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Abstract

:

Organic production is one of the fastest growing food sectors globally. However, average yield in organic vegetable production is up to 33% lower than in conventional production. This difference could be due to higher fertilization rates in conventional, compared to organic, farming. We aimed to compare yield and quality characteristics of carrots produced under equal nitrogen fertilization rates over four years in organic and conventional conditions. We found a 14.5% higher marketable, and 10.0% lower discarded, yield in the organic compared to the average conventional treatments. In addition, carrots managed organically had 14.1% lower nitrate and 10.0% higher vitamin C content than carrots managed conventionally. There were no convincing effects of cultivation system on the nitrogen, total sugar, or dry matter content of carrots. Organically managed carrots were free of pesticide residues, while several residues were found in carrots managed conventionally. Our study reveals that organic management of carrots may exceed that of conventional methods in yield and several quality characteristics, while being free of pesticide residues. Organic fertilizer gave an advantage over mineral fertilizer, when equal rates of nitrogen were used in both production systems.
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1. Introduction


Organic production continues to be one of the fastest growing food sectors globally [1], and is often promoted as a sustainable alternative to conventional agriculture [2]. The organic vegetable market is being largely driven by increased consumer demand for organic food [3,4,5,6], as it is perceived to be healthier and safer for the environment [5,7,8]. Although the area of organic vegetable production has increased more than six-fold worldwide during recent decades [9], the performance and benefits of organic agriculture need further research.



It is a general notion that, although organic production reduces environmental impacts due to the restricted use of synthetic fertilizers and pesticides, it often results in lower yields, making the (economic) sustainability of organic farming questionable [10]. The yield gap in horticulture has been shown to vary a lot between experiments comparing organic and conventional systems [7,11,12,13,14]. Two global meta-analyses concluded that across all crops the average yield of organic production is 20–25% lower than conventional production, whereas vegetables can have up to even 33% lower yields in an organic system [15,16]. In addition to lower yields, organic production can have a relatively high yield variability [2,17].



Consumers expect organic food to have a higher nutritional value, while being free of chemical residues [5]. Seufert and Ramankutty [2] concluded in their review that organically produced food in general tends to contain a higher amount of secondary metabolites, vitamins, and various mineral nutrients, but that these results vary greatly between studies. Pesticides on the other hand are potentially toxic to humans, and can have both acute and chronic health effects, depending on the quantity and way in which a person is exposed to them [18]. Pesticides have been applied across the world for almost a century, creating a build-up of adverse pollution in our environment [1]. A recent European-wide study detected pesticide residues in over 80% of the tested agricultural soils [19]. Therefore, synthetic pesticide residues in vegetables have become a special concern, not only due to potential negative influences on soil microorganisms and human health, but also in terms of consumer expectations [20,21]. According to Seufert and Ramankutty [2] the majority of studies have found that, compared to conventional production, organically produced food, indeed, has reduced contamination from pesticide residues.



Yield and quality of crops depend mainly on the type and applied rates of fertilizers, locality or soil type, and climatic conditions during the year of harvest [22,23,24]. However, it has been pointed out that studies comparing the yield and quality of organic versus conventional vegetables have often provided inconsistent results, due to methodological problems in experimental design [24,25,26,27,28,29]. The typical problem is that fertilization rates of the main plant nutrients are higher in conventional than organic crop production [28]. For example, according to Swedish national statistics, for all crops harvested in 2013, the average nitrogen (N) fertilization was 64 kg ha−1 in organic and 115 kg ha−1 in conventional production [28]. This problem can be overcome by increasing the addition of organic matter in the organic system, thereby improving soil health and reaching the same levels of nutrients as in the conventional system [29,30,31,32]. Kirchmann et al. [33] have stressed that at least three criteria should be followed to ensure correct interpretation of comparative studies of organic vs. conventional production: the initial soil fertility must be similar between plots, ideally only the same type of crop production is compared, and rates of nutrient input to each system must be quantified. By taking the above-mentioned criteria into account, we compared the yield and quality indicators of carrots produced in an organic and in a conventional system, with the same initial soil fertility, and with equal nitrogen fertilization rates.



We hypothesized that: (1) The yield of carrot production does not differ between conventional and organic systems with equal levels of nitrogen fertilization; (2) Organically produced carrots have better quality than conventional carrots in terms of various quality indicators and a lack of pesticide residues.




2. Materials and Methods


2.1. Field Experiment Design


The study was carried out at the Estonian Crop Research Institute, Jõgeva, Estonia (58°76′24″ N, 26°39′76″ E) in the Nemoral climatic zone [34] from 2011 to 2014. Weather conditions during the experimental years are described below (see section weather conditions). The experimental area had been out of intensive use for at least 30 years, and for the last four years had been managed according to organic farming practice (no use of synthetic fertilizers and pesticides). Soil at the site is clay loam classified as Endogleyc Luvisol (FAO 2014) [35]. A pooled topsoil sample was analyzed before the establishment of the experiment, and the following results were obtained: pHHCl 6.4, P 356 mg kg−1, K 220 mg kg−1, Ca 2067 mg kg−1, Mg 210 mg kg−1, Cu 4.0 mg kg−1, Mn 117 mg kg−1, B 0.08 mg kg−1, and Corg 2.0%. Hence, the nutritional status of the soil was satisfactory and soil acidity favorable for carrot cultivation. No pesticide residues were present in the soil. The trial area was divided into four fields and carrot was grown in a different field with a different precrop each year. The preceding crops before carrot experiments were as follows: barley (Hordeum vulgare L.) in 2011; a mixture of phacelia (Phacelia tanacetifolia Benth.), mustard (Sinapis alba L.), and crimson clover (Trifolium incarnatum L.) in 2012; red clover (Trifolium pratense L.) in 2013 and 2014.



The experimental layout was a randomized complete block design with four experimental plots (5.0 m × 2.0 m each) per block, in three replications. In each block, three plots had conventional production treatment (CON5, CON3, and CON1) and one plot had organic treatment (ORG). Conventional production treatments differed in the types of pesticides and number of sprayings during the growing period: CON5 was sprayed five times, receiving two herbicides, the same insecticide twice, and one fungicide; CON3 was sprayed three times, receiving one of each pesticide; and CON1 was sprayed once, receiving one herbicide (Table 1). The ORG treatment received no pesticides, according to EU regulations on organic production (Council Regulation No. 843/2007).



Synthetic pesticides were applied according to the recommended mean doses to control weeds, insects (carrot psyllid, Trioza viridula Zetterstedt and carrot fly, Psila rosae Fabricius), and diseases (black rot of carrots, Alternaria radicina Meier Drechsler et Eddy). Before sowing, conventional plots were fertilized by applying 1 t ha−1 of Cropcare 8-12-23 (N8, P5, K19 plus micronutrients), whereas organic plots received 8 t ha−1 of horse manure bio-compost (N1, P0.3, K0.8, plus micronutrients), so that both systems received 80 kg N ha−1. We used a local old middle-ripening orange-colored carrot variety “Jõgeva Nantes” (on the variety list since 1952), which is the only carrot variety of Estonian origin, and well adapted to local conditions and popular among organic growers. Seeds of the carrots were sown at the end of May at a seeding density of 100 seeds m−1. The seeds were sown in a pair of rows, 20 cm between the rows and 50 cm between each pair of rows. To control weeds all experimental plots, including the conventional treatment were weeded twice by hand and hoeing.




2.2. Yield and Chemical Analyses


The carrots were harvested by hand at the beginning of October in 2011 and 2012, and at the end of September in 2013 and 2014. Two yield fractions, marketable and discarded yield, were quantified in both production systems. Discarded yield consisted mainly of cracked, but also of forked and small roots (diameter < 2 cm). A randomly selected sample of marketable yield of 8 kg was taken from each plot. From this a random 600 g sample was taken for laboratory analyses the following day. Total sugar content was determined following the modified Bertrand method, as described by Turbas and Oll [37]: the extract was treated with Fehling solution and the Cu2O sediment obtained filtered, dissolved in Fe2(SO4)3, and the quantity of reducing sugars calculated from the results of titration with KMnO4. Non-reducing sugars were hydrolyzed at 60 °C with the addition of sulfuric acid before analysis. Ascorbic acid (vitamin C) content was determined according to ISO 6557/2:1984, using the modified Tillman method by titration of ascorbic acid with 2.6-dichloroindophenol under acid conditions. Dry matter (DM) content was determined according to EVS-EN 12,145:2000 by determination of loss of mass during drying at 70 °C in the vacuum oven. Total N content was determined by the copper catalyst Kjeldahl method, and nitrate content by flow injection analysis, using Fiastar 5000 (ISO 13395).



Residues of the applied pesticides were tested from the carrots (aclonifen, chlorothalonil, cypermethrin and propaquizafop) using a multi-residue QuEChERS method combining gas (aclonifen, chlorothalonil, and cypermethrin) and liquid (propaquizafop) chromatography following the acetonitrile extraction of the sample and clean-up by dispersive solid phase extraction, as described in the European Standard EVS-EN 15,662:2008, and validated according to the requirements of SANCO/10684/2009. One sample of pesticide residues per treatment was analyzed each year, except for CON1 in 2013 and 2014 (were not measured). Testing of carrots in ORG provided an opportunity to state with certainty that these treatments did not contain pesticide residues.




2.3. Weather Conditions


Data of air temperatures and precipitation from May to October 2011–2014 were obtained from the closest meteorological station. In summary, monthly average air temperature was higher and the amount of precipitation was lower than the long term averages (LTA) during the growing seasons of 2011 and 2013, whereas the summer of 2011 was extremely dry (Table 2). The vegetation period of 2012 was characterized by higher than LTA precipitation and close to average temperature. Rain was frequent in June on twenty-two days out of thirty. The distribution of precipitation in 2014 was irregular: June and August were wetter, whereas July and September were drier than the LTA.




2.4. Statistical Analyses


Two-way analysis of variance (ANOVA) was used to determine the effects of treatment and year, and their interactions, on carrot yield and quality parameters. Two different analyses were performed: at first all four treatments (CON5, CON3, CON1, and ORG) were compared, and second an average of the three conventional production treatments (CON-AV) was calculated and only two treatment groups (CON-AV and ORG) were compared. The pairwise differences between treatments within years and overall, as well between years within treatments, were tested with the Tukey-Kramer (HSD) test. These statistical analyses were performed using JMP 5.0.1.2 software SAS, 2002 (SAS Institute, Inc., Cary, NC, USA).



Principal component analysis (PCA) was used to discover the common patterns in carrot yield parameters, and to visualize their dependency on treatment and year. Data were log-transformed and centered before the PCA. Spearman rank correlation analysis was used to assess pairwise relationships between measured carrot yield parameters. PCA and Spearman correlation analyses were conducted in R version 3.5.2, 2018 (R Core Team, Vienna, Austria).





3. Results


3.1. Yield


The results of ANOVA showed that the marketable yield and the share of discarded yield were both significantly affected by treatment (p = 0.012 and p = 0.023, respectively) (CON-AV vs. ORG) and year (both p < 0.001; Table 3). Additionally, discarded yield was significantly affected by the interaction between treatment and year (Trm*Year, p = 0.008). Across four trial years the average marketable yield of organic production was significantly higher than CON-AV (14.5%). In addition, the percent of discarded yield was significantly lower in ORG compared to CON-AV (10.0%). Generally, marketable yield was higher in ORG compared to CON-AV in all trial years, however, this difference was significant only in 2012. In contrast, the effect of treatment on the share of discarded yield depended on year; in 2011–2013 discarded yield was generally lower in ORG (although significantly so only in 2012), but in 2014 it was lower in CON-AV (although the difference remained non-significant). The hot and extremely dry growth period in 2011 resulted in week germination of seeds, and caused the significantly lowest marketable, and the highest discarded, yields across all four treatments (both p < 0.001) (Table S1).




3.2. Nitrogen and Nitrate


The results of ANOVA showed that the carrot nitrogen content was not significantly affected by management system, whilst the opposite was true for nitrate content (Table 3). Both N and NO3 were significantly influenced by the trial year. The average N content across all trial years was equal for both CON-AV and ORG. N content was significantly lower in 2013 than in other trial years. Nitrate content was significantly lower in ORG than in CON-AV in two trial years out of four (2013 and 2014), and also remained significantly lower as an average across all years. When considering all four treatments separately, nitrate content was significantly higher in the drought year of 2011 than in the other trial years (Table S1).




3.3. Vitamin C


Vitamin C content in carrots varied statistically significantly depending on treatment and year (Supplementary Table S1), based on ANOVA analyses. Vitamin C content was significantly higher in ORG than in CON-AV as an average across all trial years (Table 3). However, the highest difference between cultivation systems was in the drought year of 2011 (34.2%). At the same time, vitamin C content remained significantly lowest in all treatments in 2011, compared to other trial years (Table S1).




3.4. Total Sugars


According to the results of ANOVA, the total sugar content in the carrots was not influenced by treatment, but depended significantly on year, and treatment by year interaction (Table 3). Out of all trial years the average total sugar content was the highest in 2013 in both management systems, and the only significant difference between ORG and CON-AV appeared in this year (22.3%). In spite of this, as an average of all trial years total sugar content did not differ significantly between management systems, nor between different conventional treatments (Table S1).




3.5. Dry Matter


The ANOVA results showed that carrot DM content was not influenced by treatment, but depended significantly on year, and treatment by year interaction (Table 3). The average DM content did not differ significantly between ORG and CON-AV across all trial years, nor were there any differences within single trial years. DM content was highest in 2013 in both management systems. When studying all four treatments separately it was evident that as an average across all trial years DM was slightly but significantly higher in CON1 than in other treatments (Table S1).




3.6. Principal Component Analyses


The first two principal components explained 80.5% of the total variance of the studied carrot yield and quality parameters. The strongest pattern (PC1 54.7%) indicated that if the higher marketable yield was achieved, also the vitamin C and DM content of carrots were higher, and the nitrogen and nitrate content, as well the discarded yield, were lower (Figure 1). These results are in accordance with the results of the correlation analysis (Table S2), where a significantly positive correlation was found between marketable yield and vitamin C content (r = 0.58, p < 0.001), as well as negative correlations between DM content and nitrogen and nitrate contents (r = −0.59, p < 0.001 and r = −0.61, p < 0.001, respectively), and between vitamin C content and discarded yield (r = −0.90, p < 0.001).



The second strongest pattern (PC2 25.9%) mainly separates samples with higher and lower content of total sugars, where the samples with higher sugar content also tend to have higher DM content, and lower nitrogen and nitrate content. These results are also partly evident from the correlation analyses (Table S2), where there is a significant positive relationship between sugar content and DM (r = 0.53, p < 0.001), and a significantly negative relationship between sugar and nitrogen content (r = −0.30, p < 0.05).



The analysis of principal component (PC) scores by treatment did not reveal any clear patterns (Figure 1), while PC scores by years showed clear between-year differences (Figure 2). In 2011 the samples had higher values of discarded yield, and lower values of marketable yield and vitamin C content, while in 2013 the samples had the highest DM content, and samples from 2014 had the highest vitamin C content.




3.7. Pesticide Residues


Out of the four analyzed pesticides, residues of three (aclonifen, chlorothalonil, and cypermethrin) were detected in all trial years except 2012 (Table 4). Residues of the herbicide (propaquizafop) were not detected in any of the trial years. The fungicide chlorothalonil was detected in CON5 in three years and in CON3 only in 2013, although it was applied in these treatments in each trial year. The herbicide aclonifen was detected in two treatments out of three; in CON5 in two years and in CON1 only in 2011. The insecticide cypermethrin was found only in CON5 in 2014, despite being used in two treatments in each trial year. The content of all detected residues was below the allowed maximum residue levels (aclonifen 0.08; propaquizafop 0.2; cypermethrin 0.05; chlorothalonil 0.3 mg kg−1) by the EC Regulation No 396/2005 [38]. No pesticide residues were found in the organic carrots.





4. Discussion


The results of our study show that organic management can have an advantage over the conventional system in both yield and quality of carrots at equal N levels. In particular, we found higher marketable and lower discarded yield, and better quality characteristics of carrots (lower nitrate and higher vitamin C content), in organic compared to conventional management. For a few quality characteristics (nitrogen, total sugar, and DM content) there were no convincing differences between the management treatments of carrots. In addition, carrots from organic management were free of pesticide residues, whereas several residues were found in carrots from conventional management.



Contrary to expectations we found that organically grown carrots had on average 14.5% higher yield and 10% lower discarded yield compared to conventionally grown carrots. Previous research comparing organic and conventional vegetable productions have found up to 33% lower yields from organic production [15,16]. One of the main factors limiting organic yield has typically been lower nutrient availability, while fertilization rates are higher in conventional systems [39]. One important reason for higher yield of organically grown carrots in our experiment was the fact that in the ORG treatment we applied compost with a N rate equal to that in the conventional treatments. Organic fertilizer is known to have advantages over mineral fertilizers since it increases total organic carbon content, soil organic matter, stimulates the activity of microorganisms, and increases enzymatic activity in soil, and thus increases the availability of nutrients for the plants [14,32,40,41,42].



Another important factor influencing crop yield is the prevailing weather during the growing period. Lotter et al. [43] found that under severe drought conditions organically managed farms produced higher yields than their conventional counterparts. This could be explained by increased organic matter level in soil making the organic farming system less susceptible to extreme drought events [42]. In our case, there was a shortage of precipitation in three trial years out of four, and the results overall followed the above-mentioned tendency towards higher yield in organic management compared to conventional. However, our results showed that significantly higher yields with organic management appeared when the weather conditions were more favorable for carrot production, as in 2012. This was also accompanied by significantly lower discarded yield in the ORG treatment. In contrast, the highest discarded yield was found in the drought year of 2011. This is in accordance with Thorup-Kristensen et al. [44], who found that the highest percentage of discarded yield in both organic and conventional production systems was produced in the year with the lowest amount of precipitation. However, in contrast to our experiment, the study by Thorup-Kristensen et al. [44] did not reveal a management effect on the discarded yield of carrot.



In our experiment the discarded yield in all treatments was formed mostly due to physiological disorders of carrots. Notably, there was a low pressure of insects and diseases due to the lack of other carrot production fields in the neighboring area, from where carrot damaging pests and diseases could have been transmitted to the trial. Another reason for the low occurrence of carrot pests and diseases might be due to the use of old local variety “Jõgeva Nantes”, which according to our previous experience has been disease-free even without the use of fungicides (I. Bender, pers. obs.). Old varieties can be genetically heterogeneous and might have specific adaptation traits relevant for organic conditions [45,46,47]. This could also explain why application of pesticides and fungicides in the CON treatments did not result in lower discarded yield than in the ORG.



Nitrogen content in the carrots did not differ between management treatments. According to some previous studies, significantly higher concentration of nitrogen was detected in conventional carrots than in organic, which can be explained by lower N fertilization rates in the organic system [48,49,50]. In our experiment, the lack of differences in N content is likely a result of applying fertilization, so that N levels were equal in the two treatments. However, there was a significant year effect on the N content of carrots, being lower in 2013 than in other trial years, probably caused by shortage of precipitation in June–September. Nitrate content on the other hand was significantly influenced both by treatment and year, being lower in the ORG than in the CON-AV treatment, and highly variable across all trial years. The nitrate content of the carrots was highest in the extremely dry 2011. Some earlier studies have also shown that organic carrots contain less nitrate than conventional carrots [24,48,49,51,52], and that the year of production can have a significant effect [53]. Gennaro and Quaglia [54] concluded in their review, that lower nitrate levels in organic vegetables seem to be due to differences in N fertilization level. However, we found lower nitrate content in ORG at equal N fertilization levels in both systems. Mineral fertilizer used in CON treatments directly provides nitrate, while compost is slowly decomposable and nitrogen releases gradually [55]. In general, carrot is classified as a vegetable with a low nitrate content, with the average being 200–500 mg kg−1 [56]. The content of nitrate in our experiment was even lower, except in 2011.



We found that as an average of all trial years, carrots in ORG had significantly higher vitamin C content compared to CON-AV, being as much as 34% higher in the drought year of 2011. This is in line with previous research, reporting higher vitamin C content in vegetables in organic production [57,58,59,60]. However, a few studies have found no differences in vitamin C content between these management systems for carrots and other vegetables [25,61]. Vitamin C content in vegetables depends on several factors, such as genotype, maturity at harvest, fertilizer type, pre-harvest weather conditions, and soil type [62,63]. As all mentioned factors except fertilizer type were the same in our study for carrots in CON and ORG treatments, we assume that the differences in the content of vitamin C could have been due to different fertilizer type; compost was used in the organic, whereas mineral fertilizer was used in the conventional treatments.



The management system in our study did not influence the total sugar content in carrots, except in 2013, where significantly more sugars were found in ORG compared to CON-AV. Some earlier studies have similarly found that the production method did not affect the total sugar content in carrots [48,49,64]. However, several studies have concluded that organic vegetables, including carrots, contain more sugars than conventional ones [58,65,66,67,68]. Total sugar content in carrots could be affected more by climate-related factors than by management methods [69]. Bach et al. [64] found that higher temperatures, in particular, resulted in higher total sugar content. Indeed, the total sugar content of carrots in our trial was up to 8.5%, in the warmer than LTA year of 2013, whereas for the variety “Jõgeva Nantes” the sugar content is typically between 6.5–7.5% (unpublished data).



According to our results DM content did not differ significantly between organic and conventional carrots, which is in accordance with earlier studies [48,57,64,67], but contradict others which have reported higher DM content in organically cultivated carrots than in conventional carrots [49,52,61,65,66]. However, DM in our trial was influenced by the weather conditions of the trial years, being significantly higher in both management systems in the warmer than LTA year of 2013 than in the other trial years. These results indicate that the effect of weather conditions on DM overshadowed that of cultivation methods.



We found no pesticide residues in organic carrots, whereas residues of three out of four of the pesticides used were detected in the conventional carrots. In general organic food is reported to contain fewer or no residues [20,70,71,72,73]. In the summer of 2012, the amount of precipitation during the main spraying period was high, and therefore the chemical control measures were not successful which resulted in the absence of pesticide residues in carrot samples. Chlorothalonil and aclonifen were the most frequently detected pesticide residues in conventional carrots. Chlorothalonil is a broad-spectrum fungicide with low aqueous solubility. This residue has often been found in conventionally grown vegetables [74,75,76,77,78]. The substance group of systemic and selective herbicide aclonifen is not highly soluble in water, but is in many organic solvents, being moderately persistent in soil [79]. Persistence of the insecticide cypermethrin in the environment varies from 14.6 to 76.2 days (half-life), depending on the physicochemical properties of the soil [80]. Cypermethrin was detected only once in our carrot samples. Nevertheless, pesticide residues detected in conventional carrots might pose a threat to the environment and consumers. Even legislatively determined “safe” levels of residues, in case of simultaneous exposure of multiple chemical substances, may have synergistic effects, causing unknown adverse health issues [81].




5. Conclusions


The results of our four-year comparison of organic and conventional carrot production show that organic management can have advantages over the conventional system in both yield and quality, at equal N fertilization level. In particular, we found a higher marketable yield, lower discarded yield, and higher quality of carrots (lower nitrate and higher vitamin C content) in organic compared to conventional management. This can be explained by the higher quality of organic compost compared to the mineral fertilizer. Besides treatment effects, these variables were also influenced by the weather conditions of the trial years. Our study suggests that organic management of carrots can exceed conventional management in yield and quality, when N fertilization levels are equivalent.
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Figure 1. Biplot of principal component analysis by treatments. Vectors indicate the direction of increase of the carrot yield and quality parameters respective to the first two principal components; symbols distinguished by treatments mark the location of single samples in the PC1-PC2-plane. 
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Figure 2. Biplot of principal component analysis by year. Vectors indicate the direction of increase of the carrot yield and quality parameters respective to the first two principal components; symbols distinguished by year mark the location of single samples in the PC1-PC2-plane. 
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Table 1. Used synthetic pesticides in treatments, classification by target organisms, and growth stages of carrot [36] when spraying was carried out in the conventional cultivation from 2011 to 2014.
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No.

	
Treatment

	
Used Pesticides a.s.

	
Pesticide Category

	
Application Rates of a.s.

	
Growth Stages






	
5

	
CON5

	
aclonifen

	
herbicide

	
2.0 L ha−1

	
07




	
propaquizafop

	
herbicide

	
1.0 L ha−1

	
14




	
cypermethrin

	
insecticide

	
0.15 L ha−1

	
10 and 20




	
chlorothalonil

	
fungicide

	
3.0 L ha−1

	
44




	
3

	
CON3

	
aclonifen

	
herbicide

	
2.0 L ha−1

	
07




	
cypermethrin

	
insecticide

	
0.15 L ha−1

	
20




	
chlorothalonil

	
fungicide

	
3.0 L ha−1

	
44




	
1

	
CON1

	
aclonifen

	
herbicide

	
2.0 l ha−1

	
07








a.s. = active substance; No. is the number of sprayings.
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Table 2. Long-term monthly average of air temperature, sum of precipitation, and deviations from the average.
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Temperature (°C)

	
Precipitation (mm)




	
Month

	

	
Deviation

	

	
Deviation




	
LTA

	
2011

	
2012

	
2013

	
2014

	
LTA

	
2011

	
2012

	
2013

	
2014






	
May

	
10.3

	
0.7

	
1.2

	
4.0

	
1.2

	
50

	
–15

	
12

	
33

	
14




	
June

	
14.5

	
3.0

	
–1.1

	
3.3

	
–1.4

	
69

	
–30

	
41

	
–31

	
89




	
July

	
16.8

	
3.7

	
1.1

	
0.8

	
2.4

	
79

	
–45

	
6

	
–44

	
–31




	
August

	
15.4

	
0.9

	
–0.6

	
1.3

	
1.2

	
89

	
–14

	
41

	
–19

	
34




	
September

	
10.6

	
2.0

	
1.6

	
0.4

	
1.0

	
66

	
–13

	
–7

	
–34

	
–39




	
October

	
5.3

	
1.9

	
0.5

	
1.3

	
–0.2

	
66

	
7

	
6

	
–8

	
–18








LTA = Long term average (1922–2015).
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Table 3. Marketable and discarded yield and content of nitrogen, nitrates, vitamin C, sugars, and dry matter (DM) in conventional (average of three conventional treatments, CON-AV) and organic (ORG) treatments (mean ± standard error); fold change indicates the change of ORG with respect to CON-AV (ORG/CON-AV) and p-value shows the statistical significance of the difference between CON-AV and ORG (significant p-values <0.05 are presented in bold). For each variable results of two way analysis of variance (F-statistics and p-values) of the factors treatment (Trm), year, and treatment by year interaction (Trm*Year) are also presented.






Table 3. Marketable and discarded yield and content of nitrogen, nitrates, vitamin C, sugars, and dry matter (DM) in conventional (average of three conventional treatments, CON-AV) and organic (ORG) treatments (mean ± standard error); fold change indicates the change of ORG with respect to CON-AV (ORG/CON-AV) and p-value shows the statistical significance of the difference between CON-AV and ORG (significant p-values <0.05 are presented in bold). For each variable results of two way analysis of variance (F-statistics and p-values) of the factors treatment (Trm), year, and treatment by year interaction (Trm*Year) are also presented.





	
Variable

	
Year

	
CON-AV

	
ORG

	
Fold Change (*100%)

	
p-Value






	
Marketable yield, t ha−1

	
Trm: F1,40 = 6.9, p = 0.012; Year: F3,40 = 94.8, p < 0.001; Trm*Year: F3,40 = 0.9, p = 0.442




	
2011

	
6.3 ± 1.2 A

	
8.2 ± 0.8 A

	
130.5

	
0.380




	
2012

	
24.0 ± 3.5 B

	
29.2 ± 3.8 B

	
121.6

	
0.020




	
2013

	
22.0 ± 1.8 B

	
25.7 ± 3.8 B

	
116.9

	
0.091




	
2014

	
25.8 ± 4.9 B

	
26.3 ± 3.8 B

	
102.0

	
0.818




	
Average

	
19.5 ± 8.5

	
22.4 ± 9.1

	
114.5

	
0.012




	
Percent of discarded yield, %

	
Trm: F1,40 = 5.6, p = 0.023; Year: F3,40 = 182.6, p < 0.001; Trm*Year: F3,40 = 4.5, p = 0.008




	
2011

	
68.0 ± 5.5 A

	
65.1 ± 3.3 A

	
95.7

	
0.419




	
2012

	
47.5 ± 7.9 B

	
32.9 ± 4.3 B

	
69.2

	
<0.001




	
2013

	
32.2 ± 4.7 C

	
30.0 ± 4.4 BC

	
93.2

	
0.531




	
2014

	
18.1 ± 3.4 D

	
21.2 ± 2.2 C

	
117.0

	
0.384




	
Average

	
41.5 ± 19.5

	
37.3 ± 17.7

	
90.0

	
0.023




	
N, %

	
Trm: F1,40 = 0.1, p = 0.707; Year: F3,40 = 35.9, p < 0.001; Trm*Year: F3,40 = 1.7, p = 0.183




	
2011

	
2.5 ± 0.2 A

	
2.3 ± 0.1 A

	
94.0

	
0.260




	
2012

	
2.1 ± 0.2 B

	
2.1 ± 0.1 A

	
99.1

	
0.840




	
2013

	
1.6 ± 0.2 C

	
1.6 ± 0.1 B

	
101.3

	
0.891




	
2014

	
2.0 ± 0.3 B

	
2.3 ± 0.2 A

	
113.0

	
0.056




	
Average

	
2.1 ± 0.4

	
2.1 ± 0.3

	
101.3

	
0.707




	
NO3,

mg kg−1

	
Trm: F1,40 = 6.2, p = 0.017; Year: F3,40 = 181.2, p < 0.001; Trm*Year: F3,40 = 2.3, p = 0.088




	
2011

	
283.3 ± 36.7 A

	
292.3 ± 10.6 A

	
103.2

	
0.603




	
2012

	
107.5 ± 26.0 B

	
99.7 ± 4.2 B

	
92.7

	
0.650




	
2013

	
66.7 ± 16.1 C

	
24.6 ± 5.4 C

	
36.9

	
0.019




	
2014

	
194.4 ± 27.9 D

	
150.0 ± 29.3 B

	
77.1

	
0.013




	
Average

	
163.0 ± 88.6

	
141.7 ± 103.0

	
86.9

	
0.017




	
Vitamin C, mg 100g−1

	
Trm: F1,40 = 5.3, p = 0.026; Year: F3,40 = 99.1, p < 0.001; Trm*Year: F3,40 = 1.6, p = 0.213




	
2011

	
1.5 ± 0.2 A

	
2.0 ± 0.3 A

	
134.2

	
0.046




	
2012

	
2.7 ± 0.1 B

	
3.0 ± 0.2 B

	
113.5

	
0.168




	
2013

	
3.4 ± 0.3 C

	
3.2 ± 0.4 B

	
94.9

	
0.503




	
2014

	
4.1 ± 0.7 D

	
4.6 ± 0.0 C

	
111.1

	
0.074




	
Average

	
2.9 ± 1.1

	
3.2 ± 1.0

	
110.0

	
0.026




	
Sugars, %

	
Trm: F1,40 = 3.4, p = 0.072; Year: F3,40 = 14.7, p < 0.001; Trm*Year: F3,40 = 3.8, p = 0.018




	
2011

	
6.4 ± 0.7 AB

	
6.4 ± 0.5 A

	
98.9

	
0.859




	
2012

	
5.8 ± 0.5 A

	
5.9 ± 0.5 A

	
102.1

	
0.763




	
2013

	
6.9 ± 0.2 B

	
8.5 ± 0.0 B

	
122.3

	
<0.001




	
2014

	
6.0 ± 1.0 A

	
5.9 ± 0.4 A

	
98.3

	
0.807




	
Average

	
6.3 ± 0.8

	
6.7 ± 1.2

	
105.9

	
0.072




	
Dry matter, %

	
Trm: F1,40 = 0.4, p = 0.512; Year: F3,40 = 64.8, p < 0.001; Trm*Year: F3,40 = 3.0, p = 0.044




	
2011

	
10.5 ± 0.6 A

	
9.9 ± 0.1 A

	
93.7

	
0.063




	
2012

	
10.4 ± 0.5 A

	
11.0 ± 0.4 B

	
106.5

	
0.058




	
2013

	
13.1 ± 0.4 B

	
12.6 ± 0.3 C

	
96.4

	
0.184




	
2014

	
10.9 ± 0.7 A

	
10.8 ± 0.1 AB

	
99.9

	
0.990




	
Average

	
11.2 ± 1.2

	
11.1 ± 1.0

	
99.0

	
0.512








Mean values without common uppercase letters (A,B,C,D) within treatment (in columns) are statistically significantly different (p < 0.05, Tukey–Kramer (HSD) test); Average = average of 2011–2014.
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Table 4. Pesticide active substances, found in conventionally produced carrots.






Table 4. Pesticide active substances, found in conventionally produced carrots.





	
Treatment

	
Used Pesticides a.s.

	
2011

	
2013

	
2014




	
Pesticide Residue

	
Content, mg kg−1

	
Pesticide Residue

	
Content, mg kg−1

	
Pesticide Residue

	
Content, mg kg−1






	
CON5

	
aclonifen

propaqui.

cyperm. chlorot.

	
aclonifen

chlorot.

	
<0.01

0.013

	
chlorot.

	
0.223

	
aclonifen

cyperm.

chlorot.

	
0.008

0.028

0.007




	
CON3

	
aclonifen

cyperm.

chlorot.

	
No residues

	
No residues

	
chlorot.

	
0.080

	
aclonifen

	
<0.01




	
CON1

	
aclonifen

	
aclonifen

	
<0.01

	
-

	
-

	
-

	
-








a.s. = active substances; propaqui. = propaquizafop; cyperm. = cypermethrin; chlorot. = chlorothalonil; “-” No analyses have been performed.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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