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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 Ky,0 ha!, and for magnesium — 60 kg MgO hal. 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.
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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 jednoczes$nie najtrudniejszych etapow
w produkcji i gospodarce ziemniakiem. W okresie dlugotrwatego sktadowania w bulwach
ziemniaka zachodzg procesy prowadzace do zmian iloSciowych. W trzyletnim doswiadczeniu
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 sie strat ilo-
Sciowych bulw ziemniaka. Do badan wybrano $rednio-wczesne odmiany: Bila i Triada. Pro-
by przechowywano w komorze przechowalniczej przez okres 3 i 6 miesiecy (temp. +4°C,
wilgotnos¢ wzgledna powietrza 95%). Z badan wynika, ze na ubytki naturalne miaty wplyw
wszystkie czynniki doswiadczen. Zastosowane dawki nawozéw K i Mg zmniejszaly istotnie
ilo§¢ ubytkow $wiezej masy w stosunku do obiektu kontrolnego, przy czym dla potasu naj-
korzystniejsza w tym zakresie okazala sie dawka 160 kg K,O hal, adla magnezu 60 kg
MgO hal. Natomiast nawozenie azotowe mialo negatywny wplyw na wielkosé ubytkéw w
calym okresie przechowywania. Najwieksze ubytki $wiezej masy wystapity po 6 miesigcach
przechowywania i wynosily w doswiadczeniach z nawozeniem azotowym, potasowym i ma-
gnezowym odpowiednio: 8,9, 6,4 i 7,3%. Stwierdzono, ze najlepsza trwaltos¢ przechowalnicza
mialty 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, SOWA-
-NiEpziaLkowska 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, LeszczyNskr 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 (Czerxko 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 ha1) in the form of 50% potassium
sulphate, against 100 kg N ha~! and 120 kg P,05 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,04 ha—! and 160 kg
K,0 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—1. 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) (LEszczyNskl 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.
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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 K50 ha=1, and for magnesium it was 60 kg MgO ha~l. 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 Cikcko et al.
(2001) or RocoziNska 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), RocoziNska, 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 JaprLoNski (2006a,b), who
demonstrated that levels of nitrogen fertilization (60 and 90 kg N ha1) 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-NIEDZIALKOWSKA (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 ha™1) and potassium (160 kg K50 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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