved to be caused by oxygen free radicals, including bronchopulmonary



148

dysplasia, retinopathy of prematurity, necrotizing enterocolitis, patent duc-
tus arteriosus and hypoxic-ischemic encephalopathy (GatHwaLA, YaDAV 2002).
Se is transferred via the placenta and the mammary gland, with the action
of SelP (selenoprotein P), which contains Se in the form of Sec (seleno-
cysteine) and it is the major Se transporting system (Burk, HiLL 2005). Both
inorganic and organic Se regulate the expression of SelP, but it seems that
the transport process — bi-directional in placental tissue — may be a more
complex action than a simple passive transport mechanism (KorpELA et al.
1984). Se in the colostrum is one of the selenoamino acids that are well
tolerated by the progeny (PrzyByLska et al. 2007). The importance of Se in
pregnancy has been demonstrated in humans, where women suffering from
preeclampsia have reduced levels of Se in umbilical venous blood compared
to normal pregnancy (Ravman et al. 2003, MisTry et al. 2008) and other stud-
ies have shown a decrease in maternal serum or toe-nail Se concentrations
in preeclamptic patients (Rayman et al. 2003, ATamER et al. 2005). Preeclamp-
sia is a systemic and serious complication of pregnancy that affects from 2%
to 7% of all pregnancies, leading to maternal and perinatal mortality and
morbidity both in the western world and developing countries and it is often
associated with intrauterine growth retardation (IUGR) (SiBa1 et al. 2005).
This disorder is characterized by hypertension, proteinuria, oedema and af-
fects multiple organs, including the liver, kidney, brain and blood clotting
system (REDMAN et al. 1999). Several lines of evidence support the oxidative
hypothesis in the pathogenesis of preeclampsia, with placental underperfusion
leading to an excessive production of reactive oxygen species and lipid per-
oxides causing oxidative stress and endothelial cell dysfunction (HUBEL 1999).
As expected, the activity of glutathione peroxidase is also decreased in preec-
lampsia as a function of Se depletion (BuLgan KiLicpac et al. 2005, VANDERLE-
LIE et al. 2005). Han and Zuou (1994) reports the beneficial effect of supple-
mentation with 100 ng of Se per day in the prevention of pregnancy-induced
hypertension and gestational oedema in a group of Chinese pregnant wom-
en. Moreover, Se supplementation in pregnant women effectively reduces
the incidence of premature rupture of membranes (PROM) (Tara et al. 2010).

Similar findings have been reported in animals, although the effects of
supplementation with Se on reproductive efficiency may be very variable
(HmirogLou 1979, VAN METRE, CaLLAaN 2001, HEMingway 2003, RookE et al. 2004),
probably as a result of variations in factors such as the source of Se, the
period of supplementation before mating, and the Se and vitamin E status
of the animals. Moreover, parenteral Se supplementation of pregnant ewes
between 15-35 days after mating results in reduced embryonic survival rate,
so that supplementation of ewes during the first month of pregnancy with
parenteral Se preparations is not recommended (VAN NIEKERK et al. 1996).

Regarding the effect of Se supplementation on placental development,
cotiledonary tissue appears to be more susceptible to a greater amount of
Se than caruncular tissue (LEkaTZ et al. 2010a, 2010b). In fact, it has been
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demonstrated that there is an increased cellular proliferation and DNA con-
centration in cotiledonary tissue, but no effect on placentome number, mass
and caruncular weight in supplemented ewes (LEKATS et al. 2010a). Interest-
ingly, a high amount of Se does not decrease proliferation in placental tis-
sue — as in certain types of cancer in humans (CLARK et al. 1996) — and the
same finding occurs in the jejunal mucosa of pregnant ewes (NEVILLE et al.
2008) and beef steers (Sorto-Navarro et al. 2004). Both placenta and small
intestine consume a large percentage of maintenance energy in ruminants
(FERRELL, JENKINS 1985, REYNOLDS et al. 1990), but the mechanism by which
Se increases cellular proliferation in these nutrient-transferring and meta-
bolically important tissues is unknown. How Se alters proliferation in meta-
bolically active tissue such as placenta is, however, largely dependent on
timing and length of Se treatment since Se supplementation from 21 days
before gestation until near term in ewes (days 135 of gestation), as afore-
mentioned stated, increases cotiledonary cellular proliferation (LEkATZ et al.
2010b), while a supranutritional diet during mid- and late gestation decreas-
es cell proliferation in the cotyledons (LEkaTz et al. 2010a). Furthermore,
high dietary Se leads to greater glutathione peroxidase activity in cotiledon-
ary and caruncular tissue than in normal levels fed to sheep (LEkATZ et al.
2010a). Se supplementation in ewes from 21 days before gestation until near
term is also associated with increased Flt (VEGFR1) mRNA expression in
cotiledonary tissue (LEkaTz et al. 2010b). Flt increases vascular permeability
(PETERS et al. 1999), with following high fetal mass (LEkAaTZ et al. 2010b). In
dairy cattle, supplementation with Se reduces the incidence of retained fetal
membranes (RFM) (failure of expulsion of the placenta and associated mem-
branes within 24h of calving) (ALLisoN, Laven 2000, Cook, GREEN 2007) and
cows with RFM have lower glutathione peroxidase activity in maternal and
placental tissues than cows without retained placenta (KANKOFER et al. 1996).
A study by HarrisoN and CoNRaD (1984) reported that animals supplemented
with Se had no cases of RFM whereas the control animals have a 17%
incidence. D’ALE0 et al. (1983) reported similar results with control cows
showing 20% incidence of RFM with a low Se diet against 0% among supple-
mented animals. Moreover, Se supplementation influences fetal development,
as demonstrated by maternal supranutritional Se in ewes during mid- and
late gestation that leads to increased fetal mass (REED et al. 2007, LERATZ et
al. 2010b, MEYER et al. 2010) and greater heart, lung, spleen, total viscera
and large intestine weights compared to adequate supplemented foetuses
(REED et al. 2007). Fetal muscle RNA concentration and heart RNA content
are also higher after supplementation (REeD et al. 2007). Furthermore, the
effect of Se on fetal body mass is much more evident in ewes subjected to
nutrient restriction (REED et al. 2007), suggesting that Se may provide
a sparing effect on fetal body mass, despite the low amount of nutrients
(Goprrey, BARKER 2000). In pigs, supplementation of pregnant sows with Se-
Met also significantly increases the weaning litter weight and average pig-
lets body mass (Hu et al. 2010). Fetal tissue cellularity, especially in intes-
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tine, kidneys and liver, is responsive to maternal Se supplementation with
selenate leading to a greater RNA : DNA ratio (index of cellular activity) in
small intestine cells compared with High-Se wheat diet (NEVILLE et al. 2008).
These data also provide evidence of developmental programming of fetal
internal organ cellularity in response to maternal Se supply (NEVILLE et al.
2008). Regarding neonatal health and growth, Se supplementation of ewes’
diet during early and mid-pregnancy, reduces the time taken for their lambs
to stand and improves the immune status of the lambs, resulting in lower
perinatal mortality and higher growth rates to weaning (Muxoz et al. 2009).
Dietary Se intake seems to have an additional important effect on neonatal
immune cell differentiation and function, since in neonates nursed by moth-
ers fed a low-Se diet, the percentage of CD8 cytotoxic T cells, CD2 T cells,
panB cells and natural killer cells are all decreased (DyLEWSKI et al. 2002).
Maternal and dietary Se may also influence antioxidant status in the testis
of the offspring and the oxidative stress related to Se from the dam could
modulate mRNA expression of apoptosis genes (Bcl-2, Bax and caspase-8)
and programmed cell death of germ cells during spermatogenesis in the
weaned kids (SHr et al. 2010).

In conclusion, the important effect of Se on animal and human repro-
duction underlines the role of dietary supplementation for increasing herd
conception rates, lowering abortion cases in livestock and avoiding postnatal
and prenatal feto-maternal disorders in humans. Nevertheless, the mecha-
nisms of action of Se in many of these conditions are not fully known. In
the context of ruminant production, data concerning the source and levels
of selenium-rich feed are particularly important because of the rapid loading
potential (TavLor 2005) and extended half-life of SeMet (Hawkes et al. 1994).
SeMet-rich feed can be used to rapidly load animals and their foetuses or
nursing offspring with Se before they are moved to remote Se-deficient rang-
es for an extended period of time. However, it should be taken into account
that the variability in the herd response to supplementation may be due to
a variety of dietary and management factors, including the concentration of
interfering elements, the diet feeding pattern or the amount of concentrate
which can affect the shrinking environment of the rumen, variations in soil
characteristics and Se content between farms. In humans, providing antioxi-
dants during pregnancy could decrease oxidative stress and may therefore
prevent IUGR and preeclampsia. IUGR is a also major concern for the live-
stock industry because fetal growth restriction leads to negative impacts
later in life on animal performance such as postnatal growth, body composi-
tion and reproductive performance.
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