
Citation: Vojnović, Ð.; Maksimović,
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1 Faculty of Agriculture, University of Novi Sad, Dositej Obradović Square 8, 21000 Novi Sad, Serbia
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Abstract: The influence of biostimulants (B) and nitrogen (N) fertilization on the yield and quality of
onions were investigated. Experiments in the field with directly seeded (DS) onions and those from
sets (FS) were carried out in 2021 in the Autonomous Province of Vojvodina (Serbia). HumiBlack®

(B1), Tifi® (B2), and Agasi® (B3) were used as B, and there was a control without B. Four N doses were
used: 64, 100, 150 (standard dose), and 200 kg N/ha. The highest yields of DS onions (63.9 t/ha) and
FS onions (52, 1 t/ha) were measured on treatment B2× 150 kg N/ha. The highest total sugar content
(80.6 g/100 g DM) was measured in FS onions under treatment B2 × 100 kg N/ha. Total nitrogen and
protein content were the highest in DS onions treated with B2 × 200 kg N/ha, where total nitrogen
was 2.3 g/100 g DM and protein content was 14.5 g/100 g DM. Depending on B and N, titratable
acidity ranged from 1.7 to 3.6 g/100 g DM. Principal component analysis (PCA) and hierarchical
cluster analysis (HCA) were used to analyze onions and showed that FS onions have lower values
of total phenolics and crude fiber content, DPPH, FRAP, and ABTS compared to DS onions. In this
study, a chemometric approach was suitable for grouping onions according to treatment effect and
main interactions between B and N.

Keywords: onion; bioactive compounds; chemometric; classification

1. Introduction

Onions (Allium cepa L.) are consumed daily, fresh or processed, by a large part of the
human population, and constitute an essential raw material in various industries. In 2019,
onion consumption per capita reached 11.6 kg worldwide [1]. Onions contain phytochem-
icals such as polyphenols, flavonoids, organic acids, sugars, and sulfur compounds that
are beneficial for human health [2,3]. Nuutila et al. [4] and Khalili et al. [5] reported the
antioxidant activity of onions.

Onions can be cultivated as directly seeded (DS), from seedlings, and from sets (FS) [6].
However, regardless of the cultivation method, onions have a great need for nitrogen (N).
Due to the shallow root system of onions, the efficiency of applied nitrogen fertilizers
is often low, and there is a risk of nitrate leaching losses [7]. As a result of these losses,
environmental contamination is notably increasing. Eco-friendly strategies for reducing N
fertilizers in cultivation systems include using natural biostimulants [8].

Biostimulants are substances that can modify physiological processes that provide
potential benefits for plant growth and development [9]. As a result of these changes, the
yield and quality of vegetables can be improved. Humic substances (HS) [10], beneficial
microorganisms (e.g., Trichoderma spp.) [11] and seaweed extracts (SWE) [12] can be used
as biostimulants in vegetable production.

Using HS as biostimulants improved yield and the content of phenols, flavonoids,
and antioxidant activities in pepper fruit [13]. In young maize plants, Schiavon et al. [14]
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reported that HS could increase the synthesis of phenylalanine and tyrosine ammonia lyases
that participate in the biosynthesis of phenols. In garlic, protein content was improved after
HS application in field conditions [15]. Jannin et al. [16] recorded that HS increased the
expression of genes involved in carbon fixation during the dark phase of photosynthesis,
which contributed to a higher starch content in the chloroplasts of rapeseed. Antioxidant
activity and the content of phenols in the extract of common yarrow were affected by
HS [17].

To improve the yield and quality of vegetables, farmers often use biostimulants
based on beneficial microorganisms. According to López-Bucio et al. [11], Trichoderma spp.
belongs to a group of biostimulants based on plant growth-promoting (PGP) abilities. Ji
et al. [18] reported an enhanced quality of Chinese cabbage treated with Trichoderma spp.
With a similar biostimulant, Vukelić et al. [19] noted a decrease in polyphenol content in
the tomato fruit. In addition, the same authors proved that different tomato varieties might
react differently to the application of Trichoderma spp. Visconti et al. [20] reported that
Trichoderma spp. changed yield and phenolic content in lettuce leaves.

Using SWE as a biostimulant improved zucchini fruit yield and quality, and reduced
oxidative stress [21]. In the case of carrots and beans, applying SWE increased flavonoids
and anthocyanin content [22,23], while there was increased protein content in lettuce [24].
The sugar and protein content, total phenols, and free amino acids of onions increased by
using a seaweed-based biostimulant [25,26].

The supply of N has an important role in controlling the yield and quality of vegeta-
bles [27]. For example, applying a different dose of N changed the protein content of sweet
corn [28] and the soluble sugars in cucumber fruit [29]. Petropoulos et al. [30] reported
a relation between N fertilization and the yield of processed tomatoes. According to Lee
et al. [31], fertilization onions with high N doses, such as 240 and 360 kg/ha, can decrease
the marketable yield of bulbs. Golubkina et al. [32] observed that insufficient and excessive
N nutrition reduces total sugar content and titratable acidity in onion bulbs. Changes in
the flavor intensity of onions grown under high N solutions were noted by Randle [33]. In
addition, unbalanced N fertilization increases the susceptibility of onion bulbs to disease
and pests [34].

Considering the vegetable yield and quality depending on biostimulants and N doses,
Di Mola et al. [35] highlighted the positive effect of SWE on baby lettuce quality with
a reduced N dose. Rostami et al. [36] reported that HS in interaction with different N
inputs improved dry weight and protein content in strawberry fruit. In lettuce, Trichoderma
virens strain GV41 increased the yield and uptake of N, under sub-optimal and optimal N
doses [37]. In the case of onions, Hafez and Geries [38] noted increasing dry matter content
in bulbs after the application of HS under a reduced N dose.

Many studies which investigated the application of biostimulants [25,39–42] and N
fertilization schemes [31,33,38,43,44] in onion production examined onions produced from
seedlings. However, there are much fewer results available on the effects of such treatments
on directly seeded onions (DS) and those produced from sets (FS).

In order to better understand the impact of agricultural treatments on vegetable yield
and bioactive compounds, different mathematical methods, such as chemometrics, can be
used. Principal component analysis (PCA) and hierarchical cluster analysis (HCA) are the
most useful explorative methods in food and agricultural studies. PCA is based calculating
an uncorrelated set of ordered variables so that the first few retain most of the original
variables’ variation. PCA results in core and loading plots throughout which dissimilarities
among the analyzed data can be revealed. Score plots display patterns or groupings
within the data. In contrast, corresponding loading plots refer to the relationships between
variables and can be used for identifying the variables that contribute to the positioning
of the objects on the score plots. HCA is also a method for dividing a group of objects
into clusters while measuring the distance between two samples. The smaller the value
measured, the more similar the samples are. The result of this analysis is a tree diagram
named a dendrogram, where objects are organized into rows according to their similarities.
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We used these methods to obtain insight into sample grouping, where PCA additionally
revealed to us the variables responsible for the grouping. In this term, there is a wide
range of various classification approaches used for the assessment of differences and
similarities between investigated samples such as confectionery products [45], sweet corn
by-products [46], lettuce [47], beetroot [48], peach pomace [49], and kombucha fermented
milk products [50]. Using HCA and PCA, Lu et al. [51] reported the differentiation of
onions by type based on antioxidant capacity and total phenol content. Dell’Aversana
et al. [52] used PCA to explain the relations between the treatment with SWE and the
content of soluble proteins in tomatoes. Additionally, in evaluating peeled tomato quality,
Parisi et al. [53] used PCA to explain the relations between reduced N dose and dry matter
content.

The main objective of this paper was to investigate the yield and quality of the onions
produced from DS and FS under different biostimulants and N fertilization conditions.
Additionally, this study aimed chemometric classification analysis, including PCA and
HCA. This was conducted in order to detect similarities and dissimilarities among the
32 onion treatments. Onions were produced from two different cultivation methods (DS
and FS) in order to reveal the potential grouping of the onion according to treatment effect
and main interactions between biostimulants and N fertilization.

2. Materials and Methods
2.1. Plant Material and Growth Conditions

Experiments in the field with directly seeded (DS) onions and those from sets (FS)
were carried out in 2021 in the temperate climate of the AP Vojvodina (Serbia). Figure 1
shows the average climatic conditions during the growing season of onions. Both exper-
iments were setup according to the split-plot design with randomized treatments and
three replications under black meadow soils, whose chemical properties are shown in
Table 1. The main plots involved the following biostimulant treatments: 1. HumiBlack®

(B1) by DRN Kimya (Antalya, Turkey), based on humic and fulvic acids 15% and K2O 1.7%;
2. Tifi® (B2) by Italpollina S.P.A. (Rivoli, Italy), based on fungi culture of Trichoderma
atroviride 2 × 108 UFC/g; 3. Agasi® (B3) by Agafert S.R.L. (Bari, Italy), based on SWE
(Ecklonia radiata, Laminaria spp.)—its composition is 2.64% total N, 1.43% total K2O, and
17.16% organic carbon; 4. Control without biostimulants (clear water). Sub-plots comprised
four doses of applied nitrogen fertilizers: 64, 100, 150 (standard dose as control), and
200 kg N/ha.
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Figure 1. The average monthly temperature (◦C, blue line) and monthly precipitation (mm, orange
line) during the growing season of onions. The long-term average monthly temperature (black line)
and monthly precipitation (green line) are presented as interrupted lines.
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Table 1. Agrochemical analysis of the research area soil.

Depth (m)
pH

CaCO3 (%) Humus (%) N (%)
P2O5 K2O

KCl H2O (mg 100 g−1)

0.3 7.54 7.35 4.89 2.43 0.13 16.78 30.54

According to standard practices, basic fertilizer NPK 16:16:16 was applied in the
autumn in amounts equivalent to 64 kg N/ha. In the spring, two weeks before DS or FS,
pre-planting fertilizer AN (32% N) was applied in amounts equivalent to 0, 36, 86, and
136 kg/ha N.

The biostimulants were applied by drip irrigation two times during the vegetation
period, in 14-day intervals, starting three weeks after the DS and FS onions germinated.
Biostimulants were used in quantities recommended by the producers: B1, B2, and B3 were
applied at 50 L/ha, 3 kg/ha, and 10 L/ha, respectively.

The size of experimental plots was 1.5 × 5 m (7.5 m2) and 1.25 × 5 m (6.25 m2) at
DS and FS, respectively. In the DS trial, onions were sown in double rows, with spacing
between double rows of 20 cm and spacing between two rows in one double row of 10 cm.
FS onions were planted in single rows at a row spacing of 25 cm. The setup dates of DS or
FS experiments were on March 27 and 26, respectively.

During the onion growing season, chemical plant protection was performed according
to the recommendations of the Agricultural Extension Service, Sombor. Onion harvesting
was performed when 80% of the plants had a soft “neck”. Onions were harvested from
each plot in order to calculate the fresh biomass yield (comprising bulbs and aboveground
biomass) and the total yield of bulbs. Fifteen randomly picked bulbs per plot were used
for quality analysis. The collected bulbs were peeled, ground into a pulp, and stored in a
freezer at −20 ◦C prior to analysis.

2.2. Laboratory Procedures
2.2.1. Preparation of Onion Extracts

An amount of 10 g of ground bulbs was weighted into a 50 mL Erlenmeyer flask, and
25 mL of 95% methanol as an extraction agent was added. Erlenmeyer flasks were covered
and placed on a laboratory shaker (Unimark 1010, Heidolph instruments GmbH and CoKG,
Bielefeld, Germany) for 24 h in the dark. After 24 h, the samples were quantitatively
transferred into measuring flasks of 50 mL, which were supplemented with the extraction
agent to the nominal volume. The flask’s content was filtered in plastic vials, which were
then stored in the refrigerator until the moment of analysis. Methanol extracts were used to
measure the content of total phenols (TP), total flavonoids (TF), and antioxidant activities
(three tests).

2.2.2. Total Phenolic Content

The TP content of each extract was estimated by the Folin–Ciocalteu method [54] using
gallic acid as the standard equivalent. The absorbance of the blue-colored reaction solution
was read at 750 nm wavelength (LLG-uniSPEC 2 Spectrophotometer).

2.2.3. Total Flavonoid Content

For the determination of TF content, the colorimetric aluminum chloride assay was
used [55]. Absorbance values were observed at 510 nm.

2.2.4. DPPH Assay

A slightly modified DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging
assay was applied to measure the antioxidant activity of methanol onion extracts, mainly
described in the research conducted by Brand-Williams et al. [56]. The methanol DPPH
solution was freshly prepared to perform the analysis. Methanol was used to adjust the final
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absorbance of the DPPH reagent to 0.70 (±0.02). A total of 0.1 mL of the liquid of the onion
methanol extract was added to 2.9 mL of DPPH reagent. An appropriate volume of solvent
(methanol) for the blank sample was added instead of 0.1 mL of the onion extract. After
incubation for 60 min at room temperature, the absorbance of each sample was observed at
517 nm using a UV/VIS spectrophotometer (LLG-uniSPEC 2 Spectrophotometer).

2.2.5. FRAP Assay

The potential of the ferric-reducing antioxidant (FRAP) assay was conducted to mea-
sure the reducing power of the onion extracts against trivalent ferric ion (Fe3+) [57]. The
freshly prepared FRAP reagent contained 10 mM TPTZ (2,4,6-tris (2-pyridil)-s triazine)
in 40 mM HCl, 20 mM iron (III)-chloride (FeCl3) aqueous solution and 300 mM acetate
buffer, pH 3.6. The working FRAP reagent was prepared just prior to the assay by mixing
these three solutions in a 1:1:10 (v/v/v) ratio. Appropriate volumes of onion extracts
(0.1 mL) were mixed with 2.9 mL FRAP reagent in glass cuvettes. The absorbance values
of the reaction mixture at 593 nm were measured spectrophotometrically (LLG-uniSPEC
2 Spectrophotometer) after incubation for 10 min in the dark, at 37 ◦C. Freshly prepared
aqueous Fe2+ (FeSO4) solution at different concentrations (0–0.23 mM, R2 = 0.999) was
taken to construct the standard calibration curve.

2.2.6. ABTS Assay

The antioxidant activity assay with 2,2′-azino-bis-(-3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt) (ABTS) was carried out in accordance with the modified method-
ology described by Re et al. [58]. The first step to obtain the ABTS reagent involved the
reaction of 7 mM aqueous ABTS solution with 2.45 mM aqueous potassium persulfate
solution in the dark for 16 h at room temperature. Before the assay, this solution was diluted
with acetate buffer (pH 3.6), and the absorbance of the prepared ABTS reagent was adjusted
to 0.70 (±0.02). Then, the reaction mixture obtained by adding 2.9 mL of ABTS reagent
into 0.1 mL of diluted extracts was incubated for 300 min at room temperature in the dark.
After the completion of incubation, absorbance values were recorded at a wavelength of
734 nm. Trolox was used as a reference standard to establish the calibration curve.

2.2.7. Total Solids (Dry Matter)

Total solids were assessed by drying the onion samples at 105 ◦C until constant weight.

2.2.8. Crude Fibers

Crude fibers were measured according to the Carre–Haynes method [59].

2.2.9. Total Sugars

The total sugar content of onion samples was measured following the Luff–Schoorl
method [60].

2.2.10. Titratable Acidity

Titratable acidity measurements were performed by titration using 0.1 M NaOH with
phenolphthalein as an indicator [61].

2.2.11. Total Nitrogen and Protein content

Total nitrogen and protein contents were determined according to Kjeldahl method,
and protein content was calculated using factor 6.25.

2.3. Chemometric Analysis

Chemometric analysis implied PCA and HCA, as well as K-means clustering analysis.
In the first iteration, classification procedures were performed on the data set comprising
all 32 treatments from both cultivation methods. The examined onion treatments were
analyzed in 13 variables (bioactive compound content, antioxidant activity analysis, and
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yield). Prior to the analysis, all experimental data were normalized using the min-max
normalization method [62]. The min-max normalization method transforms original data
using a linear transformation. All experimentally obtained data were scaled in the range of
0.01–0.99. PCA, HCA, and K-means clustering analysis were performed using Statistica v
10.0 software [63].

3. Results and Discussion
3.1. Bioactive Compound Content, Antioxidant Activity Analysis, and Yield

Concentrations of bioactive compounds in onion bulbs and yield are presented in
Appendix A Table 1.

Crude fiber in the examined onion samples ranged from 3.6 in treatment 13 (B2,
150 kg N/ha, FS) to 8.741 g/100 g dry matter (DM) in treatment 16 (B2, 200 kg N/ha, DS).
In contrast, generally, FS onions had lower crude fiber content than DS onions. The highest
total sugar content (80.6 g/100 g DM) was recorded in treatment 11 (B2, 100 kg N/ha,
FS), while treatment 27 (C, 100 kg N/ha, FS) had the lowest content at 32.8 g/100 g DM.
This could be explained by the ability of Trichoderma spp. to produce indole acetic acid
which affects plant metabolism [18]. In the same manner, Vukelić et al. [19] who noted
increased content of sugars in tomatoes after Trichoderma spp. treatment. Titratable acidity
ranged from 1.7 in treatment 3 (B1, 100 kg N/ha, FS) to 3.6 g/100 g DM in treatment 8 (B1,
200 kg N/ha, DS). These results are in agreement with Wang et al. [64], who reported that
titratable acidity increased with increasing N supply. Depending on cultivation methods,
FS onions generally had lower titratable acidity values than DS onions. Total nitrogen
and protein content were the highest in treatment 16 (B2, 200 kg N/ha, DS), where total
nitrogen was 2.3 g/100 g DM and protein content 14.5 g/100 g DM, while the lowest total
nitrogen and protein content was in treatment 27 (C, 100 kg N/ha, FS) where total nitrogen
content was measured 1.3 g/100 g DM and protein content 8.4 g/100 g DM. The content of
polyphenols is often related to their capacity to give flavor, odor, and oxidative stability to
foods [65]. In this paper, total phenolics and flavonoid content were the lowest in treatment
13 (B2, 150 kg N/ha, FS), where total phenolics were measured for 392.7 mg/100 g DM and
flavonoids for 142.5 mg/100 g DM. The highest total phenolic content was in treatment
26 (C, 64 kg N/ha, DS), where total phenolic content was measured for 1171.8 mg/100 g
DM, and the highest flavonoid content was in treatment 16 (B2, 200 kg N/ha, DS) where
flavonoid content was measured for 592.6 mg/100 g DM. Generally speaking, FS onions
contained lower amounts of total phenolics and flavonoids than DS onions. The effects of
cultivation method and genotype feature could explain this. The antioxidants from onions
can improve the capacity of the human body to eliminate free radicals and thus avoid their
harmful impact on health [66]. DPPH assay analysis revealed that the highest antioxidant
potential was measured in treatment 18 (B3, 64 kg N/ha, DS), where DPPH was 0.66 mg/g.
The lowest antioxidant potential was recorded in treatment 5 (B1, 150 kg N/ha, FS), and it
was 0.24 mg/g. FRAP assay analysis revealed that the highest antioxidant potential was
measured in treatment 26 (C, 64 kg N/ha, DS), with 0.64 mg Fe2+/g. In contrast, the lowest
antioxidant potential was measured in treatment 5 (B1, 150 kg N/ha, FS), where it was 0.16
mg Fe2+/g. The ABTS values ranged from the highest antioxidant potential in treatment 22
(B3, 150 kg N/ha, DS) to 1.7 mg/g, while the lowest antioxidant potential was measured in
treatment 17 (B3, 64 kg N/ha) 0.48 mg/g. Similarly, Di Mola et al. [35] recorded that the
application of SWE and N fertilizer enhanced the antioxidant capacity of the baby lettuce.
The highest fresh biomass yield and total yield were in treatment 14 (B2, 150 kg N/ha,
DS)—fresh biomass yield 74.4 t/ha and total yield 63.9 t/ha. B2 is based on Trichoderma
spp., which produces substances that promote plant growth [11]. In addition, 150 kg N/ha
is the standard dose of N fertilization in farming practices. The lowest fresh biomass yield
was recorded in treatment 32 (C, 200 kg N/ha, DS), and it was 45.2 t/ha, while the lowest
total yield was 37.8 t/ha in treatment 17 (B3, 64 kg N/ha, FS) (Appendix A Table 1). Similar
results were reported by Gebretsadik et al. [43] decreasing in onion yield under sub- and
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supra-optimal N nutrition. Additionally, Geisseler et al. [7] highlights that the yield of
onions could be depressed at a very high N nutrition dose.

3.2. Classification Analysis

In the first iteration, PCA was carried out on the whole data set, and the 3-component
model was obtained, taking into account 84.58% of the total variance (PC1 52.28, PC2
18.08, and PC3 14.22%). These three components had eigenvalues greater than 1: PC1 6.80,
PC2 2.35, and PC3 1.85. In Figure 2, the loading plot (a) and score plot (b) for PC1-PC2
are presented. Figure 2 indicates that along the PC1 axis, which covers 52.28% of total
variability, the examined onion samples can be distinguished based on the total phenolic
content that has a positive coefficient of latent variables (0.9844), as well as based on the
ABTS value and crude fiber content that have a negative coefficient of latent variables
(−0.9405 and −0.9244). Along the PC1 axis, onion samples from sets (odd treatments) are
placed on the positive end of the axis, while directly seeded onion samples (even treatments)
are placed towards the negative end of the PC1 axis. Onion samples from sets have lower
values of total phenolics and crude fiber content than directly seeded ones. Figure 2 shows
that along the PC2 axis, which covers 18.08% of total variability, the investigated onion
samples can be distinguished based on the protein content that has a positive coefficient
of latent variables (0.6788) and total nitrogen content and total yield that have a negative
coefficient of latent variables (−0.6763 and −0.6364). Parisi et al. [53] used PCA analysis
and found a correlation between total N and titratable acidity in tomato fruits, and these
results are in agreement with this study.
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Figure 2. PC1-PC2 presentations as a result of PCA of onion samples deriving from 32 treatments
(for the legend, see Appendix A): (a) loadings and (b) scores plot.

In the first iteration, HCA was carried out on the whole data set, the same as the
aforementioned PCA analysis, resulting in a dendrogram in Figure 3. The dendrogram
corresponds to a tree diagram where objects are organized into rows by their similarities.
In contrast, the vertical axis corresponds to the measure of similarity where objects join a
group. The highest linkage distance was around 3. The obtained dendrogram confirmed the
separation of samples deriving from 32 treatments into two main clusters, one containing
onion samples from sets (odd treatments) and the other having directly seeded onion
samples (even treatments). The results of conducted PCA and HCA analysis, including
samples deriving from 32 treatments, were confirmed by K-means clustering analysis
results. K-means divided the data set into two clusters: in the first one, members are odd
treatments (onions from sets), and in the second one, are even treatments (directly seeded).
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In order to conduct the detailed analysis of data from both cultivation methods, two
data sets were formed, and again the min-max normalization procedure was performed.
The first data set consisted of samples of DS onion deriving from 16 treatments, and the
second one contained samples of FS onion deriving from 16 treatments. In Figure 4 are
presented the results of PCA analysis that included 16 treatments of directly seeded onions.
The 4-component model takes into account 84.90% of the total variance with eigenvalues
higher than 1: PC1 35.65, PC2 24.57, PC3 16.23, and PC4 8.45%. In Figure 4 are presented
the loading plot (a) and score plot (b) for PC1-PC2. Along the PC1 axis, which covers
35.65% of total variability, the examined onion samples that were directly seeded can be
distinguished based on the total phenolic content, FRAP, and DPPH that all have a negative
coefficient of latent variables (−0.9616, −0.9360 and −0.9284). Along the PC1 axis, onions
treated with B1 biostimulant (treatments 1–4) are placed on the positive end of the axis
together with those treated with B2 biostimulant (treatments 5–7). Onions treated with
B1 and B2 biostimulants generally have lower values of total phenolic content, FRAP, and
DPPH. Treatment 8 is placed on the negative end of the PC1 axis, while it has slightly
higher values of total phenolic content, FRAP, and DPPH. On the negative end of the
PC1 axis, onions treated with B3 biostimulant (treatments 9–11) and the control group of
samples (treatments 13, 15, and 16) are placed. These samples treated with B3 biostimulant
and the control group generally have higher values of total phenolic content, FRAP, and
DPPH. Treatment 12 is being placed on the positive end of the PC1 axis while possibly
having slightly lower values of total phenolic content, FRAP, and DPPH. Figure 4 indicates
that along the PC2 axis, which covers 24.57% of total variability, the investigated onion
samples can be distinguished based on the protein content and total nitrogen content that
have a negative coefficient of latent variables (−0.8507) and total solids that has a positive
coefficient of latent variables (0.7430).
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Appendix A; 7, no 14 in Appendix A; 8, no 16 in Appendix A; 9, no 18 in Appendix A; 10, no 20 in
Appendix A; 11, no 22 in Appendix A; 12, no 24 in Appendix A; 13, no 26 in Appendix A; 14, no 28 in
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In the third iteration, PCA analysis that included FS onion samples deriving from
16 treatments was performed (Figure 5). This PCA resulted in a 3-component model taking
into account 78.96% of the total variance, and eigenvalues higher than 1 are the following:
PC1 33.88, PC2 26.50, and PC3 18.67%. The loading plot (a) and score plot (b) for PC1-PC2n
are shown in Figure 5. The obtained onion samples from sets can be distinguished along
the PC1 axis based on the FRAP, DPPH, and ABTS all have a positive coefficient of latent
variables (0.9606, 0.9433, and 0.9055). Along the PC1 axis, onion samples treated with B1
biostimulant (treatments 1–4) are positioned on the negative end of the axis along with
samples treated with B2 biostimulant (treatments 5, 7, and 8). It can be noticed that those
onion samples treated with B1 and B2 biostimulants generally have lower values of FRAP,
DPPH, and ABTS. Treatment 6 is placed on the positive end of the PC1 axis, while it has
slightly higher values of FRAP, DPPH, and ABTS. Additionally, onion samples 9 and 12,
treated with B3 biostimulant, are placed on the negative end of the PC1 axis due to having
lower FRAP, DPPH, and ABTS values. In this case, SWE from B3 improved the antioxidant
status of FS onions under sub- (64 kg/ha N) and supra-optimal (200 kg/ha N) nitrogen
conditions. This is in accordance with Battacharyya et al. [12], who highlight that SWE
enhances plants’ performance under abiotic stresses. The other two onion samples treated
with B3 biostimulant (treatments 10 and 11) are placed on the positive end of the PC1
while having higher values of FRAP, DPPH, and ABTS. This could be explained by the
phytohormones contained in the brown SWE [12]. In addition, El-Gaied et al. [67] noted
the impact of phytohormones on the antioxidant status of tomatoes.
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Figure 5. PC1-PC2 presentations as a result of PCA of onion samples deriving from 16 treatments
of from sets (DS) onion: (a) loadings and (b) scores plot. Legend: 1, no 1 in Appendix A; 2, no 3
in Appendix A; 3, no 5 in Appendix A; 4, no 7 in Appendix A; 5, no 9 in Appendix A; 6, no 11 in
Appendix A; 7, no 13 in Appendix A; 8, no 15 in Appendix A; 9, no 17 in Appendix A; 10, no 19 in
Appendix A; 11, no 21 in Appendix A; 12, no 23 in Appendix A; 13, no 25 in Appendix A; 14, no 27 in
Appendix A; 15, no 29 in Appendix A; 16, no 31 in Appendix A.

Samples being used as a control group (treatments 13–16) are positioned on the
positive end of the PC1 axis, having the highest FRAP, DPPH, and ABTS values. Similarly,
biostimulants based on HS and Trichoderma spp., enhanced the antioxidant activity of
onions [68,69]. In the case of SWE, Murtic et al. [70] reported that the application of SWE
increased the antioxidant capacity of cherry tomatoes. Observing the PC2 axis, which
covers 26.50% of total variability, the investigated onion samples can be distinguished
based on protein content that has a negative coefficient of latent variables (−0.7753) and
fresh biomass yield and total solids content that have a positive coefficient of latent variables
(0.7139 and 0.7125) (Figure 5).

The results of conducted PCA analysis pointed out the features (bioactive compound
content, antioxidant activity analysis and yield) in which the studied data set comprising all
32 onion samples differ and which of them the most affect sample grouping. The obtained
PCA and HCA results did not reveal any outliers while K-means clustering analysis
confirmed obtained results. Generally, based on the PCA and HCA results obtained, it can
be seen that in the space of the analyzed variables, the grouping of the onion samples is
mainly based on the treatment applied. Similar results have been reported for lettuce and
beetroot [47,48].

4. Conclusions

In DS onions, the highest yield of bulbs (63.9 t/ha) was measured in treatment B2,
150 kg N/ha, and the highest content of crude fiber (8.7 g/100 g DM), proteins (14.5 g/
100 g DM), and flavonoids (592.6 mg/100 g DM) in treatment B2, 200 kg N/ha. In the
case of FS onions, the highest yield of bulbs (52.1 t/ha), as well as the highest antioxidant
capacity measured by the ABTS test (0.52), was measured under treatment B2, 150 kg N/ha,
and the highest content of flavonoids (312.1 mg/100 g DM) in treatment B3, 64 kg N/ha.

The results of the applied classification methods (PCA, HCA, and K-means cluster-
ing) contributed to the grouping and emphasized some differences between examined
32 treatments applied to the onion.
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• In DS onions, treatments 9 (B3, 64 kg N/ha), 10 (B3, 100 kg N/ha), 11 (B3, 150 kg N/ha),
15 (C, 150 kg N/ha), and 16 (C, 200 kg N/ha) positioned on the negative end of the
PC1 axis and generally samples from these treatments have higher values of total
phenolic content, FRAP, and DPPH.

• In the negative place of the axis PC2 are positioned as correlated total sugars, titratable
acidity, and proteins.

• FS onions treated with 11 (B3, 150 kg N/ha), 15 (C, 150 kg N/ha), and 16 (C, 200 kg
N/ha) were placed on the positive end of the PC1 while having higher values of FRAP,
DPPH, and ABTS.

• In the positive place of the axis PC1 are positioned treatments 13 (C, 64 kg N/ha), 14
(C, 100 kg N/ha), 15 (C, 150 kg N/ha), and 16 (C, 200 kg N/ha), having the highest
values of FRAP, DPPH, and ABTS.

Finally, classification analysis grouped onions so that FS onions had lower values of
total phenolics, crude fiber content, DPPH, FRAP and ABTS compared to DS onion.
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Appendix A

Table 1. Concentration of bioactive compounds, antioxidant activity and yield of onion bulbs (B1-HumiBlack, B2-Tifi, B3-Agasi, C-control, FS-from sets, and
DS-directly seeded). The results are expressed as the means of three independent samples.
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Total
Yield
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1 B1 64 FS 14.8 3.9 59.0 1.9 1.5 9.5 458.0 158.0 0.26 0.17 0.56 68.1 51.3

2 B1 64 DS 9.4 5.5 49.6 2.7 1.6 10.1 781.7 240.5 0.35 0.24 1.0 48.0 42.8

3 B1 100 FS 15.3 3.7 68.0 1.7 1.4 10.2 454.5 158.8 0.30 0.18 0.57 64.7 49.9

4 B1 100 DS 9.7 7.4 68.7 2.8 1.6 10.3 839.0 290.0 0.38 0.30 1.1 45.8 41.3

5 B1 150 FS 14.2 5.3 48.7 2.3 1.9 12.2 498.9 171.9 0.24 0.16 0.53 62.6 48.2

6 B1 150 DS 9.1 7.0 60.4 3.2 1.8 11.7 928.7 291.7 0.40 0.33 1.2 60.4 54.1

7 B1 200 FS 14.0 4.0 48.9 2.1 1.9 11.9 469.5 146.9 0.29 0.19 0.58 56.7 41.4

8 B1 200 DS 8.8 5.6 69.2 3.6 1.8 11.8 943.6 262.8 0.42 0.33 1.2 48.2 42.8

9 B2 64 FS 14.9 4.2 66.4 1.9 1.6 10.5 458.5 190.7 0.30 0.19 0.56 52.1 38.7

10 B2 64 DS 9.1 6.4 63.6 2.0 1.8 11.6 806.2 393.8 0.34 0.31 1.1 55.7 46.0

11 B2 100 FS 13.4 3.9 80.6 1.9 1.7 10.6 586.8 214.4 0.38 0.27 0.68 55.4 41.4

12 B2 100 DS 8.7 8.1 55.3 2.6 1.8 11.8 977.6 388.3 0.42 0.35 1.1 49.2 43.0

13 B2 150 FS 16.7 3.6 47.0 1.9 1.5 9.4 392.7 142.5 0.27 0.16 0.52 63.5 52.1

14 B2 150 DS 9.6 8.3 49.3 2.7 1.7 11.2 950.2 297.0 0.44 0.38 1.2 74.4 63.9

15 B2 200 FS 13.6 4.9 63.2 2.3 2.2 13.9 522.6 171.7 0.28 0.18 0.55 59.2 47.4

16 B2 200 DS 8.1 8.7 69.7 3.5 2.3 14.5 1109.4 592.6 0.50 0.42 1.1 51.4 45.0

17 B3 64 FS 13.2 4.8 64.3 2.1 1.7 11.1 496.6 312.1 0.28 0.17 0.48 49.0 37.8
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Table 1. Cont.
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Nitrogen
Fertiliza-

tion
(kg/ha)

Cultivation
Method

Dry
Matter

(%)

Crude
Fiber

(g/100g
DM)

Total
Sugars
(g/100g

DM)

Titratable
Acidity
(g/100 g

DM)

Total N
(g/100 g

DM)

Proteins
(g/100g

DM)

T. Pheno-
lics

(mg/100g
DM)

Flavonoids
(mg/100 g

DM)

DPPH
(mg/g)

FRAP
(mg

Fe2+/g)

ABTS
(mg/g)

Fresh
Biomass

Yield
(t/ha)

Total
Yield
(t/ha)

18 B3 64 DS 9.5 7.2 55.3 2.7 1.5 9.4 1082.4 525.9 0.66 0.53 1.4 55.1 47.6

19 B3 100 FS 14.9 4.7 65.6 2.0 1.5 9.5 531.0 268.9 0.36 0.24 0.60 52.1 41.1

20 B3 100 DS 9.1 8.3 61.2 3.2 1.7 10.6 1084.5 434.4 0.64 0.53 1.5 55.2 47.4

21 B3 150 FS 14.0 4.5 53.2 2.0 1.6 10.5 596.2 264.1 0.43 0.32 0.79 56.7 44.9

22 B3 150 DS 9.8 6.8 66.6 2.7 2.0 12.9 1083.3 419.7 0.65 0.55 1.7 66.9 56.2

23 B3 200 FS 14.3 5.0 42.0 2.3 1.8 11.7 546.7 168.6 0.26 0.21 0.55 53.1 41.4

24 B3 200 DS 9.7 6.6 56.1 2.9 2.2 14.3 937.9 294.0 0.35 0.31 1.0 52.9 44.5

25 C 64 FS 15.4 5.1 70.1 2.3 1.6 10.0 535.1 227.2 0.46 0.37 0.80 50.8 41.7

26 C 64 DS 10.2 7.3 57.6 2.8 1.4 9.2 1171.8 401.1 0.66 0.64 1.7 49.1 41.3

27 C 100 FS 15.3 5.0 32.8 2.1 1.3 8.4 619.5 238.9 0.54 0.45 0.83 65.1 51.7

28 C 100 DS 9.6 7.0 55.2 2.8 1.6 10.4 920.7 303.6 0.43 0.36 1.1 46.7 38.9

29 C 150 FS 14.5 5.1 62.0 1.8 1.7 10.8 590.4 211.1 0.37 0.30 0.70 59.9 49.8

30 C 150 DS 9.6 7.8 63.2 3.4 1.8 11.4 1034.1 328.0 0.49 0.44 1.3 55.6 46.1

31 C 200 FS 15.3 5.5 49.5 2.1 1.9 12.3 587.3 231.1 0.45 0.36 0.78 58.4 48.4

32 C 200 DS 9.3 8.0 67.3 3.5 2.2 13.8 1137.4 399.4 0.59 0.48 1.5 45.2 38.0
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