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ABSTRACT
The paper aimed at estimating the genetic improvement in yield and some quality traits of globose and slightly flattened
cultivars of red garden beet listed in Poland during the years 1988-1999. The method of deviations from a check was used.
The calculations were based on the results of cultivar testing conducted by the Research Centre for Cultivar Testing in Słupia
Wielka. A significant genetic improvement of 0.55%/yr. was achieved in marketable yield. The genetic gain in betanin
content amounted to 0.78%/yr. and vulgaxanthine to 1.33%/yr. However, the content of dry matter decreased at an annual
rate of –0.77% and of sugar at the rate of -1.12%/yr. The content of nitrates negatively increased by 0.74%/yr. Depending on
the trait analysed approximately 17% - 30% of the total improvement could be attributed to genetic factors.
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INTRODUCTION
Red garden beet is one of the four most important vegetables in Poland together with white cabbage, carrot and
onion. Globose and slightly flattened cultivars dominate the production. Cultivars with elongated roots, however,
are of less significance. The vegetable can be used for culinary purposes and food colorants [11]. Its usefulness
is determined by the morphological characteristics of roots [12, 13] as well as by the content of dry matter,

sugar, pigments and nitrates [11]. These traits were assessed for listing purposes [9]. Moreover, the results of
chemical and technological analyses influenced the decision on entering national lists [9]. Bruch-Kowalska and
Pędziński [3] stated that the breeding work on red garden beet had been accelerated in Poland. Hitherto the
genetic improvement of the crop in Poland was characterised by means of descriptive analyses only [1, 2].
The paper aimed at evaluating the genetic improvement in yield and a few quality traits of globose and slightly
flattened cultivars of red garden beet listed in Poland in the twelve-year period of 1988-1999 by means of
mathematical methods.
MATERIALS AND METHODS
The analyses of the genetic improvement were based on the national lists (NLs) [7] and the results of cultivar
testing conducted from 1988 to 1999 by Experimental Stations for Variety Testing and Chemical-Technological
Laboratory in Słupia Wielka and published in “Summarized Results of Varietal Experiments” [8]. Twelve
globose and slightly flattened cultivars (seven of Polish origin and five of foreign origin) of red garden beet were
included in the analyses. The genetic gain was estimated in yield and some quality traits, i.e. the content of dry
matter, sugar, betanin, vulgaxanthine and nitrates.
To estimate the percent genetic progress due to the introduction of new cultivars the method of deviations from
the check by Feyerherm et al. [4] was modified and used. The cultivar Czerwona Kula having no gaps in the
results of testing over the period analysed and being on the NLs since 1961 was the check. For each cultivar
having at least two-year results comparable to the check relative deviations from the check cultivar Czerwona
Kula (DCi) were computed as follows:

where VCTy indicates the value of the cultivar i in the year y, VCHECKy – value of the check in the year y and n –
number of years.
Figure 1 shows the deviations for the cultivars ordered according to the year of their introduction on the NLs [7].
Genetic progress was computed for the consecutive years (PGy) for listed cultivars excluding the check as
follows:

where n indicates the number of cultivars analysed in the year y and n-1 – the number of cultivars analysed in the
previous year (y-1)

Fig. 1. Deviations from the check for globose and slightly flattened cultivars of red garden beet

The results obtained in that way denote the changes in the genetic potential due to the introduction of new
cultivars in a given year as compared to the previous year.
The results of the testing of the check cultivar Czerwona Kula and the PGy values were regressed on years. The
coefficient b of the linear regression: y = bx + a, denotes the annual variation due to environment and genetic
factors respectively. The share of the improvement attributable to genetic factors in total variability was
calculated as the ratio of the annual variation due to genetic factors (i.e. b value for PGy), and summarized
variation due to genetic and environmental factors (i.e. b value for PGy + b value for the check) and expressed as
percentage.
The coefficient b for each regression equation was evaluated for the difference from zero at 0.05, 0.01 and 0.001
probability levels by means of the statistical packages Genstat 5 and Minitab [5, 10].
RESULTS
Over the twelve – year period of 1988-1999 there were no changes of the genetic potential of globose and
slightly flattened cultivars of red garden beet in Poland in 1988, 1989, 1990, 1992, 1993, 1995, 1997 and 1999
due to the lack of new entries.
In the year 1991 two Polish cultivars Chrobry and Nochowski and two cultivars Regala and Bikores of foreign
origin entered the NL. Their introduction yielded in decreases in marketable (–1.30%) and total yield (–2.70%),
the content of dry matter (–2.75%) and sugar (–5.43%). However the content of betanin increased by 11.09%,
vulgaxanthine – by 20.21% and nitrates – by 8.23%. In 1994 the Polish cultivar Glob contributed to increases of
the genetic potential in both marketable (by 0.58%) and total yield (by 0.50%) and decreases in the content of
dry matter (by –0.19%), sugar (by –0.39%), betanin (by –0.98%), vulgaxanthine (by –2.70%) and nitrates (by –
2.71%). Two Dutch hybrids Pablo and Wodan were introduced in 1996. Their genetic value further improved
marketable (5.08%) and total yield (4.90%). The content of nitrates increased by 1.57%. Decreases were noted in
the content of dry matter (3.93%), sugar (4.86%), betanin (3.46%) and vulgaxanthine (0.53%). The introduction
of the cultivars Patryk (of Polish origin) and Action (of foreign origin) in 1998 improved marketable and total
yield by 0.50 and 0.38% respectively. Additionally, the genetic potential in the content of betanin increased by
3.47%. Negative changes, however, comprised an increase in the content of nitrates (by 1.80%) and decreases in
the content of dry matter (by –0.68%), sugar (by –0.14%) and vulgaxanthine (by –2.52%).
In the analysed period marketable yield increased at an annual rate of 0.55% (significant at p ≤ 0.01). The
content of both betanin and vulgaxanthine also increased significantly at the rates of 0.78%/yr. and 1.33%/yr.
respectively. The content of nitrates increased by 0.74%/yr. on average. In contrast, the content of dry matter and
sugar decreased at the rates of –0.77%/yr. and –1.12%/yr. respectively (fig. 1).
Introduction of three Polish and three foreign cultivars to a set of three older cultivars (Okrągły
Ciemnoczerwony, Crosby and Egipski) brought about the changes of the genetic potential. Among the cultivars
included in the analyses, a cultivar owned by Bejo Zaden B.V. contributed most of all to the increase in yield and
cultivars coming from SPÓJNIA Hodowla Roślin i Nasiennictwo Ogrodnicze Sp. z o.o. displayed the highest
content of dry matter, sugar, pigments and the lowest – of nitrates (fig. 2).

Fig. 2. Genetic improvement in yield and a few quality traits of globose and slightly flattened cultivars of red garden beet listed in Poland in 1988-1999

The changes of the check cultivar were fully attributed to environmental factors (tab. 1). Thus approximately
29.6% of the total improvement in marketable yield and 20.5% – in total yield, 17.4% – in the content of betanin
and 26.4% – vulgaxanthine as well as over 88% of the decrease in dry matter could be attributed to genetic
factors. But the regression coefficients expressing the changes due to environment were not significant except
for the content of betanin. For the content of sugar genetic and environmental factors played opposite role. The
content increased due to environmental factors at the rate of 1.5%/yr. and decreased as a result of genetic ones by
–1.12%/yr. Similarly, opposite action of environmental and genetic factors was noted in nitrates from 1989 to
1999. The coefficient b expressing the change of the genetic potential was 0.65 (significant at p ≤ 0.05, R2 =
0.44).
Table 1. Characteristics of the check cultivar Czerwona Kula

Changes in years
Trait

Marketable
yield
Total yield
Dry matter
Sugar
Betanin
Vulgaxanthine
Nitrates

Years

1988-1999

Mean

564.4

1988-1999
1988-1999
1988-1999
1988-1999
1988-1999

601.1
15.07
10.70
0.168
0.116

1989-1999

1873

Unit
2

Annual
variation due
to
environmental
factors
(b*100/Mean),
%

min.

max.

b

R

-1

413

679

7.45

0.09

1.31

-1

413
11.5
9.0
0.12
0.07

740
17.0
13.4
0.24
0.24

8.86
-0.015
0.161
0.0062*
0.0043

0.14
0.00
0.23
0.36
0.21

1.47
-0.10
1.50
3.70
3.71

980

2658

-21.36

0.03

-1.14

dt ha

dt ha
% of fresh weight
% of fresh weight
% of extract
% of extract
mg of NO3 /kg of
fresh weight

Explanations:
b – coefficient of the linear regerssion y = bx + a,
R2 – coefficient of determination,
* – coefficient b significantly different from zero at p ≤ 0.05.

Environmental factors contributed to increases in yield of ca. 1.5%/yr. and in pigments of 3.7%/yr. as well as
decreased the content of nitrates by 1%/yr. (tab. 1).
DISCUSSION
The present paper attempts to estimate the genetic improvement of globose and slightly flattened cultivars of red
garden beet by means of mathematical methods. The calculations showed a significant genetic improvement of
0.55%/yr. in marketable yield in the years 1988-1999. Similarly, Grandillo et al. [6] noted an increase in yield of
processing tomatoes amounting to 0.44%/yr. in Israel in the period of 1975-1995. The improvement in yield can
be attributed to the breeding work aiming at increasing the resistance to biotic and abiotic stresses [14] and to the
effect of heterosis (four out of nine newly introduced cultivars included in the present analyses were hybrids).
Decreases in the content of dry matter and sugar were noted in the genetic potential of globose and slightly
flattened cultivars of red garden beet listed in the twelve-year period. In the calculations by Grandillo et al. [6]
also the improvement in yield was accompanied by a reduction in the content of dry matter. Saliba-Colombani et
al. [15], however, examining 144 inbred lines obtained by crossing Lycopersicon esculentum Mill. and
Lycopersicon esculentum var. cerasiforme, noted a negative correlation between yield and dry matter weight and
a positive one between dry matter weight and sugar content.
In the present analyses significant increases of the content of betanin (0.78%/yr.) and vulgaxanthine (1.33%/yr.)
were observed. The improvement can be mainly attributed to the genetic value of Chrobry and Nochowski.
Żuradzka et al. [16] stated that not only the total content of the pigments is important but also their ratio.
Approximately 17-30% of the total changes in yield and quality traits in Poland were attributable to the genetic
value of the cultivars analysed. According to Grandillo et al. [6] 20% of the total improvement in processing
tomatoes in Israel from 1975 to 1995 was attributable to genetic factors while in California from 1977 to 1987 –

60%. In California during the period of 1989-1994 genetic factors improved brix yield and environmental –
decreased it [6]. In the present investigations, such an opposite action of genetic and environmental factors was
found for the content of sugar and nitrates.

CONCLUSIONS
For the analysed group of red garden beet in the period 1988-1999 significant improvement due to introduction
of new cultivars was achieved in marketable yield and the content of pigments.
Unsatisfactory changes comprised decreases in the content of dry matter and sugar and an increase in the content
of nitrates.
Depending on the trait 17-30% of the total variation could be attributed to genetic factors.
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