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ABSTRACT

The aim of the study was to evaluate the nutritive quality of 21 red beet genotypes, including
mono- and multigerm breeding lines and cultivars. The content of dry matter, total sugar, nitra-
tes, betanin and vulgaxanthin in the roots was tested in beets harvested in 2011-2012. Special
attention was given to new monogerm breeding lines AR79 A and AR79 B. The field experiment
conducted in a randomized complete block design with three replications was carried out accor-
ding to standard crop management practices recommended for red beet cultivation under Polish
conditions. After 4 months of storage, representative samples of 10 roots from each of 3 replica-
tions were crushed and used to determine the chemical composition of the lines and cultivars
studied. Analysis of variance showed a significant influence of both the year and genotype on the
nutritive value of red beet roots. In 2011, the content of dry matter, nitrates and vulgaxanthin
was visibly higher than in 2012, while the levels of total sugar, betanin and the ratio of betanin
to vulgaxanthin were lower in 2011. The lines and cultivars varied in the levels of all the
measured chemical components. Comparing to the other genotypes, lines AR79 A and AR79 B
produced moderate but satisfactory amounts of dry matter, total sugar and vulgaxanthin, while
having a high level of betanin and a good betanin to vulgaxanthin ratio. Statistical differences
between lines AR79 A and AR79 B in the level of betanin and the betanin to vulgaxanthin
ratio were observed only in 2011. Summarizing, the new breeding lines denoted as AR79 A and
AR79 B present a desirable content of the tested nutrients, and can therefore be useful in red
beet breeding programs.
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INTRODUCTION

In Poland, red beet (Beta vulgaris L.) is a traditional vegetable, widely
popular in the Polish kitchen. Red beet plants are easy to grow; they can be
cultivated on soil poor in organic matter as well as under drought and light
stress conditions (STaGNARI et al. 2014). In Poland, red beet crops cover 6.2%
of the total cultivated area of vegetable fields. In 2015, 297,000 tonnes of red
beet roots were harvested in Poland (CSO 2016). Red beet contains many
healthful nutrients, beneficial for human health, including minerals, antioxi-
dants, sugars, dietary fibre, vitamins, fatty acids and betalains, which rema-
in in red beet roots even after many months of storage (NINFALI, ANGELINO
2013). Unfortunately, red beet roots can also accumulate high amounts of
harmful compounds like nitrates (WRuss et al. 2015).

Betalains, which produce desirable biological effects by acting as antioxi-
dant, anti-inflammatory, hepatoprotective and anticancer agents, are among
the most valuable ingredients of red beet roots in human diet (WRuss et al.
2015). RavicHANDRAN et al. (2013) and Sawicki et al. (2016) have found that
red beet’s antioxidant capacity was positively correlated with the level of
betalains. Nowadays, betalains, consisting of the water soluble nitrogenous
red-violet pigments called betacyanins (mainly betanin) and yellow-orange
pigments known as betaxanthins (mainly vulgaxanthin), are approved by the
food industry as natural colorants labelled E-162 (RavICHANDRAN et al. 2013).
The strong influence of a genotype on the content of total betalains in red
beet was observed by LEE et al. (2014) and WRruss et al. (2015). In contrast,
the growing conditions of red beet also greatly modify the level of betalains,
hence the amount of betalains in the research of STAGNARI et al. (2014) incre-
ased demonstrably under drought stress, while organic cultivation, according
to SzopriNska, GAWEDA (2013), reduced the content of these nutrients. Finally,
MicHALIK et al. (1995b), MicHALIK, GRzEBELUS (1995) and Nizior-L.UKASZEWSKA,
GAWEDA (2014) pointed to the influence of both a cultivar and the duration of its
cultivation period on the level of betanin in red beet. MicHALIK et al. (1995a)
and MicHALIK, GRzEBELUS (1995) demonstrated an impact of both genotypes and
nitrogen fertilization doses on the amount of red pigments in beetroot.

Dry matter and sugar are the nutrients that decide about the use of red
beet roots, such as consumption of fresh beetroots, different processing
methods or storage. The sugars of red beet have a profile preferable in hu-
man nutrition, i.e. low in fructose and high in sucrose, which largely deter-
mines the taste of beetroots (WRuss et al. 2015). According to MICHALIK et al.
(1995a,b), MicHALIK, GRzZEBELUS (1995) and Nizior-LUKASZEWSKA, GAWEDA
(2014), the levels of sugars and dry matter in beetroots are affected mostly
by a genotype, but also by the length of the plant growing period. In con-
trast, WRuss et al. (2015) observed a similar content of total sugar in all the
tested red beet cultivars. STAGNARI et al. (2014) reported a strong influence of
water stress on the reduction of sugars and dry matter content in red beet
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roots, while SzopiNska, GAWEDA (2013) demonstrated that crop cultivation
methods, such as conventional, integrated or organic approaches, did
not cause changes in the levels of these nutrients. Finally, SaLo et al. (1992)
noted that high nitrogen fertiliser doses decreased the dry matter content in
red beet, but MicHALIK, GRzEBELUS (1995) and UcriNoviC et al. (2012) did not
observe such a relationship.

Red beet is prone to accumulating much nitrates, which are considered a
highly undesirable compound of the human diet and depressing the nutritive
value of this vegetable. Excessive consumption of nitrites can cause anaemia
-like disorders and even neoplasms, which explains why the content of nitrates
in red beet roots should be as low as possible (WRuss et al. 2015). According to
Saro et al. (1992), UcriNoviC et al. (2012) and SzoriNska, GawEDA (2013), the
amount of nitrates in red beet roots is strongly dependent on the method and
doses of nitrogen fertilisation. In contrast, GrRzEBELUS, BaraNski (2001) and
Wruss et al. (2015) found large differences in the levels of nitrates among dif-
ferent red beet genotypes. Finally, MicHALIK et al. (1995a), MICHALIK, GRZEBELUS
(1995) and FELLER, FINk (2004) observed a significant influence both the nitro-
gen supply and cultivar on the content of nitrates in red beet roots.

Today, the Polish red beet breeding programme strives to achieve mono-
germity and to produce commercial hybrids (Jacosz 2015). The Polish Natio-
nal List of Vegetable Plant Varieties (PNLVPV) contains 27 red beet culti-
vars, but hardly any is a monogerm with an open-pollinated character
(RCCT 2016). Only five cultivars on the PNLVPV are hybrids, but all have
multigerm clusters. In order to produce monogerm hybrid cultivars of red
beet, breeders have to create inbreed lines that must be valuable, both in
terms of the yield and the quality of roots as well as seeds (Jacosz 2015).

The purpose of this study has been to assess the nutritive quality
of 21 red beet genotypes, including 12 mono- and multigerm breeding lines,
and 9 cultivars. For two years, the content of dry matter, total sugar, nitra-
tes, betanin, vulgaxanthin and the ratio of betanin to vulgaxanthin in the
roots was evaluated. Particular attention was paid to the comparison of
the level of chemical compounds in the roots of new monogerm breeding lines
AR79 A and AR79 B with respect to the other tested genotypes.

MATERIAL AND METHODS

The plant material used in the study consisted of 21 red beet (Beta
vulgaris L.) genotypes, including 6 pairs of cytoplasmatic male sterile lines
(218 A, 279 mono A, 357 A, 391 A, AR79 A and W411 A) and their respective
maintainer fertile lines (218 B, 297 mono B, 357 B, 391 B, AR79 B and
W411 B), as well as 9 commercial cultivars, including 2 hybrids (Astar F,
and Polglob F,) and 7 open-pollinated cultivars (Czerwona Kula, Modana,
Moneta, Monika, Monorubra, Okragly Ciemnoczerwony and Patryk). Among
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the tested genotypes, 3 pairs of breeding lines (279 mono A and 297 mono B,
AR79 A and AR79 B, and W411 A and W411 B) and 5 cultivars (Modana,
Moneta, Monika, Monorubra and Patryk) produced monogerm clusters;
the other genotypes were multigerm. Lines AR79 A and AR79 B are new
monogerm breeding lines selected in the Institute of Plant Biology and Bio-
technology (IPBB) at the University of Agriculture in Krakow.

The field experiment was performed in 2011-2012, at the Experimental
Field of the IPBB in Prusy near Krakow, southern Poland. The plants were
grown on black degraded soil of pH 6.1 and the nutrient content analysed
before cultivation was as follows: 65 mg N-NO, dm?, 96 mg P dm?®, 125 mg
K dm, 1200 mg Ca dm™? and 80 mg Mg dm? in 2011, at pH 6.0, and 70 mg
N-NO, dm?, 130 mg P dm?®, 140 mg K dm?®, 1200 mg Ca dm?® and 80 mg
Mg dm™ in 2012. During the experiment, the air temperature and the precipi-
tations were recorded (Table 1). Standard crop management practices, as

Table 1
Air temperature and rainfall during plant growing seasons in 2011 and 2012
Temperature (C°) Rainfall (mm)
Months year year mean for year year mean for
2011 2012 2003-2012 2011 2012 2003-2012

May 13.3 14.8 13.3 52.8 34.0 79.9
June 18.0 17.6 17.0 35.6 145.0 82.9
July 17.4 20.1 18.3 191.8 41.6 110.9
August 18.9 18.7 18.4 56.6 53.6 67.0
September 15.2 14.3 13.4 9.2 89.8 44.9
Mean temperature
and sum of rainfall 16.6 17.1 16.1 346.0 364.0 385.6
for growth period

recommended for red beet production under Polish conditions, were applied.
The experimental design was a randomized complete block with three repli-
cations. Each replication consisted of six, 2-metre-long rows spaced 35 cm
apart. In both years, at the end of May, 70 or 140 clusters of multigerm and
monogerm genotypes, respectively, were sown on each plot. The roots were
manually harvested in the middle of September, i.e. 15 weeks after sowing.
Marketable roots, with a diameter of 4-12 c¢m, were mixed with peat and
placed in openwork plastic boxes, then stored in a cooling chamber at temp.
2-3°C and 90% RH.

After storage, in the middle of January, representative samples of 10
roots from each of the three replications (totaling 30 for each genotype) were
used to assess the quality indicators, such as dry matter, total sugar,
betanin, vulgaxanthin and nitrates content. The chemical analyses were
based on mixed tissue of all crushed roots from each genotype. For dry mat-
ter (% f.w.) determination, two 10 g root samples of each replication were
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dried at temp. 65°C for 16 h, then at 95°C for one hour. Total sugar (% f.w.)
was measured using the colorimetric technique according to the methodology
described in PN 90/A-75101.07:1990. Betanin and vulgaxanthin (g 100 g'!
of sap) were determined by the NILLSON’s spectrophotometric method (1970)
in the sap of beet roots. The procedure with an ionoselective electrode as
recommended in PN 92/A-75112:1992 was applied for determination of
nitrates (mg KNO, kg' f.w.).

The results were statistically analysed using the package Statistica
(ver. 12). Data were analysed according to general analysis of variance
(ANOVA, p <0.01). The study was carried out as a two-factorial experiment.
The first factor comprised the two years of cultivation and the second factor
consisted of 21 red beet genotypes. To estimate significant differences
between the means for the content of dry matter, total sugar, nitrates,
betanin, vulgaxanthin and the betanin to vulgaxanthin ratio, the Duncan’s
test at p = 0.05 was applied.

RESULTS AND DISCUSSION

The mean temperature recorded over the growth period (from May to
September) in 2012 was by 0.5°C higher than in 2011 (Table 1). The average
temperature in the period of 2003-2012 was by 0.5 and 1.0°C lower than in
the years 2011 and 2012, respectively. Comparing to the year 2011, the ave-
rage monthly temperatures in May and July in 2012 were higher by 1.5 and
2.7°C, respectively. In July 2011 and in June and September 2012, the monthly
rainfalls were almost double the average rainfall in 2003-2012. In June 2011,
the sum of precipitation was four-fold lower, while in July it was fourfold
higher than in the same months in 2012. In September 2011, the rainfall
was tenfold lower than in 2012.

The analysis of variance showed a significant influence of the year on
the chemical composition of red beet roots (Table 2). Previously, differences

Table 2
Influence of the year on the nutritive quality of red beet roots
Chemical compounds Years Mean
2011 2012
Dry matter (% f.w.) 14.10a" 13.49b 13.80
Total sugar (% f.w.) 7.66b 8.48a 8.07
Nitrates (mg KNO, kg* f.w.) 3666b 2078a 2872
Betanin (g 100 g of sap) 0.104b 0.114a 0.109
Vulgaxanthin (g 100 g! of sap) 0.065a 0.050b 0.058
Ratio betanin to vulgaxanthin 1.644b 2.488a 2.066

* Means in the rows followed by the same letter are not significantly different at ¢ = 0.05.
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in the nutritive value of red beet roots depending on the year of cultivation
had been observed by GRrzEBELUS, BaraXski (2001), FELLER, FINK (2004),
UcriNovi¢ et al. (2012), SzoriNska, GAWEDA (2013) and Nizior-LUKASZEWSKA,
GawEDA (2014). In 2012, the levels of dry matter, nitrates and vulgaxanthin
were notably lower than in 2011, which was probably due to the higher rain-
fall sum in 2012 than in 2011. Additionally, high precipitation in September
2012 could have effected the reduction in the dry matter and vulgaxanthin
content, as well as the decreased accumulation of nitrates. In contrast, the
levels of total sugar and betanin were lower in 2011 than 2012, which may
have been an effect of the higher rainfall and lower temperature in July
2011 compared to 2012. In 2011, the betanin to vulgaxanthin ratio was also
significantly lower than in 2012, which was the result of a higher level of
betanin and lower content of vulgaxanthin in 2012 than in 2011.

In the present study, a significant effect of a genotype on the level
of quality compounds in red beet roots was also observed (Tables 3 and 4).
The lines and cultivars were distinctly varied in terms of the content of all
the measured chemical components. The amount of dry matter in the tested
lines and cultivars ranged from 12.35 to 16.37% f.w. in 2011 and from 11.68
to 18.51% f.w. in 2012 (Table 3). The differences between the cultivars in the
level of dry matter were also noted by Nizior-L.ukaszEwWSKA, GAWEDA (2014),
where the range was between 12.36 and 15.90% f.w. Furthermore, MICHALIK
et al. (1995a,b) and MicHALIK, GRZEBELUS (1995) observed some diversity
among the tested red beet cultivars in the content of dry matter. In the pre-
sent study, the levels of dry matter in monogerm cultivars, such as Monoru-
bra, Monika, Modana and Moneta, rose by 5.09, 2.22, 2.83 and 2.59 per cent
points, respectively, between 2011 and 2012. The monogerm lines AR79 A
and AR79 B presented similar dry matter levels, which on average reached
13.42 and 13.07% f.w. in 2011, and 13.71 and 12.88% f.w. in 2012, respecti-
vely. Two other pairs of monogerm lines, that is 279 mono A and 279 mono
B, and W411 A and W411 B, also contained comparable levels of dry matter
in both years of the study, but their amounts, on average for two years, were
much higher in lines 279 A and 279 B (14.84 and 15.13% f.w., respectively)
than in lines W411 A and W411 B (12.16 and 12.86% f.w., respectively).

The content of total sugar in the roots of the genotypes ranged from 5.71
to 8.98% f.w. and from 5.89 to 14.46% f.w. in 2011 and 2012, respectively
(Table 3). The level of soluble sugars measured in four red beet cultivars
by Nizior-LukaszEwska, GAwEDA (2014) varied between 6.44 and 10.15% f.w.
Also MicHALIK et al. (1995a,b) and MicHALIK, GRZEBELUS (1995) noted signifi-
cant diversity among the cultivars they studied in the sugar content. WRuUss
et al. (2015), who tested roots of seven red beet cultivars, found no signifi-
cant differences in the total sugar level, which ranged from 6.2 to 9.2% f.w.
In 2012, some monogerm genotypes, including Moneta, Modana, Monika,
279 mono A and Monorubra, had a high total sugar content, which varied
between 9.12 and 14.46% f.w., but in 2011, the same genotypes produced
only from 6.95 to 8.15% f.w. of this nutrient. Medium but comparable total



843

% O[qe], epun Aoy

J-p ggce P ¥LVG 2-0 TE9¥ Y-p 1¥°L Y-2 9¢°L D L¥°L, N yegl F8911 3/ 00€1 ' qor8[od
1 69¢¥ 5 850¥ 2-D 6L9¥ Y-p I¥'L Y-p 6%°L 2-D €g°), [§60€l | S-2%06T | 8-9 GT'¥1I sAryeq
P-08¥EE | P-9 301G 9o ¥68% P-9 LO'6 JoLT6 D 86°8 -Q9L¥T | §p el D L€91 Auomrszoouwsry) LR3I
J-p oo0ge 9o 3101 2 1869 D 1eTI D 9% H1 -0 1’8 D 96°GT D 1¢'81 §-2gvetr BINIOUOT
2D gH03 9o $L01 9o 1108 -9 68’8 | P-9300T | 209LL | 2D 80CI 96191 5-9 L6'¢1 BYIUOIAL
Jp0gge | P-9150% | 20 0GVY J-q 878 Jozr6 D FRL | Y-p 9L'ET | 29 8T°GIT §geal BIOUOIN
D F¥8% | P-P 09T | 2-0 890¥ Fq2v8 2-9 886 066’9 | f9297V1 91691 -pgeen BUBPOIN
p-» L€1% | P-9 GLOG D 2035 5- 86'L Y-} 8L D 698 §-286'€1 | §pg9sl | 2P 6I'CI B[N BUOMIDZ))
oD ITLG | P-PTILIT | 20 0SLE 2-q €18 5088 D £9'8 1/ 67°€1 | 520931 | /-989¥1 ' TeIsy
J2 898¢ §-2 80e¢€ 2-D 6ZFF Y5 GT'9 Y5 €e'9 29 96°¢ 89881 | S-p69Bl | S-2¢T¢€l qd1TvMm
Jeevy 3/ 999¢ 29 1138 Y 86°C Y5 63’9 21LG 9121 SLLTT R A V 1TV M
0 LgLG | P-9860% | O-D g]ee -2 86°9 Y-/ 3G’ L 2-D GL'9 58631 | S-p88GI | 5-2 L0°€l d 6,9V
2 89¢¢ P2 &vag 2D $6¥¥ Y-p 3L Y-p 39'L D TFL | Y2 LgeT | 22 1L°¢l | §23F¢el V 6,9V
P-D¥LEG | P-Q 6161 9P 6286 Fqot18 Y-2 L¥'8 2D ELL | Y-pLLET | §-P 999Gl | 2D 8]VI d 16€
0 €38% | P-Q OLIG | 2D 9L¥E Fqotr8 Y-p €8’L g L€'8 | Y-PFLEL | S-P8OEL | J9I¥¥I V 16€
-9 063¢ FrveLe 2-D 9¥8¢ Jq 12’8 §-29¢'8 2-D 98°L, S 1zen 3/ 0021 Fq vyt dq Le¢
P0G61G | P-PEyLL qv Z¥9% Qo 11’6 29 1901 D 16°8 J999v1 | Jpeger | qo6LGT V LS€
D GH8IT 2-D 1,031 D 85 Y2 6L°L Y-pe9L D GE’L | PPFSVL | P2 GV qo €761 g ouow 6.3
P 6656 D $G), -0 $78¢ 29 696 qILTT 2D 0% L Qo €1°¢1 29 03°¢T | P-©S0'ST Y ouour 6.3
qD 8981 P-0 1091 D 9E1g Y-2 GO'L Y3 a9 2-D G9'L, FSorer | §-2118T | §-980%1 dq 81¢
-0 68Y¢ | P-9 1013 qv 1183 /899 Y 68°C 2D LT'L Iy $9°31 Sly81r | [Sogvel V 81%
ueout %10% 1103 uegow 210G 1103 ueouwt G103 1103
w7y 8 *ONYI S (w3 %) (85 %) sadiyousn
SOJBIIIN I1e3ns [B10], Jey3ew A1(]

€ 9IqBL

sodAj0ues j09q pad JO SJ00X 9} Ul S9JeI)IU pUB JesSns [B10] ‘1933eW AIp JO JU9IUO0))



844

% o[qe], depun Aoy

uryjuexesna oy uraelaq omey

urguexesmA

urueleg

P-Q 191G | 29 LS9 | 226991 | [4 ¥%0°0 P %800 -2 9500 | J2¢80°0 J0800 5-p 680°0 ' qor8[od
D 8€E’E D €EGY qQav1's 1ev0°0 P 1€0°0 Y-2 %G00 | P-PHET0 | 29 110 | JP LITO Anyeq
2-0 80G°% qe1ee 2-Q €0L'T | Y-P8S00 | P2EVO0 | 2P ¥LO0 | 2P EET'0 | 9P I¥1'0 | P-0 GgT'0 | Auomiszoouwsr) AFeryQ
P2 69L'T 28391 29 G16'T 1ev0°0 P2 8%0°0 Y 6€0°0 19100 18L0°0 §¥L0°0 BINIOUOTA
P2 1LYT 20L9'T FpaLet D £80°0 0 8L0°0 9P 680°0 | PP 2gL’0 | 2-Q €310 | 2P 1210 BYIUOIAL
P2 8691 208G'T P-Q GgL'T | P-9690°0 | 9P 890°0 | fQ0LOO | 2-Q €110 | /99010 | 2P 6IT°0 BJOUOIN
P2 9¥e'1 2 LLVT -0 GT9'T | 2-9 %900 | 9P 6900 | S-P 6200 | /P 6600 | /93010 | 829600 BUBPOIN
P-q €123 q L90°€ Fpgget | 21200 P LEOO 526900 | /P 00T0 | fQBIT0 | 528800 B[N BUOMIDZ))
P-q €€€°% q€31'e Joeve1 | 23200 P G800 /28900 | fpe€or0o | f9€010 | F-9 €010 ' 1Ry
P2 1891 29 €315 Joert J2€900 | P2LVO0 | 26800 | fP 9600 | f200T°0 | F-P 1600 q TTVM
P-9¥I6°'T | 29 €1€% | J2o¥1¢T | [2€200 | P-Q1S0°0 | Y-2GS00 | /26600 | fQ91T°0 | 5/8800 V 1TV M
9P 606°G 9360 D GZL'G /6700 | P29¥0°0 | Y-/€S00 | 9P 6ET0 | 20 LET0 D IFT°0 d 6.9V
P-Q ¥8€°% q ¢10°¢ P-Q €SL°T | P LS00 | 22 090°0 | Y-2 ¥S0°0 | 20 GET0 D ILT0 -2 %600 V 6L9V
P-9881°% | 29 0¥9'¢ | P-9 LEL'T | §-2290°0 | P2SH0°0 | PP 8LOO | PP 33l'0 | /96010 | 9P GET'0 d 16¢
P-9€88°T | 29 01¥'¢ | JPSSeT | P 9S00 | P29¥0°0 | §-29900 | /P 6600 | f960T°0 | 5-P 68070 V 16€
P-Q 680G | 2903L% | f28S¥'1 -2 6500 P28%0°0 | S-21900 | 226010 | P-983T°0 | §P 0600 dq Le¢
P 9get 2 LGV'T Jogez1 Q0 8L0°0 | 2-P g90°0 0 €60°0 J2%01°0 | /P 0600 | JP8ITO V LS€
P2 868’1 290912 | J2LIGT | P-96900 | 203900 | PP LLOO | PP¥EI0 | 29 TET'0 | /P 9110 g ouow 6.3
P-9880°G | 29 L1S'E | 2-2099°T | 2P ¥L00 | 9P TL00 | P-P LLOO | P8I0 D 891°0 2-D 831°0 Y ouout 6.3
P-Q¥L6'T | 29065 | 228991 | [88%00 P 6€0°0 4-29500 | /26800 Jo 1800 | §-P 1600 d 815
P-QS¥1'G | 29 069G | 2-Q 00L'T Lov0°0 P ¥€0°0 45 9%0°0 11000 1 LL00 S LLO0 V 81¢%
ueout %10% 1103 uegow 210G 1103 uegouwt G103 1103
(des jo .8 00T 8) (des jo .8 00T S) sod£youen

¥ oqEL,

sod£joua8 999q pal Jo $300J |13 UL UTYIURXRS[NA 0} UTUR)S] JO OTRI 9Y) PUE ‘UTYIUBXEBS[NA PUR UTURIS( JO JULIUO))




845

sugar levels, which amounted to 7.41 and 6.75% f.w. in 2011, and 7.62 and
7.22% f.w. in 2012, were determined in monogerm lines AR79 A and AR79 B,
respectively.

In general, the nutrients found in the red beet roots have a beneficial
influence on the human health. However, red beet can also accumulate nota-
ble amounts of harmful nitrates. In the present study, strong diversity
among the genotypes in the level of nitrates was observed (Table 3). Previo-
usly, large differences in nitrate accumulation between red beet cultivars
had been found by MicHALIK et al. (1995a), MicHALIK, GRZEBELUS (1995),
GRZEBELUS, BaraNski (2001), FeLLER, FINk (2004) and WRuss et al. (2015).
In the current research, the content of nitrates ranged from 2136 to 5987 mg
KNO, kg' f.w. in 2011 and from 754 to 4058 mg KNO, kg f.w. in 2012. Most
of the tested genotypes, in both years of the study, showed a similar trend in
the nitrate accumulation that indicated a strong genetic effect on this chemai-
cal compound. In both years, the genotypes, such as Patryk, W 411 A,
W 411 B, AR79 A, AR79 B, Moneta, Polglob F, 357 B and 391 A, contained
high levels of nitrates, between 2021 and 4679 mg KNO, kg' f.w.
In contrast, a tendency towards low nitrate accumulation, under 2000 mg
KNO, kg' f.w. on average for two years, was noted in the lines 279 mono B
and 218 B. In 2012, the cultivars such as Modana and Astar F, contained
more than 2-fold and Monorubra almost 6-fold less nitrates than in 2011.

The content of betanin varied between 0.074 and 0.141 in 2011, and
from 0.077 to 0.171 g 100 g* of sap in 2012 (Table 4). The genotypes such as
279 mono A, 279 mono B, 391 B, Monika, Moneta, Okragly Ciemnoczerwony
and Patryk produced high levels of betanin, at least 0.110 g 100 g! of sap on
average for the two years. Also, lines AR79 A and AR79 B were among the
genotypes with a high content of betanine, which in 2011 was much lower in
ART79 A than AR79 B, while in 2012 both lines produced statistically similar
amounts of this nutrient. The genotypes with a low content of betanin,
in both years of the study, were Monorubra, Polglob F , 218 A and 218 B.
Over 66% of the tested lines and cultivars contained comparable amounts of
betanin in both years of the study (with differences of less than 0.02 g 100 g'!
of sap), thus indicating a genotype as the factor playing the major role in the
betanin accumulation. Previously, strong gene control over the betanin con-
tent in red beet had been observed by MicHALIK et al. (1995a,b), MICHALIK,
GRrzEBELUS (1995), LEE et al. (2014), Nizior-L.urkaszEwsKA, GAWEDA (2014) and
WRruss et al. (2015).

The level of vulgaxanthin in the roots of the tested genotypes varied
between 0.039 and 0.093 in 2011 and between 0.031 and 0.078 g 100 g! of
sap in 2012 (Table 4). High level of vulgaxanthin of over 0.060 g 100 g'!
of sap in both years of the present research was noted in the genotypes
Monika, Moneta, 279 mono A, 279 mono B and 357 A. In contrast, the geno-
types with a low content of vulgaxanthin, on average for two years, included
the cultivars Patryk, Monorubra, Polglob F, and the lines 218 A, and 218 B.
In the roots of AR79 A and AR79 B lines, the levels of vulgaxanthin were
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comparable and amounted to 0.054 and 0.053 g 100 g of sap, respectively,
in 2011 and 0.060, and 0.046 g 100 g! of sap, respectively, in 2012. High
variation among the red beet genotypes with respect to their content of vul-
gaxanthin was also observed by MicHALIK et al. (1995b), Nizior-L.UKASZEWSKA,
GAwWEDA (2014), LEE et al. (2014) and WRuss et al. (2015).

According to MicHALIK et al. (1995b), the ratio of betanin to vulgaxanthin
of less than 2.0 may negatively influence the final colour and hence the mar-
ketable value of red beet roots. In 2011, the ratio of betanin to vulgaxanthin
found in the current study ranged from 1.150 to 2.725, and it was higher
than 2.0 only for Patryk and AR79 B (Table 4). In 2012, the lowest value of
the ratio was 1.457 and the highest one was 4.533, while being less than 2.0
in only five genotypes (357 A, Modana, Moneta, Monika and Monorubra).
In the study reported by Nizior-L.uraszewska, GAwEDA (2014), the ratio of
betanin to vulgaxanthin was between 2.46 and 3.25, while in the research
presented by WRuss et at. (2015) it was much lower and varied from 1.00 to
1.75. The ratio of betanin to vulgaxanthin calculated for lines AR79 A and
AR79 B was 2.384 and 2.909, respectively, as an average for two years.
However, the ratio for AR79 B was much higher than for AR79 B in 2011,
while being similar in both lines in 2012.

CONCLUSIONS

The results of the present experiment showed significant influences of
both a year and a genotype on the nutritive value of red beet roots. The new
monogerm breeding lines AR79 A and AR79 B, compared to the other geno-
types, produced moderate amounts of dry matter, total sugar and vulgaxan-
thin, but contained high levels of betanin and a satisfactory ratio of betanin
to vulgaxanthin. Statistical differences between lines AR79 A and AR79 B
were observed only in 2011 and appeared in the betanin content and in the
betanin to vulgaxanthin ratio. In conclusion, lines AR79 A and AR79 B had
a satisfactory content of the nutrients and can be used in breeding program-
mes aimed at creating new monogerm cultivars of red beet.
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