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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 Zagiel, and six Colorado potato beetle control methods using the following insecticides:
Actara 25 WG at the rate of 80 g ha'l, Regent 200 SC at the rate of 0.1 dm3 ha'l, Calypso
480 SC at three rates: 0.05; 0.075 and 0.1 dm3 ha’l, 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 Zagiel and Wiking cultivars had the highest magnesium content and calcium
content, respectively.

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

ODDZIALYWANIE INSEKTYCYDOW NA ZAWARTOSC MAGNEZU
I WAPNIA W BULWACH ZIEMNIAKA

Abstrakt

Badania oparto na do$wiadczeniu polowym zalozonym na glebie kompleksu zytniego
bardzo dobrego metoda losowanych podblokéw w trzech powtérzeniach. Czynnikami eks-
perymentu byly: 3 odmiany ziemniaka jadalnego: Wiking, Mors, Zagiel i 6 sposobéw zwal-
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czania stonki ziemniaczanej z udziatem insektycydéw — Actara 25 WG w dawce 80 gha'l, Re-
gent 200 SC w dawce 0,1 dm3 hal, Calypso 480 SC w dawkach 0,05; 0,075 i 0,1 dm3 ha-l
oraz obiekt kontrolny bez ochrony chemicznej. Zawarto§¢ magnezu i wapnia w bulwach
ziemniaka oznaczono metodg ASA. Zawarto§¢ pierwiastkow zalezata istotnie od uprawia-
nych odmian, sposobéw zwalczania stonki ziemniaczanej i warunkéw pogodowych w okre-
sie wegetacji. Aplikowane insektycydy wplynety na wzrost zawartoSci magnezu i wapnia,
w porownaniu z bulwami pochodzacymi z obiektu kontrolnego, na ktérym nie stosowano
ochrony chemicznej. W bulwach odmiany Zagiel stwierdzono najwieksza zawarto$é magne-
zu, a w bulwach odmiany Wiking najwiekszg zawarto$¢ wapnia.

Stowa kluczowe: ziemniak, stonka ziemniaczana, insektycydy, magnez, wapn.

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 (LEszczyNski 2002). According to many authors, the con-
tent of particular macroelements in potato tubers is conditioned by cultivar
properties (Mazurczyk 1994, KoropziEJczyK, SZMIGIEL 2005, TEKALIGN, HAMMES
2005), agronomic factors (Rozrrorowicz 1989, RYKACZEWSKA 2000, ZARZECKAM,
GasiorowskA 2000) and weather conditions during the potato growing period
(LeszczyNski 1994, Koropzikiczyk, 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 Zagiel, 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 hal,
3) Regent 200 SC (fipronil) 0.1 dm3 ha'l, 4) Calypso 480 SC (thiacloprid)
0.05 dm3 ha'l, 5) Calypso 480 SC (thiacloprid) 0.075 dm3 ha’l, 6) Calypso
480 SC (thiacloprid) 0.1 dm3 hal. 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 hal. At present the recommended rate is
0.075-0.1 dm3 ha'l. 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 hal, and the respective rates of N, P and K were as follows: 100,
44.0 (100 Py05-0.44) and 124.5 kg ha'l (150 K;0-0.83). 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).

Table 1

Weather conditions during potato vegetation season in 2004-2006 according
to the Zawady Meteorological Station

Sielianinow's hydrothermic coefficient *
Months

2004 2005 2006
April 1.50 0.47 1.18
May 2.69 1.60 0.99
June 1.14 0.92 0.47
July 0.90 1.51 0.24
August 1.14 0.84 4.18
September 0.50 0.35 0.45
April-September 1.24 1.00 1.26
Rainfalls in the vegetation period, mm 320.9 268.8 358.6
Deviation from many-year average -22.8 -74.9 +14.9
Mean air temperature, °C 141 15.0 15.8
Deviation from many-year average +0.1 +1.0 +1.8
*up till 0.5 — strong mild drought
0.51-0.69 — mild drought
0.70-0.99 — weak mild drought
<1- fault mild drought

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 Rocana et al. (2000), Rykaczewska (2000), Wyszkowski, CIECKO
(2001). The insecticides applied to control the Colorado potato beetle caused
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Table 2
Content of magnesium in potato tubers (g-kg! d.m.)
Cultivars
Objects - Mean
Wiking Mors Zagiel

1. Control object 1.171 1.431 1.456 1.353
2. Actara 80 WG 80 g- ha'l 1.198 1.464 1.472 1.378
3. Regent 200 SC 0.1 dm3 - ha’l 1.195 1.480 1.494 1.390
4. Calypso 480 SC 0.05 dm3 - ha'l 1.195 1.478 1.477 1.383
5. Calypso 480 SC 0.075 dm3 - hal 1.220 1473 1.483 1.392
6. Calypso 480 SC 0.1 dm?3 - ha'l 1.212 1471 1.489 1.391
Mean 1.199 1.466 1.479 1.381
Mean for objects 2-6 1.204 1.473 1.483 1.387
LSDy, 05 . 0.019
between cultivars (I) 0016
between insecticides (IT) n S
in interaction (I x IT) -

n.s. — not significant

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'l. The available literature lacks information on the
impact of insecticides on accumulation of macroelements in potatoes. Kras-
KA, Parys (2005) applied the following insecticides: deltametrine, bensultap
and acetamipride, and recorded an increase of 0.010 g kgl in the magnesi-
um content in potato root dry matter. Having applied herbicides, ZARZECKA,
GASIOROWSKA (2000) found an increase in magnesium amount in tubers. In
the studies by Wyszkowski, Cie¢ko (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 Zagiel — on average 1.479 g kg1, and the lowest
amount accumulated by Wiking — on average 1.199 g kgl The differences
between Mors and Zagiel were not statistically confirmed. Many authors
(Mazurczyk 1994, Rykaczewska 2000, TekaLioN, 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 Rozrrorowicz (1989), KorLopziEsczyka, SzMicLa (2005).



193

Table 3

Effect of weather conditions on the content magnesium and calcium in potato tubers
(mean for three cultivars)

- Content in dry matter
ears

magnesium calcium
2004 1.644 0.808
2005 1.409 0.835
2006 1.091 0.870
LSD, 5 0.019 0.016

Calcium content in potato tubers averaged 0.837 g kg'! (Table 4). Simi-
lar values for this element have been reported by Wyszkowski, Cie¢ko (2001),
as well as YiLpbriM, TokusobLU (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 kgl, 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-l). Wyszkowsk1, CIEGKO (2001) as well as Pro$Ba-Biarczyk 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-

Table 4
Content of calcium in potato tubers (g-kg? d.m.)
Cultivars
Objects - Mean
Wiking Mors Zagiel

1. Control object 0.866 0.779 0.814 0.819
2. Actara 80 WG 80 g- ha'l 0.884 0.800 0.828 0.837
3. Regent 200 SC 0.1 dm3 - ha’l 0.893 0.804 0.832 0.843
4. Calypso 480 SC 0.05 dm3 - ha'l 0.895 0.704 0.818 0.832
5. Calypso 480 SC 0.075 dm3 - hal 0.898 0.800 0.826 0.841
6. Calypso 480 SC 0.1 dm3 - hal 0.907 0.810 0.839 0.852
Mean 0.889 0.798 0.826 0.837
Mean for objects 2-6 0.893 0.802 0.829 0.841
LSDqg5 . 0.016
between cultivars (I) 0.015
between insecticides (IT) n <
in interaction (I x II) -

n.s. — not significant
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mined calcium content. The highest and the lowest calcium accumulations
were found for Wiking (on average 0.889 g kgl) 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, Cie¢ko (2001), as well
as TeEkaLIGN, 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 Koropzieiczyk, SzMmIGIEL (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 Zagiel accumulated significantly more
magnesium than Wiking. Most calcium was accumulated by Wiking, signifi-
cantly less by Zagiel 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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