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Abstract

Welsh onions are characterized by a relatively high storage potential, high nutritional va-
lue and mild flavor, which contribute to their growing popularity among consumers. The aim of
this study was to determine the effect of Polimag S fertilizer applied at two doses on the macro-
nutrient content of edible parts of three Welsh onion cultivars.

A two-factorial field experiment was performed in a randomized block design with three re-
plications. It was set up in the Experimental Garden of the University of Warmia and Mazury in
Olsztyn, and conduccted in 2010-2011. The experimental factors were: (1) Welsh onion cultivars
Long White Ishikura, Parade and Performer, grown from seedlings for bunch harvest, and (2) the
application of mixed fertilizer, Polimag S, at two doses of 0.072 kg m? and 0.144 kg m? The se-
edlings were grown in a greenhouse, where each year seeds were sown in boxes (50 cm x 30 cm),
between 14 and 20 March, to grow seedlings. At the two- or three-leaf stage, they were planted
out in a field between 17 and 26 April. Forty-two seedlings were planted on a plot, at the 20 cm x
30 cm spacing. Polimag S, applied as a supplemental fertilizer at two different doses, was mixed
with soil immediately before the transplanting of seedlings. A single harvest was carried out ma-
nually. Marketable yield consisted of healthy Welsh onion plants, with thickened leaf-bases of
more than 1 ¢cm in diameter, free from diseases, pests and mechanical damage. The chemical
composition of Welsh onion plants was evaluated immediately after harvest. The concentrations of
macronutrients (total N, P, K, Mg, Ca, S) were determined in edible parts of Welsh onion plants.

Statistical analysis revealed no significant effect of a cultivar on the macronutrient content
of whole Welsh onion plants, scapes and leaves. Leaves were characterized by the highest ma-
cronutrient concentrations. Polimag S at a 50% dose contributed to a significant increase in the
total nitrogen and phosphorus content of whole plants. Wide Ca:Mg, Ca:P, K:Mg and K:(Mg+Ca)
ratios were noted in whole Welsh onion plants.
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WPLYW NAWQZENIA POLIMAGIEM S NA ZAWARTOSC MAKROELEMENTOW
W CZESCIACH JADALNYCH TRZECH ODMIAN SIEDMIOLATKI
(ALLIUM FISTULOSUM L.)

Abstrakt

Siedmiolatka charakteryzuje sie do§¢ dobra trwatoécia pozbiorcza, duza wartoscia dietetycz-
ng oraz lagodnym smakiem, ktéry wzbudza coraz wieksze zainteresowanie konsumentéw wa-
rzyw. Celem badan byla ocena zawarto$ci makroelementéw w czesciach jadalnych 3 odmian
siedmiolatki nawozonej zréznicowanymi dawkami Polimagu S.

W latach 2010-2011 — w Ogrodzie Zakladu Dydaktyczno-Doéwiadczalnego Uniwersytetu
Warminsko-Mazurskiego w Olsztynie — przeprowadzono 2-czynnikowe doéwiadczenie polowe
w ukladzie losowanych blokéw, w 3 powtdrzeniach. Badano wplyw nastepujacych czynnikéow:
odmiany siedmiolatki Long White Iskihura, Parade, Performer przeznaczonej na zbiér peczkowy
oraz nawozenie nawozem wieloskladnikowym Polimag S w dwoéch dawkach — 0,072 kg m™®
i 0,144 kg m2. Siedmiolatke uprawiano z rozsady. Kazdego roku, miedzy 14. a 20, marca nasiona
wysiewano w szklarni-mnozarce do skrzynek wysiewnych o wym. 50x30 cm. W kolejnych latach
ro§liny w fazie 2-3 li§ci sadzono pojedynczo na polu miedzy 17. a 26. kwietnia. Na poletku sadzo-
no 42 rosliny w rozstawie 20x30 cm. Uzupelniajace nawozenie Polimagiem S w dwdéch zréznico-
wanych dawkach zastosowano mieszajac nawoz z gleba bezposrednio przed sadzeniem rozsady.
Zbiér roslin wykonywano jednorazowo, recznie. Do plonu handlowego zaliczano rosliny o $rednicy
cebuli powyzej 1 cm, zdrowe, nieporazone przez choroby i szkodniki, bez uszkodzen mechanicz-
nych. Ocene sktadu chemicznego siedmiolatki wykonano bezposrednio po zbiorze. W czeéciach
jadalnych okre§lono zawarto$é makroelementéw (N ogdlny, P, K, Mg, Ca, S).

Analiza statystyczna nie wykazala istotnego wplywu odmiany na zawarto$¢ badanych
skladnikéw w calej ro§linie, lodydze rzekomej oraz liSciach asymilacyjnych. Analizujac zawartoéé
makroelementéw w poszczegélnych czesciach jadalnych siedmiolatki wykazano, ze najbardziej
zasobne w te pierwiastki byly liScie asymilacyjne. Zastosowanie 50% nawozenia uzupelniajacego
Polimagiem S wplyneto istotnie na zwiekszenie zawartoéci N ogélnego i P w catych roslinach.
W calych roélinach siedmiolatki stwierdzono zwiekszone proporcje miedzy Ca:Mg, Ca:P oraz
K:Mg i K:(Mg+Ca).

Stowa kluczowe: siedmiolatka, Polimag S, lodyga rzekoma, szczypior, makroelementy.

INTRODUCTION

Welsh onion (Allium fistulosum L.) in Poland is grown on a small scale.
In contrast, it is popular and widely used in the Far East. Owing to their
mild, sweet flavor and delicate consistency, whole Welsh onion plants are
used as ingredients in various dishes. Recent years have witnessed a grow-
ing popularity of Welsh onions in the Polish cuisine, particularly in the
spring (RABINOWITCH, BREWSTER 1990, TENDAJ, MYSIAK 2006, ZURAWIK et al.
2013).

The yield and quality of Welsh onions are depend on a cultivar and an
adequate supply of nutrients. Mineral fertilizers are widely used in horticul-
tural farming. Advanced fertilization programs rely on compound fertilizers
which meet the specific nutrient requirements of different crop species. Bul-
bous vegetables should be fertilized in the spring with Polimag S, the next
generation mixed fertilizer that contains sulphur trioxide, because this chem-
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ical compound is recommended to plants sensitive to chloride excess. Polimag
S can be mixed with urea, ammonium nitrate and nitrochalk immediately
before sowing, and with potassium sulphate at any time before application
(F1LIPEK-MAZUR, GONDEK 2005).

The aim of this study was to determine the effect of cultivar and Po-
limag S fertilizer applied at different rates on the macronutrient content of
whole Welsh onion plants, scapes and leaves.

MATERIAL AND METHODS

In 2010-20122, a two-factorial field experiment was performed in a ran-
domized block design with three replications in the Experimental Garden of
the University of Warmia and Mazury in Olsztyn. The effects of the follo-
wing experimental factors were determined:

— Welsh onion cultivars Long White Ishikura, Parade and Performer

grown from seedlings for bunch harvest;

— application of mixed fertilizer Polimag S, at two doses of 0.072 kg m?
and 0.144 kg m?, referred to as 50% and 100% doses. Polimag S con-
tained 10% N, 8% P, 15% K and 35% S.

Seedlings were grown in a greenhouse, where onion seed had been sown

(2 g m?) in boxes (50 cm x 30 cm), each year between 14 and 20 March. The
seedlings were prepared in line with the bulbous vegetable planting guideli-
nes (Rozsada warzyw... BN-88/9125-08). The substrate used for seedling
production was highmoor peat saturated with minerals and nutrients: N-NO,
- 100, P - 80, K — 215, Ca — 1240, Mg — 121 g dm?®, pH in H,O - 5.9, salt
concentration — 1.5 g dm™.

In order to develop a fertilization program, chemical analyses of soil
samples were performed at the Chemical and Agricultural Station in Olsz-
tyn, under Accreditation Certificate no. AB 277 issued by the Polish Center
for Accreditation in Warsaw. The soil in which Welsh onion seedlings were
planted was found to be abundant in phosphorus and potassium, and no
supplemental fertilization with those elements was needed throughout the
experiment. Due to the low nitrate nitrogen content of soil, nitrogen was
applied at a single dose of 30 kg ha'in the form of ammonium nitrate, before
transplanting the seedlings.

Seedlings at the two- or three-leaf stage were individually planted out in
the field between 17 and 26 April. Forty-two seedlings were planted at the
20 cm x 30 cm spacing. The surface area of the plot was 2.52 m2 Polimag S,
applied as a supplemental fertilizer at two different doses, was mixed with
the soil immediately before transplanting the seedlings.

A single harvest was carried out by hand. Marketable yield consisted of
healthy Welsh onion plants, with thickened leaf-bases of more than 1 ¢cm in
diameter, free from diseases, pests and mechanical damage.
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The chemical composition of Welsh onion plants was evaluated immedia-
tely after harvest. Plant material was collected from the marketable yield in
each replication, to obtain an average sample per treatment. The concentra-
tions of macronutrients (total N, P, K, Mg, Ca, S) were determined in edible
parts of Welsh onion plants. The results were highly similar in both years of
the study, hence the data are given as means from 2010-2011 for whole
plants, scapes and leaves. Samples of plant material were prepared for
analysis as follows: whole Welsh onion plants were cleaned, divided into sca-
pes and leaves, which were dried at 45°C and 35°C respectively, and ground
in an electric mill. The samples were forwarded to the laboratory at the Che-
mical and Agricultural Station in Olsztyn, where they were mineralized in
concentrated sulphuric acid to determine the content of total nitrogen — by
potentiometry, phosphorus — by the vanadium-molybdate method, potassium
and sodium — by flame photometry, magnesium — by atomic absorption spec-
trometry (AAS), calcium — by flame photometry.

The significance of differences between means was estimated by con-
structing the Tukey’s confidence intervals at a 5% significance level. All cal-
culations were done in the Statistica 10 application.

RESULTS AND DISCUSSION

Welsh onions are characterized by a relatively high storage potential,
high nutritional value and mild flavor, which contribute to their growing
popularity among consumers. (Franczuk 2000, TENDAJ, Mysiak 2006, TENDAJ,
Mysiak 2007, ZURAWIK et al. 2013). Minerals aid in maintaining the body’s
acid-base balance and contribute to the health and strength of the skeletal
system (FILIPEK-MAZUR, GONDEK 2005). The levels of the analyzed macronutri-
ents in Welsh onion plants were similar to those reported for the leek by
Bigesiapa et al. (2007) and for the onion by Brazewicz-Wozniak et al. (2008). In
the present study, a cultivar had no significant effect on the macronutrient
concentrations in edible parts of Welsh onion plants, whereas the supple-
mental fertilization with Polimag S affected the levels of total nitrogen and
phosphorus. JURGIEL-MALECKA and SUCHORSKA-ORLOWSKA (2008) noted similar
macroelement concentrations in edible parts of common onions, tree onions
and shallots at different levels of nitrogen fertilizer.

The total nitrogen content in whole Welsh onion plants ranged from
11.90 g kg!' d.m. to 25.00 g kg! d.m., and was significantly affected by the
dose of Polimag S and the fertilizer x cultivar interaction (Table 1). The abo-
ve values are similar to those reported for Welsh onions by Korora et al.
(2012), and lower than those noted in a study on tree onions (ORLOWSKI,
Japczak 2003). An increase in the total nitrogen content was observed in
whole Welsh onion plants harvested from plots fertilized with Polimag S at
50% dosage. Welsh onions cv. Long White Ishikura from the treatment with
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Table 1
Total nitrogen content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg' d.m.
Cultivar
Fertilization® ;
Long. White Parade Performer mean
Ishikura
Whole plants

Control 12.80 14.60 11.90 13.10
50% 25.00 19.90 14.40 19.80
100% 12.70 12.70 18.00 14.50
Mean 16.80 15.70 14.80 15.80
LSD, , for:

cultivar n.s.

fertilizer 0.300

interaction 0.400

Scapes

Control 11.00 12.00 8.000 10.00
50% 21.00 24.00 8.000 18.00
100% 9.000 10.00 13.00 11.00
Mean 14.00 15.00 9.000 13.00
LSD, , for:

cultivar n.s.

fertilizer 0.500

interaction 0.600

Leaves

Control 14.40 17.10 15.60 15.70
50% 28.80 15.60 20.60 21.60
100% 16.50 15.30 22.40 18.00
Mean 19.90 16.00 19.50 18.40
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

* Key: control — treatment that received no fertilizer, 50% — treatment that received 0.072 kg m™
Polimag S, 100% — treatment that received 0.144 kg m? Polimag S

Polimag S at 50% had the highest total nitrogen content, and control plants
had the lowest nitrogen concentration (a significant difference). An analysis
of the fertilizer x cultivar interaction revealed that plants of cv. Performer
from the control treatment had the lowest total nitrogen content.
Fertilization and the interaction between the experimental factors had a
significant effect on the total nitrogen content of Welsh onion scapes, which
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ranged from 8.00 g kg!' d.m. to 24.00 g kg! d.m. The scapes of cv. Parade
from the treatment with Polimag S at a 50% dose had the highest total ni-
trogen content, whereas the lowest nitrogen concentrations were noted in the
scapes of cv. Performer from the control treatment and from the treatment
with Polimag S at a 50% dose (significant differences). A similar nitrogen
content was observed in the scapes of cv. Long White Ishikura fertilized with
Polimag S at a 100% dose.

Welsh onion leaves contained more total nitrogen than scapes (18.40 g
kg! d.m. vs. 13.00 g kg! d.m. on average, means of 2010-2011). The total
nitrogen content of leaves ranged from 14.40 g kg! d.m. to 28.80 g kg! d.m.,
and it was similar to that reported by Orrowskl and Japczak (2003) in tree
onion leaves. The leaves of cv. Long White Ishikura from the treatment with
Polimag S at a 50% dose and from the control treatment had the highest and
the lowest total nitrogen content, respectively (a non-significant difference).

The cultivar had no effect on the phosphorus content of whole Welsh
onion plants (Table 2), which was significantly affected by the doses of Poli-
mag S and the fertilizer x cultivar interaction. Polimag S contributed to an
increase in phosphorus concentrations in Welsh onions, which werethe hi-
ghest in plants harvested from plots fertilized with Polimag S at a 50% dose.
The experimental factors and their interaction had no significant effect on
the phosphorus accumulation in Welsh onion scapes and leaves, which re-
ached 2.000 g kg! d.m. and 3.000 g kg! d.m. on average, respectively (means
of 2010-2011). Similar results were reported by Korora et al. (2012).

The potassium content of whole Welsh onion plants was not significantly
affected by the experimental factors. The fertilizer x cultivar interaction had
a significant effect on potassium concentrations, which ranged from 13.40 g
kg?! d.m. in control plants of cv. Performer to 18.80 g kg! d.m. in control
plants of cv. Parade (Table 3). The observed values are lower than those re-
ported by Korota et al. (2012) for Welsh onions grown in the Wroctaw region.
The potassium content in edible parts of Welsh onions was not significantly
influenced by a cultivar, fertilizer or their interaction. Welsh onion leaves
contained more potassium than scapes (19.00 g kg* d.m. vs. 13.00 g kg! d.m.
on average, means of 2010-2011).

Differences in the levels of magnesium, calcium and sulphur in Welsh
onions were statistically non-significant (Tables 4, 5 and 6). Average magne-
sium concentrations were as follows: whole plants — 1.000 g kg! d.m., scapes
—0.900 g kg! d.m., leaves — 1.100 g kg! d.m.. The respective average calcium
levels were 11.40 g kg! d.m., 10.30 g kg'! d.m. and 12.30 g kg'! d.m.

Sulphur is a component of volatile compounds such as aliphatic triesters,
polysulfides and sulfoxides. Allium vegetables, including onions and garlic,
are high in beneficial sulphur compounds that give them their distinctive
flavor and aroma. Sulphur prevents excess accumulation of nitrates (V) and
reducing sugars, thus increasing the quality and processing suitability of
those vegetables (EL-Favoumy, EL-GamaL 1998). The average sulphur content
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Table 2
Phosphorus content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg! d.m.
Cultivar
Fertilization® ;
Long. White Parade Performer mean
Iskihura
Whole plants

Control 2.800 2.600 2.700 2.700
50% 3.600 3.800 3.700 3.700
100% 2.500 2.500 2.500 2.500
Mean 3.000 3.000 3.000 3.000
LSD,  for:

cultivar n.s.

fertilizer 0.1

interaction 0.1

Scapes

Control 2.000 3.000 2.000 2.000
50% 3.000 4.000 2.000 3.000
100% 2.000 2.000 3.000 2.000
Mean 2.000 3.000 2.000 2.000
LSD, , for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Leaves

Control 3.000 3.400 2.800 3.000
50% 4.000 2.800 3.000 3.200
100% 2.800 2.600 3.000 2.800
Mean 3.200 2.900 2.900 3.000
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

* Key: see Table 1

of whole Welsh onion plants, scapes and leaves reached 2.300 g kg! d.m.,
1.700 g kg'! d.m. and 2.700 g kg d.m., respectively.

According to Korowska and WYBIERALSKI (1999), the quality of edible
plant parts is largely determined by the K:Mg, Ca:Mg and K:(Mg+Ca) ratios.
WROBEL and MARskA (1998) and MaJskowska-GapoMska and WIERZBICKA (2008)
demonstrated that the optimal Ca:Mg ratio should approximate 3, and the
Ca:P ratio should be within the 1.200-2.200 range because higher ratios are
indicative of nutritional magnesium or phosphorus deficiency. In the present
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Table 3
Potassium content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg! d.m.
Cultivar
Fertilization® ;
Long. White Parade Performer mean
Iskihura
Whole plants

Control 15.80 18.80 13.40 16.00
50% 18.10 17.70 16.10 17.30
100% 15.70 14.70 16.60 15.70
Mean 16.50 17.10 15.40 16.30
LSD,  for:

cultivar n.s.

fertilizer n.s.

interaction 0.02

Scapes

Control 13.00 16.00 10.00 13.00
50% 18.00 19.00 11.00 16.00
100% 11.00 11.00 13.00 12.00
Mean 14.00 15.00 11.00 13.00
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Leaves

Control 18.30 21.90 16.80 19.00
50% 18.30 16.80 20.90 18.60
100% 19.90 18.30 20.60 19.60
Mean 18.80 19.00 19.40 19.00
LSD,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

* Key: see Table 1
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Table 4
Magnesium content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg! d.m.
Cultivar
Fertilization® ;
Long. White Parade Performer mean
Iskihura
Whole plants

Control 1.000 1.000 0.900 1.000
50% 1.300 1.200 1.000 1.200
100% 0.700 0.800 1.200 0.900
Mean 1.000 1.000 1.000 1.000
LSD,  for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Scapes

Control 1.000 0.900 0.700 0.800
50% 1.300 1.300 0.700 1.100
100% 0.700 0.700 1.100 0.800
Mean 1.000 1.000 0.800 0.900
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Leaves

Control 1.100 1.200 1.100 1.100
50% 1.400 1.100 1.300 1.200
100% 0.800 1.000 1.300 1.000
Mean 1.100 1.100 1.200 1.100
LSD,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

*Key: see Table 1
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Table 5
Calcium content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg! d.m.
Cultivar
Fertilization*® Long White
. Parade Performer mean
Iskihura
Whole plants

Control 12.50 10.70 11.30 11.50
50% 12.00 11.70 14.10 12.60
100% 9.400 10.30 10.70 10.10
Mean 11.30 10.90 12.00 11.40
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Scapes
Control 15.00 10.00 8.200 11.00
50% 15.80 9.000 12.80 12.50
100% 8.400 8.700 5.600 7.500
Mean 13.00 9.200 8.800 10.30
LSD,, for:
cultivar n.s.
fertilizer n.s.
interaction n.s.
Leaves

Control 10.00 11.40 14.30 11.90
50% 8.100 14.30 15.30 12.50
100% 10.40 11.80 15.70 12.60
Mean 9.500 12.50 15.10 12.30
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

* Key: see Table 1



719

Table 6
Sulfur content in edible parts of Welsh onion plants, subject to cultivar
and Polimag S dose (means of 2010-2011), g kg! d.m.
Cultiver
Fertilization® ;
Long. White Parade Performer mean
Iskihura
Whole plants

Control 1.900 2.400 2.200 2.200
50% 2.400 2.800 2.400 2.500
100% 2.000 2.000 2.400 2.100
Mean 2.100 2.400 2.300 2.300
LSD,  for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Scapes

Control 1.700 1.900 1.700 1.800
50% 1.700 1.800 1.700 1.700
100% 1.600 1.900 1.700 1.700
Mean 1.700 1.900 1.700 1.700
LSD, ,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

Leaves

Control 2.000 2.800 2.600 2.500
50% 3.100 3.700 3.000 3.300
100% 2.300 2.100 3.100 2.500
Mean 2.500 2.800 2.900 2.700
LSD,, for:

cultivar n.s.

fertilizer n.s.

interaction n.s.

*Key: see Table 1
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Table 7
Ca:Mg, Ca:P, K:Mg and K: (Mg+Ca) ratios in Welsh onion plants,
subject to cultivar and Polimag S dose (means of 2010-2011)
Cultivar
Fertilization® L(I);llgi}X}; ;te Parade Performer mean
Ca:Mg
Control 12.50 10.70 12.60 11.50
50% 9.200 9.800 14.10 10.50
100% 13.40 12.90 8.900 11.20
Mean 11.30 10.90 11.80 11.40
Ca:P
Control 4.500 4.100 4.200 4.300
50% 3.300 3.100 3.800 3.400
100% 3.800 4.100 4.300 4.000
Mean 3.800 3.600 4.000 3.800
K:Mg
Control 15.80 18.80 14.90 16.00
50% 13.90 14.80 16.10 14.40
100% 22.40 18.40 13.80 17.40
Mean 16.50 17.10 15.40 16.30
K:(Mg+Ca)
Control 1.200 1.600 1.100 1.300
50% 1.400 1.400 1.100 1.300
100% 1.600 1.300 1.400 1.400
Mean 1.300 1.400 1.200 1.300

*Key: see Table 1

study, the Ca:Mg and Ca:P ratios were inadequate, and ranged from 8.90 to
14.10 and from 3.100 to 4.500, respectively (Table 7).

Wide K:Mg and K:(Mg+Ca) ratios were noted in edible parts of Welsh
onion plants. According to Rabpkowski et al. (1999), optimal K:Mg and
K:(Mg+Ca) ratios are 6:1 and 1.600-2.200, respectively. The highest K:Mg
ratio was noted in the whole plants of cv. Long White Ishikura, and the lo-
west was in the leaves of cv. Performer, both fertilized with Polimag S at a
100% dose. The K:(Mg+Ca) ratio was in the 1.100-1.600 range. Polimag S at
a 100% dose increased the K:Mg and K(Mg+Ca) ratios (Table 7). Our results
are consistent with the findings of WiLk and RaBikowska (1985), and KuLczycki

(2006).
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CONCLUSIONS

1. Our statistical analysis revealed no significant effect of a cultivar on
the macronutrient content of whole Welsh onion plants, scapes and leaves.

2. The analysis of macronutrient levels in whole Welsh onion plants,
scapes and leaves showed that leaves were characterized by the highest ma-
cronutrient concentrations.

3. Polimag S at a 50% dose contributed to a significant increase in the
total nitrogen and phosphorus content of whole plants.

4. Wide Ca:Mg, Ca:P, K:-Mg and K:(Mg+Ca) ratios were noted in whole
Welsh onion plants.
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