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Abstract. At Jõgeva Plant Breeding Institute, cultivation of the Estonian carrot variety ‘Jõgeva 

Nantes’ conventionally (with application of mineral fertilizers: N 115, P 40 and K 152 kg ha
-1

 

and pesticides: Fenix, Actara 25 WG, Agil and Signum) and organically (compost, Humistar, 

agryl cover) was compared. Marketable yield of organic carrots was 11% higher than that of 

conventionally grown carrots. Conventional carrots contained pesticide residues and had 

significantly higher nitrate concentration than organic carrots. Contents of dry matter, total 

sugars, soluble solids, phosphorus, potassium, calcium and magnesium did not significantly 

differ between carrots between cultivation systems. The contents of ß-carotene, vitamin C and 

nitrogen were significantly lower in organically grown than in conventionally grown carrot.  
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INTRODUCTION 
 

In Estonia, as in other European countries, targets have been set to upgrade 

domestic organic production, including that of vegetables. This is driven by consumer 

demand to buy organic food primarily for health-related reasons. Preferred products are 

organic vegetables and fruits (Pehme et al., 2007). Therefore the quality of raw 

products is an important aspect. Quality of locally produced organic vegetables is still 

very poorly studied. Therefore the aim of the present study was to evaluate how the 

yield and quality of carrots is affected by production methods – organic versus 

conventional, according to principles of good agricultural practice. 

 

MATERIALS AND METHODS 

 

The field experiment was carried out at Jõgeva Plant Breeding Institute (26°24’E, 

58°44’N) in 2008. Carrots were cultivated under conventional and organic conditions 

on plots of 100 m
2
, with four replications of each treatment. For two years before the 

experiment, cereals were cultivated on the area according to the EU regulations on 

organic production (Council Regulation No. 843/2007). Soil at the site was classified 

as soddy-podzolic sandy loam. A soil sample was analysed before establishment of the 

experiment using the following methods: pH – ISO 10390, P, K, Ca, Mg, Cu, Mn – 

Mehlich III, B – by Berger and Truogi and Corg – by NIRS. The following results were 
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obtained: pHHCl 6.1, P 65 mg kg
-1

, K 121 mg kg
-1

, Ca 1930 mg kg
-1

, Mg 164 mg kg
-1

, 

Cu 1.4 mg kg
-1

, Mn 79 mg kg
-1

, B 0.72 mg kg
-1

 and Corg 1,7%. Hence the nutritional 

status of the soil was satisfactory and soil acidity favourable for carrot cultivation. No 

pesticide residues, as measured by the method prEN 15662: 2007 NIRS, were present 

in the soil. Both soil samples were analysed in Laboratory of Agrochemistry at the 

Estonian Agricultural Research Centre in Saku. For basic fertilization, 800 kg ha
-1 

of 

Cropcare 8-12-23 (N 65, P 40, K 152 plus micronutrients) was applied to the 

conventional plot and 200 kg ha
-1

 of compost (analysed by the Laboratory of 

Agrochemistry at the Estonian Agricultural Research Centre to have N 1,2%, P 0,26%, 

K 0,8%, pHHCl 6,99) was applied to the organic plot. During the growing period 

conventional carrot plants were fertilized by ammonium nitrate (N 50 kg ha
-1

) and 

sprayed with Folicare 18-18-18 (4 kg ha
-1

), resulting in a total supply of 0.7 kg N, 0.3 

kg P and 0.6 kg K ha
-1

. Organic carrot plants were fertigated at a rate of 1 litre per 

meter of row with humic acids solution (fertilizer Humistar diluted by 1:20), 

resulting in a total supply of 1.4 kg K ha
-1

. Carrot seeds of the Estonian variety ‘Jõgeva 

Nantes’ were sown on 27 May. The organic plot was covered after seed sowing for two 

months with non-woven polypropylene agryl cover to control carrot psyllid (Trioza 

viridula) and carrot fly (Psila rosae). The insecticide Actara 25 WG was sprayed at 

120 g ha
-1 

on 13 June and 30 July on the conventionally grown carrots. The soil of the 

conventional plot was treated with the herbicide Fenix at 2.5 l ha
-1

 two days before the 

sprouting of carrots and 18 days after seed sowing against couch grass with a herbicide 

Agil 100 EC at 1.0 l ha
-1

. The fungicide Signum 0.75 kg ha
-1

 was used on 12 August to 

control black rot (Alternaria radiciana). The organic plot was weeded twice by hand 

and hoeing. The crops were harvested manually on 10 October. The following analyses 

were performed on one sample of raw carrot roots from each of the replicate organic 

and conventional plots: pesticide residues were analysed by gas chromatography in the 

Laboratory of Agrochemistry at the Estonian Agricultural Research Centre. Dry matter 

(DM), sugars and vitamin C were determined in the same laboratory; DM by 71/393 

EEC method, total sugars using a method described by Faithfull (2002), vitamin C by a 

Murri’s method as described by Turbas & Oll (1969). Soluble solids content (SSC) 

(°Brix) was measured using the digital refractometer ATAGO CO., Ltd., Japan. Total 

N was determined by Copper Catalyst Kjeldahl Method, (984.13); phosphorus by 

Stannous Chloride method, ISO/FDIS 15681, AN 5242; calcium by o-Cresolphthalein 

Complexone method, ISO 3696, AN 5260 in Kjeldahl Digest by Fiastar 5000; 

magnesium by Fiastar 5000, ASTN90/92 by Titan Yellow method; potassium by 

Flame Photometric Method, (956.01); nitrates by Fiastar 5000, AN 5201 (nitrate - N, 

Cd-reduction, ISO 13395), Foss Tecator AB, 2001 (Helrich, 1990). Total N, 

phosphorus, calcium, magnesium, potassium and nitrates were determined in the Plant 

Biochemistry Laboratory of Estonian University of Life Sciences. β-carotene was 

determined in the Health Protection Inspectorate Tartu Laboratory, using T44- HPLC 

method. Total antioxidant capacity (TAC) was determined using the 1.1-diphenyl-2-

picrylhydrazyl (DPPH) discoloration assay described by Brand-Williams et al. (1995) 

with some modifications. Results of TAC are reported as Trolox equivalents (TE) mg 

100 FW
-1

. Significant differences of data between cultivation techniques were tested by 

one-way analysis of variance at significance level of P≤ 0.05. In the Figures mean 

values followed by the same letter are not significantly different at P ≤ 0.05.  
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RESULTS AND DISCUSSION 

 
The seed sowing and germination period was dry resulting in uneven 

establishment of carrot plants. A rainy period started on 10 June but did not alleviate 

the situation. This explains the low carrot yields. The marketable yield of organic 

carrots (10.9 t ha
-1

) was 11% higher than conventional (9.7 t ha
-1

), because of the 

higher proportion of damaged (cracked) carrots produced conventionally. Warman & 

Havard (1996), Fjelkner–Modig et al., (2000) and Rembialkowska (2000) have 

reported that, as a rule, organic yield is lower than conventional. Improved thermal 

regime and maintained humidity under the agryl cover probably raised the organic 

marketable yield. Earlier studies on broccoli (Kunicki et al., 1996) and carrot (Gimenez 

et al., 2002) have demonstrated the same effects of agryl cover. The applied humic 

acids fertilizer Humistar might be another contributor to the better yield of organic 

carrots. It is well established that humid acids improve soil chemical and physical 

quality and, in general, enhance root growth and development (Tan & Nopamornbodi, 

1979; Bidegain et al., 2000; Canellas et al., 2002; Arancon et al., 2003). From the five 

analysed pesticide residues, two were detected in the conventionally grown carrots and 

none in organically grown carrots. These results concur with those of Rembialkowska 

& Hallmann (2007), who also found that organic vegetables were free of pesticide 

residues. Contaminants were determined as follows: boscalid 0.320 mg kg
-1

 and 

pyraclostrobin 0.090 mg kg
-1

. According to EU regulation No 149/2008, the residues 

found did not exceed permitted levels but may be hazardous to consumers due to 

synergy between the two residues.  

No significant differences were found between organic and conventional 

cultivation in content of total sugars (6.5% and 6.0% respectively), P (0.3% and 0.3% 

respectively), K (1.7% and 1.7% respectively), Ca (0.4% and 0.4% respectively) and 

Mg (0.9% and 1.0% respectively). However, contradictory results have been reported. 

According to Polish scientists organic carrots contain more total sugars than 

conventional (Rembialkowska, 2003; Rembialkowska & Hallmann, 2007), but the 

content of K, Ca and Mg were similar in organic and conventional carrots 

(Rembialkowska, 2003). Warman & Havard (1996) also observed minor differences in 

mineral content between the organic and conventional management systems. Yet, 

Worthington (2001) has found that organic crops contain significantly more Mg and P 

than do conventional crops.Our organically and conventionally grown carrots did not 

differ significantly in their DM content (10.9% and 10.8%, respectively). According to 

earlier studies by Leszczyn’ska (1996) and Fjelkner-Modig et al. (2000) organically 

grown crops (including carrot) had higher DM content compared with conventional 

ones. Kaack et al. (2002) found that DM content decreased linearly with increasing 

amount of nitrogen applied.SSC of organically grown carrots ranged from 8.6 to 

9.2°Brix and of conventionally grown from 8.5 to 9.1°Brix. The average SSC of both 

carrots was 8.9° Brix and was not affected by cultivation technology. Vitamin C 

content in carrots harvested from the organic plot was significantly lower than that of 

conventional plot (5.0 and 6.2 mg %, respectively) (Fig. 1). Vitamin content of a plant 

depends on a number of factors such as climate, genetic properties, fertilizer and soil 

(Mozafar, 1994). Contradictory results have been reported by Worthington (2001), i.e. 

organic crops (among them carrot) contain significantly more vitamin C than 
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conventional crops. However, several scientists (Warman & Havard, 1996; Warman & 

Havard, 1997; Fjelkner-Modig et al., 2000) could not verify significant differences in 

vitamin C content caused by different cultivation systems.The average β-carotene 

content in organically grown carrots was 4908 µg 100g FW
-1 

and in conventionally 

grown carrots 5186 µg 100gFWg
-1

(Fig. 1). These are a bit lower than found by Dutta et 

al. (2005), who reported β-carotene content of fresh carrots to be 84 µg g
-1

 and a bit 

higher than reported by Yen et al. (2008), who found β-carotene content in carrots to 

range from 0.11 to 0.28 mg g
-1

. In our experiment conventional cultivation 

significantly increased β-carotene content in carrots. β-carotene is widely known as 

provitamin A and is reported to protect against cancer, cardiovascular disease 

(Breithaupt & Bamedi, 2001) and to enhance immune responses (Kurilich et al., 1999). 

However, these presumed benefits are highly contested, since all epidemiological 

studies of β-carotene intake were confounded with intake of the cancer-preventing 

compound falcarinol (Kobaek-Larsen et al., 2005), which is mainly found in carrots, 

and rodents metabolise β-carotene differently from humans (Wang et al., 1991). The 

role of β-carotene as an antioxidant has been widely reported (Terao, 1989; Palozza & 

Krinsky, 1992), however, tests of high doses (>10 mg day
-1

) of this and other 

antioxidants consistently increased mortality (Bjelacovic et al., 2008).  

In our experiment, TAC of organically-grown carrots was 24.5 TE mg100gFW
-1

 

and of conventionally grown carrots 25.7 TE mg100gFW
-1

. Cultivation technology did 

not affect TAC significantly. 
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Fig. 1. Vitamin C, β-carotene, nitrogen and nitrates content of organically and 

conventionally grown carrots. 
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Nitrogen content was significantly higher in conventional vs. organic carrots (1.4 

and 0.8%, respectively) (Fig. 1). Nitrates were not detected in organically grown 

carrots, whereas conventional carrots contained 100.3 mg kg
-1

 of nitrates (Fig. 1). 

Several studies have affirmed that organic carrots consist significantly less nitrogen 

and nitrate than do conventional (Leclerc et al., 1991; Leszczyn’ska, 1996; Warman & 

Havard, 1997; Rembialkowska, 2000; Rembialkowska, 2003; Rembialkowska & 

Hallmann, 2007; Zdravkovic et al., 2007).  

 

CONCLUSIONS 

 

 Organic production of the carrot variety ‘Jõgeva Nantes’ increased marketable 

yield compared with conventional production. Cultivation technology did not 

significantly influence the contents of dry matter, mineral compounds, total sugars and 

TAC value, but the quality of conventional carrots was significantly decreased by their 

high nitrate and pesticides residue content, both absent from the organic carrots, while 

the organic ones had lower contents of vitamin C (-24%) and β-carotene (-6%).  

 ACKNOWLEDGEMENTS. Current research was supported by Estonian 

Science Foundation Grant No 7515 and by target financed project of the Estonian 

University of Life Sciences No PK 9003. 

REFERENCES 
 

Arancon, N. Q., Lee, S., Edwards, C. A. & Atiyeh, R. 2003. Effects of humic acids derived 

from cattle, food and paperwaste vermicomposts on growth of greenhouse plants. 

Pedobiologia 47, 741–744.   

Bidegain, R. A., Kaemmerer, M., Guiresse, M., Hafidi, M., Rey, F., Morard, P. & Revel, J. C. 

2000. Effects of humic substances from composted or chemically decomposted poplar 

sawdust on mineral nutrition of ryegrass. The J. of Agr. Sc.134, 259–267. 

Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C. 2008. Antioxidant supplements 

for prevention of mortality in healthy participants and patients with various diseases. 

Cochrane Database of Systematic Reviews 2008, Issue 2. Art. No.: CD007176. DOI: 

10.1002/14651858.CD007176. 

Brand-Williams, W., Cuvelier, M.E., & Berset, C. 1995. Use of a free radical method to 

evaluate antioxidant activity. Food Sci. and Techn. 28, 25–30. 

Breithaupt D. E., & Bamedi, A. 2001. Carotenoid esters in vegetables and fruits: a screening 

with emphasis on b-cryptoxanthin esters. J. of Agric. and Food Chem. 49, 2064– 2067. 

Canellas, L. P., Olivares, F. L., Okorokova-Facanha, A. L & Facanha, A. R. 2002. Humic acids 

isolated from earthworm compost enhance root elongation, lateral root emergence and 

plasma membrane H
+
-ATPase activity in maize roots. Plant Physiology 130, 1951–1957. 

Dutta, D., Raychaudhuri, U. & Chakraborty, R. 2005. Retention of β-carotene in frozen carrots 

under varying conditions of temperature and time of storage. Afric J.of Biot..4, 102–103. 

Faithfull, N. T. 2002. Methods in Agricultural Analysis: A Practical Handbook. CABI 

Publishing, 292 pp. 

Fjelkner-Modig, S., Bengtsson, H., Stegmark, R. & Nystrom, S. 2000. The influence of Organic 

and Integrated Production on Nutritional, Sensory and Agricultural Aspects of Vegetable 

Raw Materials for Food Production. Acta Agric. Scand., Sect. B, Soil and Plant Sci. 50, 

102–113. 

Gimenez, C., Otto, R. F. & Castilla, N. 2002. Productivity of leaf and root vegetable crops 

under direct cover. 2002. Sci. Hort. 94, 1–11. 

http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438


 577 

Helrich K, ed. 1990. Official Methods of Analysis of the AOAC, 15th ed. Arlington, VA, USA: 

Association of Official Analytical Chemists, 1400 pp. 

Kaack, K, Nielsen, M., Christensen, L. P & Thorup-Kristensen, K. 2002. Nutritionally 

Important Chemical Constitutients and Yield of Carrot (Daucus carota L.) Roots Grown 

Organically Using Ten Levels of Green Manure. Acta Agric. Scand., Sect. B, Soil and 

Plant Sci.  51, 125–136. 

Kobæk-Larsen, M., Christensen, L. P., Vach, W., Ritskes-Hoitinga, J. and Brandt, K. 2005. 

Inhibitory effects of feeding with carrots or (-)-falcarinol on development of 

azoxymethane-induced preneoplastic lesions in the rat colon. J. of Agric. and Food Chem. 

53, 1823–1827. 

Kunicki, E., Cebula, S, Libik, A. & Siwek, P. 1996. The influence of row cover on the 

development and yield of broccoli in spring production. Acta Horticulture 407, 377–384. 

Kurilich, A. C., Tsau, G. J., Brown, A., Howard L., Klein, B. P. & Jeffery, E. H. 1999. 

Carotene, tocopherol, and ascorbate contents in subspecies of Brassica oleracea. J. of 

Agric. and Food Chem. 47, 1576–1581. 

Leclerc, C., Miller, M., Joliet, E. & Roquelin, G. 1991. Vitamin and mineral contents of carrot 

and celeric grown under mineral or organic fertilization. Biol. Agr. & Hort. 7, 339–348. 

Leszczyn’ska, T. 1996. Nitrates and nitrites in vegetables from conventional and ecological 

cultures. Bromatologia I Chemia Toksykologiczna 29, 289–293. 

Mozafar, A. 1994. Plant vitamins: agronomic, Physiological and nutritional aspects. CRC Press 

Inc., Florida. 

Palozza, P. & Krinsky, N.I. 1992. Communication. β-carotene  and α- tocopherol are synergistic 

antioxidants. Arch. Biochem. Biophys. 297, 184–187. 

Pehme, S., Luik, A. & Liivaauk, P. 2007. http://orgprints.org/9930/ 

Rembialkovska, E. & Hallmann, E. 2007. Influence of cultivation method (organic vs. 

conventional) on selected quality attributes of carrots (Daucus carota). Zyvienie Czovieka 

I Metabolizm  34, 550–556. 

Rembialkovska, E. 2000. The nutritive and sensory quality of carrots and cabbage from organic 

and conventional farms. In IFOAM 2000: The world grows organic. Proceedings 13
th
 

International IFOAM Scientific Conference. Zurich, 297. 

Rembialkovska, E. 2003. Organic farming as a system to provide better vegetable quality. Acta 

Hort. 604, 473–479. 

Tan, K. H. & Nopamornbodi, V. 1979. Effect of different levels of humic acids on nutrient 

content and growth of corn (Zea mays L.). Plant and Soil 51, 283–287. 

Terao, J. 1989. Antioxidant activity of β-carotene related carotenoids in solution. Lipids 24 (7), 

659–661. 

Turbas, E. & Oll, Ü. 1969. Agrokeemia laboratoorne praktikum. Tallinn (in Estonian), 276 pp. 

Wang, X. D., Tang, G. W., Fox, J. G., Krinsky, N. I. & Russell, R. M. 1991. Enzymatic 

conversion of β-carotene into beta-apo-carotenals and retinoids by human, monkey, 

ferret, and rat tissue. Arch. Biochem. Biophys. 285, 8–16. 

Warman, P. R. & Havard, K. A. 1996. Yield, vitamin and mineral content of four vegetables 

grown witheither composted manure or conventional fertilizer. J. of Veg. Crop Prod. 2(1), 

13–25. 

Warman, P. R. & Havard, K. A. 1997. Yield, vitamin and mineral contents of organically and 

conventionally grown carrots and cabbage. Agric., Ecosyst. & Environ. 61, 155–162. 

Worthington, V. 2001. Nutritional quality of organic versus conventional fruits, vegetables and 

grains. J. of Altern. and Compl. Medicine 7, 161–173. 

Yen, Y-H., Shih, C-H. & Chang, C.-H. 2008. Effect of adding ascorbic acid and glucose on the 

antioxidative properties during storage of dried carrot. Food Chem. 107, 265–272.  

Zdravkovic, M., Damjanovic, D. & Zdravkovic, J. 2007. Effects of fertilizers on nutritive 

characteristics of carrot. Acta Horticulture 729, 361–365. 

http://orgprints.org/9930/

