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The study determined the internal quality (the total phenol, sugar, organic acid contents, antioxidant 
activity, and mineral components) and physical parameters in the flesh of red beetroots produced in 
different production systems (conventional, integrated, organic, and control) using established 
methods. Organic cropping of red beetroot plants significantly reduced the yield by 27% of some macro 
minerals (P at 23.1, K at 13.1, and Mg at 7.7%) in comparison with conventional cropping but increased 
the ascorbic acid by 23.3%, antioxidant activity by 30.3%, and some micro minerals (Na at 39.1, Cu at 
5.0, Fe at 17.9, Mn at 3.4, and Zn at 2.1%). The organic system can also result in better economic 
feasibility under assumption that price and expected yield are achieved. The results showed that a 
decrease in nitrogen supply, which is inherent in organic cropping, enhances the levels of secondary 
metabolites and micro minerals, which are associated with increased free radical scavengers and 
antioxidant activity in plant tissue. 
 
Key words: Phenol, sugar, organic acid, antioxidant activity, minerals, economic feasibility.  

 
 
INTRODUCTION 
 
The red beetroot (Beta vulgaris L. var. vulgaris) is a 
traditional and popular vegetable in many parts of the 
world. It is especially rich in fiber as well as in sugars, but 
has a moderate caloric value. The soluble and cell wall 
associated phenolics are bioactive compounds (Kugler et 
al., 2007; Pradhan et al., 2010). In recent years, there 
has been an increased interest in food quality, compo-
sition, and health effects (Reganold et al., 2010). Many 
research groups have studied nutritional and quality 
parameters in fruits and vegetables produced using 
different production systems, but conclusive evidence 
supporting the nutritional or qualitative superiority of either 
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production system does not currently exist. Findings point 
toward the understanding that, in most cases, organically 
produced foods contain greater amounts of health-
promoting contents and lower amounts of harmful 
contents (Rembialkowska, 2007).  

It is generally assumed that climate, soil types, cultivar, 
fertilizers, irrigation practices, uses of pesticides and 
herbicides, maturity at harvest, and postharvest handling 
are the most important variables that affect the nutrition 
and quality of fruits and vegetables (Kalt, 2005; Nunez-
Delicado et al. 2005). Studies are not always consistent 
because they have different approaches to sampling 
namely: samples from the stores or sampling different 
crop varieties. Different approaches to sampling can 
strongly bias the results. A greater number of studies 
compared mainly cabbage, carrots, tomatoes, and 
potatoes   (Lairon,  2010).  Little  information  is  available  
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Table 1. Total inputs of nutrients and plant protection application for different treatments according to CON, INT, ORG, and control 
plots in year 2009 and 2010.  
 

PS 
Pesticides applied (L ha

-1
) 

 Fertilizers 
applied 

Amounts of nutrients applied  

(kg ha
-1

) 

Herbicides Fungicides Insecticides  N P K 

CON 5.5 0.8 0.5 Mineral  125 70 300 

INT 5.5 0.8 0.5 Mineral  130 30 300 

ORG 0 0 0 Manure
z 

106 36 162 

Control 0 0 0 - 0 0 0 
 
z
Cattle manure was analyzed for their contents of NPK before application. 

 
 
 

about the internal quality, mineral content, and 
composition of the red beetroot. The red beetroot is 
regarded as a good potential source of antioxidants and 
phenols (Bavec et al., 2010; Kugler et al., 2007; Kujala et 
al., 2000; Mattila and Hellström, 2007; Mäder et al., 1993; 
Pradham et al., 2010; Rodriguez-Sevila et al., 1999).  

Farmers are in addition to quality are also interested in 
economically feasible production. Of particular concern, 
are the management practices that are cost-effective 
which give relatively higher returns to farmers’ 
investments (Bamire et al., 2012). The objective of this 
study was to assess the effect of the different production 
systems (conventional (CON), integrated (INT), and 
organic (ORG)) on the composition of nutrients and 
organic compounds (sugar, organic acid, total phenolic 
content, the antioxidant activity, and ascorbic acid) and 
mineral composition in a field trial and also to provide 
economical assessments of red beet production in 
different production system. 
 
 
METHODOLOGY 
 
Plant material and growing conditions  
 
The experiment was conducted at the research station in Dolenci, 
near the Hungarian border (46°51'4.43''N, 16°17'15.45'' E, 302.1 
m.a.s.l). The annual mean air temperature of the area is 9.7°C 
while the mean minimum monthly temperature is in January at -
1.6°C and the average maximum monthly temperature is in July at 
19.1°C. Average annual rainfall in the area is 749 mm. The 80 m

2
 

experimental field plot was established in sandy loam (average pH 
value 6.3 [0.1 KCl solution], soil soluble P at 13 mg P2O5 100 g

-1
 

and soil soluble K at 34 to 56 mg K2O 100 g
-1

 at the plowed soil 
layer). Three production systems and control plots were arranged in 
a randomized complete block split-plot design with four replications. 
The production systems differed primarily in plant protection and 
fertilization strategies. The three systems (CON, INT and ORG) 
were managed in accordance with EU and national legislation and 
rules (Rembialkowska, 2007). In CON, the preventive use of 
synthetic pesticides is allowed, and in INT, curative use is allowed. 
In ORG, the use of natural insecticides and fungicides are allowed, 
but herbicides are not allowed. In CON, mineral fertilizing is the 
farmers’ choice, and in INT, the amount of mineral fertilizers that 
were used is based on soil analysis and nutrient removal estimates. 
Also, in ORG, fertilization is based on soil analysis and nutrient 
removal estimates, but fertilizers are organic. In control plots, no 
fertilization/plant protection  was  used.  In  CON  and  INT,  mineral 

fertilizers were used (amounts are stated in Table 1), and in ORG, 
manure were used (amount are stated in Table 1) and in the 
control, none fertilizers were used. Pesticides applied in CON and 
INT were Fusilade forte (1.5 L ha

-1
), Beet up compact (3 L ha

-1
) and 

Agil (1 L ha
-l
) as herbicides, Amistar Extra (0.8 L ha

-1
) as fungicides 

and Bulldock (0.5 L ha
-1

) as insecticides. In ORG and control, no 
plant protection means were applied (Table 1). Other growing 
conditions, including environmental conditions, soil fertility, irrigation 
management, and preceding cropping history were identical for all 
treatments in order to allow a valid comparison. They were 
performed on the same dates and in the same manner as adjacent 
fields. The same crop variety was used in all production systems 
under the study (Beta vulgaris L. subsp. Vulgaris var. conditiva 
ALEF. Rote Kugel), and they were of conventional origin for CON 
and INT systems and organic origin for ORG and control systems. 
The variety of Rote Kugel was chosen because of its disease and 
pest resistance and fresh consumption and processing qualities. 
The whole experimental plot was managed according to organic 
farming standards for two years before the trials started.  
 
 
Plant harvest and morphology parameters 
 

Samples of red beetroots were picked on August 27th 2009 and in 
2010 from the center of the experimental plot and samples were 
cleaned. Harvesting was performed when more than 90% of the 
plants were at technological maturity and their quality parameters 
(root shape, root size, color, firmness, smoothness, freedom from 
defects, and intensive and uniform color) corresponded to a 
marketable class. The roots were considered non-marketable, if 
one of the visually assessed parameters was scored unacceptable. 
After the harvest, total beetroot root yield from each plot was 
determined. The physical attributes including mass, height, 
diameter of the roots, and the average number and length of leaves 
of red beetroots were measured in 10 plants from the center of 
each plot (Table 2). For the analyses, another ten representative 
red beetroot roots were taken from each plot.  
 
 
Analysis of individual carbohydrates and organic acids  
 
The fresh red beetroot samples were analyzed for their content of 
carbohydrates (sucrose, glucose, and fructose) and organic acids 
(malic, citric, and fumaric). In the laboratory, samples from each plot 
were peeled, cut into small pieces, and thoroughly mixed. Of the 
fresh mass, 5 g were immersed in 15 ml of double-distilled water 
and homogenized with T-25 ULTRA-TURRAX (Ika-Labortechnik, 
Stauden, Germany). The vegetable samples were left for half an 
hour at room temperature and stirred frequently before extraction. 
The extracted samples were centrifuged at 15,550 g for seven min 
at 10°C (Eppendorf Centrifuge 5810R, Hamburg, Germany). The 
supernatants   were   filtered  through  a  0.45 µm  filter  (Macherey- 
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Table 2. Yield (Y), dry matter (DM), and physical attribute (mass of root, root length, diameter of root, number of leaves, average leaf 
length (L length) of red beetroot in relation to various production systems. 
 

Parameter Y (t ha
-1
) DM (g 100 g

-1
) Mass (g) Length (cm) Diameter (cm) No. of leaves L length (cm) 

CON 33
a1 

14.3
a
 385

a
 10

a
 26

a
 14

a
 36

a
 

INT 33
a
 14.6

a
 381

a
 10

a
 25

a
 13

ab
 36

a
 

ORG 24
b
 15.1

b
 322

a
 8

b
 21

b
 12

b
 30

b
 

Control 8
c
 15.3

b
 174

b
 8

b
 19

b
 12

b
 27

b
 

 
1
Any two means within a column not followed by the same letter are significantly different at P≤0.05 (Duncan's multiple range test). 

 
 
 
Nagel, Düren, Germany), transferred to a vial, and analyzed 
according to the method described by Sturm et al. (2003), using 
high-performance liquid chromatography (HPLC; Thermo Scientific, 
Finnigan Spectra System, Waltham, MA, USA). For each analysis, 
0.020 ml of the sample was used. An analysis of sugars was carried 
out using a Rezex-RCM-monosaccharide column (300 × 7.8 mm; 
Phenomenex, Torrance, CA) with column temperature maintained 
at 65°C; and an RI detector with a flow of 0.6 ml min

-1
. For the 

mobile phase, double distilled water and an RI detector for 
identification were used. Organic acids were analyzed using a 
Rezex-ROA-organic acid column (300 × 7.8 mm; Phenomenex, 
Torrance, CA), and the UV detector set at 210 nm with a flow of 0.6 
ml min

-1
, maintaining the column temperature at 65°C. For the 

mobile phase, 4 mM of sulphuric acid (H2SO4) was used. The 
concentrations of carbohydrates and organic acids were calculated 
with the help of corresponding external standards.  
 
 
Determination of total phenolic content  
 
In the laboratory, red beetroot samples from each plot were peeled, 
cut into small pieces, and thoroughly mixed. Of each sample, 5 g 
were extracted with methanol (10 ml) and homogenized with the T-
25 ULTRA-TURRAX. Then, the samples were sonicated with a 
Sonis 4 (Iskra pio, Ljubljana, Slovenia) for 1 h in a cooled water 
bath. After extraction, the sample extracts were centrifuged for 10 
min at 15,550 g at 4°C. The supernatant was filtered through a 
Chromafil AO-45/25 polyamide filter (Macherey-Nagel, Düren, 
Germany) and transferred to a vial.  

The total phenolic content (TPC) of the extracts was assessed 
using the Folin-Ciocalteu phenol reagent method (Singleton and 
Rossi, 1965). 6 ml of twice-distilled water and 0.50 ml of the Folin-
Ciocalteu reagent were added to 0.10 ml of the sample extracts, 
and after waiting for between 8 s and 8 min at room temperature, 
1.5 ml of sodium carbonate (20% w/v) and 1.9 ml of twice-distilled 
water were added. The extracts were mixed and allowed to stand 
for 30 min at 40°C before their absorbencies were measured at 765 
nm on a Lambda Bio 20 UV/VIS spectrophotometer (Perkin-Elmer, 
Waltham, MA). A mixture of water and reagents were used as 
blank. The total phenolic content was expressed as Gallic acid 
equivalents (GAE) in mg per g FW of red beetroot and absorptions 
were measured in triplicate. 
 
 
Determination of antioxidant activity  

 
The extraction of red beetroot samples for the determination of 
antioxidant activity was made according to the same protocol 
described earlier for the assessment of TPC. The free radical 
scavenging activity of the red beetroot extracts was measured 
according to the DPPH (1, 1 diphenil-2-picrylhydrazyl) method 
reported by Brand-Williams et al. (1995), with slight modifications. 
0.050 ml of the extract was placed in 96-well microplates, and 0.20 
ml of 0.1 mM methanolic solution of DPPH was added and  allowed 

to react in the dark at room temperature. The decrease in the 
absorbance of DPPH at 520 nm was measured at 5 min intervals 
using a spectrophotometer (Perkin-Elmer, Waltham, MA) until the 
absorbance stabilized (30 min). Methanol was used as a blank, and 
DPPH solution without sample was used as a control. All samples 
were prepared in triplicate. The determination of the antioxidant 
activity of the samples at various concentrations was made using 
the Trolox standard curve. The DPPH radical scavenging activity of 
red beetroot extracts was expressed as µM Trolox equivalents (TE) 
per g FW of red beetroot.  
 
 
Analysis of mineral elements  
 
Sub-samples of red beetroot were finely cut and dried at 60°C. Dry 
sample were ground and then burned to ashes in a muffle furnace 
at 550 ± 15°C. Ash was dissolved in hydrochloric acid, and the 
insoluble part was removed using filtration. In the filtrate, calcium 
(Ca), magnesium (Mg), potassium (K), sodium (Na), copper (Cu), 
manganese (Mn), iron (Fe), and zinc (Zn) were identified using 
atomic absorption spectrometry (atomic absorption spectrometry 
AAnalyst 800, Perkin Elmer), and the content of phosphorus (P) 
was determined spectrophotometrically using the vanadatic method 
at 435 nm (UV/VIS spectrophotometer Cary 100, Varian). According 
to ISO 6869 (2000), determination of the contents of calcium (Ca), 
copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), 
potassium (K), sodium (Na) and zinc (Zn) was performed. Using the 
atomic absorption spectrometry method by ISO 6491 (1998), the 
determination of phosphorus content was performed by 
spectrometric method. 
 
 
Determination of ascorbic acid  

 
For the determination of ascorbic acid, samples of red beetroot 
were finely cut and homogenized. Ascorbic acid was extracted from 
samples with Met-Phosphoric acid. Then, the reduction of dehydro 
L (+) ascorbic acid in the L (+) ascorbic acid was conducted by 
adding L-cysteine. The L (+) ascorbic acid in the solution was 
determined using high performance liquid chromatography (HP 
1100, Hewlet Packard) with a UV detector at a wavelength of 265 
nm. The method was performed according to SIST EN 14130:2003 
and determination of vitamin C using HPLC.  
 
 
Feasibility analysis 
 
If we also take into account the ratio between total revenue and 
total costs for the production of cabbage and red beets in particular 
production systems, we get a picture of production system 
economic feasibility. We used a feasibility analysis based on model 
enterprise budgets. The data are derived from field trials. The price 
used is the average prices in the wholesale buying (Statistical 
office, 2012). Retail prices can  be  higher.  For  organic  production  
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Table 3. Concentration of sugars, ascorbic acid, and total phenolic compounds (TPC) of red beetroot in relation to various production 
systems. 
 

Parameter Glucose (g kg
-1

) Fructose (g kg
-1

) Sucrose (g kg
-1

) Ascorbic acid (mg 100 g
-1

) TPC (mg GAE g
-1

 FW) 

CON 0.2
a1

 1.0
a
 24.8

a
 23.3

a
 0.67

a
 

INT 0.3
a
 0.9

a
 35.5

a
 23.4

a
 0.77

a
 

ORG 0.3
a
 1.1

a
 27.6

a
 34.3

b
 0.78

a
 

Control 0.1
a
 1.0

a
 30.1

a
 33.9

b
 0.80

a
 

 

1
Any two means within a column not followed by the same letter are significantly different at P≤0.05 (Duncan's multiple range test). 

 
 
 
system, four scenarios were presented with different prices of the 
product. The price in scenario 1 was equal to the price in other 
systems. The price in scenario 2 is for 20% higher, in scenario 3 for 
50% higher and in scenario 4 for 100% higher. The prices in the 
scenarios represent a typical price for a relationship between ORG 
and CON and the index for red beet is 234 (Kuhar and Juvancic, 
2010). 
 
 
Statistical design and methods 

 
An analysis of variance was performed to evaluate the differences 
in measured parameters, with production systems as a factor, using 
a Statgraphics Centurion (Version XV, StatPoint Technologies, Inc., 
Warranton, VA). Thereafter, parameters were compared using 
Duncan’s multiple range tests (P≤0.05). To examine the 
correlations between TPC and antioxidant activities, a correlation 
analysis (Pearson’s correlation coefficient) was performed.  

 
 
RESULTS AND DISCUSSION 
 
Yield and quality parameters 
 
The marketable yield (red beetroot roots) was 
significantly higher in CON and INT, than in ORG (27 % 
lower) and control plots (75% lower) (Table 2). The yield 
between CON and INT were not significantly different. 
The physical appearance of the red beetroots was 
significantly different between INT and CON on the one 
side, and ORG and Control on the other side. The 
average root from ORG weighted 322 g (in CON 385 g), 
the diameter was 5 cm smaller (in ORG 26 cm and in 
CON 21 cm), and length is 2 cm shorter (in ORG 8 cm 
and in CON 10 cm) than in CON. This corresponds with 
the growth/differentiation balance theory (Lorio, 1986; 
Herms and Mattson, 1992), which states that a plant in 
any given situation will assess the resources available to 
it and optimize its investment in the process of growth or 
differentiation.  
 
 
Sugars 
 
The concentrations of individual sugars were assessed. 
The most abundant sugar in red beetroot was found to be 
sucrose whereas fructose and glucose were found only in 
small   amounts   (Table  3).  This  corresponds  with   the 

findings of other research (Bavec et al., 2010; Rodriguez-
Sevilla et al., 1999). The total sugar content ranged from 
26.0 mg g

-1
 in CON to 36.9 mg g

-1
 in ORG, but the 

differences were not significant.  
 
 

Ascorbic acid  
 

The ascorbic acid contents were significantly higher in 
ORG (34.3 mg 100 g

-1
) and Control (33.9 mg 100 g

-1
) 

than in INT (23.4 mg 100 g
-1

) and CON (23.3 mg 100 g
-1

) 
(Table 3). The vitamin C content of red beetroot is twice 
as high as the one of other root vegetables (Nutrition 
data, 2011). The ascorbic acid content has been found to 
decrease in several fruits and vegetables when N 
fertilization is increased (Bijelic et al., 2011; Lairon, 
2010). 
 
 

Total phenolic content and antioxidant activity 
 

The total phenolic content (TPC) of red beetroot samples 
ranged from 0.67 to 0.80 mg g

-1
 FW GAE (Table 3). The 

values were higher than those in previously published 
data. Kujala et al. (2000) estimated total phenolic content 
at 4.2 mg g

-1
 in flesh (dry weight). Our values regarding 

the dry matter (DM) content were between 4.15 mg g
-1 

DM GAE and 4.96 mg g
-1 

DM GAE. The results were 
similar to the findings of Kujala et al. (2000). 
Nevertheless, a trend of more total phenolic content in 
ORG and in control plots was observed. This 
corresponds with the literature review by Rembialkowska 
(2007). Total phenolic content and antioxidant activity, 
which is partly attributed to betacyanins, tend to increase 
when the N supply is restricted (ORG) (Close and 
McArthur, 2002; Sanchez et al., 2000; Salahas et al., 
2011). This could be confirmed from the results of the 
unfertilized control and the ORG and the system with the 
smallest nutrient input systems (Table 1). Limited 
fertilization means higher stress for plants. Phenols play 
a role in plant defense mechanisms (Mikulic et al., 2007).  

The statistical analysis of the relationship between total 
phenolic content and antioxidant activity of vegetables 
showed a positive and middle significant relationship 
(r

2
=0.6578, P≤0.05). The results indicate that vegetables 

containing   high   phenolics  may  be  a  good  source  of 
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Figure 1. Antioxidant activity of red beetroot depending on the farming system expressed as µM 
Trolox equivalents per g

 
FW of red beetroot. Average values are depicted. The different letters (a-b) 

above the bars mean significant differences in antioxidant activity between the production systems 
at P≤0.05 (Duncan test).  

 
 
 

Table 4. Concentrations of organic acids (citric, fumaric, malic, and shikimic) and total organic acids in roots of red beetroot in relation 
to various production systems. 
 

Parameter Citric (mg kg
-1

 FW) Fumaric (mg kg
-1

 FW) Malic (g kg
-1
 FW) Shikimic (g kg

-1
 FW) Total (g kg

-1
 FW) 

CON 301.6
a1 

0.4
a
 1.6

a
 31.9

a
 33.8

a
 

INT 351.5
a
 0.7

ab
 2.4

a
 21.3

a
 24.0

a
 

ORG 369.2
a
 0.1

b
 1.9

a
 32.1

a
 34.3

a
 

Control 274.2
a
 0.5

a
 1.6

a
 31.6

a
 33.5

a
 

 
1
Any two means within a column not followed by the same letter are significantly different at P≤0.05 (Duncan's multiple range test). 

 
 
 

antioxidants (Kaur and Kappor, 2002; Flores et al., 2009). 
Antioxidant activity, expressed as Trolox equivalents 
(TE), ranged from 0.94 µM TE g

-1 
FW in CON samples to 

1.34 µM TE g
-1 

FW in control samples of red beetroots, 
(Figure 1). Significant differences were detected between 
the CON and INT production systems on the one side 
and ORG and control systems on the other side. Kugler 
et al. (2007) reported much higher values TE (11.103 µM 
TE g

-1 
DM) for red beetroot samples from red beetroot 

roots of the same variety. The differences could be 
attributed to the different presentation of the results. We 
presented the fresh red beetroot, and in mentioned 
studies, the dry matter was presented. If the DM content 
in the final results is included, values lie in a similar range 
(6.19 µM TE g

-1 
DM to 4.63 µM TE g

-1 
DM).  

 
 
Organic acids  
 
Four organic acids were identified in the red beetroot: 
Citric, malic, shikimic, and fumaric  acids  (Table  4).  The 

most abundant was shikimic acid. Significant differences 
were found for fumaric acid content between CON, 
control on the one side and ORG on the other side. The 
differences of total amount of organic acid between the 
production systems were not significant. In other studies, 
the highest content of organic acid was found in ORG 
production systems (Sousa et al., 2006; Wang et al., 
2008; Röhling and Engel, 2010). The reasons for a higher 
acid content in some samples could be linked to lower 
nutrient availability, especially in the control system 
(Lerdau and Coley, 2002). The different fertilizer regimes 
used in different production systems have an effect on 
organic acids and other parameters of internal quality. 
 
 
Mineral composition 
 
Red beetroots from ORG and the control systems had a 
tendency to accumulate significantly higher amounts of 
dry matter content in red beetroot roots than in CON and 
INT (Table 2). The macro and micro minerals including P, 
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Table 5. Effect of production system (PS) and year (Y) on mineral composition of red beetroot. 
 

Factor N P K Ca Mg Na  Cu Fe Mn Zn pH 

PS g kg
-1

 in DM  mg kg
-1

 in DM 

CON 18.3
a1

 2.6
a
 36.6

a
 1.5

a
 2.3

a
 2.3

a
 10.0

a
 192.5

a
 94.4

c
 56.3

b
 6.2

b
 

INT 18.5
a
 2.3

a
 32.9

a
 1.4

b
 1.9

a
 2.3

a
 9.3

b
 189.1

a
 94.4

c
 57.4

b
 6.1

a
 

ORG 14.5
a
 2.0

b
 31.8

b
 1.5

a
 2.1

a
 3.2

b
 10.5

a
 234.4

b
 97.7

b
 57.5

b
 6.2

b
 

Control 14.2
a
 2.2

a
 28.6

b
 1.4

b
 2.0

a
 1.8

a
 8.4

b
 252.5

b
 133.5

a
 63.5

a
 6.2

b
 

 

Year             

2009 15.9
a
 2.1

b
 26.7

b
 1.2

b
 1.4

a
 2.3

a
 8.0

a
 200.7

b
 86.7

b
 51.7

b
 6.0

b
 

2010 16.7
a
 2.5

a
 38.2

a
 1.7

a
 2.7

b
 2.6

a
 11.0

a
 233.6

a
 123.4

a
 65.7

a
 6.4

a
 

Average 16.3 2.3 32.5 1.5 2.1 2.4 9.5 217.1 105.0 58.7 6.2 
 
1
Any two means within a column not followed by the same letter are significantly different at P≤0.05 (Duncan's multiple range test). 

 
 
 
K, Ca, Na, Cu, Fe, Mn, and Zn, were significantly affected 
by the production systems (PS) (Table 5). The CON and 
INT showed significantly higher amount of K in 
comparison with ORG and Control. The amount of Na is 
significantly higher in ORG. The ORG and control 
showed significantly higher concentrations of Fe. The 
control showed significantly higher concentration of Mn 
and Zn concentrations.  

Previous plant nutrition research has demonstrated that 
the lower yield of ORG arises from deficiencies in N 
(Haneklaus et al., 2002). This is attributed to the fact that, 
although, organic manure usually contains the necessary 
amount of N, only part of this nutrient is immediately 
available to plants (Banuelos and Pasakdee, 2002). In 
our study, the decrease in N observed in red beetroot in 
the order CON/INT/ORG/CONTROL was correlated with 
a decrease in total fruit yields, as mentioned by other 
studies (Rembialkowska, 2007). The higher N, P, and K 
concentration observed in CON and INT systems, 
compared to ORG, could be attributed to increasing K 
uptake by plants in CON and INT systems as a result of 
the synthetic K fertilization supply. K uptake is also 
improved by higher N uptake.  

According to the present study, the type of fertilization 
was a main factor in modifying the nutritional quality of 
red beetroots. Having compared the influence of organic 
manure and synthetic mineral fertilization on the plant 
nutritional value, it was indicated that the organic 
fertilization contributed to a considerable improvement in 
the chemical composition of vegetables with respect to 
the occurrence of microelements, vitamins, and phenolic 
compounds. When the availability of nitrogen is limited, 
the secondary metabolites are intensively synthesized 
and act as an immune system for the plants (Lairon, 
2010).  
 
 
Feasibility analysis 
 
The   data   for   feasibility  analysis  are  obtained  in  the 

field trials, where agronomic treatment can be optimal. 
Table 6 presents financial results (net return) for all three 
systems and control. We used sensitivity analysis (4 
scenarios) in order to show the influence of different 
prices on the feasibility of ORG. The feasibility analysis 
showed that production can be the most economically 
feasible when using the ORG (1.1), when higher selling 
prices are achieved. Production is the least economically 
feasible in the control (0.5), mainly due to low yields. The 
differences in financial results were significantly different 
for all production system.  

The production of red beet is economically feasible only 
in scenario 4, where the prices were twice of the other 
production systems. Negative net return for red beet 
increased without subsidies.  
 
 
CONCLUSION AND RECOMMENDATION 
 
The experiment showed that there were significant 
differences in the quality of red beets from different 
production systems. We can confirm that ORG red beets 
were characterized by significantly higher antioxidant 
activity and higher contents of ascorbic acid and some 
micro minerals compared with CON or INT red beet 
production. The highest difference between the 
production systems was the result of the use of artificial 
fertilizers and synthetic pesticides in CON and INT, which 
were not permitted in ORG. The theories of differences in 
N uptake and the reduction of secondary metabolites can 
be confirmed using this study.  

The economic feasibility analysis showed that the 
production is feasible only in ORG when selling price is 
twice as high as in other production systems. Because of 
the higher quality, and thus, a favorable impact on health, 
future research should consider how to increase the yield 
and physical attributes of the crops without losing quality, 
and it should study how to effectively fight against pests 
and diseases. This would definitely increase organically 
management field.  
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Table 6. Financial analysis for red beet from different production systems. 
 

Price (%) Red beet 
Total revenue 

(TR) (€) 

Total costs  

(TC) (€) 

Financial result 
(FR) (€) 

Financial result without 
subsidies (€)

1
 

100 CON 2,787.90
a
 4,269.43

a
 -1,481.53

a
 -1,481.53

a
 

100 INT 2,986.70
b
 4,198.69

b
 -1,211.99

b
 -1,543.99

b
 

 
ORG 

    
100 Scenario 1 2,425.50

c
 3,893.85

c
 -1,468.35

c
 -2,098.35

c
 

120 Scenario 2 2,784.60
d
 3,893.85

c
 -1,109.25

d
 -1,739.25

d
 

150 Scenario 3 3,323.25
e
 3,893.85

c
 -570.60

e
 -1,200.60

e
 

200 Scenario 4 4,221.00
f
 3,893.85

c
 327.15

f
 195.00

f
 

100 Control 1,455.00
g
 3,226.59

d
 -1,771.59

g
 -2,401.59

g
 

 

Different letters (a-g) in column mean significant differences between the production system at p<0.01 (Duncan's multiple range test). 
1
The 

last column shows net return without subsidies (0 €/ha for CON, 332 €/ha for INT, 630 €/ha for ORG and control). 
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