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Abstract: Here we report the results of a three-year replicated field trial on the effects of novel clo-
ver- and alfalfa-based fertilizer products (Ekofert® K and Ekofert® L), with the input levels equiva-
lent to 120, 180, or 240 kg N ha−1, on the yield and selected sensory and nutritional quality parame-
ters of onion. The study showed that Ekofert fertilizer applied at all three levels produced similar 
or higher yields than the standard fertilization regimes used in conventional farming in all three 
seasons. Significant differences in onion composition profiles between fertilization treatments were 
detected within individual seasons; however, due to substantial interseasonal variation, no con-
sistent differences could be detected between (i) mineral N and Ekofert fertilizer treatments, (ii) the 
two different Ekofert products, and (iii) contrasting Ekofert input levels. Results demonstrate that 
clover- and alfalfa-based pelleted organic fertilizer products are a suitable alternative for intensive 
organic field vegetable production. 

Keywords: onion (Allium cepa L.); flavonoid compounds; sugars; organic acids; vitamin C; organic 
fertilization; mineral fertilization 
 

1. Introduction 
There is increasing concern about negative impacts of agrochemicals, such as mineral 

NPK-fertilizers and synthetic chemical pesticides, on the environment, biodiversity, and 
food quality and safety [1]. Organic farming standards therefore prescribe the use of or-
ganic fertilizers and non-chemical, preventative management-based crop protection 
methods as an alternative, to reduce the use of agrochemical inputs in agriculture [2]. The 
use of organic fertilizers is also recommended due to their positive impact on soil physi-
cal, chemical, and biological properties. Organic fertilizers have been shown to increase 
soil biological activity and biodiversity, structural stability, water retention, and cation 
exchange capacity [3]. However, there has been concern about the microbiological safety 
of applying organic fertilizers such as animal manure directly prior to planting, especially 
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in case of crops that are consumed raw (e.g., salat vegetables and fruit) [4]. The use of such 
untreated manure immediately prior to planting is therefore prohibited in organic farm-
ing. As a result, there is a need to develop alternative, easy-to-use fertilizers for organic 
field vegetable production, that can be applied at planting, provide a balanced supply of 
nutrients, and pose no potential food safety risks [4]. Pelleted fertilizers made from leg-
ume crops are thought to serve as a suitable alternative, especially considering that many 
organic arable and horticultural producers grow fertility-building legume leys as part of 
their rotations [5,6]. However, there is very limited information on the effectiveness of 
different types of pelleted legume-based fertilizers for many horticultural crops. Moreo-
ver, although the release of nutrients from such fertilizers through the mineralization by 
soil microorganisms is thought to be slower than from mineral fertilizer inputs, there is 
no detailed information on the nutrient release characteristics and nutrients availability 
over a typical growth period of particular vegetable crops [7–9]. It is therefore important 
to optimize crop-specific fertilization regimes (e.g., fertilizer type and input level) in terms 
of yield, but also in terms of the potential knock-on effects on nutritional composition. 

In this context, the present study aimed to assess the effects of two new granulated 
organic fertilizers, made from dried biomass of red clover and alfalfa, on the yield and 
concentrations of a number of sensory and bioactive compounds in a selected vegetable 
crop—onion (Allium cepa L.). The effects of organic fertilizers were also compared to 
standard mineral fertilization protocols used in conventional production (as a benchmark 
for yield potential) and a ‘no fertilizer input’ control. 

Onion crop is known to require substantial amounts of nutrients (especially nitrogen) 
to be applied before planting. Both the fertilizer input level and its application methods 
were previously shown to affect the yields and the nutritional composition of onion [10]. 
Onion is also known to contain phytochemicals linked to positive nutritional and health 
impacts [11]. Onion extracts were previously shown to support the circulatory system by 
causing reduction of blood viscosity, and thus preventing blood clots [12]. Anti-inflam-
matory, anticancer, anti-allergic, bactericidal, and bacteriostatic properties of onion are 
also well-documented [13]. Most of the mentioned health-promoting effects of onions 
have been attributed to the organic sulfur compounds responsible for the characteristic 
flavor of onions, as well as to flavonoids, such as quercetin and its derivatives [14]. Nu-
merous studies have linked antioxidant properties of flavonoids present in onion bulbs, 
and analyzed within the present study, with a lower risk of developing certain cancers 
and cardiovascular diseases [7,15–19]. Flavonoids are present in onion plants in relatively 
high concentrations, either conjugated to sugars, or in the form of aglycons [20]. The bio-
synthesis and concentrations of flavonoids in onions are known to be dependent on both 
genetic and agronomic factors, including fertilization [21]. 

2. Materials and Methods 
2.1. Study Design and Research Material 

The field experiment was carried out in three consecutive agronomic/growing sea-
sons (2012, 2013, and 2014) at the Institute of Horticulture in Skierniewice in central Po-
land (51°57′ N 20°80′ E). Every year of the experiment, onions of the early variety Alonso 
F1 (Bejo Zaden, The Netherlands), grown from seedlings, were planted in the field on 
sandy loam soil (68% sand 0.1–1 mm grain, 19% silt 0.1–0.2 mm, and 13% clay <0.02 mm; 
pH 6.5; organic matter content 1.16%) in mid-April in two field replicates (size of a single 
replicate plot: 10 m2). It was a static experiment, carried out on the same field each year. 
Fertilizer inputs used prior to onion cultivation included 25 t ha−1 of compost.  

Alonso F1 onions are spherical, covered with a strong, straw colored husk. According 
to the information provided by the breeding company this cultivar is characterized by 
high yielding under various conditions. 

The average monthly temperatures and rainfall conditions in 2012–2014 are pre-
sented in Figure 1. The total amount of precipitation during the onion growing season 
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(April–August) was 302 mm in 2012, 438 mm in 2013, and 399 mm in 2014. The average 
temperature during the onion growing season was 15.6 °C in 2012, 15.2 °C in 2013, and 
15.6 °C in 2014. 

 
Figure 1. The average monthly temperature (°C, light grey line) and total monthly rainfall (mm, 
dark line) during the vegetative growth periods in the years 2012–2014 (April 2012–October 2014). 

The experimental treatments included an application of the commercially available 
Ekofert® K and Ekofert® L (Poltops, Żagań, Poland) pelletized organic fertilizers from red 
clover (K for “koniczyna” in Polish) (N-P-K ratio 3.1-0.2-3.0 of dry matter) and alfalfa (L 
for “lucerna” in Polish) (N-P-K ratio 3.5-0.2-3.1 of dry matter) respectively. Both experi-
mental fertilizers were applied in onion cultivation as a pre-planting treatment, using fer-
tilizer input levels equivalent to 120, 180, and 240 kg total N ha−1. The mineral nitrogen 
(N) fertilizer control treatments consisted of the standard conventional mineral fertiliza-
tion (ammonium nitrate) at a dose of 100 kg N ha−1 applied as a single pre-planting treat-
ment, or in two doses of 50 kg N ha−1 each with no-fertilization protocol. Due to the low 
nitrogen availability for plants, the dose of 120 kg N ha−1 of organic fertilizer was consid-
ered as an equivalent of 100 kg ha−1 of mineral nitrogen (which is a recommended dose in 
conventional onion cultivation). The agronomic protocols used for plots of the nine ferti-
lization treatments were identical, but the timing of management practices (e.g., planting, 
weed control, harvest) differed between years depending on weather conditions. Onion 
bulbs from all treatments were harvested at the peak of physiological maturity (when 
about 80% of the plants had broken chives and about 50% of the leaves were green), and 
the fresh weight yield was determined at harvest. 

2.2. Chemical Analyses 
Samples from nine fertilization treatments, each in two field replications, were tested 

for the content of dry matter, total sugars, reducing sugars, organic acids, vitamin C,’;[ 
and flavonoids in the laboratory of the Chair of Organic Food at the Warsaw University 
of Life Sciences, Poland. 

The dry matter was determined using a gravimetric method according to the Polish 
standard (Polish Norm PN-EN 12145 2001). Samples of the onion bulbs were dried (48 h, 
105 °C, constant pressure) using a Dryer KC-65 (Premed, Marki, Poland) with a free air 
circulation. The dry matter content was expressed as a percentage of the fresh material 
[22]. Before further analyses, all samples were grounded and lyophilized using a freeze-
dryer (LabConco Corporation, Kansas City, MO, USA) at the temperature of −40 °C and 
pressure of 0.08 mBar. The dried samples were then milled (A-11 laboratory mill, IKA®-
Werke, Staufen im Breisgau, Germany) and stored at −80 °C until further analyses. 
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Total and reducing sugars were determined as previously described by Hallmann et 
al. (2017) using the Luff−Schoorl method [23]. Organic acids assessment was conducted 
by neutralization of the total acids content in the water solution. The solution with elec-
trodes was titrated with sodium hydroxide (0.1 M) until reaching a pH of 8.0. Total acidity 
was calculated as previously described by Hohen et al. [24]. The content of vitamin C was 
measured using titration method described in the Polish standard (Polish Norm PN-A-
75101-11: 1990) [25]. 

Flavonoids content (quercetin-3-O-rutinoside, quercetin-3-O-glucoside, myricetin, 
quercetin, and kaempferol) was analyzed using the high performance liquid chromatog-
raphy (HPLC) method. The freeze-dried samples (50 mg) were mixed with 1 mL of 80% 
methanol and 1% ascorbic acid, and incubated in an ultrasonic bath (15 min, 30 °C, 5.5 
kHz). After the incubation samples were centrifuged twice (5000 rpm, 10 min and 12,000 
rpm, 5 min) and 100 µL was used for the HPLC analysis with the Synergi Fusion-RP 80i 
column (250 × 4.60 mm) (Phenomenex Inc., Torrance, CA, USA) and HPLC equipment, 
including two LC-20AD pumps, a CBM-20A controller, a SIL-20AC column oven, and an 
UV/Vis SPD-20 AV spectrometer (Shimadzu, USA Manufacturing, Inc., Canby, OR, USA). 
The flavonols were separated under gradient conditions with a flow rate of 1 mL min−1. 
Two gradient phases were used: 10% (v:v) acetonitrile and ultrapure water (phase A) and 
55% (v:v) acetonitrile and ultrapure water (phase B). The phases were acidified with or-
tho-phosphoric acid (pH 3.0). The total time of the analysis was 38 min. The phase-time 
program was as follows: 1.00–22.99 min, 95% phase A and 5% phase B; 23.00–27.99 min, 
50% phase A and 50% phase B; 28.00–28.99 min, 80% phase A and 20% phase B; and 29.00–
38.00 min, 95% phase A and 5% phase B. The wavelength of detection was 370 nm [26]. 
All laboratory analyses within the study were done in duplicate. 

2.3. Statistical Analyses 
All statistical analyses of the data were carried out in R statistical environment [27]. 

In order to investigate the effect of cultivation year and fertilization treatment on meas-
ured parameters, two-way ANOVAs were derived from a linear mixed-effects model [28], 
which included the cultivation year and fertilization treatment as main factors, and the 
replicate as a random factor. The normality of the residuals of all models was tested using 
QQ-plots. Differences between the fertility treatments within each cultivation year were 
additionally tested using Tukey contrasts in the general linear hypothesis testing (glht) 
function of the ‘multcomp’ package in R [29]. A linear mixed-effects model was used for 
the Tukey contrasts, containing a treatment main effect, with the random error term spec-
ified as described above. A principal component analysis (PCA) was performed to explore 
possible differences and similarities in the composition of onions grown under different 
combinations of organic and mineral fertilization. The PCA was performed using the 
‘prcomp’ function, and the plots were generated with the ‘ggbiplot’ package. Addition-
ally, Pearson’s product-moment correlation analyses were carried out to identify potential 
linear associations between the concentrations of individual and groups of the analyzed 
compounds in the onion samples, using the ‘cor’ function and visualized using the ‘cor-
rplot’ package. 

3. Results and Discussion 
3.1. Onion Bulb Yield 

Table 1 shows the yield of Alonso F1 onion bulbs grown with different fertilization 
regimes in three consecutive years. Yields from the nine treatments ranged from 44 to 66.1 
t ha−1, which overall represent higher values than those reported in previous studies (be-
tween 31 and 42 t ha−1) [30–33]. The two-factor ANOVA detected a significant interaction 
between the effects of season and fertilization on the onion yield (p < 0.001). Therefore we 
carried out a separate one-factor ANOVA to compare the effects of fertilization treatments 
separately in the three different seasons (Table 1). Onion yields in fertilized plots were 
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higher than those in the non-fertilized control plots. At the same time, no significant dif-
ferences were detected between the non-fertilized control and (a) the single N-dose min-
eral fertilizer treatment in all three years and (b) the Ekofert L 120 treatment in year 1 only 
(Table 1). In all three years, the Ekofert treatments resulted in higher yields than the single-
N dose mineral treatment, but in similar yields when compared to the split N-dose min-
eral treatment (Table 1). It should also be pointed out that the intermediate input level 
Ekofert treatments (K180 and L180) produced significantly higher yields than the split N-
dose mineral fertilizer treatment in 2014 (Table 1). This clearly demonstrates that legume 
crop-based organic fertilizer products can deliver the same and possibly slightly higher 
yields when compared to the recommended split N-dose mineral fertilization regimes in 
onions.  

These results are consistent with a similar study with celeriac [34], where Ekofert K 
180 and 240 resulted in a higher marketable yield, while Ekofert K 120 resulted in the 
similar yield when compared to a single-dose N 100 treatment.  

It should be pointed out that crop yields were substantially lower in 2013 and this 
was most likely due to climatic conditions being more favorable for onion crops in 2012 
and 2014. As shown in Figure 1, both temperature and rainfall were similar in 2012 and 
2014, whereas in 2013 the substantially higher rainfall recorded in May and June may have 
had a negative effect on plant growth and yield. 

Table 1. The yield (t ha−1) of onion cultivated in different fertilization regimes. Data are presented 
as means. 

Fertilization Regime 1 2012 2013 2014 
control N 0 61.2 b 2 25.0 c 45.9 d 

control N 100 62.0 b 28.1 bc 51.0 cd 
control N 50 + 50 78.2 a 36.3 ab 67.3 b 

Ekofert K 120 74.8 a 36.6 ab 63.3 bc 
Ekofert K 180 76.6 a 39.1 a 81.8 a 
Ekofert K 240 78.4 a 40.2 a 65.8 b 
Ekofert L 120 71.6 ab 36.4 ab 65.2 b 
Ekofert L 180 75.8 a 38.7 a 83.7 a 
Ekofert L 240 78.0 a 41.5 a 72.3 ab 

1 Fertilization: control N 0 (no input), control N 100 (mineral fertilizer at 100 kg N ha−1), control N 
50 + 50 (mineral fertilizer at 2 × 50 kg N ha−1), Ekofert K 120/180/240 (red clover pellets at 120, 180, 
or 240 kg N ha−1), Ekofert L 120/180/240 (alfalfa pellets at 120, 180, or 240 kg N ha−1); 2 Values in 
columns followed by different small letters (a–d) are significantly different at the 5% level of prob-
ability (Tukey’s test). 

Similar results were also reported by Yassen and Khalid (2009) [35], who found that 
a mixture of farmyard and chicken manure resulted in the higher onion yields when com-
pared with a mineral NPK fertilizer control treatment including a single-dose pre-plant-
ing application of 146.4 kg N ha−1. Yoldas et al. (2011) [31] also reported a positive effect 
of cattle manure on the total onion bulbs yield. At the same time, the other yield parame-
ters measured in their study (i.e., number of bulbs, bulb height, flesh thickness, number 
of shoot tips, and number of dried leaves) were not significantly affected by fertilization. 
Spiess et al. (2011) [36] also reported that organic fertilizers had a promoting impact on 
the yields of different field crops. They recorded higher yields when applying organic 
fertilizer (farmyard manure) in comparison to the use of mineral or mixture of organic 
and mineral fertilizers. 
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3.2. Nutritional Composition Parameters 
Principal component analysis (PCA) of crop composition data clearly demonstrated 

that the climatic differences between the three growing seasons resulted in a clearer sep-
aration of results and explained a larger proportion of the variation than fertilization treat-
ments (Figure 2). 

Two-factor ANOVA identified significant main effects for both the production sea-
son and fertilization for many composition parameters, but for most parameters, the dif-
ferences between seasons were larger than the differences between fertilization treatments 
(Tables 2 and 3). 

 
Figure 2. PCA biplot showing the relationships between the chemical composition of onion bulbs and (a) the studied 
fertilization treatments and (b) the cultivation seasons 2012, 2013, and 2014. Fertilization treatments: control N 0 (no input), 
control N 100 (mineral fertilizer at 100 kg N ha−1), control N 50 + 50 (mineral fertilizer at 2×50 kg N ha−1), Ekofert K 
120/180/240 (red clover pellets at 120, 180, or 240 kg N ha−1), Ekofert L 120/180/240 (alfalfa pellets at 120, 180, or 240 kg N 
ha−1). PC1–the first principal component, PC2–the second principal component. 

Table 2. The effect of cultivation season and fertilization regime on the content of dry matter, total sugars, reducing sugars, 
organic acids, and vitamin C in onions. Data are presented as means ± standard errors. 

Factor Dry Matter 1 Total Sugars 1 
Reducing  
Sugars 1 

Organic  
Acids 1 Vitamin C 2 

Cultivation Season (CS)      
2012 13.4 ± 0.2 a 3 10.58 ± 0.20 a 3.52 ± 0.10 a 0.22 ± 0.01 b 23.8 ± 0.7 a 
2013 13.8 ± 0.1 a 3.10 ± 0.14 b 2.19 ± 0.07 b 0.17 ± 0.01 c 15.1 ± 0.3 b 
2014 12.8 ± 0.1 b 3.47 ± 0.23 b 2.04 ± 0.04 b 0.25 ± 0.01 a 13.3 ± 0.3 c 

Fertilization Regime (FR) 4      
control N 0 13.6 ± 0.2  5.79 ± 1.27  2.75 ± 0.34  0.23 ± 0.01  20.1 ± 2.7  

control N 100 13.1 ± 0.2  5.20 ± 1.17  2.64 ± 0.20  0.22 ± 0.01  17.9 ± 2.1  
control N 50 + 50 13.2 ± 0.5  5.06 ± 0.82  2.71 ± 0.14  0.22 ± 0.01  17.8 ± 1.3  

Ekofert K 120 13.0 ± 0.2  5.64 ± 1.11  2.20 ± 0.15  0.21 ± 0.01  18.2 ± 1.5  
Ekofert K 180 13.2 ± 0.2  5.78 ± 1.15  2.46 ± 0.19  0.21 ± 0.01  16.6 ± 1.4  
Ekofert K 240 13.7 ± 0.3  5.93 ± 0.93  2.57 ± 0.23  0.22 ± 0.02  18.3 ± 1.3  
Ekofert L 120 13.3 ± 0.2  6.55 ± 1.26  2.58 ± 0.15  0.21 ± 0.01  16.0 ± 0.7  
Ekofert L 180 13.6 ± 0.2  5.88 ± 1.03  2.58 ± 0.30  0.21 ± 0.01  16.5 ± 1.4  
Ekofert L 240 13.3 ± 0.1  5.63 ± 0.98  2.74 ± 0.32  0.21 ± 0.01  15.2 ± 0.7  
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ANOVA p-values      
CS <0.001 <0.001 <0.001 <0.001 <0.001 
FR NS 5 0.021 0.004 NS <0.001 

CS × FR <0.001 <0.001 <0.001 0.047 <0.001 
1 g 100g−1 fresh weight; 2 mg 100g−1 fresh weight; 3 Values in columns followed by different letter (a–c) within each factor 
are significantly different at the 5 % level of probability (Tukey’s test); 4 Fertilization: control 0 (no input), control NPK 100 
(mineral fertilizer at 100 kg N ha−1), control NPK 50 + 50 (mineral fertilizer at 2 × 50 kg N ha−1), Ekofert K 120/180/240 (red 
clover pellets at 120, 180, or 240 kg N ha−1), Ekofert L 120/180/240 (alfalfa pellets at 120, 180, or 240 kg N ha−1); 5 Not 
significant. 

However, contrasting overall trends of the season effect were observed for the differ-
ent composition parameters (Tables 2 and 3). For example, while concentrations of total 
sugars, reducing sugars, and the flavonoid kaempferol were significantly higher in 2012 
than 2014, concentrations of organic acids and the flavonoids quercetin-3-O-rutinoside 
and myricetin in onions were significantly higher in 2014 than in 2012 and 2013 (Tables 2 
and 3). 

The dry matter, organic acids, and sugar concentrations found in onion samples were 
within the ranges reported by other authors [37–40]. These parameters, and in particular 
the total soluble sugars content, contribute significantly to sensory quality and consumer 
acceptability of onions [40]. Overall, no consistent differences could be detected between 
fertilization treatments (Supplementary Figures S1–S3), although in 2012, the highest con-
tent of sugars (total) was observed in onions fertilized with Ekofert L at a rate of 120 kg N 
ha−1 (Supplementary Figure S2). 

As discussed by the authors of an extensive literature review, the content of dry mat-
ter in plant raw materials can be related to the type and doses of fertilizers used during 
the cultivation. The higher the dose of mineral fertilization, the more excessive vegetative 
growth, biomass development, and reduction of dry matter content in crops [41]. 

Table 3. The main effects of, and interactions between, cultivation season and fertilization regime on the content of flavo-
noids (mg 100 g−1 fresh weight) in onion. Data are presented as means ± standard errors. 

Factor Flavonoids 
(Sum) 

Quercetin-3-O-Rutino-
side 

Quercetin-3-O-Gluco-
side 

Myricetin Querce-
tin 

Kaempfero
l 

Cultivation Season (CS)       
2012 44.2 ± 1.8  2.38 ± 0.14 b 1 10.6 ± 0.2  2.29 ± 0.18 b 24.8 ± 1.3 4.19 ± 0.45 a 
2013 45.7 ± 1.9 2.44 ± 0.13 b 11.0 ± 0.2  2.35 ± 0.18 b 25.6 ± 1.4 4.35 ± 0.47 a 
2014 49.0 ± 1.1 4.87 ± 0.21 a 11.1 ± 0.4  4.89 ± 0.29 a 25.3 ± 0.7 2.78 ± 0.09 b 

Fertilization Regime (FR) 2       
control N 0 46.2 ± 1.7  3.77 ± 0.37  11.4 ± 0.7  2.71 ± 0.24  25.4 ± 1.5 2.95 ± 0.51  

control N 100 48.0 ± 3.6  3.34 ± 0.35  11.3 ± 0.4  3.24 ± 0.52  26.7 ± 2.9 3.38 ± 0.21  
control N 50 + 50 45.7 ± 2.8  3.00 ± 0.34  10.3 ± 0.5  2.51 ± 0.27  24.9 ± 1.9 5.02 ± 0.57  

Ekofert K 120 43.3 ± 2.7  3.32 ± 0.33  10.7 ± 0.3  2.96 ± 0.52  21.6 ± 1.2 4.66 ± 1.01  
Ekofert K 180 44.7 ± 2.6  2.89 ± 0.28  10.6 ± 0.9  4.52 ± 1.02  23.8 ± 1.2 2.86 ± 0.22  
Ekofert K 240 46.1 ± 3.7  3.00 ± 0.57  10.8 ± 0.3  3.14 ± 0.47  26.3 ± 3.1 2.90 ± 0.18  
Ekofert L 120 42.3 ± 3.0  3.08 ± 0.42  10.5 ± 0.2  2.86 ± 0.49  23.6 ± 1.9 2.31 ± 0.39  
Ekofert L 180 44.9 ± 2.8  3.24 ± 0.49  11.5 ± 0.4  2.86 ± 0.37  24.5 ± 1.7 2.76 ± 0.38  
Ekofert L 240 55.6 ± 1.6  3.45 ± 0.71  11.0 ± 0.4  3.78 ± 0.27  30.2 ± 1.3 7.11 ± 0.88  

ANOVA p-values       
CS NS 3 <0.001 NS <0.001 NS <0.001 
FR NS NS NS <0.001 NS <0.001 

CS × FR NS 0.001 0.005 <0.001 NS 0.003 
1 Values in columns followed by different letters (a–c) within each factor are significantly different at the 5 % level of 
probability (Tukey’s test); 2 Fertilization: control N 0 (no input), control N 100 (mineral fertilizer at 100 kg N ha−1), control 
N 50 + 50 (mineral fertilizer at 2 × 50 kg N ha−1), Ekofert K 120/180/240 (red clover pellets at 120, 180, or 240 kg N ha−1), 
Ekofert L 120/180/240 (alfalfa pellets at 120, 180, or 240 kg N ha−1); 3 Not significant. 
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When the effect of fertilization treatments on concentrations of nutritionally desirable 
vitamin C and flavonoids was compared by two-factor ANOVA, no significant effect of 
fertilization and season was detected for total flavonoids (Table 3), while there was a 
highly significant interaction between season and fertilization for vitamin C and all indi-
vidual flavonoids except for quercetin (Tables 2 and 3). 

When the significant interactions for vitamin C and individual flavonoids were fur-
ther investigated, each season showed contrasting trends for comparisons of (a) non-fer-
tilized and fertilized crops, (b) single and split-dose mineral N-fertilization, (c) organic 
and mineral fertilizers, and (d) different organic fertilizer input levels (Supplementary 
Figures S6–S11). 

The finding that there was no consistent effect of fertilizer type (organic vs. conven-
tional) on phenolics and vitamin C content was unexpected, since meta-analyses of stud-
ies comparing the nutritional composition of organic and conventional crops have re-
ported overall higher levels of phenolics and other antioxidants in organic compared to 
conventional crops [42,43]. However, it should be pointed out that the cited meta-analyses 
also identified a substantial variation between studies and crop types [42,43].  

N-availability to crop plants and irradiation were shown be the strong agronomic 
and environmental drivers for phenolic concentration in recent studies that compared the 
effect of organic and mineral fertilizers on phenolic levels in wheat [44,45]. However, in 
the study reported here, the N-availability pattern could not be monitored, and we were 
therefore unable to investigate associations between this potential agronomic explanatory 
variable and phenolic levels. 

Previous studies with wheat, grapes, and potatoes also showed that variety choice 
can be a major explanatory variable for phenolic concentrations [22,46,47]. For example, 
in a recent study with wheat, a variety from an organic farming-focused breeding pro-
gram produced substantially higher flavonoid/phenolic levels with organic compared to 
mineral NPK fertilizers, while fertilizer types had only a small effect on flavonoid/phe-
nolic concentrations in a variety from a conventional farming-focused breeding program 
[45]. In this context it is important to note that, in this study, a modern onion F1 hybrid 
developed for conventional farming systems was used.  

Pests and disease attacks can also result in an increase in phenolic concentrations in 
plants, since phenolics are known to be a component of the plants inducible resistance 
response against biotrophic pests and diseases [48]. The interactions between season and 
fertilization treatments could therefore also have been due to differences in pest and dis-
ease incidence between seasons and/or fertilizer treatments. Higher pest and disease inci-
dence has also been described as the main reason for higher levels of resistance-related 
phytochemical concentrations in organic compared to conventional crops [49], although 
there is virtually no experimental evidence [44,45]. In the study described here, no chem-
ical plant protection was used in non-fertilized, mineral N, and Ekofert-fertilized plots, 
and this could also partly explain the lack of highly significant and consistent differences 
between the flavonoid content in onions grown with different fertilization regimes. 

The range of vitamin C contents in onion bulbs found in this study was similar to 
those reported previously by Tarrago-Trani et al. [50] and Elhassaneen [51]. Similarly, the 
concentrations and profile of the analyzed flavonoids in the tested onions were compara-
ble to those reported by other authors [40,52,53], with quercetin being a dominating fla-
vonoid compound. Onion is known to contain one of the highest levels of quercetin 
among vegetables and fruits [52]. 

Overall, the results from this study suggest that onions produce similar or slightly 
higher yields with organic Ekofert when compared to mineral N fertilization regimes used 
in conventional farming, while there was no consistent effect of fertilization on the sensory 
and nutritional composition parameters assessed. 

The concentrations of bioactive compounds such as phenolics in plants is very vari-
able, not only depending on the climate, other production conditions and practices, but 
also on the plant genotype or post-harvest handling [54,55]. The results obtained in this 
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study and reported by other authors indicate that there is still a need for further research 
to identify the best practices and plant genotypes to guarantee high levels of health-pro-
moting bioactive compounds in the crops. 

3.3. Associations between Composition Parameters 
Pearson’s correlation analysis identified a range of significant positive and negative 

correlations between the composition parameters assessed in onion bulb samples (Figure 
3). Most importantly, there were strong positive correlations between total sugar and (a) 
total flavonoid (r = 0.94, p < 0.001) and (b) vitamin C content (r = 0.62, p < 0.001) in onion 
bulbs. If confirmed in future studies, this would suggests that a sweet taste may also in-
dicate a high content of nutritionally desirable vitamin C and flavonoids. Other authors 
[56,57] have also reported positive significant correlations between sugar content and lev-
els of phenolics and vitamin C in nectarine fruits. In the case of phenolic compounds, it 
can be explained by the function of sugars in the regulation of biosynthesis of polyphenols 
[56]. A positive correlation between sugars and vitamin C content in onions could result 
from the fact that soluble carbohydrates are precursors to vitamin C, and when the plant 
produces more sugars through photosynthesis, it synthesizes more vitamin C [58].  

A strong positive correlation was also found between the content of quercetin-3-O-
glucoside and myricetin and kaempferol, as well as between myricetin and kaempferol (r 
= 0.81, p < 0.001). This could be explained by the synthesis and/or metabolism of these 
compounds being closely linked and/or regulated by the same environmental and agro-
nomic drivers. Quercetin, together with kaempferol and myricetin, belong to the class of 
flavonols, which are an important subfamily of flavonoids, and have the same dihydro 
precursors in biosynthesis process [59]. Kaempferol is a substrate for myricetin synthesis, 
and dihydrokaempferol is a substrate for generating dihydroquercetin, which finally is 
transformed to quercetin [59,60]. 

. 

Figure 3. Pearson’s correlations between the concentrations of the analyzed compounds identified 
in onion bulb samples. Color (red/blue) and the color intensity indicate the direction and the 
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strength of the association, while the size of the circle reflects the statistical significance of the cor-
relation (p-value). 

4. Conclusions 
The results from this study show that onions produce similar or slightly higher yields 

with organic Ekofert when compared to mineral N fertilization regimes. At the same time, 
the consistent effect of fertilization on the studied sensory and nutritional composition 
parameters was not identified. Cultivation season appeared to be a predominant factor 
influencing the measured onion composition variables. Moreover, in the case of majority 
of the studied parameters, highly significant interactions between season and fertilization 
regimes were found, which means that the effects of fertilization regimes depended on 
the cultivation season. 

The finding that the organic fertilizers made from legume crops (Ekofert K and 
Ekofert L) delivered similar yields to mineral N fertilizers is of substantial commercial 
significance for the organic horticultural crop production sector. This is mainly because 
there is a shortage of organic fertilizers with a high nitrogen content that can be applied 
prior to planting. However, since these fertilizers can be produced from fertility-building 
legume crops on stockless organic farms, the use of this type of fertilizer could also poten-
tially help to limit the amount of fertilizer that needs to be imported onto specialist, stock-
less farms. This would improve self-sufficiency and sustainability of stockless systems in 
line with organic farming principles. 

Literature sources indicate that the optimization of crop production methods and 
several pre- and post-harvest practices are among the essential steps to obtain expected 
high levels of health-promoting phytochemicals in vegetables and fruits. Thus, searching 
for innovative solutions, such as effective organic fertilizers that are productive and ben-
eficial for the environment, and combining them with agronomic practices ensuring high 
health-promoting qualities of the crops, is of great importance. 
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