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Abstract

Organic crop production has become a highly attractive way of production over the world and
thus the need for robust analytical techniques for their authentication. The main aim of this
study is to identify appropriate biomarkers to discriminate between organic and
conventionally grown chicory. Chicory is an appreciated leafy vegetable among producers
and consumers, especially due to its undemanding cultivation and content of bioactive
substances. Six different fertility management practices (control, two organic, two mineral,
and a combination of organic and mineral fertilizers) were used to produce five chicory
cultivars in a glasshouse pot experiment. Analysis of bioactive compounds, nitrogen
assimilation, multi-elemental profiling and stable isotope ratio determination of carbon (C),
nitrogen (N) and sulphur (S) were performed to differentiate between organic and
conventional production. In this study, nitrogen isotopes are found to be an excellent way of
identifying organically produced chicory of a different variety with the highest 6*°N values.

Conversely, the same samples had the lowest 6**S values indicating that also stable isotopes

of S could be used as a marker for the authentication of organic production.—Fhe
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1. Introduction
In recent years, there has been a growing interest in organic foodstuffs from consumers,
which are produced sustainably and have a low environmental impact and command higher
prices on the market (Vallverdd-Queralt and Lamuela-Raventds, 2016). The sphere of organic
foods includes fruits, vegetables and cereals, which are often considered healthier, safer and
better for the environment and animal welfare than conventional foods because synthetic
pesticides and fertilisers are not used (Reganold and Wachter, 2016; de Souza Aradujo et al.,
2014). In Europe, agricultural products and foodstuffs of organic farming should be produced
in accordance with the EU regulations on organic production and processing (No 834/2007
and No 889/2008), without the use of any synthetic plant protection products and soluble
synthetic fertilizers, with a full list of the pesticides and fertilizers of natural origin. In 2018 a
new EU regulation (No 2018/848) was adopted that will enter into force on January 1% 2021.
Its main improvement is the introduction of uniform European rules that will apply to the
entire organic production sector in the Union. However, since organic food production
represents a significant market segment within the global food industry with products having
higher market prices, fraud is expected to increase (Conti et al., 2014). Most food fraud is
motivated by quick economic profit, and organic products are at a higher risk of such
substitutions as they are sold at premium prices compared to conventional ones (Laursen et
al., 2014). Thus, there is an urgent need to develop appropriate, effective and robust analytical
approaches to distinguish between the two production systems (Tahkapéa et al., 2015;
Mihailova et al., 2014).
At present, there is no universal analytical method that can be applied to differentiate
organic and conventional produced plant-based foods. The use of nitrogen stable isotope ratio
BN/AN (expressed as 5'°N) to discriminate organic from conventional production has been

discussed in detail previously (Bateman et al., 2007; Rogers, 2008). It is based on the fact that



synthetic nitrogen fertilizers, used in conventional and integrated farming, have 6"°N values
significantly lower than the animal manures and fertilizers permitted in organic agriculture.
However, soil fertility in organic farming is maintained through the use of crop rotations that
include legumes and green manures and also by the application of certain naturally derived
fertilizers. Organically produced tomato, lettuce, carrots (Bateman et al., 2007; Bateman et al.,
2005), maize (Choi et al., 2002), pepper (Flores et al., 2007), onion and cabbage (Georgi et
al., 2005) are significantly enriched in N than those receiving—receiving synthetic
fertilization. In general, the 9N ratios can be a useful discriminant tool for crops requiring
intensive horticulture, but not for all cultivation typologies, especially in soil-grown crops
with a long growth cycle. It is also reported that discrimination capability could be improved
by including element profiling and applying appropriate statistical tools. Correlations between
mode of production and 6*C (except for greenhouse produced tomatoes warmed with natural
gas) and %S signatures have not been established. There are also a growing number of
studies comparing organic and conventional farming vegetables concerning mineral profiles
(Kapoulas et al., 2017; Krejéova et al., 2016), bioactive compounds (Ku et al., 2018; Orsini et
al., 2016; Sinkovic et al., 2015), physicochemical contaminants (de Souza Aratjo et al., 2014)
and nutritional quality (Popa et al., 2019; Yu et al., 2018; Maggio et al., 2013; Herencia et al.,
2011; Huber et al., 2011).

Although most publications concern crop production, to the best of our knowledge, no
paper includes the stable isotope ratio of nitrogen in chicory plants. Chicory (Cichorium
intybus L.) along with lettuce represents a fresh leafy vegetable crop with a total world
production close to 27 million tons in 2017 (FAOSTAT, 2019). Although its production is
quantitatively less abundant compared to lettuce, it amounts to around 30% of total
production. Due to a range of advantages such as resistance to low temperatures and hence

year-round supply, a broad palette of colours and potential health benefits, chicory has



become an economically attractive crop for many producers (Bergantin et al., 2017; D’Evoli
et al., 2017). Also, the potential for organic and conventional production makes chicory a
suitable vegetable crop for a variety of different case studies.

This study aimed to examine the effect of different fertility management practices on
the biochemical composition of several chicory cultivars and to verify the possibility to
differentiate between organic and conventional production. The study includes the following
analyses: determination of bioactive compounds (total phenolics, antioxidant potential, total
flavonoids), nitrogen assimilation, multi-elemental profiling and the measurement of stable
isotope ratios of carbon, nitrogen and sulphur. Based on the obtained data, a robust model to

control the type of fertility management practice was established.

2. Materials and methods

2.1.  Plant material and fertility management experiment

Five commercial cultivars of chicory (Cichorium intybus L.) were studied, namely
‘Treviso’, ‘Verona’, ‘Anivip’, ‘Castelfranco’ and ‘Monivip’, which are the most popular
cultivars for production and consumption in Slovenia and neighboring countries. The seeds
were purchased from commercial seed companies (‘Treviso’, ‘Verona’ and ‘Castelfranco’
from Semenarna, Ljubljana, Slovenia; ‘Anivip’ and ‘Monivip’ from L’Ortolano, Cesena,
Italy).

Chicory plants were produced in the spring growing season in a glasshouse at the
Biotechnical Faculty, University of Ljubljana, Slovenia (46° 04" N, 14° 31" W; 320 m a.s.l.).
Along with the control (no added fertilizer), different types of fertilizers (two organic, two
mineral), and a combination of organic and mineral fertilizer were tested. For each of these

five cultivars, the same six fertility management practices were applied in a completely



randomized factorial design, namely: no added fertilizer/control (CONT); addition of the two
single basal organic fertilizers, using Plantella Organic (ORG1; 3-3-2; 67.5 g/pot; Unichem,
Slovenia) and Stallatico Pallettato (ORG2; 3-3-3; 45 g/pot; Fomet, Italy); a single water-
soluble mineral fertilizer, using Kristalon Blue (MIN1; 19-6-20; watering with 9 g/100 L;
Yara, Norway); a single basal mineral fertilizer, using Entec Perfect (MIN2; 14-7-17,
7.9 g/pot; EuroChem, Italy); and a combination of an organic (ORG1) and a mineral (MIN1)
fertilizer (ORG1+MINZ1; Plantella Organic+Kristalon Blue; 2.5 g/pot+after 1 month, watering
once per week with 3.5 g/L).

Chicory seeds (n = 10) were sown in plastic pots containing 7 L of virgin soil without or
with the addition of fertilizer according to the protocol. The pots were placed on rolling
benches in a heated glasshouse compartment (18 +2°C) and watered when required. After
several weeks, the seedlings were thinned to give five plants per pot. The water-soluble
fertilizer (MIN1) was applied during the watering of the plants when two fully expanded
chicory leaves had grown. The harvesting of chicory leaves was performed 130 days after

sowing.

2.2.  Sample preparation

The uniform leaves of five chicory cultivars grown under the six fertility management
regimes were collected between 06:00 to 08:00, solar time and prepared in three ways. First,
10 g of fresh leaves were extracted in a ploypropylene plastic vial with 15 g 50 % methanol.
The tissue was homogenized using an Ultraturax T25 (20,500 rpm) for 5 min. The samples
were then frozen and stored at —20 °C until analysis of total phenolics content (TPC),
antioxidant potential (AOP) and total flavonoid content (TFC). Second, few uniform leaves
were immediately frozen in liquid nitrogen and then lyophilized and homogenized to a fine

powder using a laboratory ball mill (Retsch mm 301). The samples were stored in glass vials



in humidity-proof plastic bags filled with silica gel before analysis of nitrogen assimilation.
Third, chicory leaves were dried in a laboratory oven at 80 °C for 28 h, ground up with a
mortar and pestle. The ground leaves were then used in the determination of dry matter (DM),

multi-elemental profiling and the determination of stable isotope ratios of C, N and S.

2.3.  Bioactive compounds
The total phenolics content (TPC) was determining ed-using-a-spectrophotometerrically
following the Folin-Ciocalteu method, as first described by Singleton and Rossi_(1965), and

slightly modified by Roura et al. (2006). Gallic acid was used for the construction of the

calibration curve. Briefly, 1 mL of each centrifuged methanol fraction from the sample was

mixed with 60 mL deionized water and 5 mL diluted (1:17) Folin-Ciocalteu reagent (Sigma-

Aldrich, Saint Louis, MO, USA). The solutions were well mixed, then 15 mL of a 20%

Na,CO3 solution was added. After incubation at room temperature for 30 min, the

absorbances of the mixtures were measured on a spectrophotometer (Cecil Aurius Series CE

2021 UV/Vis; Cecil Instruments Limited, Cam-bridge, UK) at 765 nm, with each

measurement carried out in ftriplicate. The eight-point calibration curve ranging from

3mg GAE/L to 150 mg GAE/L (R?=0.9998). The results are expressed as gallic acid

equivalents (mg GAE/100 g fresh weight; FW). using—a—calibration—curve—ranging—from
3-mg/tto-150-me/l{(R*=0.9998)The antioxidant potential (AOP) was evaluated using the

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay (Nakajima et al., 2004).

Trolox solution was used for the construction of calibration curve. Briefly, 60 uL of each

centrifuged methanol extract was mixed with 1.5 mL DPPH solution. After 15 min of

incubation at room temperature, the absorbance was measured at 517 nm, with each

measurement carried out in triplicate. The results are expressed as Trolox equivalents

(mg TE/g FW) using a-the calibration curve ranging from 40 mg TE/L to 220 mg TE/L



(R? = 0.9900). The total flavonoid content (TFC) was measured according to the method of

Lin and Tang (2007). Quercetin was selected for the construction of calibration curve. Briefly,

250 uL of each centrifuged methanol extract was mixed with 750 uL of 95% ethanol, 50 uL

of 10% aluminium chloride hexahvydrate, 50 ul of 1M potassium acetate and 1.4 mL of

deionized water. After 40 min of incubation at room temperature, the absorbance was

measured at 415 nm, with each measurement carried out in triplicate. Quercetin-was

selected—as—the-standard T-—Ahe seven-point standard curve was—eenstructed—ranging from

0.3 mg quercetin equivalents (QE)OE/100 mL to 15 mg QE/100 mL (R? = 0.9924). The data

are expressed as mg QE/100 g FW.

2.4.  Nitrogen assimilation

Nitrate-nitrite nitrogen (NO3-N+NO,-N) was determined according to ISO 13395(1996)
standard method and ammonium nitrogen (NH;-N) according to EN-ISO 11732(1997)
method. All three ions (NO3~, NO,, NH,") were measured in the water extracts of lyophilised
leaf samples (Opati¢ et al., 2018) using the continuous flow analyser FLOWSYS (Systea
Analytical Technologies). All measurements were made in triplicate, and the data are

expressed in mg/kg FW.

2.5.  Multi-elemental profile

A multi-elemental profile was obtained non-destructively using energy dispersive X-ray
fluorescence spectroscopy. Samples (0.5 to 1.0 g) were prepared as pressed pellets using a
pellet die and hydraulic press. As primary excitation sources, the annular radioisotope
excitation sources of Fe-55 (10 mCi) and Cd-109 (25 mCi) were used, as obtained from
Isotope Products Laboratories, USA (NecCemer et al., 2008; Necemer et al., 2011). The

emitted fluorescence radiation was measured using an energy dispersive X-ray spectrometer



composed of a Canberra Si(Li) detector (Canberra Industries, Meriden, U.S.A.), a Canberra
M2024 spectroscopy amplifier (Canberra Industries, Meriden, U.S.A.), a Canberra M8075
ADC (Canberra Industries, Meriden, U.S.A.) and a PC based Canberra MCA S-100 (Canberra
Industries, Meriden, U.S.A.). The spectrometer was equipped with a vacuum chamber. The
energy resolution of the spectrometer was 175 eV at 5.9 keV. The analysis of complex X-ray
spectra was performed using the AXIL (IAEA, Vienna, Austria) spectral analysis program
(Necemer et al., 2008). Quantification was performed utilizing the in-house developed QAES
(Quantitative Analysis of Environmental Samples) software (NeCemer et al., 2011). The

estimated uncertainty of the analysis was 5%.

2.6.  Stable isotope ratios

Stable isotope ratios of C, N and S of dry bulk samples were determined using an
Isotope Ratio Mass Spectrometer — IRMS (GV Instruments) (IsoPrime, Cheadle Hulme, UK).
For analysis, 4 mg of dry leaf samples were weighed directly into a tin capsule (Sercon,
Crewe, UK), closed with tweezers and put into the automatic sampler of the elemental
analyser. All stable C and N analyses were performed separately on a Europa Scientific 20-20
continuous flow mass spectrometer with an ANCA-SL solid-liquid preparation module
(Sercon, Crewe, UK). Samples for stable isotope ratio of S were analysed on an IsoPrime100-
Vario PYRO Cube (OH/CNS) Pyrolyser/Elemental Analyser (IsoPrime, Cheadle, Hulme,
UK). Isotope data were expressed using the conventional d-notation (%o): J (%o0) = [(Rsample /
Rstndard) — 1] X 1000, where R is the ratio between the heavier and the lighter isotope (**C/**C,
BN/AN, #s/%%S) in the sample and standard. Values are reported relative to the following
international standards: for carbon the Vienna Pee Dee Belemnite (VPDB), atmospheric N,
(AIR) for nitrogen, and the Vienna Canyon Diablo Troilite (VCDT) for sulphur. To monitor

precision and accuracy, the following reference materials were used: B2155 Protein Sercon



5C = -26.98 % 0.13%o, 6N = 5.94 £ 0.08%o, 6>*S = 6.32 + 0.80%o and Casein Protein CRP
63C = —20.34 + 0.09%o, 0"°N = 5.62 + 0.19%o, 0°*S = 4.18 + 0.74%o, IAEA-N-1 6"°N = 0.4 +
0.2%o and TAEA-N-2 §"°N = 20.3 + 0.2 %o and USGS43 6"°C = —21.28 + 0.10%o, 6°N = 8.44
+ 0.10%o0, 0°*S = 10.46 = 0.22%o and IAEA-SO-5 6**S = 0.5 + 0.2%o, and NBS 127 with 6**S
=20.3 = 0.4%0. Each sample was analysed in triplicate, and the mean values calculated. The

reproducibility was + 0.2%. for 5*3C, and + 0.3%o for 6°N and 6**S.

2.7.  Statistical analysis

Statistical calculations and multivariate analysis were carried out using the XLSTAT
software package (Addinsoft, New York, USA). Basic statistics included mean values,
standard deviation (SD), minimum (min) and maximum (max). Simple statistics, including
analysis of variance of normally distributed data by ANOVA with Duncan's test for
comparisons of means. For not normally distributed data, one-way analysis of variance by
ranks (Kruskal-Wallis test) was performed to determine statistical differences among the
different discriminating parameters for the 30 chicory samples. Further, to identify those
parameters that can discriminate between the different fertility management practices, a

multivariate discriminant analysis (DA) was used.

3. Results and discussion

The following 20 parameters were determined for the chicory leaf samples produced
in the pot experiment using six different fertility management practices: dry matter (DM),
bioactive compounds (TPC, AOP, TFC), nitrogen assimilation (NO3-N+NO,-N and NHz-N),
macroelements (P, S, Cl, K, and Ca), microelements (Zn, Mn, Rb, Br, Mo and Sr) and stable
isotope ratios of C, N and S. The summary data of these parameters are presented in Tables 1

and 2 along with the minimum-maximums (Min-Max), means and standard deviations (SD).



First, simple statistics was performed and included the analysis of variance by
ANOVA and the Kruskal-Wallis one-way analysis of variance by ranks to the values of the 20
parameters. Only variances of parameters of DM, 6*C, 5°N, Mn, Zn, Rb, Mo, P and Ca were
normally distributed. According to ANOVA, ¢'°C, 6™°N, Zn, Mo and P were statistically
significant (P < 0.05) for possible discrimination between the different fertility management
practices (Table 1, 2). Kruskal-Wallis test was performed on the parameters with not-
normally distributed variance. The parameters NH4-N, NOs-N+NO,-N, 6*S, Br, S and K

were statistically significant for discriminating between the fertility managements.

3.1. Dry matter, bioactive compounds and nitrogen assimilation

The dry matter of the chicory leaves ranged from 6.8% to 14.8% (Table 1). The highest
mean dry matter was observed for ORG2 (12.2%) and the lowest for MIN1 (10.6%). These
results agree with previous reports for the leaves of chicory cultivar ‘Treviso’ (Nicoletto and
Pimpini, 2009).

The data shows that the TPC, AOP and TFC content in the chicory leaves vary although
the differences were not significant. The TPC ranged from 28.3 mg GAE/100g FW to
127 mg GAE/100 g FW, AOP ranged from 0.26 mg TE/g FW to 1.65 mg TE/g FW, and TFC
from 0.9 mg QE/100g FW to 12.6 mg QE/100g FW (Table 1). These results are in
agreement with data reported for the ‘Verona’ and ‘Treviso’ cultivars (D’Acunzo et al., 2017;
Montefusco et al., 2015; Koukounaras, 2014; Vanzani et al., 2011). The highest mean for
AOP was obtained for MIN1 (0.98 mg TE/g FW), while ORG2 resulted in the lowest mean
AOP (0.32 mg TE/g FW). A similar trend was observed for TPCs since the highest mean TPC
levels were found in chicory leaves grown under MIN1 (93.9 mg GAE/100g FW). A
combination of organic and mineral fertilizers (ORG1+MINL1) resulted in a higher mean

content of TFC (83.9 mg GAE/100 g FW) as compared to both ORG1 and ORG2, 57.3 mg



GAE/100 g FW and 44.5mg GAE/100 g FW, respectively. The highest mean TFC was
observed for ORG1+MIN1 (6.61 mg QE/100 g FW) and the lowest for ORG1 and ORG2,
1.64 mg QE/100 g FW and 1.80 mg QE/100 g FW, respectively. Generally, organic fertility
management practices resulted in the lowest TPC, AOP and TFC as compared to control and
other fertility management regimes.

Nitrate-nitrite nitrogen (NO3-N+NO2-N) and ammonium nitrogen (NH4-N) ranged from
0t0 1323 mg/kg FW and from O to 140 mg/kg FW, respectively and were statistically
significant according to the Kruskal-Wallis test. The highest mean for NO3-N+NO,-N was
determined in chicory leaves produced under MIN2 (1018 mg/kg FW). Similar contents of
nitrate-nitrogen have been reported for head chicory (D’Acunzo et al., 2017; Koukounaras,
2014; Biesiada and Kotota, 2010; Custi¢ et al., 2002). As was reviewed by Santamaria (2006),
endive a close relative of chicory is classified among the “high nitrate content” vegetables and
can accumulate up to 2.500 mg/kg FW of the nitrate ion. Although the highest levels were
observed for MIN2, the data show no consistent differences in NO3-N+NO,-N content
between the fertility management practices. In some cases, even higher NO3-N+NO,-N levels
were observed where ORG1 and ORG2 minerals were used. These high levels can be

explained by the fact that other factors_such as light intensisty and physiological age besides

fertility management can influence NO3-N+NO,-N levels in chicory. MIN1 resulted in the

highest mean for NH4-N (30.9 mg/kg FW).

3.2.  Multi-elemental profile

A total of eleven different elements were determined in the 30 chicory leaf samples,
which can be divided into two groups: the macroelements (> 1 g/kg DW) P, S, Cl, K, and Ca,
and the microelements (>0.1 mg/kg DW) Fe, Zn, Mn, Rb, Br, and Sr (Table 2). The order of

the elements by abundance, as determined by XRF spectroscopy, is
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K>Ca>CI>S>P>Br>Mn>Zn>Sr>Rb>Mo. As seen in Table2, fertility management
significantly affected only the content of P, Zn and Mo (P <0.05). Organic fertility
management practices caused an increase in P. Significantly more of this element was present
in the chicory leaves produced by ORG1 (3.6 g/kg DW) as compared to the others. The
control contained significantly more Zn and Mo. The lowest content of Zn was found in the
chicory leaves grown under MIN1 (22.0 mg/kg DW) and for Mo under MIN2 (0.6 mg/kg
DW). MINL1 resulted in an increased content of S, while ORG1 produced the lowest S content.
Both ORG1and ORG2 caused an increase in the levels of K and Cl, while MIN1 and MIN2
resulted in higher levels of Ca and Sr. The highest mean content of Br (77.4 mg/kg DW) was
observed in the chicory leaves from MIN2. Discrimination between agricultural practices
using the elemental profile in the leaves was also investigated; however, no systematic
differences were noticed between the different fertility management practices when compared
across plant species (Capuano et al., 2014). Laursen et al. (2011) investigated the potential of
multi-element profiling for the authentication of organic winter wheat, spring barley, fava
bean and potato. The authors demonstrated that no single element allowed discrimination
between conventional and organic crops across locations, years and crop species. Kelly and
Bateman (2010) analysed the trace element content of samples of organic and conventional
tomatoes and lettuces and reported significantly higher concentrations of Ca, Cu, Zn and Rb
in organic tomatoes and of Cu and Rb in organic lettuces and a significantly lower
concentration of Mn in organic tomatoes. The authors reported that when trace elements were
combined with 6*°N values and subjected to statistical evaluation, the correct classification of

organic and conventional tomato samples was improved.

3.3.  Stable isotope ratios of C, N and S
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Significantly higher 5"°N values were found in the chicory leaves produced under
ORG1 and ORG2 as compared to the control. The lowest 6N value was produced with using
ORG1+MIN1 and with MIN1 and MIN2. Also, previous studies have demonstrated that
plants grown in soils to which synthetic nitrogen fertilisers have been added have lower 6N
5N values than plants grown in the soil where organic fertilizers have been added (Capuano
et al., 2012). However, different plant organs respond in different ways to the isotopic
signature of fertilizers, where both the rate and mode of application are important. For
instance, 0°N values of lettuce (Lactuca sativa) tissues can reveal the use of synthetic
fertilizers only when these are applied in a high single dose, and it is more challenging to
detect the addition of synthetic fertilizer to basal organic fertilization (Sturm et al., 2011).
Schmidt et al. (2005) reported that the 5°N values in organic lettuce, cabbage, onions and
Chinese cabbage from field cultivation were significantly higher than those of their
conventional counterparts. Georgi et al. (2005) found no differences in the 5**S values of the

plants grown under the two production systems, while organically produced vegetables were

depleted in *C and have lower §*3C values compared to those grown under an integrated
system. Other studies show no correlation between mode of production and 6°C (except
greenhouse tomatoes warmed with natural gas) values (Inacio et al., 2015). In our study, the
highest 5**S values were found for ORG1+MIN1, MIN1 and MIN2. Significantly lower 5*S
values were found in chicory leaves from CONT and ORG1 and ORG2. Both ORG1 and
ORG?2 and MIN2 resulted in higher 5°C values (Table 1 and 3), whereas, CONT, MIN1 and
ORG1+MIN1 produced lower §*3C values compared to the other fertility management

practices.

3.4.  Multivariate analysis
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Statistical evaluation of results was performed on the dataset by DA to identify the
parameters responsible for differentiating chicory plants according to fertility management
practices. The results of DA analysis are represented in Fig. 1 as (a) discriminant function
score plot and (b) discriminant loadings plot. In plot (a) the observations and the multivariate
means of each group (centroids) are shown as scatter plot, while in plot (b) the set of vectors
are presented as a loadings plot which indicates the degree of association of the corresponding
initial parameters with the first two discriminant functions. As seen from Fig. 1 (a) chicory
leaf samples produced under ORG1 and ORG2 are located close to each other in the left part
of plot (a) contrary to CONT, MIN1 and ORG1+MINL1 in the right part of plot (a). Chicory
leaf samples produced under MIN2 are clearly distinguished from the others and is located in
the upper part of the plot (a).

A good separation among chicory leaf samples according to fertility management is
evident. Comparison of graphs (a) and (b), correlation of position of different groups in plot
(a) with the position, direction and length of each vector in plot (b) reveal crucial parameters
responsible for separating the groups. The most influential parameters for discriminating
chicory leaf samples produced under ORG1 and ORG2 in the left part of plot (a) correlate
with the vectors of K, NOs-N+NO,-N and 6°N in plot (b) (the highest mean values).
Contrary, vectors AOP, TPC, TFC and 6*S are connected with MIN1 and ORG1+MIN1,
which means that these parameters reach their maximum mean values in these two groups and
minimum mean values in the opposite direction (ORG1 and ORG2). Further, the higher levels
of Br, Sr, K and Ca separates MIN2 from the other groups. Group MIN1 differs from
ORG1+MINL1 in lower means of parameter NH4-N but is opposite in the case of Zn. The
parameters important for separating ORG1 and ORG2 and MIN1 were 6**S, 6N, 6**C and S.

MINZ2 is differentiated from MIN1 according to NO3-N+NO,-N and Br content, while MIN1
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and ORG1+MINL1 are separated according to NO3-N+NO,-N and NH4-N parameters. Organic

fertility managements ORG1 and ORG2 are discriminated by the levels of Mn and P.

4. Conclusions

This study provides the first evaluation of the use of bioactive, stable isotope and
elemental parameters to differentiate between different soil fertility management practices
(control, two organic, two mineral, a combination of organic and mineral) for the production
of five chicory cultivars. Organic fertility management practices increased the contents of P,
Cl and K, while mineral fertility management practices increased the content of Sr and Ca.
The highest 5*°N and the lowest 6**S values were also produced under organic fertility
management. This study has demonstrated that by combining isotopic, guatity-bioactive and
elemental markers—parameters and by applying multivariate discriminant statistics, it is
possible to distinguish between organic and conventionally predueed—grown chicory. A

minimum set of ten parameters, i.e. TPC, 6*°N, 6°*S, Zn, Br, Mo, P, S and K, is according to

our study, needed to appropriately distinguish between organic and conventionally grown

chicory. Such an approach should be proposed to be included in the EU regulation for organic

farming system.
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1 Table 1. The summary data of dry matter, bioactive compounds, nitrogen assimilation and stable isotopes studied in chicory plants.

Parameter Unit n Statistical Fertility management
parameter CONT ORG1 ORG2 MIN1 MIN2 ORG1+MIN1
Min - Max 10.1-14.8 7.54-13.0 10.8-13.5 8.18-134 8.09 - 13.6 6.82-125
Dry matter % 5 Mean 11.99 10.68 12.23 10.55 11.65 10.80
SD 1.74 241 0.99 2.03 2.48 2.33
Min - Max 39.3-115 40.6-71.2 30.3-58.7 55.1 - 127 375-97.6 28.3 - 120.
TPC mg GAE/100gFW 5 Mean 77.29 57.27 4454 93.86 57.53 83.92
SD 35.92 11.03 10.87 26.28 24.16 34.89
Min - Max 0.31-1.65 0.28-0.85 0.27-0.42 0.48 -1.56 0.30 - 1.07 0.26 - 1.57
AOP mg TE/g FW 5 Mean 0.77 0.50 0.32 0.98 0.53 0.96
SD 0.55 0.24 0.06 0.39 0.31 0.48
Min - Max 1.89-9.22 0.94 -2.29 1.02-2.76 2.24-105 1.90-6.8 1.25-12.6
TFC mg QE/100gFW 5 Mean 4.25 1.64 1.80 451 3.13 6.61
SD 3.01 0.57 0.73 3.46 2.09 456
Min - Max 0-387.2 569 - 1080 600 - 1016 0-96.3 916 - 1323 417 -624
NOz-N+NO,-N mg/kg FW 5 Mean 190 798 793 41 1018 184
SD 176 190 196 47 173 249
Min - Max 6.07 —17.0 14.4-26.7 10.7 - 28.4 0-139 9.04-18.9 2.32-9.18
NH,-N mg/kg FW 5 Mean 10.79 19.48 17.79 30.93 15.48 6.93
SD 4.85 4.46 7.08 60.79 4.23 2.70
Min - Max (-30.9) - (-30.1) (-29.6) - (-28.1) (-30.0) - (-28.5) (-31.7) - (-29.9) (-30.3) - (-28.3) (-31.6) - (-29.1)
sBC %o 5 Mean -30.6b -289a -29.3a -31.0b 292 a -30.3b
SD 0.4 0.6 0.7 0.7 0.9 1.0
Min - Max 6.7-9.4 10.2-16.1 10.8-12.5 42-54 39-10.1 6.0-85
SN %o 5 Mean 8.3b 13.1a 11.7a 49c¢ 55¢ 7.1bc
SD 1.01 2.6 0.6 0.5 2.6 1.0
Min - Max 6.1-7.3 39-59 31-57 74-84 6.4-83 6.3-75
54s %o 5 Mean 6.8 5.0 4.1 7.8 7.2 6.9
SD 0.4 0.8 1.1 0.4 0.7 0.5

2 Abbreviations: FW, fresh weight; SD, standard deviation; CONT, control; ORG, organic; MIN, mineral. Means with different lower-case letters (a—c) within the rows are

3 significantly different (P < 0.05).
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7

Table 2. The summary data of multi-elemental profiles studied in chicory plants.

Fertility management

Parameter Unit n  Statistical parameter CONT ORG1L ORG2 MINL MINZ ORGL+MINL
Min - Max 1.55-3.21 2.83-4.68 1.97-3.10 1.57 - 2.69 1.39 - 3.27 1.82-3.19
P o/kg DW 5 Mean 231b 3.59a 2.62b 195b 244 b 245h
SD 0.68 0.78 0.47 0.47 0.72 0.49
Min - Max 5.18-7.72 3.44 -6.15 4.08 - 6.76 6.14-12.2 4.29-5.38 5.10-9.01
S g/kg DW 5 Mean 6.64 431 5.27 8.08 4.74 6.81
SD 1.04 1.08 0.96 2.45 0.47 1.47
Min - Max 9.14 - 155 11.7-2538 17.1-2338 7.76-17.8 7.60 - 38.5 8.02-18.4
Cl g/kg DW 5 Mean 12.2 19.2 20.0 12.1 17.4 10.70
SD 2.96 5.77 3.04 4.07 12.70 4.44
Min - Max 20.6-35.6 455-76.3 61.3-77.0 28.3-43.9 454 -78.9 22.2-39.8
K g/kg DW 5 Mean 255 63.2 65.9 34.2 61.1 313
SD 6.0 11.4 6.6 7.3 13.6 6.3
Min - Max 17.0-22.2 12.3-24.38 13.0-26.6 16.9-30.8 143-29.1 16.0 - 23.2
Ca g/kg DW 5 Mean 19.6 18.6 19.0 22.6 22.0 18.8
SD 2.29 4.46 5.26 5.69 6.45 3.02
Min - Max 23.4-57.2 28.5-935 14.8- 60.1 32.6-70.0 20.6 - 60.8 38.1-50.2
Mn mg/kg DW 5 Mean 36.3 59.5 404 51.2 39.1 43.8
SD 13.1 23.7 18.3 14.4 14.8 4.9
Min - Max 27.3-46.6 22.6-36.6 29.3-38.0 18.4-245 240-374 26.7 - 30.2
Zn mg/kg DW 5 Mean 37.3a 28.7 bc 33.7ab 22.00c 30.6 ab 28.5 bc
SD 7.73 5.70 3.77 2.33 5.58 1.57
Min - Max 29.4-79.8 31.2-53.0 34.2-56.6 17.1-475 33.1-155 23.6-48.3
Br mg/kg DW 5 Mean 46.3 44.9 44.6 33.02 77.7 313
SD 20.8 8.97 8.01 11.9 47.2 10.3
Min - Max 10.2-17.8 11.1-13.0 8.85-12.6 11.7-13.8 7.88-16.0 9.39-131
Rb mg/kg DW 5 Mean 12.8 12.2 10.35 12.6 11.98 114
SD 3.00 0.79 1.76 0.92 3.06 1.39
Min - Max 13.7-17.9 8.79-23.0 109-21.3 11.4-26.9 14.1-32.6 10.2-19.7
Sr mg/kg DW 5 Mean 15.62 14.9 14.96 17.26 22.1 13.9
SD 1.85 5.24 4.85 6.19 8.05 3.76
Min - Max 0.92-2.86 0.48-1.81 0.65-1.74 0.80-245 0.45-0.86 1.38-1.92
Mo mg/kg DW 5 Mean 1.88a 0.95cd 1.10 bed 1.69 ab 0.58d 1.64 abc
SD 0.73 0.54 0.49 0.65 0.16 0.26

Abbreviations: DW, dry weight; SD, standard deviation; CONT, control; ORG, organic; MIN, mineral. Means with different lower-case letters (a—d) within the rows are
significantly different (P < 0.05).
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Fig. 1. (a) Discriminant function score plot and (b) discriminant loadings plot based on
differences according to six fertility management practices (CONT, ORG1, ORG2, MINL,
MIN2, and ORG1+MIN1) for all chicory samples. Function 1 (F1) explained 71.0% and
function 2 (F2) 20.6% of the total variance. Discriminant analysis performed with the
20 parameters including DM, TPC, AOP, TFC, NO3-N+NO,-N, NH4-N, P, S, Cl, K, Ca, Mn,
Zn, Br, Rb, Sr, Mo, §*3C, 6N and ¢*'S, of the 30 samples originated from five chicory

cultivars.
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1. Introduction
In recent years, there has been a growing interest in organic foodstuffs from consumers,
which are produced sustainably and have a low environmental impact and command higher
prices on the market (Vallverdd-Queralt and Lamuela-Raventds, 2016). The sphere of organic
foods includes fruits, vegetables and cereals, which are often considered healthier, safer and
better for the environment and animal welfare than conventional foods because synthetic
pesticides and fertilisers are not used (Reganold and Wachter, 2016; de Souza Aradujo et al.,
2014). In Europe, agricultural products and foodstuffs of organic farming should be produced
in accordance with the EU regulations on organic production and processing (No 834/2007
and No 889/2008), without the use of any synthetic plant protection products and soluble
synthetic fertilizers, with a full list of the pesticides and fertilizers of natural origin. In 2018 a
new EU regulation (No 2018/848) was adopted that will enter into force on January 1% 2021.
Its main improvement is the introduction of uniform European rules that will apply to the
entire organic production sector in the Union. However, since organic food production
represents a significant market segment within the global food industry with products having
higher market prices, fraud is expected to increase (Conti et al., 2014). Most food fraud is
motivated by quick economic profit, and organic products are at a higher risk of such
substitutions as they are sold at premium prices compared to conventional ones (Laursen et
al., 2014). Thus, there is an urgent need to develop appropriate, effective and robust analytical
approaches to distinguish between the two production systems (Tahkapéa et al., 2015;
Mihailova et al., 2014).
At present, there is no universal analytical method that can be applied to differentiate
organic and conventional produced plant-based foods. The use of nitrogen stable isotope ratio
BN/AN (expressed as 5'°N) to discriminate organic from conventional production has been

discussed in detail previously (Bateman et al., 2007; Rogers, 2008). It is based on the fact that
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synthetic nitrogen fertilizers, used in conventional and integrated farming, have 6"°N values
significantly lower than the animal manures and fertilizers permitted in organic agriculture.
However, soil fertility in organic farming is maintained through the use of crop rotations that
include legumes and green manures and also by the application of certain naturally derived
fertilizers. Organically produced tomato, lettuce, carrots (Bateman et al., 2007; Bateman et al.,
2005), maize (Choi et al., 2002), pepper (Flores et al., 2007), onion and cabbage (Georgi et
al., 2005) are significantly enriched in *°N than those receiving synthetic fertilization. In
general, the 6N ratios can be a useful discriminant tool for crops requiring intensive
horticulture, but not for all cultivation typologies, especially in soil-grown crops with a long
growth cycle. It is also reported that discrimination capability could be improved by including
element profiling and applying appropriate statistical tools. Correlations between mode of
production and 5*3C (except for greenhouse produced tomatoes warmed with natural gas) and
5*S signatures have not been established. There are also a growing number of studies
comparing organic and conventional farming vegetables concerning mineral profiles
(Kapoulas et al., 2017; Krej¢ova et al., 2016), bioactive compounds (Ku et al., 2018; Orsini et
al., 2016; Sinkovi¢ et al., 2015), physicochemical contaminants (de Souza Aradjo et al., 2014)
and nutritional quality (Popa et al., 2019; Yu et al., 2018; Maggio et al., 2013; Herencia et al.,
2011; Huber et al., 2011).

Although most publications concern crop production, to the best of our knowledge, no
paper includes the stable isotope ratio of nitrogen in chicory plants. Chicory (Cichorium
intybus L.) along with lettuce represents a fresh leafy vegetable crop with a total world
production close to 27 million tons in 2017 (FAOSTAT, 2019). Although its production is
quantitatively less abundant compared to lettuce, it amounts to around 30% of total
production. Due to a range of advantages such as resistance to low temperatures and hence

year-round supply, a broad palette of colours and potential health benefits, chicory has



become an economically attractive crop for many producers (Bergantin et al., 2017; D’Evoli
et al., 2017). Also, the potential for organic and conventional production makes chicory a
suitable vegetable crop for a variety of different case studies.

This study aimed to examine the effect of different fertility management practices on
the biochemical composition of several chicory cultivars and to verify the possibility to
differentiate between organic and conventional production. The study includes the following
analyses: determination of bioactive compounds (total phenolics, antioxidant potential, total
flavonoids), nitrogen assimilation, multi-elemental profiling and the measurement of stable
isotope ratios of carbon, nitrogen and sulphur. Based on the obtained data, a robust model to

control the type of fertility management practice was established.

2. Materials and methods

2.1.  Plant material and fertility management experiment

Five commercial cultivars of chicory (Cichorium intybus L.) were studied, namely
‘Treviso’, ‘Verona’, ‘Anivip’, ‘Castelfranco’ and ‘Monivip’, which are the most popular
cultivars for production and consumption in Slovenia and neighboring countries. The seeds
were purchased from commercial seed companies (‘Treviso’, ‘Verona’ and ‘Castelfranco’
from Semenarna, Ljubljana, Slovenia; ‘Anivip’ and ‘Monivip’ from L’Ortolano, Cesena,
Italy).

Chicory plants were produced in the spring growing season in a glasshouse at the
Biotechnical Faculty, University of Ljubljana, Slovenia (46° 04" N, 14° 31" W; 320 m a.s.l.).
Along with the control (no added fertilizer), different types of fertilizers (two organic, two
mineral), and a combination of organic and mineral fertilizer were tested. For each of these

five cultivars, the same six fertility management practices were applied in a completely



randomized factorial design, namely: no added fertilizer/control (CONT); addition of the two
single basal organic fertilizers, using Plantella Organic (ORG1; 3-3-2; 67.5 g/pot; Unichem,
Slovenia) and Stallatico Pallettato (ORG2; 3-3-3; 45 g/pot; Fomet, Italy); a single water-
soluble mineral fertilizer, using Kristalon Blue (MIN1; 19-6-20; watering with 9 g/100 L;
Yara, Norway); a single basal mineral fertilizer, using Entec Perfect (MIN2; 14-7-17,
7.9 g/pot; EuroChem, Italy); and a combination of an organic (ORG1) and a mineral (MIN1)
fertilizer (ORG1+MINZ1; Plantella Organic+Kristalon Blue; 2.5 g/pot+after 1 month, watering
once per week with 3.5 g/L).

Chicory seeds (n = 10) were sown in plastic pots containing 7 L of virgin soil without or
with the addition of fertilizer according to the protocol. The pots were placed on rolling
benches in a heated glasshouse compartment (18 +2°C) and watered when required. After
several weeks, the seedlings were thinned to give five plants per pot. The water-soluble
fertilizer (MIN1) was applied during the watering of the plants when two fully expanded
chicory leaves had grown. The harvesting of chicory leaves was performed 130 days after

sowing.

2.2.  Sample preparation

The uniform leaves of five chicory cultivars grown under the six fertility management
regimes were collected between 06:00 to 08:00, solar time and prepared in three ways. First,
10 g of fresh leaves were extracted in a ploypropylene plastic vial with 15 g 50 % methanol.
The tissue was homogenized using an Ultraturax T25 (20,500 rpm) for 5 min. The samples
were then frozen and stored at —20 °C until analysis of total phenolics content (TPC),
antioxidant potential (AOP) and total flavonoid content (TFC). Second, few uniform leaves
were immediately frozen in liquid nitrogen and then lyophilized and homogenized to a fine

powder using a laboratory ball mill (Retsch mm 301). The samples were stored in glass vials



in humidity-proof plastic bags filled with silica gel before analysis of nitrogen assimilation.
Third, chicory leaves were dried in a laboratory oven at 80 °C for 28 h, ground up with a
mortar and pestle. The ground leaves were then used in the determination of dry matter (DM),

multi-elemental profiling and the determination of stable isotope ratios of C, N and S.

2.3.  Bioactive compounds

The total phenolics content (TPC) was determining spectrophotometrically following
the Folin-Ciocalteu method, as first described by Singleton and Rossi (1965), and slightly
modified by Roura et al. (2006). Gallic acid was used for the construction of the calibration
curve. Briefly, 1 mL of each centrifuged methanol fraction from the sample was mixed with
60 mL deionized water and 5 mL diluted (1:17) Folin-Ciocalteu reagent (Sigma-Aldrich,
Saint Louis, MO, USA). The solutions were well mixed, then 15 mL of a 20% Na,COs3;
solution was added. After incubation at room temperature for 30 min, the absorbances of the
mixtures were measured on a spectrophotometer (Cecil Aurius Series CE 2021 UV/Vis; Cecil
Instruments Limited, Cam-bridge, UK) at 765 nm, with each measurement carried out in
triplicate. The eight-point calibration curve ranging from 3 mg GAE/L to 150 mg GAE/L
(R?=0.9998). The results are expressed as gallic acid equivalents (mg GAE/100 g fresh
weight; FW). The antioxidant potential (AOP) was evaluated using the DPPH (2,2-diphenyl-
1-picrylhydrazyl) free radical scavenging assay (Nakajima et al., 2004). Trolox solution was
used for the construction of calibration curve. Briefly, 60 uL of each centrifuged methanol
extract was mixed with 1.5 mL DPPH solution. After 15 min of incubation at room
temperature, the absorbance was measured at 517 nm, with each measurement carried out
in triplicate. The results are expressed as Trolox equivalents (mg TE/g FW) using the
calibration curve ranging from 40 mg TE/L to 220 mg TE/L (R?=0.9900). The total

flavonoid content (TFC) was measured according to the method of Lin and Tang (2007).



Quercetin was selected for the construction of calibration curve. Briefly, 250 uL of each
centrifuged methanol extract was mixed with 750 uL of 95% ethanol, 50 pL of 10%
aluminium chloride hexahydrate, 50 ul of 1M potassium acetate and 1.4 mL of deionized
water. After 40 min of incubation at room temperature, the absorbance was measured at 415
nm, with each measurement carried out in triplicate. The seven-point standard curve
ranging from 0.3 mg quercetin equivalents (QE)/100 mL to 15 mg QE/100 mL (R? = 0.9924).

The data are expressed as mg QE/100 g FW.

2.4.  Nitrogen assimilation

Nitrate-nitrite nitrogen (NO3-N+NO,-N) was determined according to 1ISO 13395(1996)
standard method and ammonium nitrogen (NH-N) according to EN-ISO 11732(1997)
method. All three ions (NO3z, NO,, NH;") were measured in the water extracts of lyophilised
leaf samples (Opati¢ et al., 2018) using the continuous flow analyser FLOWSYS (Systea
Analytical Technologies). All measurements were made in triplicate, and the data are

expressed in mg/kg FW.

2.5.  Multi-elemental profile

A multi-elemental profile was obtained non-destructively using energy dispersive X-ray
fluorescence spectroscopy. Samples (0.5 to 1.0 g) were prepared as pressed pellets using a
pellet die and hydraulic press. As primary excitation sources, the annular radioisotope
excitation sources of Fe-55 (10 mCi) and Cd-109 (25 mCi) were used, as obtained from
Isotope Products Laboratories, USA (NecCemer et al., 2008; Necemer et al., 2011). The
emitted fluorescence radiation was measured using an energy dispersive X-ray spectrometer
composed of a Canberra Si(Li) detector (Canberra Industries, Meriden, U.S.A.), a Canberra

M2024 spectroscopy amplifier (Canberra Industries, Meriden, U.S.A.), a Canberra M8075



ADC (Canberra Industries, Meriden, U.S.A.) and a PC based Canberra MCA S-100 (Canberra
Industries, Meriden, U.S.A.). The spectrometer was equipped with a vacuum chamber. The
energy resolution of the spectrometer was 175 eV at 5.9 keV. The analysis of complex X-ray
spectra was performed using the AXIL (IAEA, Vienna, Austria) spectral analysis program
(Necemer et al., 2008). Quantification was performed utilizing the in-house developed QAES
(Quantitative Analysis of Environmental Samples) software (Necemer et al., 2011). The

estimated uncertainty of the analysis was 5%.

2.6.  Stable isotope ratios

Stable isotope ratios of C, N and S of dry bulk samples were determined using an
Isotope Ratio Mass Spectrometer — IRMS (GV Instruments) (IsoPrime, Cheadle Hulme, UK).
For analysis, 4 mg of dry leaf samples were weighed directly into a tin capsule (Sercon,
Crewe, UK), closed with tweezers and put into the automatic sampler of the elemental
analyser. All stable C and N analyses were performed separately on a Europa Scientific 20-20
continuous flow mass spectrometer with an ANCA-SL solid-liquid preparation module
(Sercon, Crewe, UK). Samples for stable isotope ratio of S were analysed on an IsoPrime100-
Vario PYRO Cube (OH/CNS) Pyrolyser/Elemental Analyser (IsoPrime, Cheadle, Hulme,
UK). Isotope data were expressed using the conventional J-notation (%o): J (%o0) = [(Rsample /
Rstndard) — 1] X 1000, where R is the ratio between the heavier and the lighter isotope (**C/**C,
BN/AN, #s/%%S) in the sample and standard. Values are reported relative to the following
international standards: for carbon the Vienna Pee Dee Belemnite (VPDB), atmospheric N,
(AIR) for nitrogen, and the Vienna Canyon Diablo Troilite (VCDT) for sulphur. To monitor
precision and accuracy, the following reference materials were used: B2155 Protein Sercon

SBC = -26.98 £ 0.13%o, 0°N = 5.94 £ 0.08%o, 0°*S = 6.32 + 0.80%0 and Casein Protein CRP

SBC = =20.34 £ 0.09%o, 6°N = 5.62 = 0.19%o, 5°*S = 4.18 + 0.74%o, IAEA-N-1 5°°N = 0.4 +



0.2%o0 and TAEA-N-2 5°N = 20.3 = 0.2 %o and USGS43 63C = —21.28 + 0.10%o0, 5°°N = 8.44
£ 0.10%o, 6°*S = 10.46 + 0.22%0 and IAEA-SO-5 5**S = 0.5 + 0.2%., and NBS 127 with 5**S
= 20.3 + 0.4%0. Each sample was analysed in triplicate, and the mean values calculated. The

reproducibility was + 0.2%. for 5*3C, and + 0.3%o for 6°N and 6**S.

2.7.  Statistical analysis

Statistical calculations and multivariate analysis were carried out using the XLSTAT
software package (Addinsoft, New York, USA). Basic statistics included mean values,
standard deviation (SD), minimum (min) and maximum (max). Simple statistics, including
analysis of variance of normally distributed data by ANOVA with Duncan's test for
comparisons of means. For not normally distributed data, one-way analysis of variance by
ranks (Kruskal-Wallis test) was performed to determine statistical differences among the
different discriminating parameters for the 30 chicory samples. Further, to identify those
parameters that can discriminate between the different fertility management practices, a

multivariate discriminant analysis (DA) was used.

3. Results and discussion

The following 20 parameters were determined for the chicory leaf samples produced
in the pot experiment using six different fertility management practices: dry matter (DM),
bioactive compounds (TPC, AOP, TFC), nitrogen assimilation (NO3-N+NO,-N and NHz-N),
macroelements (P, S, Cl, K, and Ca), microelements (Zn, Mn, Rb, Br, Mo and Sr) and stable
isotope ratios of C, N and S. The summary data of these parameters are presented in Tables 1
and 2 along with the minimum-maximums (Min-Max), means and standard deviations (SD).

First, simple statistics was performed and included the analysis of variance by

ANOVA and the Kruskal-Wallis one-way analysis of variance by ranks to the values of the 20



parameters. Only variances of parameters of DM, 6*C, 5°N, Mn, Zn, Rb, Mo, P and Ca were
normally distributed. According to ANOVA, ¢'°C, 6™N, Zn, Mo and P were statistically
significant (P < 0.05) for possible discrimination between the different fertility management
practices (Table 1, 2). Kruskal-Wallis test was performed on the parameters with not-
normally distributed variance. The parameters NH4-N, NOs-N+NO,-N, 6*S, Br, S and K

were statistically significant for discriminating between the fertility managements.

3.1. Dry matter, bioactive compounds and nitrogen assimilation

The dry matter of the chicory leaves ranged from 6.8% to 14.8% (Table 1). The highest
mean dry matter was observed for ORG2 (12.2%) and the lowest for MIN1 (10.6%). These
results agree with previous reports for the leaves of chicory cultivar ‘Treviso’ (Nicoletto and
Pimpini, 2009).

The data shows that the TPC, AOP and TFC content in the chicory leaves vary although
the differences were not significant. The TPC ranged from 28.3 mg GAE/100g FW to
127 mg GAE/100 g FW, AOP ranged from 0.26 mg TE/g FW to 1.65 mg TE/g FW, and TFC
from 0.9 mg QE/100g FW to 12.6 mg QE/100g FW (Table 1). These results are in
agreement with data reported for the ‘Verona’ and ‘Treviso’ cultivars (D’Acunzo et al., 2017;
Montefusco et al., 2015; Koukounaras, 2014; Vanzani et al., 2011). The highest mean for
AOP was obtained for MIN1 (0.98 mg TE/g FW), while ORG2 resulted in the lowest mean
AOP (0.32 mg TE/g FW). A similar trend was observed for TPCs since the highest mean TPC
levels were found in chicory leaves grown under MIN1 (93.9 mg GAE/100g FW). A
combination of organic and mineral fertilizers (ORG1+MIN1) resulted in a higher mean
content of TFC (83.9 mg GAE/100 g FW) as compared to both ORG1 and ORG2, 57.3 mg
GAE/100 g FW and 44.5mg GAE/100 g FW, respectively. The highest mean TFC was

observed for ORG1+MIN1 (6.61 mg QE/100 g FW) and the lowest for ORG1 and ORG2,



1.64 mg QE/100 g FW and 1.80 mg QE/100 g FW, respectively. Generally, organic fertility
management practices resulted in the lowest TPC, AOP and TFC as compared to control and
other fertility management regimes.

Nitrate-nitrite nitrogen (NO3-N+NO2-N) and ammonium nitrogen (NH4-N) ranged from
0to 1323 mg/kg FW and from 0 to 140 mg/kg FW, respectively and were statistically
significant according to the Kruskal-Wallis test. The highest mean for NO3-N+NO,-N was
determined in chicory leaves produced under MIN2 (1018 mg/kg FW). Similar contents of
nitrate-nitrogen have been reported for head chicory (D’Acunzo et al., 2017; Koukounaras,
2014; Biesiada and Kotota, 2010; Custi¢ et al., 2002). As was reviewed by Santamaria (2006),
endive a close relative of chicory is classified among the “high nitrate content” vegetables and
can accumulate up to 2.500 mg/kg FW of the nitrate ion. Although the highest levels were
observed for MIN2, the data show no consistent differences in NO3-N+NO,-N content
between the fertility management practices. In some cases, even higher NO3-N+NO,-N levels
were observed where ORG1 and ORG2 minerals were used. These high levels can be
explained by the fact that other factors such as light intensisty and physiological age besides
fertility management can influence NO3-N+NO,-N levels in chicory. MIN1 resulted in the

highest mean for NH4-N (30.9 mg/kg FW).

3.2.  Multi-elemental profile

A total of eleven different elements were determined in the 30 chicory leaf samples,
which can be divided into two groups: the macroelements (> 1 g/lkg DW) P, S, Cl, K, and Ca,
and the microelements (>0.1 mg/kg DW) Fe, Zn, Mn, Rb, Br, and Sr (Table 2). The order of
the elements by abundance, as determined by XRF spectroscopy, is
K>Ca>CI>S>P>Br>Mn>Zn>Sr>Rb>Mo. As seen in Table2, fertility management

significantly affected only the content of P, Zn and Mo (P <0.05). Organic fertility
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management practices caused an increase in P. Significantly more of this element was present
in the chicory leaves produced by ORG1 (3.6 g/kg DW) as compared to the others. The
control contained significantly more Zn and Mo. The lowest content of Zn was found in the
chicory leaves grown under MIN1 (22.0 mg/kg DW) and for Mo under MIN2 (0.6 mg/kg
DW). MINL1 resulted in an increased content of S, while ORG1 produced the lowest S content.
Both ORG1and ORG2 caused an increase in the levels of K and Cl, while MIN1 and MIN2
resulted in higher levels of Ca and Sr. The highest mean content of Br (77.4 mg/kg DW) was
observed in the chicory leaves from MIN2. Discrimination between agricultural practices
using the elemental profile in the leaves was also investigated; however, no systematic
differences were noticed between the different fertility management practices when compared
across plant species (Capuano et al., 2014). Laursen et al. (2011) investigated the potential of
multi-element profiling for the authentication of organic winter wheat, spring barley, fava
bean and potato. The authors demonstrated that no single element allowed discrimination
between conventional and organic crops across locations, years and crop species. Kelly and
Bateman (2010) analysed the trace element content of samples of organic and conventional
tomatoes and lettuces and reported significantly higher concentrations of Ca, Cu, Zn and Rb
in organic tomatoes and of Cu and Rb in organic lettuces and a significantly lower
concentration of Mn in organic tomatoes. The authors reported that when trace elements were
combined with >N values and subjected to statistical evaluation, the correct classification of

organic and conventional tomato samples was improved.

3.3.  Stable isotope ratios of C, N and S
Significantly higher 5*°N values were found in the chicory leaves produced under
ORG1 and ORG2 as compared to the control. The lowest 6°N value was produced with using

ORG1+MIN1 and with MIN1 and MIN2. Also, previous studies have demonstrated that

11



plants grown in soils to which synthetic nitrogen fertilisers have been added have lower 6*°N
values than plants grown in the soil where organic fertilizers have been added (Capuano et al.,
2012). However, different plant organs respond in different ways to the isotopic signature of
fertilizers, where both the rate and mode of application are important. For instance, 6"°N
values of lettuce (Lactuca sativa) tissues can reveal the use of synthetic fertilizers only when
these are applied in a high single dose, and it is more challenging to detect the addition of
synthetic fertilizer to basal organic fertilization (Sturm et al., 2011). Schmidt et al. (2005)
reported that the 5°N values in organic lettuce, cabbage, onions and Chinese cabbage from
field cultivation were significantly higher than those of their conventional counterparts.
Georgi et al. (2005) found no differences in the 9*S values of the plants grown under the two
production systems, while organically produced vegetables were depleted in **C and have
lower 6'*C values compared to those grown under an integrated system. Other studies show
no correlation between mode of production and 6'°C (except greenhouse tomatoes warmed
with natural gas) values (Inécio et al., 2015). In our study, the highest 9°**S values were found
for ORG1+MIN1, MIN1 and MIN2. Significantly lower 5*S values were found in chicory
leaves from CONT and ORG1 and ORG2. Both ORG1 and ORG2 and MIN2 resulted in
higher 5*3C values (Table 1 and 3), whereas, CONT, MIN1 and ORG1+MIN1 produced lower

5*3C values compared to the other fertility management practices.

3.4.  Multivariate analysis

Statistical evaluation of results was performed on the dataset by DA to identify the
parameters responsible for differentiating chicory plants according to fertility management
practices. The results of DA analysis are represented in Fig. 1 as (a) discriminant function
score plot and (b) discriminant loadings plot. In plot (a) the observations and the multivariate

means of each group (centroids) are shown as scatter plot, while in plot (b) the set of vectors
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are presented as a loadings plot which indicates the degree of association of the corresponding
initial parameters with the first two discriminant functions. As seen from Fig. 1 (a) chicory
leaf samples produced under ORG1 and ORG2 are located close to each other in the left part
of plot (a) contrary to CONT, MIN1 and ORG1+MINL1 in the right part of plot (a). Chicory
leaf samples produced under MIN2 are clearly distinguished from the others and is located in
the upper part of the plot (a).

A good separation among chicory leaf samples according to fertility management is
evident. Comparison of graphs (a) and (b), correlation of position of different groups in plot
(a) with the position, direction and length of each vector in plot (b) reveal crucial parameters
responsible for separating the groups. The most influential parameters for discriminating
chicory leaf samples produced under ORG1 and ORG?2 in the left part of plot (a) correlate
with the vectors of K, NO3-N+NO,-N and 6N in plot (b) (the highest mean values).
Contrary, vectors AOP, TPC, TFC and 6*S are connected with MIN1 and ORG1+MIN1,
which means that these parameters reach their maximum mean values in these two groups and
minimum mean values in the opposite direction (ORG1 and ORG2). Further, the higher levels
of Br, Sr, K and Ca separates MIN2 from the other groups. Group MIN1 differs from
ORG1+MINL1 in lower means of parameter NH4-N but is opposite in the case of Zn. The
parameters important for separating ORG1 and ORG2 and MIN1 were 6**S, 6*°N, 6**C and S.
MINZ is differentiated from MIN1 according to NO3-N+NO,-N and Br content, while MIN1
and ORG1+MINL1 are separated according to NO3-N+NO,-N and NH4-N parameters. Organic

fertility managements ORG1 and ORG2 are discriminated by the levels of Mn and P.

4. Conclusions
This study provides the first evaluation of the use of bioactive, stable isotope and

elemental parameters to differentiate between different soil fertility management practices
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(control, two organic, two mineral, a combination of organic and mineral) for the production
of five chicory cultivars. Organic fertility management practices increased the contents of P,
Cl and K, while mineral fertility management practices increased the content of Sr and Ca.
The highest 5N and the lowest 5**S values were also produced under organic fertility
management. This study has demonstrated that by combining isotopic, bioactive and
elemental parameters and by applying multivariate discriminant statistics, it is possible to
distinguish between organic and conventionally grown chicory. A minimum set of ten
parameters, i.e. TPC, 6N, 6**S, Zn, Br, Mo, P, S and K, is according to our study, needed to
appropriately distinguish between organic and conventionally grown chicory. Such an

approach should be proposed to be included in the EU regulation for organic farming system.

Conflict of Interest

The authors declare that there are no conflicts of interest.
Acknowledgements

This study was a part of the research programme “Agrobiodiversity” (P4-0072)
financially supported by the Slovenian Research Agency, Ljubljana, Slovenia. The authors of
this study are very grateful to Dr Peter Kump for kindly providing the QAES (Quantitative

Analysis of Environmental Samples) software.

References

Bateman, A.S., Kelly, S.D., 2007. Fertilizer nitrogen isotope signatures. Isot. Environ. Health
Stud. 43, 237-247.

Bateman, A.S., Kelly, S.D., Jickells, T.D., 2005. Nitrogen isotope relationships between crops
and fertilizer: Implication for using nitrogen isotope analysis as an indicator of agricultural
regime. J. Agric. Food Chem. 53, 5760-5765.

14



Bergantin, C., Maietti, A., Cavazzini, A., Pasti, L., Tedeschi, P., Brandolini, V. and Marchetti,
N., 2017. Bioaccessibility and HPLC-MS/MS chemical characterization of phenolic
antioxidants in Red Chicory (Cichorium intybus). J. Funct. Foods 33, 94-102.

Biesiada, A. and Kotota, E., 2010. The effect of nitrogen fertilization on yielding and
chemical composition of radicchio chicory for autumn-harvest cultivation. Acta Sci.
Pol. Hortorum. Cultus. 9(4), 85-91.

Capuano, E., Boerrigter-Eenling, R., van der Veer, G., van Ruth, S.M., 2012. Analytical
authentication of organic products: an overview of markers. J. Sci. Food Agric. 93,
12-28.

Choi, W.J., Lee, S.-M., Ro, H.M., Kim, K.C., Yoo, S.H., 2002. Natural *®N abundances of

maize and soil amended with urea and composted pig manure. Plant Soil 245, 223-232.

Conti, S., Villari, G., Faugno, S., Melchionna, G., Somma, S., Caruso, G., 2014. Effects of
organic vs. conventional farming system on yield and quality of strawberry grown as an
annual or biennial crop in southern Italy. Sci. Hort. 180, 63-71.

Custi¢, M., Horvati¢, M, Butorac, A., 2002. Effects of nitrogen fertilization upon the content
of essential amino acids in head chicory (Cichorium intybus L. var. foliosum). Sci. Hort.
92(3-4), 205-215.

D’Acunzo, F., Giannino, D., Longo, V., Ciardi, M., Testone, G., Mele, G., Nicolodi, C.,
Gonnella, M., Renna, M., Arnesi, G., Schiappa, A., 2017. Influence of cultivation sites
on sterol, nitrate, total phenolic contents and antioxidant activity in endive and stem
chicory edible products. Int. J. Food Sci. Nutr. 68(1), 52-64.

de Souza Araujo, D.F., da Silva, AM.R.B., de Andrade Lima, L.L., da Silva Vasconcelos,
M.A., Andrade, S.A.C., Asfora Sarubbo, L., 2014. The concentration of minerals and
physicochemical contaminants in conventional and organic vegetables. Food Control

44, 242-248.

15



D’Evoli, L., Lucarini, M., del Pulgar, J.S., Aguzzi, A., Gabrielli, P., Azzini, E., Lombardi-
Boccia, G., 2017. Nutrients and bioactive molecules of the early and late cultivars of the
Treviso red chicory (Cichorium intybus L.). Food Nut. 8, 457—-464.

FAOSTAT database, 2019. http://www.fao.org/faostat/en/#data/QC (accessed on 2/9/2019)

Flores, P., Fenoll, J., Hellin, P., 2007. The feasibility of using 5°N and §°C values for
discriminating between conventionally and organically fertilized pepper (Capsicum
annuum L.). J. Agric. Food Chem. 55, 5740-5745.

Georgi, M., Veorkelius, S., Rossmann, A., Gralmann, J., Schnitzler, W.H., 2005.
Multielement isotope ratios of vegetables from integrated and organic production. Plant
and Soil 275, 93-100.

Herencia, J.F., Garcia-Galavis, P.A., Dorado, J.A.R., Maqueda, C., 2011. Comparison of
nutritional quality of the crops grown in an organic and conventional fertilized soil. Sci.
Hort. 129(4), 882-888.

Huber, M., Rembiatkowska, E., Srednicka, D., Bugel, S., Van de Vijver, L.P.L., 2011.
Organic food and impact on human health: Assessing the status quo and prospects of
research. NJAS-Wagen. J. Life Sc. 58, 103-109.

Inacio, C.T., Chalk, P.M., Magalhdes, A.M.T. 2015. Principles and limitations of stable
isotopes in differentiating organic and conventional foodstuffs: 1. Plant products. Crit.
Rev. Food Sci. Nut. 55, 1206-1218.

Kapoulas, N., Koukounaras, A., 1li¢, Z.S., 2017. Nutritional quality of lettuce and onion as
companion plants from organic and conventional production in north Greece. Sci. Hort.
219, 310-318.

Kelly, D.S., Bateman, A.S., 2010. Comparison of mineral concentration in commercially
grown organic and conventional crops — tomatoes (Lycopersicon esculentum) and

lettuces (Lactuca sativa). Food Chem. 119, 738-745.

16


http://www.fao.org/faostat/en/#data/QC (accessed on 2/9/2019

Koukounaras, A., 2014. Yield and quality parameters of two radicchio (Cichorium intubys L.)
cultivars as affected by growth season. Eur. J. Hortic. Sci. 79(5), 283-287

Krejcova, A., Navesnik, J., Jicinskd, J. and Cemohorsk}'/, T., 2016. An elemental analysis of
conventionally, organically and self-grown carrots. Food Chem. 192, 242-249.

Ku, Y.G., Bae, J.H., Namiesnik, J., Barasch, D., Nemirovski, A., Katrich, E., Gorinstein, S.,
2018. Detection of bioactive compounds in organically and conventionally grown
asparagus spears. Food Anal. Method. 11(1), 309-318.

Laursen, K.H., Schjoerring, J.K., Kelly, S.D., Husted, S., 2014. Authentication of organically
grown plants — advantages and limitations of atomic spectroscopy for multi-element and
stable isotope analysis. Trac-Trend. Anal. Chem. 59, 73-82.

Laursen, K.H., Schjoerring, J.K., Olesen, J.E., Askegaard, M., Halekoh, U., Husted., S., 2011.
Multielemental fingerprinting as a tool for authentication of organic wheat, barley, faba
bean, and potato. J. Agric. Food Chem. 59, 4385-4396.

Lin, J.Y., Tang, C.Y., 2007. Determination of total phenolic and flavonoid contents in
selected fruits and vegetables, as well as their stimulatory effects on mouse splenocyte
proliferation. Food Chem. 101, 140-147.

Maggio, A., De Pascale, S., Paradiso, R., Barbieri, G., 2013. Quality and nutritional value of
vegetables from organic and conventional farming. Sci. Hort. 164, 532-539.

Mihailova, A., Pedentchouk, N., Kelly, S.D., 2014. Stable isotope analysis of plant-derived
nitrate — Novel method for discrimination between organically and conventionally
grown vegetables. Food Chem. 154, 238-245.

Montefusco, A., Semitaio, G., Marrese, P.P., lurlaro, A., De Caroli, M., Piro, G., Dalessandro,
G., Lenucci, M.S., 2015. Antioxidants in varieties of chicory (Cichorium intybus L.)

and wild poppy (Papaver rhoeas L.) of Southern Italy. J. Chem. 2015, 1-8.

17



Nakajima, J.1., Tanaka, 1., Seo, S., Yamazaki, M., Saito, K., 2004. LC/PDA/ESI-MS profiling
and radical scavenging activity of anthocyanins in various berries. Biomed Res. Int.
2004 (5), 241-247.

Necemer, M., Kump, P., S&anéar, J., Jaéimovié, R., Simé&i¢, J., Pelicon, P., Budnar, M., Jeran,
Z., Pongrac, P., Regvar, M., 2008. Application of X-ray fluorescence analytical
techniques in phytoremediation and plant biology studies. Spectrochim. Acta B 63,
1240-1247.

Necemer, M., Kump, P., Vogel-Mikus, K., 2011. Use X-ray fluorescence-based analytical
techniques in phytoremediation. Handbook of phytoremediation. New York, NY, USA:
Nova Science Publishers Inc., 331-358.

Nicoletto, C., Pimpini, F., 2009. Influence of the forcing process on some qualitative aspects
in radicchio “Rosso di Treviso Tardivo”(Cichorium intybus L., group rubifolium). 1.
Nitrate, nitrite and organic nitrogen. Ital. J. Agron. 4(4), 137-146.

Opati¢, A.M., Necemer, M., Lojen, S., Masten, J., Zlati¢, E., Sircelj, H., Stopar, D., Vidrih,
R., 2018. Determination of geographical origin of commercial tomato through analysis
of stable isotopes, elemental composition and chemical markers. Food Cont. 89, 133—
141.

Orsini, F., Maggio, A., Rouphael, Y. and De Pascale, S., 2016. “Physiological quality” of
organically grown vegetables. Sci. Hort. 208, 131-139.

Popa, M.E., Mitelut, A.C., Popa, E.E., Stan, A., Popa, V.l., 2019. Organic foods contribution
to nutritional quality and value. Trends Food Sci. Tech. 84, 15-18.

Reganold, J.P., Wachter, J.M., 2016. Organic agriculture in the twenty-first century. Nat.

Plants 2(2), 1-8.

18



Rogers, K.M., 2008. Nitrogen isotopes as a screening tool to determine the growing regimen
of some organic and nonorganic supermarket produce from New Zealand. J. Agric.
Food Chem. 56, 4078-4083.

Roura, E., Andrés-Lacueva, C., Estruch, R., Lamuela-Raventos, R.M., 2006. Total polyphenol
intake estimated by a modified Folin—Ciocalteu assay of urine. Clin. Chem. 52, 749-
752.

Santamaria, P., 2006. Nitrate in vegetables: toxicity, content, intake and EC regulation. J. Sci.
Food Agr. 86(1), 10-17.

Singleton, VL., Rossi, JA., 1965. Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. Am. J. Enol. Vitic. 16, 144-158.

Sinkovié, L., Demsar, L., Znidar¢i¢, D., Vidrih, R., Hribar, J., Treutter, D., 2015. Phenolic
profiles in leaves of chicory cultivars (Cichorium intybus L.) as influenced by organic
and mineral fertilizers. Food Chem. 166, 507-513.

Sturm, M., Kacjan-Marsic, N., Lojen, S., 2011. Can 8™N in lettuce tissues reveal the use of
synthetic nitrogen fertiliser in organic production? J. Sci. Food Agric. 91, 262-267.
Tahkapad, S., Maijala, R., Korkeala, H., Nevas, M., 2015. Patterns of food frauds and
adulterations reported in the EU rapid alert system for food and feed and in Finland.

Food Control 47, 175-184.

Vallverdd-Queralt, A., Lamuela-Raventés, R.M., 2016. Foodomics: A new tool to
differentiate between organic and conventional foods. Electrophoresis 37(13), 1784—
1794,

Vanzani P., Rossetto M., de Marco V., Rigo A., Scarpa M., 2011. Efficiency and capacity of
antioxidant rich foods in trapping peroxyl radicals: A full evaluation of radical

scavenging activity. Food Res. Int. 44(1), 269-275.

19



Yu, X., Guo, L., Jiang, G., Song, Y. and Muminov, M.A., 2018. Advances of organic
products over conventional productions with respect to nutritional quality and food

security. Acta Ecol. Sin. 38(1), 53-60.

20



1 Table 1. The summary data of dry matter, bioactive compounds, nitrogen assimilation and stable isotopes studied in chicory plants.

Parameter Unit n Statistical Fertility management
parameter CONT ORG1 ORG2 MIN1 MIN2 ORG1+MIN1
Min - Max 10.1-14.8 7.54-13.0 10.8-13.5 8.18-134 8.09 - 13.6 6.82-125
Dry matter % 5 Mean 11.99 10.68 12.23 10.55 11.65 10.80
SD 1.74 241 0.99 2.03 2.48 2.33
Min - Max 39.3-115 40.6-71.2 30.3-58.7 55.1 - 127 375-97.6 28.3 - 120.
TPC mg GAE/100gFW 5 Mean 77.29 57.27 4454 93.86 57.53 83.92
SD 35.92 11.03 10.87 26.28 24.16 34.89
Min - Max 0.31-1.65 0.28-0.85 0.27-0.42 0.48 -1.56 0.30 - 1.07 0.26 - 1.57
AOP mg TE/g FW 5 Mean 0.77 0.50 0.32 0.98 0.53 0.96
SD 0.55 0.24 0.06 0.39 0.31 0.48
Min - Max 1.89-9.22 0.94 -2.29 1.02-2.76 2.24-105 1.90-6.8 1.25-12.6
TFC mg QE/100gFW 5 Mean 4.25 1.64 1.80 451 3.13 6.61
SD 3.01 0.57 0.73 3.46 2.09 456
Min - Max 0-387.2 569 - 1080 600 - 1016 0-96.3 916 - 1323 417 -624
NOz-N+NO,-N mg/kg FW 5 Mean 190 798 793 41 1018 184
SD 176 190 196 47 173 249
Min - Max 6.07 —17.0 14.4-26.7 10.7 - 28.4 0-139 9.04-18.9 2.32-9.18
NH,-N mg/kg FW 5 Mean 10.79 19.48 17.79 30.93 15.48 6.93
SD 4.85 4.46 7.08 60.79 4.23 2.70
Min - Max (-30.9) - (-30.1) (-29.6) - (-28.1) (-30.0) - (-28.5) (-31.7) - (-29.9) (-30.3) - (-28.3) (-31.6) - (-29.1)
sBC %o 5 Mean -30.6b -289a -29.3a -31.0b 292 a -30.3b
SD 0.4 0.6 0.7 0.7 0.9 1.0
Min - Max 6.7-9.4 10.2-16.1 10.8-12.5 42-54 39-10.1 6.0-85
SN %o 5 Mean 8.3b 13.1a 11.7a 49c¢ 55¢ 7.1bc
SD 1.01 2.6 0.6 0.5 2.6 1.0
Min - Max 6.1-7.3 39-59 31-57 74-84 6.4-83 6.3-75
54s %o 5 Mean 6.8 5.0 4.1 7.8 7.2 6.9
SD 0.4 0.8 1.1 0.4 0.7 0.5

2 Abbreviations: FW, fresh weight; SD, standard deviation; CONT, control; ORG, organic; MIN, mineral. Means with different lower-case letters (a—c) within the rows are

3 significantly different (P < 0.05).
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7

Table 2. The summary data of multi-elemental profiles studied in chicory plants.

Fertility management

Parameter Unit n  Statistical parameter CONT ORG1L ORG2 MINL MINZ ORGL+MINL
Min - Max 1.55-3.21 2.83-4.68 1.97-3.10 1.57 - 2.69 1.39 - 3.27 1.82-3.19
P o/kg DW 5 Mean 231b 3.59a 2.62b 195b 244 b 245h
SD 0.68 0.78 0.47 0.47 0.72 0.49
Min - Max 5.18-7.72 3.44 -6.15 4.08 - 6.76 6.14-12.2 4.29-5.38 5.10-9.01
S g/kg DW 5 Mean 6.64 431 5.27 8.08 4.74 6.81
SD 1.04 1.08 0.96 2.45 0.47 1.47
Min - Max 9.14 - 155 11.7-2538 17.1-2338 7.76-17.8 7.60 - 38.5 8.02-18.4
Cl g/kg DW 5 Mean 12.2 19.2 20.0 12.1 17.4 10.70
SD 2.96 5.77 3.04 4.07 12.70 4.44
Min - Max 20.6-35.6 455-76.3 61.3-77.0 28.3-43.9 454 -78.9 22.2-39.8
K g/kg DW 5 Mean 255 63.2 65.9 34.2 61.1 313
SD 6.0 11.4 6.6 7.3 13.6 6.3
Min - Max 17.0-22.2 12.3-24.38 13.0-26.6 16.9-30.8 143-29.1 16.0 - 23.2
Ca g/kg DW 5 Mean 19.6 18.6 19.0 22.6 22.0 18.8
SD 2.29 4.46 5.26 5.69 6.45 3.02
Min - Max 23.4-57.2 28.5-935 14.8- 60.1 32.6-70.0 20.6 - 60.8 38.1-50.2
Mn mg/kg DW 5 Mean 36.3 59.5 404 51.2 39.1 43.8
SD 13.1 23.7 18.3 14.4 14.8 4.9
Min - Max 27.3-46.6 22.6-36.6 29.3-38.0 18.4-245 240-374 26.7 - 30.2
Zn mg/kg DW 5 Mean 37.3a 28.7 bc 33.7ab 22.00c 30.6 ab 28.5 bc
SD 7.73 5.70 3.77 2.33 5.58 1.57
Min - Max 29.4-79.8 31.2-53.0 34.2-56.6 17.1-475 33.1-155 23.6-48.3
Br mg/kg DW 5 Mean 46.3 44.9 44.6 33.02 77.7 313
SD 20.8 8.97 8.01 11.9 47.2 10.3
Min - Max 10.2-17.8 11.1-13.0 8.85-12.6 11.7-13.8 7.88-16.0 9.39-131
Rb mg/kg DW 5 Mean 12.8 12.2 10.35 12.6 11.98 114
SD 3.00 0.79 1.76 0.92 3.06 1.39
Min - Max 13.7-17.9 8.79-23.0 109-21.3 11.4-26.9 14.1-32.6 10.2-19.7
Sr mg/kg DW 5 Mean 15.62 14.9 14.96 17.26 22.1 13.9
SD 1.85 5.24 4.85 6.19 8.05 3.76
Min - Max 0.92-2.86 0.48-1.81 0.65-1.74 0.80-245 0.45-0.86 1.38-1.92
Mo mg/kg DW 5 Mean 1.88a 0.95cd 1.10 bed 1.69 ab 0.58d 1.64 abc
SD 0.73 0.54 0.49 0.65 0.16 0.26

Abbreviations: DW, dry weight; SD, standard deviation; CONT, control; ORG, organic; MIN, mineral. Means with different lower-case letters (a—d) within the rows are
significantly different (P < 0.05).
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Fig. 1. (a) Discriminant function score plot and (b) discriminant loadings plot based on
differences according to six fertility management practices (CONT, ORG1, ORG2, MINL,
MIN2, and ORG1+MIN1) for all chicory samples. Function 1 (F1) explained 71.0% and
function 2 (F2) 20.6% of the total variance. Discriminant analysis performed with the
20 parameters including DM, TPC, AOP, TFC, NO3-N+NO,-N, NH4-N, P, S, Cl, K, Ca, Mn,
Zn, Br, Rb, Sr, Mo, §*3C, 6N and ¢*'S, of the 30 samples originated from five chicory

cultivars.
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