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Abstract

During 2007-2009, studies were undertaken to determine the
effect of genetic factors, magnesium fertilisation and storage on
the content of nitrates (V) and (lll) in carrot roots. After harvest as
well as after storage, the cultivar ‘Perfekcja’ was characterised by
the lowest content of NO,™ and NO,", while the greatest amounts
were found in cultivar ‘Flacoro’. Magnesium was applied in doses
of 0, 45 and 90 kg MgO ha' — in the form of 3% spraying during
the vegetation season. The research items were cultivars: ‘Berjo’,
‘Flacoro’, ‘Karotan’, ‘Koral’ and ‘Perfekcja’.

After harvest as well as after storage, the cultivar ‘Perfekcja’ was
characterised by the lowest content of NO,” and NO,”, while the
greatest amounts were found in cultivar ‘Flacoro’. In this research,
each of the applied dose of magnesium fertilisation resulted in a
significant increase in the content of nitrates (V) and (lll) in carrot
roots, but none of the evaluated cultivars did not exceed the allowed
amounts. After storage, the content of nitrates (V) decreased for the
cultivars ‘Berjo’, ‘Flacoro’ and ‘Karotan’ by 2%, for ‘Koral’ and ‘Per-
fekcja’ by 2.5%, whereas of nitrates (1l) for the cultivar ‘Berjo’ by 1%,
‘Karotan’ and ‘Perfekcja’ by 3% and for ‘Flacoro’ and ‘Koral’ by 5%.
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1. INTRODUCTION

Carrot (Daucus carota L.) is one of the main vegetable crops
grown both for direct consumption and for processing [Gajewski
& Dabrowska 2007, Czerwinska & Zgorska 2011]. Due to large-
scale production and a growing demand, carrots are an essential
export goods [Czerwinska & Zgoérska 2011, Filipiak & Maciejc-
zak 2010, Wszelaczynska & Poberezny 2011]. Carrot is a plant,
which has high tendency for the accumulation of nitrates (V) and
(Ill) and their greatest concentration is in the roots [Grudzinska
& Zgorska 2005].

According to the norms, the content of nitrates (V) in carrot should
not exceed 400 mg+kg™" in fresh weight and in the case of car-
rot allocated to processed foods for children under 3 years of
age — 200 mg-kg™" [Grudzinska & Zgoérska 2005, Murawa et al.
2008, Gajewski et al. 2010, Wrzodak & Elkner 2010]. The share
of nitrates derived from vegetable crops in daily human ratio ac-
counts for 70-90% [Tamme et al. 2005]. Their negative effect on

Streszczenie

W latach 2007-2009 podjeto badania w celu okreslenie wptywu
uwarunkowan genetycznych, nawozenia magnezem oraz prze-
chowywania na zawarto$¢ azotanéw(V) i (lll) w korzeniach spich-
rzowych marchwi. Magnez stosowano w dawkach 0, 45 i 90 kg
MgO ha™' — w formie 3 % oprysku w okresie wegetacji. Obiektami
badan byty odmiany: ‘Berjo’, ‘Flacoro’, ‘Karotan’, ‘Koral’, ‘Perfek-
cja'.

Najmniejszg zawartoscia NO,” i NO,” po zbiorze jak o po prze-
chowywaniu charakteryzowata sie odmiana ‘Perfekcja’ a najwiek-
szg odmiana ‘Flacoro’. W prowadzonych badaniach kazda z za-
stosowanych dawek nawozenia magnezem powodowata istotny
wzrost zawartosci azotandw (V) i (Ill) w korzeniach marchwi ale
zadna z badanych odmian nie przekroczyta dopuszczalnej normy
ich zawartosci. Po przechowywaniu nastgpit spadek zawartosci
azotanow(V) dla odmian: ‘Berjo’, ‘Flacoro’ i ‘Karotan’ o 2%, ‘Koral’
i ‘Perfekcja’ - 2,5%, natomiast azotandéw (ll1) dla ‘Berjo’ 0 1%, ‘Ka-
rotan’ i ‘Perfekcja’ - 3% a ‘Flacoro’ i ‘Koral’ - 5%.

the consumer’s body comes from the fact that they are getting
transformed into toxic nitrates (lll), oxidise haemoglobin to meth-
aemoglobin as well as show a destructive effect on vitamin groups
A and B as well as carotenoids [Murawa et al. 2008, Marks 2009].
At present, in agriculture there is a search for growing methods,
which enrich the material with nutrients and, at the same time, de-
crease the content of harmful compounds. The quality of storage
roots in carrot is cultivar-specific; it also depends on climate—soil
conditions, agrotechnical practices as well as the conditions during
long-term storage [Seljasen et al. 2001, Santamaria 2005, Tamme
et al. 2005, Kona 2006, Ayaz i in. 2007, Gajewski & Dabrowska
2007, Murawa et al. 2008, Gajewski et al. 2009b, Karkleliene et
al. 2009, Domaradzki et al. 2010, Czerwinska & Zgorska 2011,
Wrona 2012]. Knowing that magnesium participates in the syn-
thesis of carbohydrates, proteins and provitamin A as well as that
it is the structural element of chlorophyll [Smolen & Sady 2007,
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Wszelaczynska & Poberezny 2011], research has been launched
to determine the content of nitrates (V) and (lll) in storage roots in
carrot depending on the foliar application of magnesium, genetic
conditions as well as storage.

2. MATERIALS AND METHODS

The research material was derived from field experiments per-
formed in the Kujawy and Pomorze Province over 2007—2009.
The experiments were performed on light soil with a slightly acid
reaction, a low richness in the available forms of P and K as well
as the average richness in Mg. The experiments were setup in a
split-plot design in three replicates.

The experiment design included the following factors: evalua-
tion date (after harvest and after storage), cultivars (Berio, Fla-
coro, Karotan, Koral and Perfekcja), magnesium fertilisation in
the form of 16% sulphate (0, 45 and 90 kg MgO-+ha™') with a
fixed NPK fertilisation (70 kg N ha™', 80 kg P,O5+ha" and 100 kg
K,O<ha™). Foliar fertilisation with magnesium was applied twice
during the plant growth (July and August) by applying 3% sul-
phate solution (300 I+ha™).

The samples were stored in a traditional heaped pile of earth
for 6 months. The scope of this research included determining
the contents of nitrates (V) with the ion-selective method using
the multifunctional apparatus CX-721 provided by the company
Elmetron (Baker & Thompson 1992). The content of ions NO,
was determined after its oxidation to NO, , in an earlier prepared
sample of the extract according to the abovementioned method.
Statistical analysis was performed for the results of the 3-year
research by applying the analysis of variance method to evalu-
ate the significance of the Tukey differences. The coefficients of
linear correlation between the characters studied as well as the
coefficients of variation were calculated. The daily consumption
of nitrates (V) and (lll) with the consumption of 55 g of the stor-
age roots studied were determined.

The publication has been developed with the use of the apparatus
purchased as part of project "Execution of the second stage of
the Regional Center of Innovativeness’, * which was co-financed

by funds of the European Regional Fund as part of the Regional
Operational Programme of the Kujawy and Pomorze Province
for 2007-2013.

3. RESULTS AND DISCUSSION

The results of the content of nitrates (V) in the roots of five carrot
cultivars have been presented in Table 1. The analysis of vari-
ance showed significant differences in the content of nitrates (V)
across the cultivars studied. The lowest content of nitrates (V) af-
ter harvest and after storage was recorded for ‘Perfekcja’, 223.87
and 218.90 mg-kg™, respectively, and the greatest for ‘Flacoro’
cultivar, 277.23 and 271.58 mg+kg™" of fresh weight. Different re-
sults were reported by Grudzinska and Zgoérska [2005] for all the
three cultivars; ‘Perfekcja’ accumulated most nitrates (V) and the
content was much higher, namely 464 mg<kg~ of fresh weight.
A high content of nitrates (V) for ‘Perfekcja’ cultivar was also re-
ported by Wrzodak and Elkner [2010] — 431.6 mg<kg~" of fresh
weight. As reported by Gajewski et al. [2009b], the content of ni-
trates (V) on average for two cultivars, was 260 mg-<kg~" of fresh
weight, and ‘Karotan’ cultivar showed a greater tendency to the
accumulation of nitrates (V) than ‘Trafford’.

Gajewski et al. [2009a], on the other hand, report on the contents
of nitrates (V) from 132.3 for ‘Nebula’ to 259.4 mg-kg~ of fresh
weight for ‘Mello Yello’. Murawa et al. [2008] as well as Smolen et
al. [2006] recorded the content of nitrates (V) in the storage roots
in carrot as follows: 217.9 as well as 49.4 mg kg™ of fresh weight,
respectively; however, they do not specify the cultivars. Anyszka
and Elkner [2007] for carrot-type mini (baby carrots) defined that
content as 166.4 mg<kg~" of fresh weight. Similar results were
reported by Dobrzanski et al. [2008] — 156.9, Karkleliene et al.
[2009] from 157.0 to 341.3, Sus et al. [2006] — 264.0, Tietze et
al. [2007] — 242.5 as well as Ziarati and Arbabi-Bidgoli [2014] —
480.1 mg-kg of fresh weight.

None of the cultivars studied exceeded the norm of the content
of nitrates (V) (Tables 1 and 2). Different results were recorded
by Wrzodak and Elkner [2010] as well as by Ziarati and Arbabi-
Bidgoli [2014] in the research, which reported a considerable ex-

Table 1. Content of nitrates (V) and (lll) in [mg<kg™" of fresh weight] and the coefficients of variation CV [%] depending on genetic

conditions and the research date as well as magnesium fertilisation

Fertilisation MgO kgeha™

Research

date Cultivar :
(A] [B] Nitrates (V)*
0 45 90 Mean
Berjo 225.6 229.1 2SSES 229.3
‘g‘ Flacoro 264.9 275.9 290.8 277.2
E Karotan 230.1 237.2 240.7 236.0
= Koral 2389 2451 2522 2454
E Perfekcja 219.3 224.0 228.3 223.9
Mean 235.8 242.9 2491 242.4
Berjo 220.2 227.9 226.5 224.9
g Flacoro 260.0 271.2 283.5 271.6
g Karotan 225.8 232.8 235.1 231.2
g Koral 230.5 241.0 2471 239.5
E Perfekcja 210.2 221.3 2252 218.9
Mean 229.3 238.9 243.5 237.2
Mean 232.5 240.6 246.3 239.8
*A=1.91 B=3.32 C=6.00
LSD s B/A=n.s. AB=ns. C/A=ns.
A/C=n.s. C/B=7.43 B/C=8.43

[C] CV [%]
Nitrates (Il1)** _ —
NO, NO,
0 45 90 Mean
1.86 1.89 1.93 1.89 1.94 214
2.28 2.54 2.70 2.50 4.85 8.20
1.98 2.02 2.05 2.01 2.71 1.62
2.02 2.04 2.24 2.10 2.55 5.22
1.77 1.84 1.86 1.82 2.19 2.52
1.98 2.06 2.15 2.07 - -
1.83 1.87 1.91 1.87 2.50 2.15
2.25 2.32 2.55 2.37 4.09 6.70
1.90 1.95 1.97 1.94 2.62 1.60
1.95 2.00 2.04 2.00 3.37 3.19
1.69 1.81 1.82 1.77 3.65 3.96
1.92 1.99 2.06 1.99 - -
1.95 2.03 2.11 2.03 - -
**A=0.021 B=0.033 C=0.060
B/A=n.s. A/B=n.s. C/A= 0.066
A/C=0.048 C/B=0.073 B/C=0.083
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Table 2. Daily consumption of harmful nutrients while consuming 55 g of carrot* [mgeday]

NITRATES (V) NITRATES (lll)
CULTIVAR After harvest After storage After harvest After storage
0** 45** 90** 0 45 90 0 45 90 0 45 90
BERJO 12.4 12.6 12.8 12.1 12.5 12.5 0.10 0.10 0.11 0.10 0.10 0.10
FLACORO 14.6 15.2 16.0 14.3 14.9 15.6 0.13 0.14 0.15 0.12 0.13 0.14
KAROTAN 12.7 13.0 13.2 12.4 12.8 12.9 0.11 0.11 0.11 0.10 0.11 0.11
KORAL 131 13.5 13.9 12.7 13.3 13.6 0.11 0.1 0.12 0.11 0.11 0.1
PERFEKCJA 12.1 12.3 12.6 11.6 12.2 12.4 0.10 0.10 0.10 0.09 0.10 0.10
MEAN 13.0 13.3 13.7 12.6 13.1 13.4 0.11 0.11 0.12 0.11 0.11 0.11

*Mean consumption of fresh and processed carrot (without juices) is 20 kg year=' per person in Poland.

**Magnesium fertilisation rate [kg MgO<ha™"].

ceeding of the norm of the content even by 80 mg, while Mo¢ko
and Wactawek [2005] noted that the content of nitrates (V) for
‘Perfekcja’ exceeded by 31.6 mg and for ‘Regulska’ by 54.4 mg.
The results of the content of nitrates (lll) have been presented in
Table 1. The analysis of variance showed significant differences
in the content of nitrates (lll) across the cultivars. Similarly, as
for nitrates (V) the lowest content of nitrates (lll) was noted for
‘Perfekcja’ and the highest for ‘Flacoro’ both after harvest and
after storage. Such a relationship is confirmed by the calculated
positive values of the coefficients of correlation between nitrates
(V) and (Ill) after harvest (r = 0.569; Po1) as well as after storage
(r=0.468; Poo1). Murawa et al. [2008], Ziarati and Arbabi-Bidgoli
[2014] as well as Ayaz et al. [2007] reported the content of ni-
trates (Ill) in carrot as follows: 0.57, 1.01 as well as 0.65 mg+kg™’
of fresh weight; however, they do not specify the cultivars. A very
low content of nitrates (Ill) not exceeding 0.5 mg<kg~"' of fresh
weight was recorded by Sus et al. [2006] monitoring the carrot
market in Slovenia.

The magnesium fertilisation applied resulted in a significant in-
crease in the content of nitrates (V) and (Ill) (Table 1). The ap-

plicable literature demonstrates that magnesium introduced with
fertilisation increases its concentration in the plant intensifying
photosynthesis. It also increases the health status of plants by
limiting the development of pathogenic bacteria and fertilisa-
tion with magnesium sulphate increasing the soil reaction. All
those processes decrease the accumulation of nitrates in plants
[Smolen et al. 2010, Waraich et al. 2012]. The opposite result in
the present research can be due to an increase in the concentra-
tion of sulphate anions in carrot roots supplied with that fertiliser,
the excess of which can contribute to the accumulation of nitrates
in plants [Smolen et al. 2006]. An increased content of nitrates in
‘Kazan’ F1 (however, not exceeding the norm) fertilised with the
fertiliser in a sulphate form is also reported by Sady et al. [2005].
After 6 months of storage, there was reported a drop of the con-
tent of nitrates (V) for Berjo, Flacoro and Karotanu by 2% and
for Koral and Perfekcja by 2.5% (Fig. 1), which complies with
the results of Gajewski et al. [2010]. Gajewski et al. [2009a], in-
vestigating eight cultivars, recorded an average decrease in the
content of nitrates (V) accounting for as much as 22%. However,
one shall note that in ‘Interceptor’, ‘Nebula’ and ‘White Satin’ after

[%e]
p
0
-1
-2 CULTIVAR:
-3 mBERJO
4 aFLACORO
OKAROTAN
-5 BKORAL
6 @PERFEKCJA
-7
-8
-9
-10

45

FERTILISATION MgO kg-ha!

90 Mean

Fig. 1. Percentage losses of the content of nitrates (V) in carrot roots depending on the cultivar, fertilisation and storage period
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storage, there was noted an increase in the concentration of ni-
trates (V) by 18.9%, 0.23% as well as 1.5%, respectively. Wrona
[2012] as well as Czerwinska and Zgorska [2011] claim that dur-
ing storage, the content of nitrates (V) decreased since they get
transformed into nitrates (lll). According to many authors, the
conditions of storage are one of the key factors affecting the
changes in the quality of vegetables [Seljasen et al. 2001, Tietze
et al. 2007, Gajewski et al. 2010, Wrona 2010, Wrzodak & Elkner
2010, Wszelaczynhnska & Poberezny 2011, Poberezny et al. 2012].
Wrona [2012] recorded a decrease in the content of nitrates (V)
by 13% and 53%, respectively, in storing carrot both in industrial
conditions and in the fridge. Such a high difference could have
been due to higher temperature of storage in the fridge than un-
der industrial conditions.

The root storage period also significantly decreased the content
of nitrates (Ill) (Fig. 2) and recording such a result is confirmed by
a significantly positive coefficient of correlation between nitrates
(V) and (Ill) after storage (r = 0.468; Poo1). The decrease was
as follows: ‘Berjo’ — 1%, ‘Karotan’ and ‘Perfekcja’ — 3% and for
‘Flacoro’ and ‘Koral’ — 5%. The calculated coefficients of variation
for nitrates (V) and (lll) (Table 1) show that, as compared with
both compounds, ‘Flacoro’ carrot showed the highest variation
and ‘Berjo’ showed the lowest variation for nitrates (V), while for
nitrates (l1l) — ‘Karotan’ both after harvest and after storage.

The FAO/WHO Joint Expert Committee on Food [2002] defined
the value of the daily consumption from all the sources for nitrates
(V) from 0 to 3.7 and for nitrates (lll) from 0 to 0.07 mg<kg~" of
the body weight. The values show that the ADI ((Acceptable Daily
Intake — by the man of 60 kg in weight cannot exceed 222 mg of
nitrates (V) and 4.2 mg of nitrites (Ill) [Burt et al. 1993]. With the
consumption of 55 g of the carrot studied, they consume a maxi-
mum of 16.0 mg of nitrates (V) and 0.14 mg of nitrates (lll) daily,
which accounts for 7.2% and 3.3% ADI, respectively [Table 2].
Tamme et al. [2005], monitoring the Estonian market, defined the
daily consumption of nitrates for adults as 58 mg day 1 for children
at the age from 4 to 6 years old — 30 mg and for babies — 7.8 mg.

4. CONCLUSIONS

The content of nitrates (V) and (lll) significantly depended on the
genetic conditions; the lowest concentration of the compounds
studied was recorded for ‘Perfekcja’ and the highest for ‘Flacoro’.
Magnesium fertilisation increased the content of nitrates (V) and
(I in the storage roots in carrot; however, after storage those
contents decreased. The cultivars exceeded neither the norm of
the content of nitrates in the fresh weight nor the ADI. Due to the
toxic effect of nitrogen compounds, a regular monitoring of the
content and occurrence of those compounds is necessary.

[%]
1
0 -
-1 -0,9 -1,0 12
-2 =Ram T8 CULTIVAR:
-3 ] @EBERJO
-4 =34 OFLACORO
'3,9 -3, _4'1 .U _ UKAROTAN
-5 =35 SKORAL
8 -5 -5.2 BPERFEKCJA
-7
° Il
o 8.8 91
-10 —
0 45 90 Mean

FERTILISATION MgO kg-ha"'

Fig. 2. Percentage losses of the content of nitrates (ll1) in carrot roots depending on the cultivar, fertilisation and storage period
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