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ABSTRACT

The nutritive compounds of the onion are influenbgdgenetic as well environmental factors. Due to its
shallow poorly-developed root system, onion hasaagotential of using nutrients from soil. Usually min
eral fertilisation increasing the yield and chatige chemical composition in vegetables, and ihésdhem-
ical composition which determines the nutritive wabf onion. Over 2003-2006 at Korytowo, about 30 km
away from Bydgoszcz, northwards, 2-factor field ekpents were set up in ‘split-plot’, in three repsieT
aim of the study has been to determine the effeitteonitrogen rate (0, 60, 120, 180 kg N*han the con-
tent of dry matter, vitamin C and monosaccharidas @tal sugar in onion of two cultivars: Kutnowska
and Efekt. Increasing nitrogen fertilisation hasutéed in a decrease in the content of dry mattehé
bulbs of the onions under study. The ‘Kutnowska'vedd a higher content of total sugar and, at the same
time, a lower content of monosaccharides than ‘Efdkfekt’ reacted with an increase in the contehtie
tamin C and monosaccharides as affected by higirélidation rates. A different reaction was noted in
‘Kutnowska’. The lower the dry matter content in antoulbs — the greater content of total sugars assdl |
content of monosaccharides.
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INTRODUCTION

Onion @llium cepa L.) represents bulb vegeta-ties. It also affects the human body as a deaeidifi
bles, representing the genus Allium, the family Amasince it contains many alkaline substances [Sédo an
ryllidaceae According to the guidelines of dieticians,Krejca 1988]. Due to its composition, onion shows
every day one should consume about 400 g of vecmany health-enhancing properties; it is the soofce
tables, including onion [Jarosz and Respondek 201tvitamins A, B, C, E, K, sugar, organic acids, etisakn
For a long time people have known its medicinzoils and mineral compounds with a high content of
properties, e.g. inhibiting the development of path silicon bonds as well as antioxidants. One of more
genic bacteria and fungi. Onion has a soothingceffeprecious antioxidants is quercetin, which prevents
on the nervous system, it triggers the productibn heart diseases and neoplasms [Strzelecka and Kow-
gastric acids, as well as demonstrates diuretipgrro alski 2000]. As a source of antioxidants in the hom
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ration, it can protect the human body from theaffethe nutrient uptaken by the plant over the vegmtati
of free radicals, responsible not only for bodyiage period, depend on the yield size. With the yield of
but also for cardiovascular and neurological diseas45 t ha' onion uptakes 128 kg of nitrogen.
and other dysfunctions related to oxidative stf€ss Applying mineral fertilisation to increase the ylel
mont et al. 2003, Dini et al. 2008, Gokce et all®0 often leads to a change in the chemical composition
Pérez-Gregorio et al. 2010, Vidyavati et al. 20100f vegetables. The changes concern both mineral and
Fructans found in onion, representing prebiotits)-s organic nutrients; proteins, vitamins, sugar, which
ulate growth of microfloral@ctobacillus and Bifido- determine the nutritive value of vegetables [Kotota
bacterium) beneficial to large intestine [Grzelak 2006].and Dobromilska 1992, Gurgul et al. 1998]. There is
thus limiting a risk of development of some dietno studies on the effect of 60, 120 and 180 nimoge
dependent diseases, e.glotectal cancer doses on the nutritional value and also marketable
Both the yield and nutritional value of the oniaa a yield of onions and correlation between nitrogen
mainly controlled by genetic factor, which in tuare fertilisation and features of onion. In scientifie-
heavily modified by environmental factors. Mineralsearch is looking for the optimal plant species and
fertilization, especially nitrogen, significantlyffects even varieties of fertilizer doses that are to quenf
the yield as well as the quality of onion bulb atlder building and nutritional functions, while limiting
vegetables [Rolbiecki at al. 2000, 2012]. The stuctheir use.
presented by Cecilio Filho et al. [2009] and Woldet The aim of the study has been to determine the ef-
sadik et al. [2002] noted the relationship betwt#en fect of a varied nitrogen fertilisation on the metrk
increase of dry matter iAllium cepa bulbs and in- able yield and content of dry matter, vitamin C,
creasing of the nitrogen fertilizer levels. Additedly monosaccharides and total sugar in ‘Efekt’ and -Kut
Woldetsadik et al. [2002] reported also the risehef nowska’ onion.
bulb yield. On the other hand, no significant effec
of increasing N levels on the dry matter content iMATERIAL AND METHODS
shallot bulbs [Woldetsadik et al. 2003, Woldetsadik
and Workneh 2010] and onion bulbs [Zeka et al. A field experiment was performed over 2003-
2009] were observed. At the same time Woldetsad2006 at Korytowo, about 30 km away from Byd-
and Workneh [2010] and Zeka et al. [2009] reportegoszcz, northwards. The research was performed on
the rise but Woldetsadik et al. [2003] noted desgeaa good rye complex soil, representing soil valuatio
of the bulb yield with increasing of nitrogen férta- class Illb, with a neutral reaction, with a higltri
tion levels. Olle and Williams [2014] found tharfe ness with phosphorus, potassium and available mag-
tilized onion had a greater vitamin C content thanesium and the content of organic carbon of 1.1%.
non-fertilized ones. In the study provided by Katot The experiment was set up in ‘split-plot’, in three
et al. [2013] no significant effects were obsereed reps. The research has involved two factors: lieron
the bunching onion vitamin C as well as the conteccultivars (Kutnowska, Efekt), Il — nitrogen fersii-
of dry matter, total sugar and yield due to theonit tion rate (0, 60, 120, 180 kg N-fja
gen fertilization. According to Woldetsadik and The onion forecrop was made up by potato under
Workneh [2010] increasing nitrogen fertilizationwhich, in autumn, FYM was applied at the rate of
levels also did not impact significantly the tozaid 30t ha'. Potassium and phosphorus fertilisers were
reducing sugar levels. Due to its shallow poorlysown in autumn under pre-winter plough at the rates
developed root system, onion has a low capacity fconsidering the content of those elements in sull a
using nutrients from soil. However, the rate of minnutrition requirements in onion. 40% superphosphate
eral fertilisation in onion depends on the richnes was applied at the rate of 50 kgQR-ha' and 60%
soil with available nutrients, the rate of orgafegl-  potassium salt at the rate of 100 kgOkha'. Min-
isers and water relations. The nutrition requiretmeneral nitrogen fertilisation was divided into thearst
of onion in terms of nitrogen, namely the amount crate, applied with the spring soil cultivation, tae
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rate of 60 kg N-Ha (34% ammonium nitrate), asyears, a cool period with an uneven precipitation
well as the post-plant-emergence rates (0; 60;kt20 distribution. The Sielaninov coefficient was 0.The
N-ha’ 34% ammonium nitrate). year 2005, in terms of vegetation period tempeeatur
Onion was sown in the first decade of April at thwas most similar to the mean for 1951-2005 (14.2°C)
rate of 5—6 kg-ha, which resulted in the plant den-the mean temperature was 0.1°C higher. The pracipit
sity of about 100 plants per?mwWeed control was tion in that period, on the other hand, was 80.1 mm
mechanically performed. Protection treatments welower than in the many-year period. The Sielaninov
made compliant with the guidelines of the Institote coefficient was 0.85. The 2006 vegetation period, 0
Plant Protection to combat diseases and pests. the other hand, can be considered warm and humid.
The Sielaninov coefficient was calculated accorcThe Sielaninov coefficient was 1.24.
ing to Molga (1986) from the equation: K=P x/10  Onion was harvested in two stages. At the first
¥ t, where: K — Sielaninov coefficient, P — sum ostage (the second and third decade of September)
rainfall, ¥ t — sum of average air temperature. Thonion was ploughed out when 70% of onion foliage
value of K in the range 0 to 0.5 means drought{®.6 got broken. To dry up, onion remained in the field
1.0 — dryness, and the value above 1.0 means hurabout 10 days. From each field 5 kg of onion bulbs
conditions. was sampled by hand for the following to be assayed
The weather conditions over the research yeadry matter with the oven-dry method [Kretowska-
varied (tab. 1-3). The 2003 vegetation period aan IKutas 1993], vitamine C with the Tillmans method
considered cool and dry. The Sielaninov coefficieraccording to PN-A-04019 [1998], and monosaccha-
was 0.60. The year 2004 was, of all the researrides and total sugar [Talburt and Smith 1987].

Table 1. Mean air temperature (°C) during the onion vegaigieriod (Mochetek)

Years Months Mean

\Y% \% Vi Wil VIl IX IV—IX 1951-2005
2003 6.4 14.4 17.6 19.2 18.4 13.6 14.9 14.2
2004 7.5 11.3 14.7 16.4 17.9 12.7 134 14.2
2005 7.4 12.2 14.9 194 16.3 14.8 14.2 14.2
2006 7.1 125 16.8 22.4 16.6 15.2 15.1 14.2

Table 2. Mean rainfall (mm) during the onion vegetation pdr{Mochetek)

Years Months Mean

\Y% \% Vi VIi VIl IX IV—IX 1951-2005
2003 13.3 121 34.3 88.8 17.8 11.2 1775 285.4
2004 12.1 44.4 35.8 41.8 85.6 24.8 2445 285.4
2005 23.8 69.5 30.7 40.2 20.9 17.9 203.0 285.4
2006 45.0 63.5 21.8 30.4 1445 41.5 316.7 285.4

Table 3. The hydrothermaBielaninovcoefficient(Mochetek)

Months
Years
v Vv Vi VI VIII IX IV—IX
2003 0.69 0.47 0.65 1.49 0.31 0.28 0.60
2004 0.64 1.27 0.80 0.82 0.15 0.65 0.72
2005 1.07 1.84 0.69 0.67 0.42 0.40 0.85
2006 2.11 1.64 0.43 0.44 2.23 0.61 1.24
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The results recorded in the experiments were euse of that material. According to Doruchowski
posed to the analysis of variance compliant witlh tH[1995], Babik [2004], onion for immediate consump-
model of the field experiments. The synthesis cion and freezing should show a low content of dry
multiple experiments was made in the mixed errcmatter (7—8%), while a high content of that nutrien
model. To evaluate the significance of difference(17%) is especially desirable as material for the p
across object means, Tukey’s range test was usecduction of dry vegetable and for storage. In the-pr

the level of significance of P = 0.05. sent research, as a result of increasing nitrogen f
tilisation, in the onion cultivars analysed, thenco
RESULTS AND DISCUSSION tent of dry matter decreased, as compared with the

samples collected from the object with no nitrogen

The marketable yields of both ‘Kutnowska’ ancfertilisation (tab. 4). There were shown, however,
‘Efekt’ varieties were higher with increasing nigem significant differences in the content of dry matte
doses (tab. 4, figs 1 and 2). In turn, both cultiveere across cultivars. In the cool vegetation periodhwit
characterized by the opposite effect of increasing @n uneven rainfall distribution (2004) the onion
trogen doses on dry matter content in onions (figs bulbs accumulated the lowest amount of dry matter
and 2). The content of reduction sugars signifigant(tab. 4), whereas after a warm and dry period
decreased in the ‘Kutnowska’ variety, and increased (2005), the highest content of dry matter was re-
the ‘Efekt’ variety along with the increase in ogen corded (20.0% points increase as compared to the
doses (figs 1 and 2). There were no significarrag- Year 2004).
tions of varieties and fertilizers on total sugantent. The content of sugar in onion determines the ap-
In the ‘Kutnowska’ variety the content of vitamin cPlicability of the material to a specific use. Acding
decreased with the increase of nitrogen doselo Matuszak and deizinski [2003], a higher content
whereas in the variant ‘Efekt’ a significant pogiti ©f sugar, especially monosaccharides, intensifies t
correlation was found (figs 1 and 2). darkening of the dry onion flesh. According to Sche

The chemical composition of onion comes fronn@ and Davis [2000], the tendency to darkening is
genetic conditioning. It can, however, be modifisd considered a negative trait since darkened fldgh tr
agrotechnical and climatic factors. The conterdryf 9€rs unfavourable sensory impressions and such on-
matter in onion determines mostly the direction cion is not accepted by consumers.

Table 4. The content of yield (kgn®)

Nitrogen fertilisation (kg N-ha)

Cultivars Years 0 50 120 180 Mean
2003 4.87 7.19 7.84 9.32 7.31
2004 4.36 7.36 8.11 9.31 7.29
Kutnowska
2005 2.59 4.09 5.09 5.49 4.36
2006 3.49 3.33 5.22 5.51 4.39
Mean 3.82 5.49 6.56 7.41 5.82
2003 4.19 5.8 6.38 6.99 5.84
Efekt 2004 4.19 5.58 6.04 6.85 5.67
2005 2.07 3.53 5.75 5.89 4.31
2006 1.97 2.52 4.13 6.36 3.75
Mean 3.11 4.36 5.58 6.52 4.89
Mean for fertilisation 3.70 5.28 6.41 7.17 5.64

LSDy osfor: cultivars = ns; fertilisation = 1.09; cultiak fertilisation = ns
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Correlation coefficient cv. 'Kutnowska'
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Fig. 1. Correlation coefficient between nitrogen fertilipat and yield, dry matter, monosac-
charides, total sugar and Vitamin C in cv. ‘Kutnowska

Correlation coefficient cv. 'Efekt’
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Fig. 2. Correlation coefficient between nitrogen fertilipat and yield, dry matter, monosac-
charides, total sugar and Vitamin C in cv. ‘Efekt’
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Table 5. The content of dry matter (% f.w.)

Nitrogen fertilisation (kg N-ha)

Cultivars Years Mean
0 60 120 180
2003 14.8 12.0 13.7 13.7 13.6
2004 12.0 10.6 11.6 10.7 11.2
Kutnowska
2005 14.6 14.0 13.5 13.2 13.8
2006 13.7 13.0 12.8 12.5 13.0
Mean 13.8 12.4 12.9 12.5 12.9
2003 13.1 13.2 12.3 14.1 13.2
2004 12.1 11.3 12.4 11.1 11.7
Efekt
2005 14.6 13.7 13.4 13.0 13.7
2006 13.3 12.8 12.5 11.8 12.6
Mean 13.3 12.8 12.7 12.5 12.8
Mean for fertilisation 13.5 12.6 12.8 12.5 12.9

LSDy osfor: cultivars = ns; fertilisation = 0.9; cultivarsfertilisation = ns

Tabela 6. The content of monosaccharides (% f.w.)

Nitrogen fertilisation (kg N-ha)

Cultivars Years Mean
0 60 120 180
2003 2.0 2.2 1.4 1.3 1.7
2004 1.8 1.7 1.3 1.7 1.6
Kutnowska
2005 1.6 1.9 2.1 1.6 1.8
2006 1.8 1.9 1.6 1.5 1.7
Mean 1.8 1.9 1.6 1.5 1.7
2003 1.7 25 2.5 2.0 2.2
2004 2.2 1.9 2.0 1.9 2.0
Efekt
2005 2.0 2.1 2.4 2.6 2.3
2006 2.1 2.3 2.4 2.8 2.4
Mean 2.0 2.2 2.3 2.3 2.2
Mean for fertilisation 1.9 2.1 2.0 1.9 2.0

LSDo osfor: cultivars = 0.204; fertilisation = ns; cultinsax fertilisation = 0.349
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Table 7. The content of total sugar (% f.w.)

Nitrogen fertilisation (kg N-ha)

Cultivars Years Mean
0 60 120 180

2003 7.1 6.5 6.4 5.8 6.5

2004 7.2 7.3 8.0 8.1 7.7
Kutnowska

2005 5.9 5.4 5.9 6.6 6.0

2006 6.9 6.7 6.6 6.7 6.7
Mean 6.8 6.5 6.7 6.8 6.7

2003 6.4 5.6 4.9 6.6 5.9

2004 6.8 6.9 7.0 6.9 6.9
Efekt

2005 6.0 5.7 5.7 6.2 5.9

2006 6.4 6.0 6.0 6.6 6.3
Mean 6.4 6.1 5.9 6.6 6.2
Mean for fertilisation 6.6 6.3 6.3 6.7 6.5

LSDy osfor: cultivars = 0.220; fertilisation = 0.306; dutirs x fertilisation = ns

Table 8. The content of vitamin C (mg-Kd.w.)

Nitrogen fertilisation (kg- hd)

Cultivars Years Mean
0 60 120 180
2003 130.0 104.0 129.6 65.2 107.2
Kutnowska 2004 162.9 143.0 142.3 84.1 133.1
2005 138.8 85.1 54.0 46.3 81.1
2006 124.0 115.9 109.2 84.3 108.4
Mean 138.9 112.0 108.8 70.0 107.4
2003 81.0 84.0 98.0 113.9 94.2
Efekt 2004 109.2 115.0 129.8 163.8 129.5
2005 77.6 94.1 151.1 168.7 122.9
2006 68.5 114.0 162.0 185.9 132.6
Mean 84.1 101.8 135.2 158.1 119.8
Mean for fertilisation 1115 106.9 122.0 1141 B13.

LSDo sfor: cultivars = ns; fertilisation = ns; cultivarsfertilisation = 45.3
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The content of the sugar assayed in onion varicof 180 kg N-hd, resulted in a significant decrease in
for different cultivars (tabs 5 and 6). The cultiva the content of that vitamin. The highest content of
varied in genetically-conditioned content of monovitamin C was found in the cultivars of onion col-
saccharides and total sugar in onion bulbs. llected in the year 2004 when mean temperature and
‘Efekt’ the level of monoscaccharides in fresh matrainfall in the vegetation period was lower thae th
ter was 0.5% points higher than in ‘Kuthowska'mean for 1951-2005 (tab. 4).
which was also statistically confirmed (tab. 5).eTh  The analysis of correlation of the selected chemi-
inverse relationship was observed in the total migecal composition of bulbs of the onion cultivarsesy
content, ‘Kutnowska’' has 0.5% points higher contigated showed a negative dependence between the
tent of total sugars than ‘Efekt’ (tab. 6). Theagn content of dry matter, content of total sugar and
sis of variance did not show a significant effe€t omonosaccharides (tab. 8). The lower the contedtyof
applying a higher nitrogen rate on the content matter in onion bulbs, the higher the content ¢dlto
monosaccharides in onion. However, it demorsugar in onion and the lower the content of monosac
strated a significant effect of the interactiontbé charides.
nitrogen fertilisation rates, depending on the ieult
var, on a given trait (tabs 5 and 6). An increase ICONCLUSIONS
nitrogen fertilisation resulted in a different rédan

of cultivars to the content of monosaccharides in The commercial yields of both Kutnowska and

onion. The nitrogen rate of 120 and 180 kg N*ha:Efekt varieties were higher with increasing nigen
applied under ‘Kutnowska’ onion significantly de-ggses.

creased the content of monosaccharides, as com-The fertilisation with nitrogen resulted in a de-

pared with the rate of 60 kg N-fla'Efekt’ onions, crease in the content of dry matter in the oniolbdu

trient. The content of monosaccharides in the onitsgccharides than ‘Efekt.

(tab. 5), while the temperature and moisture condyitamin C and monosaccharides as affected by 120

tions over the vegetation period differentiated thang 180 rates of nitrogen fertilisation. A diffeten
content of total sugar in the onion of the cult&/ar eaction was reported for ‘Kutnowska'.

studied (tab. 6). In the year 2004, showing a lower

mean total precipitation than the many-year meépcreRENCES
and with a lower mean temperature than the mean

for 1951-2051, the highest content of total sug
was recorded in onion bulbs of both cultivars, 7.
and 6.9%, respectively.

abik, J. (ed.) (2004). Organic farming methods obnio
Materials for farmers collective work. Krajowe Cen-
trum Rolnictwa Ekologicznego — Regionalne Centrum

I.n terms of incr.easing n!trogen fertilisatiqn, the Doradztwa Rozwoju Rolnictwa i Obszaréw Wiejskich
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