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Abstract

A study has been carried out on the basis of a field experiment set up on soil of very
good rye complex. The experiment was designed as randomized sub-blocks with three re-
plications. Experimental factors included three cultivars of edible potato – Wiking, Mors,
and ¯agiel, and six Colorado potato beetle control methods using the following insecticides:
Actara 25 WG at the rate of 80 g ha-1, Regent 200 SC at the rate of 0.1 dm3 ha-1, Calypso
480 SC at three rates: 0.05; 0.075 and 0.1 dm3 ha-1, and a control treatment without che-
mical protection. Magnesium and calcium contents in potato tubers were determined by
the ASA method. The content of the elements depended on the cultivars, Colorado potato
beetle control methods and weather conditions throughout the growing season. The insec-
ticides applied significantly increased magnesium and calcium contents compared with the
tubers harvested from the control treatment where no chemical protection was applied.
Tubers of ¯agiel and Wiking cultivars had the highest magnesium content and calcium
content, respectively.

Key words: potato, Colorado potato beetle, insecticides, magnesium, calcium.

ODDZIA£YWANIE INSEKTYCYDÓW NA ZAWARTOŒÆ MAGNEZU
I WAPNIA W BULWACH ZIEMNIAKA

Abstrakt

Badania oparto na doœwiadczeniu polowym za³o¿onym na glebie kompleksu ¿ytniego
bardzo dobrego metod¹ losowanych podbloków w trzech powtórzeniach. Czynnikami eks-
perymentu by³y: 3 odmiany ziemniaka jadalnego: Wiking, Mors, ¯agiel i 6 sposobów zwal-
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czania stonki ziemniaczanej z udzia³em insektycydów – Actara 25 WG w dawce 80 g ha-1, Re-
gent 200 SC  w dawce 0,1 dm3 ha-1, Calypso 480 SC w dawkach 0,05; 0,075 i 0,1 dm3 ha-1

oraz obiekt kontrolny bez ochrony chemicznej. Zawartoœæ magnezu i wapnia w bulwach
ziemniaka oznaczono metod¹ ASA. Zawartoœæ pierwiastków zale¿a³a istotnie od uprawia-
nych odmian, sposobów zwalczania stonki ziemniaczanej i warunków pogodowych w okre-
sie wegetacji. Aplikowane insektycydy wp³ynê³y na wzrost zawartoœci magnezu i wapnia,
w porównaniu z bulwami pochodz¹cymi z obiektu kontrolnego, na którym nie stosowano
ochrony chemicznej. W bulwach odmiany ¯agiel stwierdzono najwiêksz¹ zawartoœæ magne-
zu, a w bulwach odmiany Wiking najwiêksz¹ zawartoœæ wapnia.

S³owa kluczowe: ziemniak, stonka ziemniaczana, insektycydy, magnez, wapñ.

INTRODUCTION

Potato plays a very significant role in human diet. As a result, an im-
pact of plant protection agents, including insecticides, on potato quality is
an important issue (LESZCZYÑSKI 2002). According to many authors, the con-
tent of particular macroelements in potato tubers is conditioned by cultivar
properties (MAZURCZYK 1994, KO£ODZIEJCZYK, SZMIGIEL 2005, TEKALIGN, HAMMES

2005), agronomic factors (ROZTROPOWICZ 1989, RYKACZEWSKA 2000, ZARZECKAM,
G¥SIOROWSKA 2000) and weather conditions during the potato growing period
(LESZCZYÑSKI 1994, KO£ODZIEJCZYK, SZMIGIEL 2005). There is little available data
on the impact of insecticides on the content of minerals in potato tubers.
The information pertaining to an unfavourable effect of application of chem-
icals in agriculture on potato yield quality has provided a stimulus for deter-
mination of content of magnesium and calcium, two most important miner-
als. The study aimed at determining an impact of the newest generation
insecticides (Actara 80 WG, Regent 200 SC, Calypso 480 SC) on magnesium
and calcium concentrations in tubers of three potato varieties.

MATERIAL AND METHODS

A study was carried out on potato tubers obtained from a field experi-
ment conducted in 2004-2006 at the Zawady Experimental Farm owned by
the University of Podlasie in Siedlce. The soil belonged to very good rye
complex. The experiment was established in a randomized sub-block design
including two factors: factor I – three edible potato varieties: Wiking, Mors
and ¯agiel, and factor II – six methods of Colorado potato beetle control
including the newest generation insecticides: 1) control treatment with no
chemical protection, 2) Actara 80 WG (thiametoxam) at the rate of 80 g ha-1,
3) Regent 200 SC (fipronil) 0.1 dm3 ha-1, 4) Calypso 480 SC (thiacloprid)
0.05 dm3 ha-1, 5) Calypso 480 SC (thiacloprid) 0.075 dm3 ha-1, 6) Calypso
480 SC (thiacloprid) 0.1 dm3 ha-1. At the beginning of the experiment, there
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was no recommendation regarding the rate of Calypso 480 SC, thus the
amount applied was 0.05-0.1 dm3 ha-1. At present the recommended rate is
0.075-0.1 dm3 ha-1. The plot area was 15 m2.

Potato was cultivated after winter wheat. Each year the same organic
and mineral fertilization was applied. The amount of farmyard manure was
25.0 t ha-1, and the respective rates of N, P and K were as follows: 100,
44.0 (100 P2O5⋅0.44) and 124.5 kg ha-1 (150 K2O⋅0.83). Chemical analyses
were performed using dry material in three replications. Magnesium and
calcium contents were determined after mineralization by atomic absorption
spectrophotometry (AAS) (OSTROWSKA et al. 1991). Results of the study were
statistically analysed by means of variance analysis and the means were
compared by Tukey test at the significance level of p=0.05. Climatic condi-
tions varied over the growing periods of potato cultivation (Table 1).
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RESULTS AND DISCUSSION

The average magnesium content in tuber dry mater for the three-year
study period amounted to 1.381 g (Table 2) and was similar to the values
reported by ROGANA et al. (2000), RYKACZEWSKA (2000), WYSZKOWSKI, CIEÆKO

(2001). The insecticides applied to control the Colorado potato beetle caused
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unidirectional changes in magnesium content in the examined potato varie-
ties. An average increase in the content of this element was significant and
amounted to 0.034 g kg-1. The available literature lacks information on the
impact of insecticides on accumulation of macroelements in potatoes. KRAS-
KA, PA£YS (2005) applied the following insecticides: deltametrine, bensultap
and acetamipride, and recorded an increase of 0.010 g kg-1 in the magnesi-
um content in potato root dry matter. Having applied herbicides, ZARZECKA,
G¥SIOROWSKA (2000) found an increase in magnesium amount in tubers. In
the studies by WYSZKOWSKI, CIEÆKO (2001) fungicides applied to potato fields
significantly influenced neither magnesium and calcium nor phosphorus con-
centrations in the tubers.

The cultivars studied contained different magnesium amounts, the larg-
est amount accumulated by ¯agiel – on average 1.479 g kg-1, and the lowest
amount accumulated by Wiking – on average 1.199 g kg-1. The differences
between Mors and ¯agiel were not statistically confirmed. Many authors
(MAZURCZYK 1994, RYKACZEWSKA 2000, TEKALIGN, HAMMES 2005) found that potato
tuber chemical composition was primarily affected by the cultivar.

Potato tubers harvested in the individual years differed in respect
of magnesium content (Table 3). The weather conditions in 2004 favoured
magnesium accumulation because temperature and rainfall were evenly dis-
tributed, which is reflected in the calculated values of hydrothermal coeffi-
cient. The lowest magnesium content was in 2006,  when there was a spell
of drought in June and July (which is the period of intensive yield accumu-
lation). An impact of weather conditions on this characteristic has also been
confirmed in the works by ROZTROPOWICZ (1989), KO£ODZIEJCZYKA, SZMIGLA (2005).
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Calcium content in potato tubers averaged 0.837 g kg-1 (Table 4). Simi-
lar values for this element have been reported by WYSZKOWSKI, CIEÆKO (2001),
as well as YILDRIM, TOKUSOÐLU (2005). Statistical analysis confirmed that cal-
cium content was significantly conditioned by the methods of Colorado pota-
to beetle control, cultivars selected for cultivation and weather conditions
over the study years. Insecticides increased the concentration of this ele-
ment, on average by 0.022 g kg-1, compared with the control treatment,
which was not chemically protected. No significant effect on calcium content
was found after Calypso 480 SC had been applied at the lowest rate (0.05 dm3

ha-1). WYSZKOWSKI, CIEÆKO (2001) as well as PROŒBA-BIA£CZYK et al. (2002) re-
ported that plant protection agents – fungicides – had no significant effect
on the calcium content in potato tubers. However, there are no literature
data pertaining to changes in the calcium amount in tubers as influenced by
insecticides. Genetic properties of the grown cultivates significantly deter-
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mined calcium content. The highest and the lowest calcium accumulations
were found for Wiking (on average 0.889 g kg-1) and Mors (on average
0.798 g kg-1), respectively.

All the cultivars had an increased calcium content in tubers following
an application of insecticides. However, there was no proven interaction be-
tween the factors studied. The impact of cultivar properties on calcium con-
centration is confirmed by the findings of WYSZKOWSKI, CIEÆKO (2001), as well
as TEKALIGN, HAMMES (2005). Calcium concentration depended on weather con-
ditions over the growing period and was the highest in 2006, when the
temperature and rainfall exceeded multi-year means. Similar potato response
under wet conditions has been observed by KO£ODZIEJCZYK, SZMIGIEL (2005).

CONCLUSIONS

1. Insecticides applied to control the Colorado potato beetle increased
magnesium and calcium contents in tubers compared with the non-insecti-
cide treatment, excluding the lowest rate of Calypso 480 SC.

2. Genetic properties of cultivars determined an accumulation of the
elements in potato tubers. Mors and ¯agiel accumulated significantly more
magnesium than Wiking. Most calcium was accumulated by Wiking, signifi-
cantly less by ¯agiel and the least by Mors.

3. The concentration of magnesium and calcium in potato tubers was
significantly affected by weather conditions over the growing periods.
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Guidelines for Authors „Journal of Elementology”

1. Journal of Elementology (a quarterly) publishes original scientific or clinical research
as well as reviews concerning bioelements and related issues.

2. Journal of Elementology can publish sponsored articles, compliant with the criteria
binding scientific papers.

3. Journal of Elementology publishes advertisements.
4. Each article should be submitted in duplicate. An original paper should not exceed 10

standard pages (18 000 signs). A review paper should not exceed 15 pages
(27 000 signs).

5. The paper should be laid out as follows: TITLE OF THE ARTICLE, name and sur-
name of the author(s), the name of the scientific entity, from which the pa-
per originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS AND
DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and Polish
languages, min. 250 words. Summary should contain: introduction (shortly), aim, re-
sults and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

6. The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+)⋅kg-1; kg⋅ha-1; mol⋅dm-3; g⋅kg-1; mg⋅kg-1 (elemental forms should be used).

7. In the event of using an abbreviation, it should first be given in brackets after the
full name.

8. Tables and figures should be attached as separate files. At the top, to the right of
a table the following should be written: Table and table number in Arabic figures (in
English and Polish), in the next lines the title of the table in English and Polish ad-
justed to the centre of the paragraph. Any possible explanation of the designations
placed under the table as well as a description of the table should be given in English
and Polish. Numerical values should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

9. Under a figure, on the left-hand side, the following should be written: Fig. and num-
ber in Arabic figures, description and possible explanation in Polish and English.

10. References should be ordered alphabetically but not numbered. They should be for-
matted as follows: Surname First Name Initial (capital letter) year of publication, Title
of the paper (italics). The official abbreviated title of the journal, volume (issue): pag-
es from - to. e.g. KOWALSKA A., KOWALSKI J. 2002. Zawartoœæ magnezu w ziemniakach.
Przem. Spo¿., 7(3): 23-27.

11. It is allowed to cite papers published in electronic journals formatted as follows: Sur-
name First Name Initial (capital letters) year of publication. Title of the paper (italics).
The official abbreviated title of the electronic journal and full address of the website.
e.g. ANTONKIEWICZ J., JASIEWICZ C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link „http://www.ejpau.pl/series/volume5/issue1/environment/art-01.html” http://
www.ejpau.pl/series/volume5/issue1/environment/art-01.html

12. In the text of the paper a reference should be quoted as follows: the author’s name
and year of publication in brackets, e.g. (KOWALSKI 1992). When citing two authors,
their surnames should be separated with a comma, e.g. (KOWALSKI, KOWALSKA 1993). If
there are more than two authors, the first author’s name should be given followed by
et al., e.g. (KOWALSKI et al. 1994). When citing several papers, these should be ordered
chronologically from the oldest to the most recent one, e.g. (NOWAK 1978, NOWAK et al.
1990, NOWAK, KOWALSKA 2001).
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13. A paper submitted for publication should be accompanied by a cover letter from the
head of the respective institute who agrees for the publication of the paper and a sta-
tement by the author(s) confirming that the paper has not been and will not be publi-
shed elsewhere without consent of the Editors of the Journal of Elementology.

14. Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor’s Secretary:

dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Micha³a Oczapowskiego 8, 10-719 Olsztyn

jawierz@uwm.edu.pl

dr Katarzyna Gliñska-Lewczuk
University of Warmia and Mazury in Olsztyn

pl. £ódzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

15. The Editors reserve the right to correct and shorten the paper. Any major changes in
the text will be discussed with the Author(s).

16. After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.


