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ABSTRACT

The aim of this research has been to analyse fheteff a cultivation system on the content of métein
carrot roots. Roots of two carrot cultivars (KoratlaBolero) grown in organic plantations and plaotai
maintained according to integrated agriculture glins were chosen for the study. The thermal anid-mo
ture conditions differentiated the content of ma@wond microelements more than the cultivation sysbe
genotype specific traits of the cultivars did. kngral, a significantly higher content of the asaly miner-

als was observed in the first year of the experim@atrot grown in the integrated system contairigtidr
amounts of N and Mg as well as Cu, Zn and Mn, whifgpic carrot roots had more P, Fe and Pb. The late
cv. Koral contained significantly more P as well as &yl Cu, Zn and Pb, while the cultivar Bolero was
richer in N. With respect to the other elementsdifi@rences were determined between the cultivarerAft
storage, the content of N in roots of both cultvdecreased, while the levels of the other macrimmis
was higher. Larger changes in the content of N, Na,akhidj Ca were detected in roots of the carrot from
organic plantations, while P and K differed moreanrot roots from the integrated system.

Key words: Daucus carotaprganic system, integrated system, macroelemenmtspeiements

INTRODUCTION

The annual consumption of table carrBa(icus during the growing season of plants raises yields o
carotal.) in Poland reaches about 20 kg per capitvegetables. Carrot from a conventional plantatiem c
[Statistical.. 2015]. Carrot is a rich source pfca- contain residual amounts of pesticides and a much
roten (provitamin A), vitamins (B B,, C, PP), fibre, higher content of nitrates than organic carrot [ien
sugars and mineral salts, mainly potassium but alet al 2009]. An alternative to fungicides used in inte-
calcium, phosphorus, magnesium and micronutrientgrated production [Bounds et.a&006] is to sow

Our interest in safe and good quality food stimuhealthy seeds of cultivars with an elevated resigta
lates the demand for agicultural produce origimatinto pathogens and to implement agrotechnical and
from organic farms. According to the principles obiological control measures [Ratajkiewicz et al.
organic production, application of agrichemical2011]. In response to an invasion of pathogens and
(mineral fertilisers, plant protection agents) dddae plant pests, plants synthesize phenolic compounds,
restricted. Effective protection against pathogerwhich participate in the activation of defence neech
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nisms of plants submitted to a biotic stress [Btana cutivation system only slightly modifies its yel

and Molgaard 2001]. According to Cwalina-Ambro{Warman and Havard 1997, Masamba and Nguyen

ziak et al. [2014], carrot from organic fields cains 2008, Bender et al. 2009, Hoefkens et 2009,

more phenolics than carrot grown according to thBender et al. 2015, Kr&gva et al. 2016, Wierz-

integrated agriculture rules. Hence, organic fagminbowska et al. 2017].

creates suitable conditions for the cultivationttus The purpose of this study has been to analyse the

vegetable. effect of a cultivation system on the content ohmi
The content of minerals in the plant is affected berals in roots of edible carrot.

the climate and soil conditions, fertilisation,iga-

tion, application of biostimulators, the genotype OMATERIALS AND METHODS

a particular cultivar or variety, as well as thendip

tions created during the storage of harvested glant Plant material. Two carrot cultivars: early Bolero

and their processing [Warman and Havard 199and late Koral, were grown in 2011-2012, on planta-

Dysko and Kaniszewski 2007, Platta and Kolendtions run in the integrated agriculture (Journal of

2009, Negrea et ak012, Singh et al. 2012, Kwiat- Laws of 2004. No. 11, item 94, as amended) and

kowski et al 2015]. While the genetic variation andorganic farming systems (Journal of Laws of 2004,

environmental conditions have a considerable infliNo. 93, item 898, as amended), and located in north

ence on the content of minerals in edible carrots,0 eastern Poland (fig. 1).

g e
TN RUssiq [,
_______// \‘_-;"J_' _— x\ (/,-g'
I-_I__.-J' r G ki \t-__\ | /l-//
| OO g Jomaszkowo )\ —
| P i 8 4""'?“'9'5’"" '}(mrfknwo i ‘\\
on ,Il ngi’abfo W - .ﬁ‘yworﬂr \ . B "\\.l
m/ _. o= e Taraskawo V&
) ™ - i [ | T
z N, e Szpiegowo g) ’k N
/ A, & !
| S w"/ %r
Z ) Ny
< | \'

' POLAND '

N ) &
':é'(o\-/ L / N

YN S
Scale 1:4 000 000 ’ SLO IX; _K 1A \15

Fig. 1. Location of carrot plantations
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The plantations maintained in the organic agricufertilisers, in line with the recommendations by th
ture system were situated in the Province of Warmlnstitute of Horticulture in Skierniewice (in thaia
and Mazury, in the villages Godki (GPS coordinatetumn of the previous year: P — 263.9 kg ha',
53°49'59.88" N, 20°16'0.12"E) — Abruptic Luvisolsas triple superphosphate; K — ¥2%6,7 kg ha
and Dystric Brunic Arenosols soil (R I1Va-V) as 50% potassium salt in the spring before sowing:
[IUSS... 2015], ridge cultivation with 2 rows each aiN — 80-110 kg ha" as urea). Before sowing, the
6—8 cm spacing and Tomaszkowo (GPS 53°43'04"seeds were dressed against the carroPijlg rosag
20°24'32"E) —Abruptic Luvisols soil (R 1Va), ridge using the seed dressing preparation Marshal 250 DS
cultivation with 2 rows each at 6-8 cm spacing; i(25% carbosulfan; at dose 70 gkgeeds). Pathogen

Podlasie Province, in the village Taraskowo (GPCONtrol consisted of a double spray of plants with
53°12'32"N, 22°16'00"E) — Abruptic Luvisols armSlgnun_ﬁ 33 WG (6.7% Tp})yraclostrok_)ln and 26.7%
Dystric Brunic Arenosols soil (R 1Vb-V), ridge ciilt bOSOCElhd, at dos_e _1 kg Tin an% A_T'Star 250 SC
vation with 2 rows each at 6-8 cm spacing and i(25/° azoxystrobin; at dose 0.6 dha’). The planta-
Kujawsko-Pomorskie Province in  the viIIagetions were weeded chemically, using the herbi-

. cide Linurex 500 SC, as well as mechanically and
Zgnitobtoty (GPS 53°16'59.88"N, 19°13'59.88"E) “manually y
rHOapSI‘I(; :Lé\./rllsof% SSS I':o(EO 2:}? |¥22 Sﬂ"’:;fagglg\::g;f - In both cultivation systems, the preceding crops
.W pacing j u were cruciferous vegetables, cereals or a mixture
fields was up to 0.5 ha. Farmyard manure (FYM) ¢: .

_ . 7 ‘of grasses and clover. Agrotechnical treatments
dose 25 t hd was supplied under the preceding N ) .
: .__“were carried in line with the recommendations k®y th
crops. The plantations were weeded mechanical--" . . . T .
. . Institute of Horticulture in Skierniewice (autumn:
and manually. Pathogens Alfernaria dauci,

A. radicina and Erysiphe heraclgi were controlled cultivated aggregate, harrow; spring: harrow, uaki

with the biological preparation Grevit 200 SI_tor, redliner formation and seeds sowing). Carrot
(0,2% grapefruit extract; at dose 1.5 3drha‘1) seeds were sown in an amount of 1,200,000 to

and the growth biostimulator Asahi SL (0.1% soIU—Z'OOO’000 seeds Tia Quality seed of carrot were

tion; nitrophenols naturally occurring in plantg-s SOWN from .the end of April to early May (27.04—
dium O-nitl’ophenol, sodium p-nitrophenol, SOdiun-_3'05'2011' 2704—10052012) and harvested from

5-nitroguaiacol; at dose 0.5 da?) was applied in the end of September to early October (30.09-
stress conditions. —7.10.2011, 28.09-5.10.2012), in booth years of the
The integrated plantations covering an area ovStudy. Thirty roots of table carrot were sampleatra
5 ha were located in the Province of Warmia andomly from each plantation, of which 5 roots were
Mazury in the villages Krélikowo (GPS 53°34'21"N,taken for chemical analyses (macro- and microele-
20°15'12"E) — Abruptic Luvisols, soil class IVb,ments). The remaining roots were stored for 5 n®nth

cultivated on field patches with 6 rows each an® cin piles layered with sand, and afterwards their-co
spacing; Mielno (GPS 53°30'43"N, 20°11'3)3"E tent of macroelements was assayed.

Abruptic Luvisols soil (R IVb), ridge cultivationitia Chemical analyses. In order to determine macro-

2 rows each at 6-8 cm spacing; Rywociny (GPelements, dried and ground plant material was wet
53°09'58.5"N, 20009-22,2)5_ Abruptic Luvisols Mineralised in concentrated sulphuric(VI) acid with
sail (R IVb), ridge cultivation with 2 rows each athydrogen doxide as an oxidant. The N-total content
6-8 cm spacing and in Kujawsko-Pomorskie Prowas detrmined spectrophotometrically according to
ince in the village Szpiegowo (GPS 52°41'30"Nthe hypochloride method [Baethgen and Alley 1989];
19014-02--3 — Haplic Luvisols soil (R IlIb), ridge P was determined with the vanadate-molybdate
cultivation with 2 rows each at 6-8 cm spacing)e Thmethod, K, Ca and Na were assayed with the atomic
plantations were fertilised with FYM (at dose 2%t emission spectrophotometric method, while Mg was
was supplied under the preceding crops) and mineanalysed with atomic absorption spectrophotometry
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[Ostrowska et al. 1991]. The content of crude aah wthe quantity and quality of carrot yields more than
analysed with the gravimetric method, having drnitrogen fertilisation. In our experiment too, the
mineralised the plant material at 550°C, and aftthermal and moisture factors in both years signifi-
dissolving ash in HCI at a concentration of 0.5 mccantly differentiated the content of crude ash and
dni® the content of Cu, Zn, Mn, Fe and Ni was demost of the minerals in carrot roots (tab. 2 and 3)
termined by atomic absorption spectrophotometiConversely, the cultivation system and the genotype
(AAS). To determine the content of boron, comminof the cultivars had no significant influence ore th
uted plant material was dry mineralised (520°C) i‘amou_nt of crude ash in carrot rooti. Organic_carrot
the presence of calcium oxide, and the ash was dcontained on average about 61.54 g"kgm., while
solved in 0.5 mol HCI difl. The content of boron Carrot from the integrated system had 62.15 @ kg
was determined with the H-azomethine colorimetrid-M- of crude ash. The average content of crudénash
method [Benedycka and Rusek 1994]. roots of the early cultivar Bolero was 59.73 g kg
statistical analysis. The research results wered-m., While roots of the latev. Koral had 63.96 g kg
processed statistically in a Statistica” 16oftware d-m. of this component. These results are about 10%
package. Differences between mean values wel@ 20% lower than reported by others [Lisiewska et

determined by Tukey’s test at a significance lafel & 2006, Tadesse et al. 2015, Wierzbowska et

P < 0.05. al. 2017].
According to Pietola and Salo [2000], the soil
RESULTS AND DISCUSSION abundance of nutrients as well as the weather eondi

tions and the plant's development phase have

The data collated in Table 1 show that the tot Stronger influence on the content of P, K and Mg
precipitation in the first year was higher than ththan cultivation treatments, and more intensiveonit
multi-annual mean sum of precipitations. The highd€n ferti_lisation leads to an increase in the NsNO
est rainfall surplus occurred in the village TarasConténtin carrot roots.
kowo (+30.4%), and smaller ones were recorded in Analogously to the content of crude ash, the con-
the area monitored by the meteorological station ccentrations of nitrogen, phosphorus and magnesium
Olsztyn (+14.1%) and Lidzbark Welski (+11.5%).in carrot roots were significantly differentiatetthe
The smallest divergence from the multi-annual suiParticular years, and the content of these elements
of precipitations was recorded in the villages 8zpi depended on the cultivation system as well as the
gowo and Rywociny. July was the wettest monttPlant's genotype (tab. 2 and 3). Except nitrogen in
with the total of rainfall three-fold higher thahet Organic carrot and nitrogen and calcium in carrot
multi-year average. In the second year, except grown in the integrated system, more macroelements
the village Szpiegowo, the sum of precipitationwere contained in roots harvested in the first year
during the carrot growing season was also highCarrot grown in the integrated system contained on
than the multi-annual average. The wettest montiaverage 11.02 g N and 1.31 g Mg kg.m. while
were June and July. During the whole period co\organic carrot had just 9.05 g N and 1.07 g Mg'kg
ered by the study, the average temperatures in td.m. In turn, the highest amounts of phosphorus
growing season were generally higher than th(3.16 g P kg d.m.) were determined in organic car-
multi-annual average temperatures for the sanrot. Significantly more P and Mg appeared in the la
time of the year. cv. Koral, while cv. Bolero accumulated more nitro-

Vegetables are a valuable source of minerals gen. With respect to sodium, high variability coeff
human diet. Ekholm et al. [2007] demonstrated thcients indicate that the content of this element in
the content of mineral ingredients in plant producicarrot roots was highly varied depending on the
had decreased over the past decades. Accordingweather conditions, cultivar characteristics arté si
Smoler [2008], the climate and soil conditions affecwhere it was grown.
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Table 1. Meteorological data

Organic cultivation Integrated cultivation

Godki, Kroélikowo

Taraskowo Zgnitobtoty . Rywociny Szpiegowo
Year Month (Myszyniec)* (Lidzbark Welski) Toma(s;lrsozvtv;r;)Mlelno (Mtawa) (Ptock-Trzepowo)
rainfall temperature rainfall temperature rainfall temperature rainfall temperature rainfall temperature
(mm) (G (mm) (C) (mm) (C) (mm) (G (mm) (C)
\Y 455 9.1 24.8 9.6 32.2 9.5 30.0 10.3 17.0 10.8
\% 51.3 13.2 45.9 13.4 46.1 13.2 64.7 13.5 45.3 14.2
VI 72.9 17.6 37.6 18.1 61.1 17.4 445 17.7 42.3 318.
2011 Vil 215.8 18.3 198.3 17.9 222.2 18.0 182.5 17.8 .200 18.0
VIl 59.0 17.5 56.4 17.6 65.3 17.7 58.7 17.8 41.6 8.61
IX 20.3 13.4 24.1 13.7 20.8 14.2 16.0 14.0 18.1 015.
X 24.7 6.9 134 7.9 31.6 8.4 9.6 7.9 11.4 8.9
Total/Mean 489.5 13.7 400.5 14.0 479.3 14.1 406.0 411 375.8 14.8
\Y 58.2 7.8 49.2 8.3 73.0 8.2 59.9 8.5 45.1 9.3
\% 51.9 13.6 25.1 14.4 57.3 13.6 385 14.4 27.8 151
VI 84.3 154 107.8 154 96.1 15.1 105.7 155 74.1 6.31
2012 VI 85.4 195 82.7 19.4 104.6 18.8 77.3 194 70.8 9.81
VIl 545 17.1 54.2 18.0 44.3 175 44.8 17.9 47.6 8.61
IX 33.9 12.9 36.4 134 42.1 13.6 29.2 13.6 47.9 314.
X 43.5 6.8 37.7 7.2 72.3 7.6 40.5 7.4 30.3 8.2
Total/Mean 411.7 13.3 393.1 13.7 489.7 135 395.9 381 343.6 145
v 354 7.8 29.6 7.3 40.8 7.3 38.7 7.8 35.3 8.2
\% 48.6 13.6 51.8 131 57.1 12.7 52.1 13.3 445 13.6
Average VI 68.2 16.3 63.8 15.9 75.0 154 735 15.8 64.2 016.
from VI 63.5 18.5 74.7 18.0 74.9 17.7 70.5 18.0 72.3 .218
1985-2010 VIII 59.3 17.6 49.3 17.4 61.8 17.2 52.8 17.6 54.4 8.01
IX 63.4 12.4 47.9 12.2 57.9 12.3 58.6 12.5 50.1 013.
X 37.0 7.6 41.9 7.5 52.7 7.9 40.1 7.8 325 8.4
Total/Mean 375.4 13.4 359.0 13.1 420.1 12.9 386.3 331 353.3 13.7

* Location of the nearest meteorologicalistatccording to the Institute of Meteorology andtéf Management — National Research Institute (IMBNg)
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Fig. 2. Changes in the content of macroelements in ceststafter five months of storage

In a controlled field experiment, it was demonEkholm et al. [2007] showed a higher content of
strated that carrot from the integrated cultivatioicalcium, magnesium and phosphorus in organic car-
system contained 8.02—-10.89 g ki-total, and or- rot, and more potassium in carrot from conventional
ganic carrot had just 5.94-7.87 g kiy-total [Wierz- fields. In another study, juice from carrots grown
bowska et al. 2017]. According to Bender et aconventionaly had a significantly higher content of
[2009, 2015], a cultivation system had no influencN-NO; and N-NH, as well as Mg and Na, while juice
on the content of dry matter, total sugares, selubobtained from organic carrot contained more Ca
solids or P, K, Ca and Mg in carrot roots. In turnj]DomagataSwiatkiewicz and Gstot2012].
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In an experiment conducted by Lisiewska et amore in roots of organic carrot (by 41, 14 and 14%,
[2006], the content of phosphorus and magnesium respectively) than in roots of carrot grown in the
carrot roots was approximately the same as achievintegrated system (by 14, 10 and 10%, respectively)
in our study, while that of potassium and calciuasw On the other hand, the quantities of phosphorus and
much lower (less bga 40% and 30%, respectively). potassium underwent larger changes in roots of the
On the other hand, the concentration of sodium wicarrot from integrated cultivation (by 36 and 27%,
three-fold higher. Nicolle et al. [2004], havingtied respectively) than in organic carrot roots (by 24 a
20 carrot cultivars, demonstrated that the contént 22%, respectively). In another study by Wierzbowska
minerals (Na, Mg, K, Ca, Fe and Zn) in roots waet al. [2017], larger changes in the content of nmac
largely dependent on a genotype. elements were detected in stored roots of organic

Storage conditions belong to the factors influenccarrot than in ones grown in line with integrategii-a
ing the nutritional quality of root vegetables [lexc  culture. After five-month storage, organic carroh¢
and Miller 1992]. In this study, the content of mnin tained significantly more soluble solids (TSS) dad
als in carrot roots changed during storage comparcarotene, suggesting that it is less sensitivehto t
to the amounts determined immediately after harveunfavourable changes occurring during the storage
(fig. 2). The content of nitrogen decreased in thtime [Bender et al. 2015]. Wszelaéska and Po-
carrot from both cultivation systems, while the conberezny [2011] reported that the content of magne-
centrations of the other mineral elements increasesium was just 1% lower than in roots analysed imme-
Higher N losses were noted in roots of the carrdiately after harvest. The content of Mg, Na and K
from organically managed fields than from the intedecreased while the concentrations of P, Ca and N
grated system (less N by 18 and 16%, respectivel'did not change in roots of carrot treated with imoi
Likewise, the content of Na, Ca and Mg increaselators [Szczepanek et al. 2015].

Table 2. Results of the analysis of variance for the conéémhinerals in carrot roots

Years of Cultivation Interaction
Elements research system Cultivar (C)
(Y) (CS) Y xCS Y xC CxCs RxCSxC

Crude ash * ns ns ns ns ns ns
N *%* *% * *%* ns ns *%
P *x *x ** ns ns * ns
K *x ns ns *k ns ns ns
Na *x ns ns ns * ns ns
Ca *x ns ns * ns * ns
Mg *% *% *% ** ns ns ns
Cu ns *x * ns ns ns ns
Zn *x * *x ns ns ns ns
Mn ns *k ns ns ns ns ns
Fe *x *x ns ns ns *x ns
B ns ns ns ns ns ns ns
Ni ns ns ns ns ns ns ns
Pb *x xx ** * ns ns ns
Cr * ns ns ns * ns ns

* significantly at P< 0.05, ** significantly at &< 0.01, ns — not significantly
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Table 3. Content of crude ash and macroelements in carots g kg* d.m.)

Elements Specification vear
2011 2012 mean 2011 2012 mean
Cultivation system organic integrated
Crude ash mean +SD 61.60 £10.54 61.48+9.46 61.54+9.67 668684 57.63+8.73 62.15+9.69
CV (%) 17.11 15.38 15.72 13.25 15.16 15.59
N mean +SD 7.41+1.41 10.69 £1.38 9.05 £2.16 10.56%#1 1148 +1.11 11.02+1.15
CV (%) 19.01 12.92 23.89 9.56 9.69 1041
P mean +SD 3.47 +0.52 2.02 £0.76 3.16 £0.72 3.0760.2 2.09 +0.20 2.58 £0.55
CV (%) 14.90 26.82 22.66 8.50 9.69 21.21
K mean +SD 38.52+5.83 37.22+6.16 37.87+5.94 42395 33.20+2.60 37.95+5.84
CV (%) 15.12 16.56 15.68 9.25 7.82 15.38
Na mean +SD 1.20 +0.23 0.57 £0.21 0.89 +0.39 1.2540.3 0.49 +0.19 0.87 +0.47
CV (%) 19.98 36.46 43.57 27.12 38.22 54.48
Ca mean +SD 3.15 +0.36 2.30 +0.38 4.22 £1.15 3.2120.4 4.85+0.56 4.03 +0.96
CV (%) 11.37 7.14 27.20 12.99 11.5 23.86
Mg mean +SD 1.45 +0.23 0.70 +0.16 1.07 £0.43 1.99%0.2 0.63 £0.14 1.31£0.74
CV (%) 15.61 23.34 39.94 10.56 22.17 54.49
Cultivar Koral Bolero
Crude ash mean +SD 66.90 £7.66 61.03+9.20 63.96 +8.72 6113831 58.08 £9.20 59.73 £10.10
CV (%) 11.45 15.07 13.63 18.42 15.84 16.91
N mean +SD 9.44 +1.35 11.24 £1.23 10.34 £1.56 11423 1094139 11.18+1.30
CV (%) 14.27 10.39 15.12 10.93 12.68 11.70
P mean +SD 3.40 +0.48 2.56 +0.38 2.98 +0.60 2.6880.4 2.23 +0.39 2.46 +0.49
CV (%) 14.05 14.99 20.20 18.01 17.72 20.04
K mean +SD 42.36 +7.28 35.7145.86 39.03+7.32 36@4 34.52+359 3543498
CV (%) 17.19 16.40 18.76 16.30 10.41 14.05
Na mean +SD 1.37 +0.48 0.62 +0.22 0.99 +0.53 0.55@0.2 0.46 +0.14 0.51 +0.21
CV (%) 35.44 35.86 53.46 47.52 30.16 41.55
Ca mean +SD 3.27 £0.29 5.18 £0.62 4.22 +1.08 5.1620.6 4.96 +0.39 5.07 £0.52
CV (%) 8.87 11.96 25.65 11.96 7.8 10.26
Mg mean +SD 1.70 £0.33 0.79 £0.14 1.25 +0.53 0.7940.1 0.53 +0.09 0.66 +0.17
CV (%) 19.59 18.01 42.49 18.01 16.24 26.32

CV — variability coefficient; SD — standard devaati
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Table 4. Coefficients of correlation for the content of maslements in carrot roots (n = 32)

Elements N P K Na Ca Mg
After harvest
N - —-0.36* —0.62** -0.32 0.45** -0.32
P -0.27 - 0.80** 0.64** -0.81** 0.85**
K -0.14 0.64** - 0.69** —-0.66** 0.77*
Na —0.76** 0.38* 0.28 - 0.19 0.79**
Ca 0.77* -0.33 -0.10 —0.85** - —-0.83**
Mg —0.63** 0.49** 0.02 0.72** —0.77* -
After storage
N - 0.39* 0.20 -0.19 -0.18 -0.11
P —-0.38* - 0.14 0.34 -0.16 -0.16
K 0.26 0.70** - —0.78** 0.60** -0.20
Na 0.49** 0.44* 0.87** - —-0.40* 0.38*
Ca -0.04 0.70** 0.65** 0.48* - 0.53*
Mg -0.15 0.69** 0.51** 0.45* 0.71** —
Integrated cultivation Organic cultivation

* significantly at P< 0.05, ** significantly at < 0.01

Concentrations of macroelements in roots of thcontent of N and P, potassium and sodium as well as
carrot from integrated cultivation determined immecalcium and magnesium. In turn, the content of Na
diately after harvest were mutually correlated morwas reversely proportional to the content of Ca
strongly than in roots of organic carrot (tab. 4)(r =-0.40%).

Immediately after harvest of carrots from integdate In organic carrot, the content of nitrogen corre-
cultivation, the N content was negatively corrafatelated positively with the amount of calcium
with the content of P and K, while the content o(r = 0.77**), but had a negative effect on the cmc
calcium changed proportionally to the quantity of Mrations of Na (r = —076**) and Mg (r = —0.63**).

(r = 0.45**). Moreover, a negative effect of P dret The concentrations of potassium, sodium and magne-
concentration of Ca was determined, while thsium were correlated positively with the content of
amount of P was positively correlated with the corphosphorus. Moreover, Ca correlated negatively with
tent of K, Na and Mg. The content of K in car-Na and Mg, while the content of Na in carrot roots
rot correlated positively with the content of Nechanged proportionally to the amounts of Mg
(r = 0.69**) and Mg (r = 0.77**), while being nega- (r = 0.72**). In the consequence of changes taking
tively correlated with the content of Ca. Meanwhileplace in stored organic carrot roots, only the eont
Na stimulated and Ca had a negative effect on tlof P was reversely proportional to the concentratio
content of Mg in carrot roots. As a result of theof nitrogen (r = —0.38*). On the other hand, the@-co
changes which took place during the five-montitent of N was positively correlated with the corteh
storage of carrot roots originating from the infggd Na, P with K, Na, Ca and Mg, while K with Na, Ca
system, a positive correlation occurred between tland Mg, Na with Ca and Mg and finally, Ca with Mg.
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Table 5. Content of microelements and trace elements itespts immediately after harvest (mgkd.m.)

Elements Specification vear
2011 2012 mean 2011 2012 mean
Cultivation system organic integrated
Cu mean +SD 3.29 +0.43 2.93 +0.70 3.11 +0.60 4.0841.0 3.99 +0.87 4.04 +0.94
CV (%) 12.93 23.78 19.17 25.36 21.78 23.32
7n mean *SD 2249 %488 18.045.19 20.26 #5,45 2FH08  20.87 £6.46  24.27 +8.48
CV (%) 21.69 28.78 26.88 32.8 30.94 34.95
Mn mean *SD 11.41 £5.44  12.092.98 11.75%4.33 19984 15.64 +11.15 17.78 +9.02
CV (%) 47.72 24.68 36.87 29.3 71.31 50.74
Fe mean +SD 61.99 £14.35 51.94 +14.21 56.97 + 554134 39.55+5.10 47.48 +11.82
CV (%) 23.15 27.35 15.87 20.46 12.89 24.90
5 mean *SD 1779198 17.68+1.39 17.73+1.69 1FA60 17.02+2.26 17.24+2.30
CV (%) 11.15 7.87 9.51 13.74 13.27 13.36
Ni mean +SD 0.76 +0.41 0.70 +0.22 0.73 +0.32 0.9720.3 0.80 +0.39 0.88 +0.38
CV (%) 53.01 44.87 44.31 37.8 48.3 42.98
Pb mean *SD 1.32 £0.58 1.28 £0.44 1.30 £0.5 1.27 £+0.370.83 +0.30 1.05 £0.40
CV (%) 43.98 33.99 38.82 28.71 36.11 38.01
Cr mean +SD 0.25 +0.11 0.23 +0.11 0.24 +0.10 0.23680 0.16 +0.07 0.21 +0.13
CV (%) 42.48 44.87 43.10 64.14 61.68 64.05
Cultivar Koral Bolero
Cu mean +SD 3.84 +1.02 3.75 £1.02 3.79 £1.00 3.541#0.7 3.17 +0.79 3.36 +0.76
CV (%) 26.55 27.16 26.44 20.06 24.79 22.66
7n mean *SD 26.99 £#9.59  21.727.09 24.348.72 234135 17.19x3.42  20.18 +4.99
CV (%) 35.55 32.65 35.80 19.65 19.89 24.74
Mn mean +SD 15.22 +6.20 14.13+6.58 14.67 +6.31 15895 13.60+9.83  14.80 +8.96
CV (%) 40.72 46.56 43.01 50.93 72.75 60.56
Fe mean +SD 59.00 £14.88 49.69 +14.72 54.35 +15.31 4(G811.67 41.80+7.73 50.10 +12.88
CV (%) 25.22 29.63 28.17 19.97 18.49 25.71
5 mean *SD 17.99+2.03 19.00+1.83 18.49+191 1¥U87 1548+1.92 16.48 £2.04
CV (%) 11.28 9.64 10.65 9.56 12.38 12.37
Ni mean +SD 0.95 +0.43 0.80 +0.34 0.88 +0.39 0.8010.3 0.70 +0.28 0.75 +0.29
CV (%) 45.44 42.05 44.37 38.89 39.77 42.12
Pb mean *SD 1.50 +0.44 1.34 +0.38 1.42 £+0.41 1.1020.4 0.75 %0.28 0.92 +0.39
CV (%) 29.58 28.31 29.11 37.87 37.03 42.12
Cr mean +SD 0.27 +0.18 0.16 +0.07 0.21 +0.15 0.23#0 0.24 +0.10 0.23 +0.10
CV (%) 64.68 45.01 68.62 46.50 41.75 43.44

CV- variability coefficient; SD — standard deviatio
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The content of trace elements in carrot roots CONCLUSION
correlated with the quantities of available fornfs o
these elements in soil [Smalet al. 2010]. Accord- The temperatures and precipitations caused lar-
ing to Szabo6 and Czellér [2009], the content ofviea ger differences in the content of macro- and micro-
metals in soil has a stronger effect on the comaentelements in carrot roots than the cultivation syste
tion of these elements in leaves than in rootsclwhi or the genotypes of plants. In general, a higher co
is confirmed by positive coefficients of correlatio centration of these elements (except N in carrot
between the content of Ni, Cu and Mn in soil and igrown in both systems and Ca — in the integrated
carrot leaves. It was only the content of mangaiesesystem) was determined in the first year of the
roots that was dependent on the soil content af thstudy. Carrot grown in the integrated system con-
element. tained more N, Mg, Cu, Zn and Mn, while organic

The content of microelements and trace elemercarrot had more P, Fe and Pb in roots. Signifigantl
presented in this report it similar to the oneoregdd  more P and Mg as well as Cu, Zn and Pb accumu-
in the literature [Warman and Havard 1997lated in roots of the late cv. Koral, while the lgar
Lisiewska et al. 2006, Kr&pva et al 2016, Wierz- cv. Bolero contained more nitrogen. With respect to
bowska et al. 2017]. Irrespective of a cultivatiothe other elements, no significant inter-cultivar
system, the weather conditions had a significant edifferences were observed. The content of macro-
fect on the content of zinc, iron, lead and chramiu elements in roots of carrot from integrated culiva
in carrot roots (tab. 2 and 5). A significantly héy tion, immediately after harvest, was mutually cerre
concentration of these components was noted in tlated more strongly than in roots of organic carrot
first year of the experiment. Carrot grown in thiet  After storage, roots of the carrot from both cudtiv
grated system contained significantly higher ameuntion systems contained less nitrogen, while the con
of copper, zinc and manganese, while organic carrcentrations of the other elements increased. $§ight
roots had more iron and lead. A higher content chigher losses of nitrogen were detected in roots of
copper, zinc and lead was found in roots of the lathe carrot from organic plantations than from inte-
cv. Koral, but no cultivar-specific differences wer grated cultivation.
detected in the content of the other elements. High
coefficients of variability, especially for the dent ACKNOWLEDGEMENTS
of Ni, Pb, Cr and Mn, suggest that a growing condi-
tions has much influence on the concentrations of This research was supported by the Ministry of
these elements in the plant. Ekholm et [@D07] Science and Higher Education of Poland as part of
determined a higher content of iron and copper istatutory activities.
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