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Abstract
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radish (Raphanus sativus L. var. longipinnatus). Hort. Sci. (Prague), 41: 64–70.

The nutritional and sensory value of Chinese radish, cv. Jarola F1, grown in organic and conventional systems was 
evaluated. The experiments were based on certified organic land and conventional land of the Czech University of Life 
Sciences Prague at the experimental station of Troja. Radish was grown in two spacings. Radish from the organic cul-
tivation system exhibited a significantly lower dry matter content compared to the conventional production, 62.4 g/kg  
and 68.9 g/kg, respectively. This can be explained by growing under unwoven textile. Furthermore, radish cultivated 
organically had a significantly lower content of monosaccharides (17.2 mg/kg, while the conventional production con-
tained 26.1 mg/kg) and significantly higher contents of nitrates. The content of vitamin C in organic production tended 
to be higher (212 mg/kg, in conventional production 169 mg/kg). The crude fibre content or the content of minerals 
was not significantly affected by the growing system. Growing spacing did not affect the nutritional value. Organically 
produced radish had better sensorial evaluation. 
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The growing demand for organic production is 
motivated by healthier diet – limiting the intake of 
undesirable substances such as pesticide residues, 
chemical fertilizers, heavy metals and food supple-
ments. From the marketing point of view, organic 
growing offers higher nutritional content impor-
tant to humans or higher sensory value. However, 
the results of research in this direction often di-
verge. This can be explained by different soil and 
climatic conditions. Most often, organically grown 
vegetables contain higher dry matter (Bünnagel 
1992; Heaton 2001; Bognár 2002; Tauscher et 
al. 2003). Higher fibre content in organic growing 
of tomatoes and carrots was listed by Evers (1989) 
and Kerpen (1988) (cit. Woese et al. 1997). These 

results, however, were mostly one – year based. 
Worthington (2001) reviewed 41 studies on 
the control of organic and conventional produc-
tion. He found out that the organic production of 
spinach, lettuce, carrots, tomatoes and cabbage 
contains on average 27% more vitamin C, 21.1% 
more iron, 29.3% more magnesium and 13.6% more 
phosphorus than conventional cultivation of these 
vegetables.

The lower content of nitrates is very often report-
ed as an advantage of organic production. Woese  
et al. (1997) also evaluated 41 studies and con-
cluded that the nitrates content in vegetables from 
organic farming systems, or when the vegetables 
were grown with organic fertilizers, was lower than 
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in vegetables from conventional farming system. 
Magkos et al. 2006 (cit. Givens et al. 2008) re-
ported that vegetables grown in the organic farm-
ing system contained about 15–50% less nitrates 
than conventionally grown vegetables. However, 
some studies have shown the opposite trend. An 
increased nitrates content in organically grown to-
matoes, spinach, chicory and lettuce was found by 
Malmauret et al. (2002), which can be explained 
according to Givens et al. (2008) by other factors 
during cultivation – such as variety, soil type, time 
of planting and harvesting, irrigation, water qual-
ity, climate, storage conditions and post-harvest 
treatment.

The evaluation, which is the result of the EU pro-
ject “Quality Low Input Food” in Hajšlová and 
Schulzová (2006) suggested that organic produc-
tion resulted in about 10–50% higher content of 
vitamin C and lower nitrates content, in 20–50% 
higher content of phenolic compounds, in more 
than 90% lower content of pesticides, however in 
about 10–50% less carotenoids. 

The aim of this study is to compare the nutritional 
and sensory value of radish grown organically to that 
grown in a conventional system of cultivation. Radish 
was chosen as it is a vegetable with short vegetation 
period and is often cultivated in organic systems.

MATERIAL AND METHODS

The experiment was set up in 2007 and 2008 
at the Czech University of Life Sciences Prague, 
the experimental station of Troja (50°7'21.198''N, 
14°23'56.359''E). The station is located at the alti-
tude of 195 m above sea level and lies on the right 
bank of the Vltava river, which ensures optimum 
air humidity during summer for growing of vegeta-
ble species demanding air humidity. The average 
annual temperature is 9.3°C and total precipitation 
is 331.9 mm (Švachula 1992). Temperature, solar 
radiation and precipitation conditions during au-
tumn sowing in 2007, spring sowing in 2008 and 
autumn sowing in 2008, are in Table 1. 

The experiments were based on certified organic 
land (in 2007 the land was in its first year after the 
transitional period) and land with conventional cul-
tivation. Both plots were separated by a strip of grass.

The previous crop on the land with organic cul-
tivation in both years of this experiment was green 
manure – mix of legumes and cereals (field peas, 
oats, wheat – which are considered good to pre-
cede). On the land with conventional cultivation 
there was also green manure in the first year of the 
experiment as previously and in the second year 
of the experiment spring culture was followed by 

Table 1. Temperature, solar radiation and precipitation conditions during the production terms

Production 
term

Temperature (°C) Total precipita-
tions (mm)

Total solar  
radiation (kJ/m2)max min average total average

Autumn sowing 2007

From August 15 29.7 10.6 18.7 307.8 28.5 259,409

September 25.9 2.9 12.8 384.6 74.2 315,756

Till October 22 20.6 –1.3 9.3 203.8 10.9 176,093

Total 896.2 113.6 751,258

Spring sowing 2008

From March 26 16.6 –1.6 6.5 38.9 0.2 79,647

April 22.2 –0.6 8.8 266.8 58.2 360,211

May 30.2 4.9 14.7 458.3 56.6 582,143

Till June 5 28.3 10.1 19.4 555.5 18.3 102,423

Total 1,319.5 133.3 1,124,424

Autumn sowing 2008

From August 14 30.4 8.2 17.8 319.8 49.3 278,105

September 29.3 3.1 13.3 401.5 17.9 329,216

Till October 14 20.7 2.4 11.1 155.8 9.3 101,892

Total 877.1 76.5 709,213
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black fallow and autumn culture after early pota-
toes.

In 2007, when there was green manure on both 
lands as previous crop, high amounts of nutrients 
were found, so the conventional plot was not fer-
tilized. The observed content of nutrients on both 
the organic and conventional land was in mg/kg 
of soil: P = 278.0, K = 525.0, Ca = 1,650.0, Mg =140.0, 
Nmin = 41.0, and was evaluated as very high for all 
elements. pH of soil was 6.3–6.8. In 2008, nutri-
ents in the form of mineral fertilizers were added 
in conventional cultivation in amounts: 22 kg P, 
66 kg K and 24 kg Mg/ha. Nitrogen was not used 
for fertilizing as its content in the soil was high – 
180 kg/ha. 

The experiment was conducted with Chinese 
radish (daikon), Raphanus sativus L. var. longipin-
natus cv. Jarola F1 (produced by Semo Smržice, 
Smržice, Czech Republic). Due to the absence of 
organic seeds in the market a standard untreated 
seed was used for organic cultivation. For conven-
tional cultivation, the seed was desinfected with 
the active substance thiram.

Sowing dates: August 15, 2007, March 26, 2008 
and  August 14, 2008. Seeds were sown into nests 
of three seeds and after emergence thinned to one 
plant. The experiment was established in 3 repeti-
tions in the spacing 0.20 × 0.35 m (in one repetition 
of the 150 plants) and in the spacing 0.30 × 0.35 m 
(100 plants per repetition). 

For the organic cultivation, according to litera-
ture (Eckhard, Reyhaneh 2003) the soil was cov-
ered with unwoven textile PP 17 g/m2 after sowing. 
When necessary, the plot was mechanically cleaned 
of weeds. The unwoven textile was left there until 
harvest.

For the conventional cultivation, a contact her-
bicide Gramoxone was applied on the radish before 
emergence – the active substance is paraquat. The 
growth was as necessary mechanically cleaned of 
weeds during the vegetation period. As for pests 
on the radish, some Delia platura occurred, but no 
protection was applied because no insecticides are 
allowed for radish.

Irrigation was carried out during dry periods in 
both plots by micro sprayer. Periods of harvest: Oc-
tober 22, 2007, June 5, 2008 and October 14, 2008. 

Variants of experiment. Organic and conven-
tional growing, two spacing, 3 sowing dates. For 
the analysis of nutrients, three market pieces of 
radish were selected for each variant and repeti-
tion. Number of analyses n = 6 of each variant. Fur-

thermore, some pieces of radish were chosen for 
sensory evaluation. 

The crude fibre content was determined from 
dried samples weighing 1 g each wrapped in bags 
(FibreBags) using the method of oxidative hydroly-
sis according to Henneberg-Stohmann (Javorský 
et al. 1987). The chemicals used were sulphuric 
acid, potassium hydroxide and petroleum ether. In 
addition to common laboratory equipment, a muf-
fle furnace was used to anneal the samples at 600°C 
and also a FibreBag carousel.

The contents of monosaccharides (glucose and 
fructose) were determined using a reflectometer 
RQflex (Merck, Darmstadt, Germany). The test 
strip was soaked in a mixture of fresh radish juice, 
distilled water and TS-1 agent and then inserted 
into the apparatus calibrated according to Merck 
standard.

The content of vitamin C was determined by high 
performance liquid chromatography RP-HPLC 
(ECOM, České Meziříčí, Czech Republic) in Sep-
aron SGX colon with detection by ultraviolet area 
254 nm. The detection was done on 10 g of a sam-
ple that was carefully homogenised by adding some 
oxalic acid. The volume of the injection was 20 μl. 
The used liquid chromatograph: analytical pump 
LCP 4000.11, analytical injection loop valve D, 
outer loop 20 μl, micro portioner Hamilton 50 μl, 
UV-VIS detector LCD 2082, computer integrator 
CSW 2k, analytical column CGC 3 × 150 Separon 
CGXC18, 7 μm, precolumn CGC 3 × 30 Separon 
CGXC18, 7 μm. 

The content of nitrates was determined by ion-
selective electrode from Šenkýř – ISE (according to 
Javorský et al. 1987). In order to determine the 
content of nitrates the samples were frozen after 
harvest, the sample portion weighed 100 g. The 
samples were puréed in a solution of aluminium 
sulphate and further processed. Measurement was 
done using the device Ionalyzer MPH 171 (Mo-
nokrystaly, Turnov, Czech Republic).

The contents of potassium, magnesium, calci-
um and sodium were established by capillary iso-
tachophoresis. During one analysis cycle lasting 
about 15 min all of these elements were determined 
simultaneously. Measurement was done on a one-
dimensional capillary analyser (Recman, Ostrava, 
Czech Republic) (Kvasnička 2008).

Sensory evaluation was carried out immediately 
after the harvest. It included four samples from 
organic and four from conventional production. 
In the fall of 2007, the samples of radish were re-
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viewed by 43 respondents, in autumn 2008 by 
34  respondents. Rated descriptors according to 
Kopec and Horčin (1997) were: appearance; flesh 
colour; smell; intensity of the smell; taste – sweet, 
bitter, spicy, undesirable; overall flavour; tender-
ness; juiciness; overall impression. A lower number 
means higher sensory descriptor value.

The significance between the means of main ef-
fects (method of cultivation, spacing and terms of 
sowing) was evaluated using the LSD test at P = 0.05. 

RESULTS AND DISCUSSION 

In contrast to literature (Bünnagel 1992; Tau-
scher et al. 2003), a significantly higher amount 
of dry matter was observed in conventionally 

grown radish (Table 2). The different findings in lit-
erature can be explained by higher air humidity un-
der the unwoven textile used for radish growth in 
the organic variants. Significantly higher dry mat-
ter during the autumn planting in 2007 compared 
to the two other periods can be explained by differ-
ences in climatic conditions (Table 1). The effect of 
stand density (number of pieces per unit area) on 
dry matter content was minimal.

The crude fibre content was not affected by the 
growing system (Table 2). Lower values were found 
in autumn 2007 and 2008, compared to the spring 
term of 2008. Benoit and Ceustermans (1992) 
reported that at lower intensity of solar radiation 
plants had a lower amount of fibre; this corresponds 
to a lower amount of solar radiation detected in au-
tumn 2008 (Table 1).

Table 2. Dry matter and crude fibre content (means ± standard deviation) in radish from organic and conventional 
cultivation

Production 
term/spacing

Dry matter (g/kg) Means Crude fibre (g/kg) Means

O K (O + K)/2 ∑(A + B)/4 O K (O + K)/2 ∑(A + B)/4 

1.
A 64.5 ± 1.8 73.2 ± 2.8 68.8

71.1a
5.5 ± 0.2 6.2 ± 0.4 5.8

6.0B 69.6 ± 2.8 77.4 ± 3.8 73.5 6.0 ± 0.4 6.4 ± 0.1 6.2

2.
A 62.0 ± 1.4 66.2 ± 1.2 64.1

62.9b
7.2 ± 0.6 6.6 ± 0.4 6.9

6.5B 59.8 ± 3.8 63.8 ± 4.2 61.8 6.2 ± 0.6 6.0 ± 0.6 6.1

3.
A 58.2 ± 1.6 65.6 ± 4.3 61.9

62.8b
5.3 ± 0.1 6.0 ± 0.8 5.6

5.6B 60.3 ± 2.3 67.3 ± 5.8 63.8 5.3 ± 0.1 6.1 ± 0.3 5.7

Mean 62.4a  68.9b  5.9 6.2

production terms (terms of sowing): (1.): 15. 8. 2007, (2.): 26. 3. 2008, (3.): 14. 8. 2008; A – spacing 0.20 × 0.35 m, B – spac-
ing 0.30 × 0.35 m; O – organic cultivation; K – conventional cultivation; different letters represent significant differences 
at P = 0.05 among the methods of cultivation (columns) and terms of sowing (lines)

Table 3. Content of monosaccharaides and vitamin C (means ± standard deviation) in radish from organic and con-
ventional cultivation

Production 
term/spacing

Monosacharides (g/kg) Means Vitamine C (mg/kg) Means

O K (O + K)/2 ∑(A + B)/4 O K (O + K)/2 ∑(A + B)/4

1.
A 20.7 ± 3.4 34.4 ± 2.3 27.5

29.6a
347 ± 45 160 ± 65 253

254B 26.4 ± 1.5 37.2 ± 1.1 31.8 392 ± 49 117 ± 48 254

2.
A 11.8 ± 1.6 25.1 ± 7.2 18.4

17.3b
144 ± 29 217 ± 21 180

195B 11.5 ± 2.5 21.2 ± 6.2 16.3 178 ± 15 241 ± 45 209

3.
A 16.7 ± 5.6 16.8 ± 2.2 16.7

17.8b
99 ± 8 134 ± 18 116

123B 16.1 ± 0.5 21.7 ± 5.8 18.9 114 ± 5 146 ± 9 130

Mean 17.2a 26.1b 212 169

for explanation see Table 2
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The total monosaccharides content (Table 3) was 
higher with statistical significance in the conven-
tional production of radish. The highest difference 
(by 66%) was in the autumn of 2007 (1st term) and 
with freer spacing. 

The lower monosaccharides content in organic 
cultivation can be explained by the lower intensity 
of light under the unwoven textile. This was con-
firmed by Pulgar et al. (2001), when a reduced 
content of monosaccharides was found in Chinese 
cabbage covered by unwoven textile compared to 
Chinese cabbage grown without unwoven textile. 

The average content of vitamin C (Table 3) was 
higher in organic cultivation due to its significantly 
higher contents in the year 2007 (data not shown). 
Kalt (2005) explains that the different findings in 
the content of vitamin C are caused by different cli-
matic conditions during cultivation, temperature 
and light being the most important factors.

Literature indicates a lower content of nitrates in 
organic production (Woese et al. 1995; Worthing-
ton 1998; Heaton 2001; Tauscher et al. 2003). 
The results of our study, however, did not confirm 

this trend (Table 4). In accordance with the results of 
Malmauret et al. (2002), lower values were found 
in conventional production. The higher levels of ni-
trates which were observed in organically cultivated 
radish can be explained with the faster mineraliza-
tion of organic material under unwoven textiles, 
which also results in a higher content of nitrogen in 
the soil (in comparison to conventional cultivation 
without unwoven textiles). The EU norm does not 
state a max. level of nitrates in radish. The now with-
drawn national standards did not mention the high-
est permitted level of nitrates in radish, however, 
there was a norm (Act. 298/1997 Coll.) for radishes 
allowing a max. of 1,500 mg/kg. The levels measured 
in the experiment were below this limit both in con-
ventional as well as in organic cultivation. 

The system of cultivation had no significant effect 
on the content of potassium and sodium (Table 5). 
Warman and Havard (1998) reported a higher 
sodium content in an organic fertilization variant 
compared to mineral fertilization. This trend was 
not confirmed. Organically grown radish was found 
to have an insignificantly lower level of sodium. For 

Table 4. Content of nitrates in radish (means ± standard deviation) from organic and conventional cultivation

Production 
term/spacing

Nitrates (mg/kg) Means

O K (O + K)/2 ∑(A + B)/4

2.
A 971 ± 490 890 ± 532 930

895B 999 ± 194 722 ± 133 861

3.
A 1,075 ± 404 912 ± 115 993

954B 899 ± 338 931 ± 350 915

Mean 986a 864b

for explanation see Table 2; frozen samples from the first term of sowing were destroyed by a power outage; different 
letters represent significant differences at P = 0.05 among method of cultivation (columns)

Table 5. Content of potassium (K) and sodium (Na) (means ± standard deviation) in radish from organic and conven-
tional cultivation

Production 
term/spacing

K (g/kg) Means Na (mg/kg) Means

O K (O + K)/2 ∑(A + B)/4 O K (O + K)/2 ∑(A + B)/4

1.
A 4.0 ± 0.4 3.9 ± 0.5 3.9

3.8a
153 ± 49 152 ± 45 152

159a
B 3.6 ± 0.8 3.8 ± 0.1 3.7 135 ± 39 196 ± 74 165

2.
A 3.7 ± 0.1 3.4 ± 0.1 3.5

3.5a
163 ± 25 177 ± 45 170

170a
B 3.6 ± 0.1 3.5 ± 0.2 3.5 164 ± 20 177 ± 30 170

3.
A 3.3 ± 0.4 2.9 ± 0.1 3.1

3.0b
70 ± 19 75 ± 24 72 

66b
B 3.1 ± 0.3 2.7 ± 0.3 2.9 53 ± 16 65 ± 37 59

Mean 3.5 3.4 123 140

for explanation see Table 2; different letters represent significant differences at P = 0.05 among the terms of sowing (lines)
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the contents of potassium and sodium, the term of 
cultivation had a significant effect, however, the ef-
fect of growing system was inconclusive. 

Again, for the content of calcium and magnesium, 
there was no difference between organic and con-
ventional production (Table 6). Rembialkowska 
(2003) found no difference in the content of Ca, K 
and Mg between organic and conventionally grown 
carrots.

The results of sensory evaluation of radish from 
organic and conventional cultivation are in Table 7. 
In 2007, the number of better – evaluated descrip-
tors of organic to conventional was in the ratio of 
6:5, in 2008 the ratio was 7:4. Appearance, intensity 
of smell and fragility in these two years were higher 
evaluated in organic production, while sweetness 

was higher in conventional production. The larg-
est difference in favour of conventional production 
concerned the descriptors of sweetness. 

Summary

–	 No higher nutritional value of organically grown 
radish was confirmed. 

–	 Conventionally grown radish had significantly 
higher dry matter content, carbohydrates and 
lower content of nitrates. 

–	 No statistically significant difference was found 
between organic and conventional production 
for the content of crude fibre, vitamin C, potas-
sium, calcium, sodium and magnesium. 

Table 6. Content of calcium (Ca) and magnesium (Mg) (means ± standard deviation) in radish from organic and 
conventional growing

Production 
term/spacing

Ca (mg/kg) Means Mg (mg/kg) Means

O K (O + K)/2 ∑(A + B)/4 O K (O + K)/2 ∑(A + B)/4

1.
A 246 ± 20 254 ± 57 250

240a
185 ± 12 223 ± 74 204

193a
B 221 ± 30 240 ± 34 230 165 ± 35 198 ± 27 181

2.
A 177 ± 19 170 ± 7 174

173b
116 ± 11 124 ± 9 120

122bc
B 176 ± 5 171 ± 1 173 118 ± 12 132 ± 3 125

3.
A 128 ± 25 122 ± 9 125

120c
104 ± 19 111 ± 4 107

104c
B 122 ± 9 107 ± 11 114   99 ± 7 102 ± 8 100

Mean 178 177 131 148

for explanation see Table 2; different letters represent significant differences at P = 0.05 among terms of sowing (lines)

Table 7. Results of sensory evaluation of radish from organic and conventional cultivation

Descriptors
Autumn 2007 Autumn 2008

O K O K

Appearance 13 23 6 15

Colour of flesh 23 13 8 13

Intensity of smell 12 24 10 11

Sweet taste 26 10 11 10

Bitter taste 10 26 11 10

Spicy flavour 13 23 11 10

Undesirable taste 13 23 12 9

Overall taste 22 14 10 11

Fragility 13 23 7 14

Juiciness 21 15 8 13

Overall impression 24 12 8 13
Total 190 206 102 129

for each descriptor the lower number means better evaluation
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–	 Total sensory value was better evaluated in or-
ganic production. 

–	 The majority of nutritional characteristics was 
significantly influenced by the term of cultiva-
tion (climatic conditions).
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