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Abstract: The use of biostimulants and/or biofertilizers has acquired considerable importance and
can contribute to the sustainable management agriculture, reducing the use of chemical fertilizers,
pesticides, and water. This study aims to assess the effects of Effective Microorganisms (EM) and
Olive Mill Wastewater (OMW) on the growth, photosynthetic performance and polyphenols content
of the medicinal plant Tanacetum balsamita. The EM and OMW were used at two dilution rates.
The EM was added to 5% v/v and 10% v/v, while OMW was added to 2.5% v/v and 5% v/v in
plants at the early growth stage. After 75 days of treatment, all the treated plants had a leaf number
and leaf area almost 2-fold higher than in the Control plants. Moreover, the treatments, at all the
concentrations applied had a positive effect on the photosynthetic activity, with an improvement
both in terms of the quantum yield of photosynthesis and electrons transport efficiency. The best
photosynthetic and growth performances in the treated plants coincided with the higher production
of phenolic compounds; indeed, after 75 days, the content of chlorogenic acid, caffeic acid, and
isochlorogenic acid was even 2-fold of the Control plants. Also, rutin content was 1.28-1.50-fold
respect to the Control extracts. The highest phenolic compound content was reflected by the highest
antiradical activity, found in the extracts of the treated plants. The effectiveness of EM to increase the
growth and quality of plants and in particular, the potential use of OMW on the cultivated crop was
confirmed to this study.

Keywords: costmary; effective microorganism; olive mill wastewater; plant growth; polyphenols;
trichomes; nutrient analysis; PCA

1. Introduction

Management strategies in conventional farming systems are strongly characterized
by an increased use of fertilizers and pesticides, an excessive use of water irrigation and,
in general, an establishment of intensive crop cultivation systems. This context led cropping
systems to be less resilient to changing environmental conditions, negatively affected soil
quality as well as resulted in serious risks to human health and the environment. In recent
years, efforts have been directed toward sustainable farming systems to reduce inputs
of chemical fertilizers, pesticides, and water and achieve the goal of an economically vi-
able and environmentally friendly agricultural production system. Among sustainable
techniques, the use of biostimulants and/or biofertilizers is considered a new and en-
vironmentally friendly agricultural practice that satisfies both crop intensification and
environmental protection. A plant biostimulant is any substance or microorganism applied
to plants that enhances nutrition efficiency, biotic and abiotic stress tolerance, and/or
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crop quality. The use of biostimulants may also increase plant productivity. By extension,
with the name “plant biostimulants” could be also designated commercial products con-
taining mixtures of such substances and/or microorganisms [1] and this definition can also
include the synthetic microbial consortium also called Effective Microorganisms (EM) and
Olive Mill Wastewater (OMW). Generally, EM consists mainly of photosynthetic bacteria,
lactic acid bacteria, yeast [2] and it is a registered trademark and a brand name owned
by EM Research Organization (EMRO). This microbial consortium could increase organic
matter and provide nutrients, thus being an alternative sustainable practice in sustaining
plant production without other external inputs such as chemical fertilizers and pesticides
and without increasing excessive costs [3,4]. On the other hand, OMW could represent a
strategic resource in integrated agricultural system management, since it would meet the
two-fold objectives of eliminating olive oil waste and using it beneficially to improve soil
fertility [5,6]). The characteristics of OMW are variable and depend on the geographic site,
plant cultivar and maturity, climatic conditions, cultivation/processing procedures, and oil
extraction processes [7,8]. Commonly OMW has high chemical and biological oxygen de-
mand as well as high amounts of total phenols, carbohydrates, polysaccharides, fatty acids,
polyalcohols, pectins, and tannins [9,10] that represent a lignin-like structure and constitute
the most resistant fraction of this waste stream [11]. OMW usually has a high level of toxic-
ity for the presence of various phenolic compounds, but with appropriate measures and
dilutions can be used in agriculture for plants cultivation [12]. The high-polluting power
of OMW is related to the presence, in this wastewater, of a high concentration of organic
compounds and phenolic acids which confer dark color and low pH. These characteristics
make OMW toxic if disposed into the soil, because it can alter the microbial soil composition
and its structure, with strong impact to the environment. In this study the effect of the
application of EM and OMW on Tanacetum balsamita L. was assessed. Tanacetum balsamita
L. (Chrysantenum balsamita L., Balsamita major Desf., Balsamita vulgaris Willd.; Asteraceae
family) is a medicinal perennial plant species native of Southern Europe and Western Asia,
and it is also known as costmary. Its first botanical description was carried out in the 9th
Century by monks who classified all the officinal plants in their gardens [13]. Due to its
strong mint-like aroma and bitter taste, it is used to aromatize foods, cakes, drinks and
to prepare potpourri [14]. However, the use of costmary as a medical herb is reported in
Europe between the 16th and 18th Centuries and in traditional and modern medicine as an
antipyretic, laxative, diuretic, digestive, antiseptic, astringent, cardiotonic and for treating
burns and insect stings [15-18]. Its beneficial properties have been attributed to different
substances present in the plant, specifically essential oil, and phenolic compounds which
are the most abundant antioxidant compounds in the leaves of Tanacetum balsamita [19].
In the sight of these findings, the role of this officinal plant has been revalued and it
has been considered in different forms (i.e., aqueous extracts, essential oil) for different
uses [19,20]. A present challenge is to find new sustainable (bio)technologies (i.e., EM,
OMW) that could increase the production or the phenolic content. In this context, the aim of
the present research is to assess the effects of EM and the suitability of OMW on the growth
and physiological parameters of Tanacetum balsamita so as to improve the production and
quality plants and to contribute a sustainable agronomic application.

2. Materials and Methods
2.1. Experimental Setup

On April 2019, clonal plants of the same age of costmary (Tanacetum balsamita), with av-
erage fresh weight of 10.5 g, were transplanted, one in each pot (J = 20 cm; h = 20 cm)
filled with a commercial substrate (VIGORPLANT LODI, ITALIA) generally used in organic
farming (pH = 7; electric conductivity = 0.4 dS m~1; total porosity = 87%) and placed
under a black polyethylene net (net hole 1.4x1.4 mm) with 40% shading intensity in the
nursery area of the Italian National Research Council, in Central Italy (Sesto Fiorentino;
lat. 43°49'04.2" Nj; lon. 11°12/06.6” E; 55 m a.s.l.). No chemical fertilizers were added to
the plants. The plants were treated with EM, activated in dilution 1:100 [21] provided by
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CREA-OF (Pescia, Italy) or with OMW (Table A1), provided by a Tuscan oil mill, working
with a three-phase process (Pieralisi, Firenze, Italy). OMW was left to settle for a week,
at 4 °C, in the dark, to let the solid fraction to deposit in the bottom and the supernatant
was used for the treatment.

The treatments were performed by diluting stock solutions with tap water as follows:
O1 (OMW 2.5% v/v); O2 (OMW 5% v/v); E1 (EM 5% v/v); E2 (EM 10% v/v); only water
(Control). The EM and OMW concentrations applied are in agree with the literature [21-23].
Five pots per replicate were arranged in a randomized complete block design with three
replications per treatment for a total of fifteen plants per treatment. The pot plants were
manually irrigated every 15 days with 1 L of water (Control) or treatment solution to
maintain the substrate water content near the field capacity. The experiment ended after
75 days after transplant (DAT), at the balsamic time (at the end of springtime, in June,
at this latitude) [24]. Climate conditions were continuously monitored by a weather station
(Decagon Em50; Decagon Devices Inc., Pullman, WA 99163, USA). The average minimum
and maximum temperatures recorded in the period were 12.95 °C and 25.06 °C, respectively,
and the mean relative humidity was 65%. The leaves were collected at intervals: date of
data collection reported 15th April (T0), 15th May (T1), 15th June (T2) and 30th June (T3).

2.2. Biometric Parameters: Plant Growth and Trichome Density Analysis

Destructive evaluations were performed on 30th June 2019, at 75 DAT (T3). The fol-
lowing biometric parameters were assessed: leaves number (LN); fresh leaves (FWL), root
(FWR), and total (FWT) weight; dry leaves (DWL), root (DWR), and total weight (DWT).
All the dry weights occurred after oven drying at 75 °C until a constant weight was reached.
Leaf area (LA) was determined on each leaf by image analysis (NIS Elements D 4.00); Spe-
cific Leaf Area (SLA; cm? g—1) was calculated as leaf area/leaf dry mass; Leaf Weight Ratio
(LWR; g g~ 1), calculated as DWL/DWT, and leaf area ratio (LAR; cm? g=1) as SLA x LWR.
The Relative Growth Rate (RGR) index was determined according to the equation:

In(DWF) — In(DWO0)
TF —T0

RGR = @
where In is the natural logarithm, DWO0 is the dry mass of the plant at the beginning (T0) and
DWEF is the dry mass of the plant at the end (TF) of the experiment. The RGR was calculated
to leaves and roots. For trichomes density, leaves samples were mounted on aluminum
sample-holder stubs, sputtered with silver (Emitech K575X, Emitech Ltd., Ashford, UK),
and examined using a GAIA 3 electron microscope (Tescan, Brno, Czech Republic) at 20
KV. Glandular and non-glandular trichomes density (number of trichomes per mm?) were
evaluated. All the counts were performed on the central part of the leaf. The histochemical
and confocal laser scanning microscopy observations of trichomes were performed on fresh
young leaves of Tanacetum balsamita sectioned by hand. The obtained sections were stained
with Nadi reagent [25] to detect terpenes. Using a TCS SP8 confocal microscope (Leica
Microsystems CMS GmbH, Mannhein, Germany) leaf cross sections were observed . Laser
excitation at 405 nm was used to acquire hydroxycinnamate fluorescence (over the 415-480
nm emission spectral band).

2.3. Nutrient Analysis in Leaves

Total N was obtained by dry combustion of dry plant material by using a NA 1500
CHNS Analyser (Carlo Erba, Cornareto, Milano, Italy). Nitrates were determined as
described by Cataldo et al. [26]. For K, Mg, Ca, Na, and P-PO4 content determinations, dry
shoot samples were wet digested in a mixture of nitric and perchloric acids HNO5;:HCIO,
=5:2v/v at 230 °C for 1 h. Atomic absorption spectrometry was used to quantify K, Mg,
Ca and Na, while spectrophotometry (Evolution™300 UV-Vis Spectrophotometer, Thermo
Fisher Scientific Inc., Waltham, MA, USA) was employed for P determination using the
molybdenum blue method.
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2.4. Chlorophyll a Fluorescence Transient and JIP-Test Parameters

At TO, T1, T2, and T3 the chlorophyll a fluorescence transients were recorded with a
Handy-PEA (Hansatech Instruments Limited, Norfolk, UK) on 30 min-dark-adapted leaves
then illuminated with continuous light (650 nm peak wavelength, 3500 umol photons
m~2 s~! light intensity) provided by light-emitting diodes (LEDs). Each chlorophyll a
fluorescence induction curve was analyzed using Biolyzer HP 3 software version 3.03
(Bioenergetics Laboratory, University of Geneva, Switzerland) following the so-called JIP-
test [27]. Normalization of the chlorophyll fluorescence data on both FO and Fm was used,
with the transient calculated as relative variable fluorescence Vt = lf;ii%, to facilitate
the comparisons among the samples [28]. The following parameters (JIP-test parameters),

. F300 ps —F0
calculated from the fluorescence measurements, were considered: Mo = 4%,

corresponding to the net rate of the reaction center closure; V; = %, indicating the level

of Quinone A (QA) reduction. The parameters describing the flux ratio were calculated
according to Appenroth et al. [29] as follows: 1%’1 , the maximum quantum yield of PSII for
primary photochemistry, ¢Eo = FP—:; X Yo, the quantum yield of electron transport.

2.5. Total Polyphenolic Content and Individual Phenolic Determination

Polyphenols were identified by comparing the retention time and the spectrum with
the standards, HPLC grade (Sigma-Aldrich). The quantification was obtained using the
calibration curve made with the relative standards. Neochlorogenic and chlorogenic acid,
gallic acid , Folin-Ciocalteu reagent, and other chemicals used were purchased from Sigma
Chemical Co. The total polyphenolic content in the leaves at TO, T1, T2, and T3 was
analyzed. Leaves was lyophilised (ALPHA 1-4 LD freeze dryer; Martin Christ, Osterode
am Harz, Germany), homogenised and frozen at 80 °C prior to subsequent analyses. For the
extraction of phenolic compounds from leaves, 10 mL of methanol:water solution (80:20
v/v) was added to 100 mg of lyophilized leaf material and sonicated with a probe inserted
into the liquid suspension (MSE 100-Watt ultrasonic disintegrator, Cat. N.7100) for 1 min.
The tubes containing the samples were put in ice during the sonication.

The volume was adjusted to 25 mL. To eliminate the carotenoids and the chlorophylls
interferences, all the extracts were washed by adding petrol 1:1 v/v and then centrifuged at
4000 g for 5 min to recover the methanol fraction. The total phenol assay was performed
using the Folin-Ciocalteau reagent as described by Luthria et al. [30]. The Folin Ciocalteau
reagent was used as supplied by the company. The reaction mixture was freshly prepared
every time. The absorbance of the colored reaction product was read at 730 nm, using a
Varian UV-Visible spectrophotometer Cary 50 Scan spectrophotometer (Agilent Technolo-
gies, Palo Alto, CA, USA). The results were expressed as pg of gallic acid equivalent (ng
GAE g1). The total phenolic compound extractions were performed in triplicate.

2.6. Phenolic Compounds Determination in Leaves Extracts

HPLC-DAD analyses for identification and quantification of the individual phenolic
compounds were performed according to Romani et al. [31] on the previously described
methanol extracts. For polyphenolic identification and quantification, the standards by
Sigma-Aldrich of HPLC grade were used. Analysis was conducted with a Varian multisol-
vent pump ProStar 210 (Agilent Technologies, Palo Alto, CA, USA), coupled with a photo-
diode array detector Varian ProStar 335 (Agilent Technologies, Palo Alto, Ca, USA). For the
separation, the analysis was performed with a Phenomenex Kinetex Phenyl-Hexyl 100 A
150 x 4.6 mm reverse-phase C18 column with an identical pre-column, at 25 °C. The elu-
ent was composed of (A) water/acetic acid (99.9:0.1) and (B) methanol:water:CH;COOH
(95:4.9:0.1). A three-step linear solvent gradient system was used starting from 5% of B
solution at a flow rate of 1.0 mL min—!. The percentage of B solution reached 25% from 2
to 22 min, then 99% from 23 to 55 min, then 5% from 55 to 69 min. UV-Vis spectra were
recorded in the 220-700 nm range and the chromatograms at 278 nm. The analysis was
performed in triplicates.
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2.7. Antiradical Activity of Leaf Extracts (DPPH)

The free radical scavenging capacity of the leaf polyphenolic extracts at TO, T1, T2,
and T3 was determined in triplicate using the (2,2-diphenyl-1-picrylhydrazyl) (DPPH)
reagent as described by Brand-Williams et al. [32]. DPPH (Sigma-Aldrich) is a stable radical
which can be reduced by an antiradical hydrogen-donor compound. This colorimetric
reaction is measured with a Varian UV-Visible Cary 50 Scan spectrophotometer (Agilent
Technologies, USA) at 517 nm: the DPPH radical color shifts from violet to yellow when its
radicals are quenched by reacting with the sample. 1 mL of appropriately diluted methano-
lic extracts was added to 1 mL of freshly prepared methanolic DPPH solution (63 pM),
and measured immediately, by recording the absorbance at 517 nm. The absorbance was
measured again after 20 min. At least 4 different sample concentrations were tested to
obtain a curve and the formula to calculate I50, which is the concentration at which a
decrease by 50% of the initial absorbance (sample with DPPH) is obtained. Due to the
green color of the extracts, which may affect the colorimetric analysis when sample is
mixed with DPPH (violet), for each tested sample concentration (at least 4) a blank was
prepared, adding 1 mL of methanol. Its absorbance value at 517 nm was subtracted from
the absorbance values of the same sample added with 1 mL of DPPH solution (both at
initial absorbance and after 20 min).

% inhibition = [100 - (Ax) x 100] 2)
As

where: As is the initial absorbance of the sample extract in DPPH solution (t = 0) and Ax is

the absorbance of the same sample after 20 min.

2.8. Statistical Analysis

For each biometric parameter (FWL, FWR, FWT, DWL, DWR, DWT, LA, SLA, LWR,
LAR, RGR), the average + standard error of the mean (SEM), followed by Tukey’s test
(p < 0.05) was determined. To evaluate quantitatively the general effect of the different
treatments, the significance of the differences was assessed by a one-way Analysis of
Variance (ANOVA) followed by Fisher’s Least Significant Difference (LSD) procedure
at a 95% confidence level and related values of Effect Size was also performed. A post
hoc test to explore differences between multiple groups’ averages while controlling the
experiment-wise error rate was applied.

To compare the effect of the different treatments a pairwise comparison was performed
and every pair combination from our set of treatments and related values of Effect Size
was also performed. The Effect Size (EF) measures the magnitude of the investigated effect
relative to the standard deviation of the sample and the relative strength of the treatment.
For each pair, it was calculated with Cohen methods [33]:

X1 — X

EffECt Size = \/(nlfl)xsl+(nzfl)><sz ©)
ny+ny—2
where:
%] = Mean of group; Xy = Mean of group,
{ n1 = Number of sample of group; 1y = Number of sample of group,
s1 = Sample standard deviation of groupy sy = Sample standard deviation of group,

In this study when Control groups are involved, “group 1” refers always to the
Control group. Since the sign Effect Size value tells us the direction of the effect, then
negative effect size values indicate the treatment increases the mean, and positive effect size
values indicate that the treatment decreases the mean. When only treatments with plant
biostimulants are involved, negative effect size values indicate that group 1 treatment has a
lower response for a given growth factor. The whole set of median values of each treatment
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resulted from all measurements and analysis was used to visualize each parameter with
Interaction Box-plots with the correlation distance among variables and average linkage
among treatments.

To reduce the effect of possibly spurious outliers, for each growth feature and each
experimental group, a function of statistical transformation was applied. The outliers were
selected with the winsorization technique; all data below the 5th percentile were set to
the 5th percentile values, and data above the 95th percentile were set to 95th percentile
values. The adoption of this technique is not equivalent to excluding data (“trimming”),
but it is a way to censor data. In a trimmed estimator, the extreme values are discarded; in
a winsorized estimator, the extreme values are instead replaced by certain percentiles [34].
Chlorophyll fluorescence transients and polyphenolic compounds values at different times
were analyzed and average values + standard error of the mean, Standard Error of Mean
(SEM), were derived. All these graphic and statistical analyses were performed coding
in the Conda ecosystem using the Python programming language with Numpy, Pandas,
Statistics, Pingouin, and MatplotLib modules.

After that, Principal Component Analysis (PCA) was performed by selecting only
dependent variables showing significant differences among averages (ANOVA) and after a
dataset standardization (scale to unit variance). These variables were grouped into cate-
gories (i.e., plant morphology and biomass parameters, plant ecophysiological parameters,
plant phenolic and characteristics in nutrient content) and a multiple correlation analysis
was finally performed for each group to identify possible correlations among variables
of the same nature (e.g., dry weight of different organs versus total dry weight). Finally,
correlated variables and poorly explained variables in the loading plot (i.e., short vectors)
were removed, step by step from the analysis as suggested by Krejcova et al. [35].

3. Results and Discussion
3.1. Effect of EM and OMW Treatments on Plants Growth

In the present study, we tested the efficiency of Effective Microorganisms (EM) and
Olive Mill Wastewater (OMW) on the growth, physiology, and quality parameters of
costmary plants. Regarding to the growth parameters in general, the results showed that
treatments with the two biostimulants had significant effects. Specifically, among assayed
traits, statistically significant differences (p < 0.05) were observed respect to the type and
the concentration of applied biostimulant (Figure 1A-F; Table 1); the treated plants showed
better performances than the Control.

Table 1. Analysis of variance for growth parameters.

Growth Sum of Mean of df F PRGP) Effect Size
Parameters Squares Squares

INn Model 30,763.8 7690.9 4 72 1.38 x 10711 0.94
Residual 2137.1 106.9 20

LA (cm?) Model 13,653.1 3413.3 4 70.5 258 x 10724 0.79
Residual 3532.4 484 73

SLA Model 296,323.7 74,080.9 4 7.4 411 x107° 0.27
Residual 802,888.7 10,036.1 80

Model 0.2 0 4 35.8 401 x 10717 0.64
LWR Residual 0.1 0 80

LAR Model 237,042.6 59,260.7 4 22.9 1.27 x 10712 0.53
Residual 207,305.9 2591.3 80

Model 9705.5 2426.4 4 36.2 6—79 x 1077 0.88
FWL (g) Residual 1340.7 67 20
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Figure 1. Box plots representing the variation in plant growth at the end of the treatments, for (A)
leaf fresh weight, (B) leaf dry weight, (C) root fresh weight, (D) root dry weight, (E) total fresh
weight, and (F) total dry weight in response to the application of EM and OWM biostimulants at
two concentrations in Tanacetum balsamita plants. The central line displays the median, the bottom
and top of the box are the first and third quartiles. Different letters indicate significant differences
(p < 0.05) using the Tukey’s test.
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The ANOVA response for all growth factors detected huge differences in experimental
results. The comparison of variance between and within experimental groups (rows
“Model” and “Residual” in Table 1) indicates that the variance of treatments is ever many
times larger than unaccountable variance. Moreover the highly significant difference rejects
for each growth features the null hypothesis that the means for the five treatments are the
same (Column “PR(>F)”). Analyzing the paired results of the effects of different treatments,
it appears that for all the growth variables there are always great differences between
the EM, OMW and Control treatments and the Effect Size values always confirm a huge
difference (Tables A2 and A3). The Effect Size values tend to decrease when EM and OMW
treatments at different concentrations are compared to each other. Both the p-value values,
corrected with the Bonferroni method (Column “p-corr”), confirm that for some growth
features there are often no significant differences and when present, the Effect size values
indicate low differences between treatments (Tables A2 and A3). Analysis of the different
growth parameters showed statistically significant differences. The treated plants showed
an average fresh leaves weight (81.6 g) that was about 48 g greater than the Control plants;
and the higher value of FWL was observed in the E1 treatment with 88.7 g (Figure 1A;
Table A4). Leaves dry weight (DWL) showed an increase from 120% (O1; E2) to about
150% (O2; E1) compared to the Control (Figure 1B and Table A4). The highest values of
DWL were observed in E1 and O2, with 18.8 and 19.2 g respectively. Leaves fresh and
dry weights showed no statistically significant differences among treatments with the two
biostimulants (Figure 1A,B, Table A4).

Regarding the grown factors FWL and DWL, the pairwise analysis (Table A2) showed
that the practical significance, expressed in terms of Effect Size is always significant
(EF < —5.3) in the comparison between Control and Treatments (E1, E2, O1, O2) and the
most significant effects were recorded between Control and O2 (EF = —6.8 for FWL and
EF = —7.8 for DWL) (Table A2). Comparing the treatments in pairs, for FWL the higher
value of EF was obtained for E1<0O1 (EF = 1.01), while the minimum difference of response
was obtained by comparing the groups E2<0O1 (EF = 0.046). DWL showed a higher value
of EF when comparing in pair E2<02 (EF = —1.64), and the minimum difference in E2<01
(EF = —0.094) (Table A2). Concerning roots fresh and dry weights, they were significantly
higher in EM and OMW treatments compared to the Control (Figure 1C,D; Table A4).
The increase in fresh weight ranged from 65% (E2) to 94.4% (E1), and the highest value of
FW roots was recorded in the E1 treatment with 98.0 g (Figure 1C; Table A4). For the dry
weight, the best values were observed in E1 (14.1 g) and O2 (14.0 g) treatments, while the
Control recorded 8.6 g (Figure 1D). Roots fresh and dry weights showed no statistically
significant differences between treatments with the two biostimulants (Figure 1C,D). Com-
paring the Control with the treatments the pairwise analysis (Table A2) showed that the
maximum response to treatment for FWR was observed for pair Control<O1 (EF = —6.67),
while among the treatments the maximum value of EF was observed for pair E1<E2 (2.17).
Instead for DWR, the comparison between Control and treatments exhibited the maxi-
mum value for pair Control<>E1 (EF = —3.08) and the minimum difference in Control<E2
(EF = —2.30). In treated plants maximum differences were observed for pair E1<E2 and
the minimum in E1<02, EF = 1.38 and EF = 0.10 respectively (Table A2). The total fresh
(FWT) and total dry weight (DWT) of OMW- and EM-treated plants were always higher in
all treatments compared to Control. The treated plants showed an average FWT (172.9 g)
that was about 89 g greater than the Control plants, and a higher value was observed
in E1 (184.9 g) (Table A4). The highest value in the pairwise analysis was EF = 11.4 in
Control«<>O1 (Table A2). The FWT did not show statistically significant differences among
the four treatments (Figure 1E). Regarding DWT, the treatments E1 and O2 registered the
highest mean values (33.3 g and 33.5 g, respectively) and marginally significant differences
were observed between the two biostimulants and the applied concentrations (Figure 1F;
Table A4). Control in comparison to treated plants, showed the maximum value of EF
(-8.07) for pair Control<O1, among treatments the minimum was for E1<02 (EF = —0.06),
and the highest was for E2<02 (EF = —2.29) (Table A2). The improved development of
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treated plants with EM and OMW is highlighted also in an increase in the total RGR index
(Figure 2).
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Figure 2. Dynamic of the RGR in plant parts of Tanacetum balsamita. Error bars represent the
standard deviation (SD). Different letters above each column indicate significant differences among
the treatments (Tukey’s test p < 0.05).

At the end of the experiment (75 DTA), the total RGR of treated plants ranged from
50.5 to 53.1 mg g~! d~1, with the highest value in O2 treatment, while in the Control
was 40.3 mg g~ d~1. In all plants the aerial part (leaves) exhibited the highest RGR and,
in particular, the treated plants showed a significant increase of about 32% in leaves RGR
compared to the Control; the highest value was observed in OMW treatment applied at the
maximum concentration (O2; 63.0 mg g~ d1).

The increased growth observed in Tanacetum balsamita treated plants, can be attributed
to the biostimulants influence and the effect is evident in both the rooting system and the
aerial biomass development. In literature, several studies reported on horticultural and
ornamental plants, the positive influence of microorganism activity (EM) on plant growth
parameters [36-39]. In Figure 3 the plants at TO and T3 are shown, with details of leaves
and roots.

The positive application of EM and OMW resulted also, in an increases in values of
leaves number (LN) and leaf area (LA) (Table A4; Figures 3 and 4A,B). The average number
of leaves in plants treated with OMW and EM (181.6) enhanced by 78.5% with respect to the
Control; the highest values were observed applying the minor biostimulant concentrations,
O1 (205 leaves) and in E1 (185.8 leaves) (Figure 4A; Table A4). Control plants registered a
mean leaf area of 39.1 cm? while treatments determined an increase of leaf area ranging
from about 72.0 cm? in E1 to 42.1 cm? in O1 (Figure 4B; Table A4).
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CONTROL T3

Figure 3. Plants and roots grown at different concentrations of Effective Microorganisms and Olive
Mill Wastewater, at time TO and T3 (final time).
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Figure 4. Box plots representing the variation in leaf parameters at the end of the experiment, for:
(A) leaves number, (B) leaf area, (C) Specific Leaf Area, (D) Leaf Weight Ratio and (E) Leaf Area
Ratio, of Tanacetum balsamita plants in response to the application of EM and OMW biostimulants at
two different concentrations. The central line displays the median, the bottom and top of the box
are the first and third quartiles. Different letters indicate significant differences (p < 0.05) using the
Tukey’s test.

Comparing the Control with the treatments the pairwise analysis (Table A3) showed
that the maximum value of EF for LN was —8.03 (Control<O1) and the minimum was
—5.95 for Control<E2, however, the latter value highlights a strong response to treatment.
Among the treatments, the maximum value was observed for E2<-01 (EF = —3.54) and
the minimum was for E1<-O2 with EF = 0.99 (Table A3). Instead for LA, the comparison
between Control and treatment exhibited the maximum value in Control<E1 (EF = —4.4)
and the minimum difference in Control<O1 (EF = —0.51) (Table A3). In treatment plants,
maximum differences were observed in E1<0O1 and the minimum in E1<-02, EF = 3.84,
and EF = 0.69 respectively (Table A3). Regarding these results, O1 treatment recorded a
leaf area value similar to the Control, but the best result was in leaves number (205). This
result is not conflicting, Hassanpouraghdam et al. [14] had already observed an inverse
relationship between leaf area and leaf number in Tanacetum balsamita plants treated with
different concentrations of N, and they considered this result to be not limiting to plant
growth. The estimation of leaf number and leaf area is decisive for plant growth and
development being the leaf an essential plant structure that allows gas exchange and the
transformation of light energy into chemical energy useful for cellular functions [40]. The
effects of EM and OMW treatments on growth indices SLA (Specific Leaf Area), LAR (Leaf
Area Ratio), and LWR (Leaf Weight Ratio), are reported in Table A1 and Figure 4C-E. SLA is
a measure of leaf thickness, correlated with the number and/or size of leaf photosynthetic
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mesophyll cells [41]. SLA index showed similar values for E2, O1, and O2 treatments
and Control, while E1 treatment reported the highest value (715.2 cm? g—1; Figure 4C).
LWR describes the efficiency of assimilation in the whole plant. LWR index ranged from
0.59 in O2 to 0.47 g g~! in the Control and did not show differences between treated
plants, which however showed values higher than the Control (Table A4; Figure 4D). LAR
defines the leaf area produced per unit of biomass and therefore it is closely related to
photosynthetic activity. In the present study LAR index values in treated plants were
higher compared with the Control, and the highest data was recorded in E1 (414.9 cm? g—1)
followed by O2 treatment with 353.1 cm? g~! (Table A4; Figure 4E). Comparing the Control
with the treatments the pairwise analysis (Table A3) showed that the maximum value
of EF for SLA was —1.31 (Control<E1l) and the minimum was 0.03 for Control<O1.
Among the treatments, the maximum value was observed for E1<E2 (EF = 2.11) and
the minimum was EF = —0.05 for E2<-01 (Table A3). Instead for LWR, the comparison
between Control and treatment exhibited the maximum value in Control<O2 (EF = —3.54)
and the minimum difference in Control<-O1 (EF = —2.20) (Table A3). LAR showed among
Control and treatment the maximum value of EF = —2.62 in Control<E1 and the minimum
in Control<O1 (EF = —0.74). The highest value among treated plants was EF = 2.37 in
E1<E2, and the lowest was in E2 <01 with EF = 0.27 (Table A3).

In our experimental conditions, EM and OMW determined an increase in leaf number
and leaf area but did not affect leaf thickness. These results agree with Scavroni et al. [42]
that used organic fertilizers in Mentha piperita L. and with Wadas and Dziugiet [43] for
the use of biostimulants in Solanum tuberosum L. The rise of LIWR and LAR, due to the
application of biostimulants, in combination with enlarged leaf size, can maximize the
optical light interception efficiency and the greater acquisition of resources resulting in an
increment of plant growth [44-46].

The presence of trichomes on the leaf surface of Tanacetum balsamita was observed,
and thus effect of biostimulants on the number of trichomes was evaluated. Although tri-
chomes have been described in some species of the genus Tanacetum, this is the first time
they are described in Tanacetum balsamita. Costmary presented non-glandular and glandular
trichomes on the adaxial and abaxial epidermis (Figure 5A-F), even if they are both more
abundant on the lower epidermis. Non-glandular trichomes are long, uniseriate T-shaped
hair and consist of 2-3-foot cells and 2 acicular armed hair (Figure 5A,B,G). Glandular
trichomes consist of biseriate secretory cells and a large subcuticular cavity where secretory
products are stored, like the peltate trichomes of the Lamiaceae ([47,48] (Figure 5C-E,G). His-
tochemical staining (Nadi Reagent) and fluorescence analysis highlighted the presence of
terpenes and wall-bound hydroxycinnamates in glandular trichomes (Figure 5D,E) [49,50].
Under our experimental conditions, no statistically significant difference among treat-
ments was found in the density of glandular trichomes while in non-glandular trichomes,
the number was significantly higher in the E2 (81.3) and O1 (78.7) treatments compared to
the Control (64.7) (Figure 5F-L). These results agree with the study of Saour [51] who re-
ported an increase in non-glandular hairs in potato plants after treatments with commercial
organic biostimulant (Vitazyme™) speculating a positive relationship among the action of
biostimulant, the resistance to pathogens and trichomes number.
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W Glandular Trichomes

i Non Glandular Trichomes

Figure 5. Trichomes in Tanacetum balsamita leaf. SEM (A) and Light (B) micrographs of non-glandular
trichomes. Structural and histochemical features of glandular trichomes (C-E): (C) Light micrograph
of a section of leaf; (D) The violet-blu stain produced by Nadi Reagent indicates the presence of terpens
in the secretory cells and oil sac; (E) Fluorescence micrograph, the pale blue autofluorescence at the
external edge of trichomes is due to the presence of wall-bound hydroxycinnamates; (F) Mean with
SD of Glandular and non-glandular trichomes density in the different treatments: Control; O1 (OMW
2.5 %); O2 (OMW 5%); E1 (EM 5%); E2 (EM 10%), different letters indicate a significant difference
(p < 0.05) according to Tukey’s test, ns non-significant. SEM micrographs (G-L) of trichomes: (G)
glandular (white arrow) and non-glandular (black arrows) trichomes; (H) Control; (I) O1 treatment;
(L) E2 treatment. Scale bars = 100 pm.

Until now, there is no published research on the use of EM and OMW in costmary.
Many studies reported a positive effect of EM on a wide range of fruits and leafy vegetables
in pot and in field experiments [52], such as apples [53], beans [54] and tomato [55].
Similarly pot experiments under greenhouse, reported in Allium cepa [21] an increase in
bulb growth parameters and in the medicinal plants Bulbine frutescens [22], a significant
improvement in the number of new leaves, shoots, inflorescences per plant, and biomass
weight. The efficiency of EM is attributed to the increase in the photosynthesis, in microbial
biomass and to the improvement of water supply. EM also stimulates plant growth
by improving physiological processes and plant resistance to abiotic stresses producing
bioactive substances such as hormones and enzymes, accelerating the decomposition of
organic materials, and controlling soil diseases [56-59]. Although most published studies
show a positive effect of EM on plant growth, some researches reported negative or
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non-significant effects [52], as well as in sweet corn [60], seeds cotton [61] and Chinese
cabbage [62]. Few information on the application of OMW on plants is available. OMW has
a high content of organic compounds, and macro and microelements, making it valuable as
biofertilizers and /or biostimulants. However, OMW obtained during oil production has a
high level of acidity, salinity, and polyphenol content that make it harmful [63]. Indeed,
the application of undiluted OMW resulted in the suppression of seeds germination in
Triticum durum L. [64], Vicia faba L. and Cicer arietinum L. [65]. In addition, it was reported
that the use of the unmodified OMW has a negative impact on physico-chemical and
biological soil properties and ground waters [65]. To make this product usable in agriculture,
it is necessary to remove the detrimental products. Several methods have been developed
for the improvement of OMW and the resulting product has been evaluated in different
plants [66]. In our experimental study, to reduce toxicity, OMWs were treated by a simple
and easily repeatable method: decantation, dilution, and pH adjustment. Our findings are
in agreement with [23], where the filtered OMW applied to tomato plants increased growth
parameters and fruit size. Other researchers have observed the same results in Triticum
aestivum var. Doumal [61], in Vicia faba L. and Cicer arietinum L. [65], and Phaseolus vulgaris
L. [67]. The positive effects of OMWs application are attributed to the large quantity of
protein, polysaccharides, humic acids, and macro and micro mineral elements present in
this compound [23].

3.2. Mineral Composition of Leaves

The results of the mineral analysis, as tissue concentration, performed on costmary
plants at 0 DAT (T0) and 75 DAT (T3) in Control, E1, E2, O1, O2, are shown in Figure 6.
The development of root, shoot, and leaves allowed more functional nutrient assimilation,
and transport of mineral elements and physiological activators, as already seen by De
Pascale et al. [68].

After 75 DAT (T3), Control plants had a typical enhancement of the nutrient content
(Figure 6). The mineral element concentrations were differently affected by the type of
treatment and treatment concentration. Total N showed the highest values in plants
grown on E2 and O2 (28.79 + 0.34 g Kg—! DW and 30.23 + 0.65 g Kg—! DW, respectively),
the highest concentrations used in this experiment. On the other hand, in these plants,
N-NO, was significantly lower (0.93 + 0.03 g Kg—! DW and 0.82 + 0.04 g Kg—! DW, for E2
and O2, respectively) respect to the Control at T3 and the treated plants with the lowest
concentrations (E1 and O1) indicating that these treatments could be useful to reduce
nitrates in this edible plant. In fact, an excess consumption of nitrates is considered
dangerous because nitrates could be converted into nitrite in the gut and nitrite can bind
to hemoglobin preventing the blood from carrying enough oxygen or, in presence of
ammine, may generate nitrosamines, known to have carcinogenic activity [69]. For this
reason, the reduction of anti-nutritional factors in horticultural products, such as nitrates in
leafy vegetables, has become an important objective in agricultural research. Phosphate
concentrations in plants treated with the highest concentrations of EM and OWM (E2,
1.10 £ 0.09 g Kg—1 DW; 02, 0.99 =+ 0.22 g Kg—! DW) were significantly minor to those of
Control at T3 (2.13 + 0.04 g Kg—1 DW), E1 (2.91 + 0.10 g Kg—! DW), and O1 (2.09 + 0.23 g
Kg~! DW). Accordingly, K contents decreased significantly with the high EM and OMW
concentrations (Control, 1.73 + 0.01 g Kg=! DW; E1, 2.01 + 0.01 g Kg~! DW; E2,0.47 + 0.03 g
Kg=1DW; 01, 2.19 + 0.05 g Kg=! DW; 02, 0.23 + 0.02 g Kg—! DW). A significant increase in
sodium and magnesium was observed adding EM and OMW at the substrates compared
with Control (Na, 0.13+0.01 g Kg—! DW; Mg, 1.03 + 0.01 g Kg—! DW), the application of
biostimulant compounds seem to increase the availability of these mineral elements for the
plant. Calcium was the only element affected simultaneously both by treatment and by the
treatment concentrations. Specifically, it was higher in Control (11.60 + 0.40 g Kg—! DW).
The other elements were all influenced by treatment and concentration.

The EM application has also been investigated in tomatoes [70], and grass species [71].
The authors showed that the addition of EM may enhance the amount of some elements,



Appl. Sci. 2023,13,722

15 of 26

such as nitrogen, phosphorus, and potassium, promoting growth and productivity. These
findings support the results of E1 and E2 treated plants which exhibited also higher growing
parameter values with respect to the Control plants.
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Figure 6. Nutrient analysis in costmary plants at 75 DAT. Control TO at 0 DAT, Control T3 = only
water at 75 DAT, E1 = EM 5%, E2 = EM 10%, O1 = OMW 2.5%, O2 = OMW 5% . Significance
analysis was performed among Control T3 and the treatments (E1, E2, O1, O2). n.s. = non significant
or *, **, *** — significant at p < 0.05, p < 0.01 and p < 0.001, respectively.

3.3. Physiological Parameters: Chlorophyll a Fluorescence

The trend of the JIP-test parameters is reported in Figure 7. The values measured for
the following parameters 1—%}1 ; Mo; V],' ¢ Eo, in all the plants at TO did not exhibit significant
differences. These parameters are a useful tool to measure the electron transfer efficiency
between the two photosystems of the photosynthetic apparatus, and their variations
indicate how the level of this efficiency decreases, in the presence of stress. The 1%
parameter is a measure of the maximum quantum yield of PSII for primary photochemistry,
and a lowering of this value reflects a decrease in the ability to carry out photosynthesis.
As shown in Figure 7A the photosynthetic activity, expressed as %’1 did not exhibit large
variations during the period of the experiment (T0-T3). During the period of the treatment,
at each time, no significant changes were detected among the Control and the treated
plants, indicating that all the treated plants maintained efficient photosynthetic activity.
However, it is interesting to underline that all the treated plants showed +2 values higher
than Control plants, at any time, till T3. The highest values at T3 were detected in O1

and E1 (8.5% and 6.3%). The changes of the parameter Mo are reported in Figure 7B. This
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parameter is a measure of the efficiency of the reaction centers to transfer electrons into
the electron transport chain, and it increases when this efficiency is reduced. The results
showed that, during the period of the treatments (T0-T3), all the treated plants exhibited a
declined value of Mo. At T3 the highest changes resulted for E1, O1, and O2, whereas only
a slight decline, by 2.10% and 4.41%, could be observed for E2 and Control, respectively
Figure 7B. Anyway, changes in this parameter indicated better performance of the reaction
centers tendentially in the treated plants.

Figure 7C shows the changes in the V] parameter. The V] value reflects the reduction
state of the photosynthetic apparatus, at the plastoquinone level, and it is a very useful
tool to follow the level of accumulation of electrons in the electrons transport chain during
the growth and especially under stress conditions which may affect the photosynthetic
activity [72]. The value of this parameter, during the examined period, from TO to T3,
resulted unchanged in E2 while it decreased in the other treated plants (O1, E1 and O2)
(Figure 7C), a significant change was observed only for O2. At T3 the differences among the
V] values were not significant among the plants. Anyway, the lowering of this parameter,
indicated that, during the growth, both OMW and EM exercised a positive effect on
photosynthetic electrons transport efficiency. The changes of the parameters ¢Eo are
reported in Figure 7D. The results indicated that it tendentially improved in all the plants
at T3, except E2. The highest increase was observed in the following order: O2, O1, E1,
and Control (23.87%, 16.90%, 15.22%, and 2.48% respectively). Comparison of the values
at T3 showed significant differences for O1 vs. E2, O2 vs. E2, and E1 vs. E2. Also, for this
parameter, the results tendentially showed a better performance in the treated plants. The
implementation, although slight, of the photosynthetic efficiency in the treated plant with
OMW and EM agrees with plant growth parameters, in particular the leaves number and
leaf area (Figure 1). The fluorescence parameters measurements showed that the addition
of OMW to the plants was not toxic, at the assessed concentration.
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Figure 7. JIP -test parameters were calculated from the fluorescence measurements. reported for
Control (C, closed circle, red) and treated plants (O1, square; O2, closed triangle; E1, open triangle;
E2, diamond). (A) %, the maximum quantum yield of PSII for primary photochemistry; (B) V; =
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of the reaction center closure; (D) ¢Eo = 1, X Yo, the quantum yield of electron.

, corresponding to the net rate

The slight improvement of the photosynthetic efficiency in the treated plant with
EM and OMW is in agreement with plant growth parameters, in particular the leaves
number and leaf area (Figure 1). The fluorescence indices measurement showed that
the addition of OMW to the plants was not toxic, at the assessed concentrations. These
results confirmed previous findings, reporting that the application of diluted filtered OMW,
at neutral pH, incremented both growth and photosynthetic efficiency in tomato plants [23]
and in olive trees [72]. The authors reported the increment of chlorophyll fluorescence
parameters in olive trees (Olea europaea L. cv. Chemlali) when soil tillage was combined
with OMW irrigation, they associated these results with the attenuation of oxidative
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stresses [72]. Our findings agree with these results, as O1 and O2 treatments enhanced the
photosynthetic activity, electron transport efficiency, and attenuation of reductive conditions
at the photosynthetic apparatus level. Several protocols are used for the management of
OMW’s, in order to make them suitable for agriculture application, including mechanical
steps of filtration and microbiological treatments [23,73] . In our study, the OMW treatment
was very simple, very low time consuming and economically advantageous, as OMW was
just kept settling for a week, the pH was adjusted to neutral value, and the right dilution
rates were adopted. With this strategy, the toxicity due to the presence of polyphenolic
compounds, conferring dark color and very low pH, was strongly reduced. Moreover,
this procedure could not alter the organic and chemical composition of the OMW, which
may have supplied nitrogen, phosphorus, and potassium [74] with a positive effect of
photosynthetic efficiency. The addition of EM may enhance the amount of absorbable
nutrients, such as nitrogen, phosphorus, and potassium [71], and maintain a high efficiency
of PSII; these are two important processes for plant growth and productivity [54]. These
findings support the observed trend in E1 and E2 treated plants which exhibited a facilitated
photosynthetic performance.

3.4. Total Polyphenolic Content and Individual Phenolic Determination

The values of the total phenolic content, measured on all the plants at TO, did not
exhibit significant differences. In general, the extracts, of both the Control and treated
plants, exhibited some changes in the total polyphenolic content during the period of the
experiment (T0-T3) (Table 2).

Table 2. Total phenolic content mg g1 in the extracts of Tanacetum balsamita L. plants from different
treatments and times. At TO the average value for all the plants was 18.91 + 0.83 mg g~!

1 Treatments/Times T1 T2 T3
Control 24.38 + 1.08 bc 2296 +1.01b 20.96 + 0.93 n.s
O1 2442 + 095 ¢ 22.37 +0.99 bc 20.51 +0.80
02 18.43 +0.81 a 20.32 + 0.90 be 18.64 + 0.82
El 21.04 + 0.85 abc 2252 +0.99b 19.78 + 0.80
E2 19.76 + 0.80 ab 18.07 + 0.80 ac 18.74 + 0.89

1 Control; O1 (OMW 2.5 %); 02 (OMW 5%); E1 (EM 5%); E2 (EM 10%). Each value represents the mean + standard
deviation (SD), different letters in column indicate a significant difference (p < 0.05) according to Tukey’s test, ns
non-significant.

The highest total polyphenolic content significant increase was observed at T1 in
the Control and O1 plants, resulting in 29% higher than at the initial time, under both
conditions (Table 2). For the other treatments, changes were not relevant, whereas the
highest increment was observed after T2, by 7.5%, 18.0% and 19.1%, for O2, O1 and E1
extracts, respectively, while E2 did not induce any polyphenolic increase, with respect to
the initial time. At the end of the growth period T3, in the Control and all the treated plants,
the differences among the polyphenolic content in the extracts were not significant and the
values were in the range of 18.6-20.9 mg g~!. The individual phenolic composition was
quantified, and it is reported in detail in Table 3. Also in this case, the values measured on
all the plants at TO did not exhibit significant differences, for all the phenolic acids. At the
initial time caffeic acid, isochlorogenic acid, rutin, and a very small amount of chlorogenic
acid were found. As shown in Table 3, these compounds resulted increased tendentially
in all the treated plants, at the harvesting time. At T3 the extracts of the treated plants
showed a significant higher amount of the phenolic compounds detected, with respect
to the Control. For the chlorogenic acid, at a very low concentration at the initial time,
the highest content followed the order: O2, E1, E2, O1, in the range of 2.16-2.45-fold higher
than Control (Table 3). The same trend could be observed for the caffeic acid, although the
differences were less pronounced, in the range of 1.91-fold and 2.11-fold higher than Control.
Whereas the amount of caffeic acid was almost the same in all the treatments, by contrast,
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isochlorogenic acid content showed significant differences among all the plants, except for
E1 and Control, ranging from 1.02 to 2.44-fold the amount of Control. Rutin content in the
extracts of the treated plants ranged in a value 1.28-1.50-fold the one of the Control extract
(Table 3). The phenolic composition resulted interestingly different among the plants.
The higher amount of chlorogenic acid, caffeic acid, isochlorogenic acid, and rutin with
respect to the Control plants evidenced how the improvement of the photosynthesis in these
plants promoted a positive effect on the production of these antioxidant compounds.The
value of total polyphenolic content may result non proportional to or higher than the value
obtained by adding all the phenolic compounds quantified by HPLC analyses, and this is
our case. The explanation is that the method to determine the total phenolic content may
imply the reaction of a hydroxyl group of all phenolic compounds and their degradation
product, which cannot be detected by HPLC analysis [75].

It is generally reported that the increment of polyphenolic substances, such as other
antioxidants, is induced by the occurrence of oxidative stresses, to counteract the effect of
the presence of free radicals [76,77]. However, many officinal plants, such as Tanacetum
balsamita L., are constitutively able to produce a high amount of polyphenols also in absence
of oxidative stress [13,19]. In the present study, stress in plants did not occur, neither in
Control nor in treated plants, as revealed by fluorescence measurements. The most relevant
result concerned the presence of important antioxidant phenolic compounds, in all the
treated plants, at a concentration higher than in the Control ones and these results underline
the importance of the utilization of both OMW and EM. The phenolic acids found in the
extracts are well-known compounds synthesized in costmary, which can confer to the
leaves anti-inflammatory, carminative and detoxifying properties [19,78].

Table 3. Phenolic content and antiradical activity in the extract of plants from different treatments.

Teatraments/Times Chlorogenic Acid Caffeic Acid Isochlorogenic Acid Rutin 150
mgg! mg mL—1
Control (T0) 0.02+0.001 a 4.01+0.13c 1.28+0.04a 6.42+020b 043 +0.01c
Control (T3) 1.66 = 0.05b 1.59 £ 0.05a 210+0.07b 515+ 0.16a 041+001c
01 (T3) 359+0.11c 3.03+0.09b 271+0.09d 7.67+024c 0.32+0.01 ab
02 (T3) 4.08+0.13d 335+0.11b 419+0.15e 7.14 £ 0.23 bc 026+001a
E1 (T3) 3.88+0.12 cd 327+0.10b 215+0.07b 7.28 £ 0.23 bc 0.38 £ 0.01 bc
E2 (T3) 3.75+0.12 cd 330+0.10b 512+ 0.16f 6.60 = 0.21 bc 025+001a

Each value represents the mean + Standard Deviation (SD), different letters indicate a significant difference
(p < 0.05) according to Tukey’s test, ns non-significant.

3.5. Antiradical Activity

Changes in the values of the antiradical activity are reported in Table 3. At the initial
time, the I50 value was 0.43 + 0.01. At T3 the increment of the antiradical activity could be
observed particularly in O2 and E2, that showed high level of chlorogenic, isochlorogenic
and caffeic acids. Only Control and E1 extracts did not show significant differences with
the values of TO. Interestingly, the most consistent I50 decrease was shown by the extracts
of the plants treated with the highest concentration, E2 and O2 (42% and 39%, respectively),
followed by O1 and E1 (26% and 12%, respectively) (Table 3). In the Control plants, 150
decreased only by 7.5%. The highest antiradical activity showed in all the treated plants
fitted with the highest concentration of phenolic compounds in their extracts, which may act
as antioxidants [19,79,80], particularly in O2 and E2, that recorded high level of chlorogenic,
isochlorogenic and caffeic acids. In this regard, considering that the total polyphenolic
content was not significantly different among all the extracts, the qualitative phenolic
composition influenced the antioxidant properties of the extracts.

3.6. Principal Component Analysis (PCA)

PCA does not discard any samples or characteristics (variables) but it reduces the
overwhelming number of dimensions by constructing principal components (PCs) that
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describe the variation of the original characteristics. Such influences, or loadings, can be
traced back from the PCA plot to find out what produces the differences among clusters.
Thus, Principal Component Analysis was performed to obtain a smaller number of linear
combinations of all considered variables which were significantly representative of the
experimental results (see Section 2.8—Statistical analysis). Three main components were
extracted that had eigenvalues greater than 1.0. Together they accounted for 85.1% of the
variability in the original data (Table 4). The first and second components of the PCA
accounted for 50.0% and 24.6% respectively of the total variation of the traits investigated
(Table 4).

The eigenvectors divided satisfactorily the concentrations of the treatments but not
the different treatments. There were three groups into three main sectors of the score plot
of which Control and low concentrations were separated from the highest ones by the
principal component (Figure 8A). Nitrate, K, phosphate, Ca and total polyphenols were
positively correlated (at the highest level) with the first principal component. The opposite
was observed for N and Mg amounts. The number of leaves was positively correlated
with the second principal component. Instead, Na concentrations in plant tissues were
positively correlated (at the highest level) with the third principal component, while the
opposite tendency was observed for the total plant dry biomass (total DWT). However,
photosynthesis showed a high correlation with the second component (Figure 8B, Table 4).
The nutrient content of the plants mostly explained the variability in the dataset (Figure 8B).
Figure 8 showed a broad separation of the treatments concentration due to significant
variations in nutrient levels. The results emphasize how the patterns of covariance found
are similar in the two treatments and it is mainly due to the concentration rather than the
type of biostimulant.
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Figure 8. Data scores (A) and variable loadings with the contribution of variables (B) obtained
by PCA.

Table 4. Eigenvalues , factor patterns, and percentages of the variance explained by each factor.

Principal Components PC1 PC2 PC3
Eigenvalue 5.5 2.7 1.2
Variance (%) 50.0 24.6 10.5
Cumulative variance (%) 50.0 74.6 85.1
Eigenvectors
N. of leaves —0.049 0.558 —0.259
Total DW —0.180 0.368 —0.568
Fv/Fm 0.170 0.221 —0.080
Total polyphenols 0.290 0.036 0.083
N —0.410 —0.072 —0.168
Nitrate 0.396 —0.153 —0.059
Phosphate 0.361 0.099 —0.416
Mg —0.403 —0.134 —0.162
Ca 0.293 —0.391 —0.282
K 0.385 0.232 —0.038

Na 0.024 0.490 0.538
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4. Conclusions

The results of the present study showed that Effective Microorganisms and Olive
Mill Wastewater application can effectively improve the growth and physiology perfor-
mance of Tanacetum balsamita L. in relation to the concentrations used. More specifically,
the experiment showed that the two biostimulants applied to the substrate, had positive
effects, with statistically significant differences, on fresh and dry weight and plant growth
respect to the Control. In addition, all the treated plants maintained efficient photosynthetic
activity, reporting, at the end of the experiment, a higher 113:77;1 than the Control. Finally,
EM and OMW improved the concentration of the phenolic compounds and antiradical
activity of costmary plant. This study confirms the effectiveness of EM to increase the
growth and quality of plants and in particular, points out the potential use of OMW on
cultivated crops. There are few studies analyzing OMW as a biostimulant and our results
demonstrate that this waste product, at the used concentrations, improved costmary plant
performance without negative effects on the quality and quantity of secondary metabolites.
Further studies are necessary to better define the standardization of the use of OMW, opti-
mizing concentrations and methods of administration to different plants, and safeguarding
the environment.
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Appendix A

Table A1l. Chemical composition of Olive Mill Wastewater (OMW) used for costmary treatment.

OMW Composition
Total polyphenols (gL 1) 3.87 +0.27
Phosphates (mgL—1) 668.00 + 34.42
Sulphates (mgL—1) 61.50 + 14.85
Nitrates (mgL—1) 8.67 £ 0.48
Cu (mgL—1) 3.97 +£1.28
Mg (mgL—1) 203 + 32.53
K (mgL-1) 119 £2.93
Ca (mgL-1) 604.00  32.22
Carbohydrates (gL—1) 8.26 +1.52
Proteins (gL—1) 9.68 +1.98
Ashes (%) 0.75 + 0.04
COD (g0,L-1) 5225 + 0.56

BOD5 16.05 + 0.31
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Table A2. Treatments pairwise analysis for growth factors.

Growing f. A B mean (A) std (A) mean(B) std (B) T dof p-unc p-corr p-adjust Effect Size

DWL (g) Control 02 7.48 1.07 19.23 1.58 —13.71 8 0.00 0.00 bonf

DWL (g) Control o1 7.48 1.07 16.62 1.47 —11.25 8 0.00 0.00 bonf

DWL (g) Control ~ EM2 7.48 1.07 16.47 1.45 —11.15 8 0.00 0.00 bonf

DWL (g) Control  EM1 7.48 1.07 18.80 2.49 -9.33 8 0.00 0.00 bonf —5.33
DWL (g) EM2 02 16.47 1.45 19.23 1.58 —2.87 8 0.02 0.21 bonf —1l.64
DWL (g) o1 02 16.62 1.47 19.23 1.58 —2.70 8 0.03 0.27 bonf —1.54
DWL (g) EM1 EM2 18.80 2.49 16.47 1.45 1.81 8 0.11 1.00 bonf 1.03
DWL (g) EM1 o1 18.80 2.49 16.62 1.47 1.69 8 0.13 1.00 bonf 0.96
DWL (g) EM1 02 18.80 2.49 19.23 1.58 -0.32 8 0.76 1.00 bonf —0.18
DWL (g) EM2 o1 16.47 1.45 16.62 1.47 -0.17 8 0.87 1.00 bonf —0.09
DWR (g) Control  EM1 8.64 1.89 14.14 1.28 -5.39 8 0.00 0.01 bonf —3.08
DWR (g) Control 02 8.64 1.89 14.00 1.25 -5.30 8 0.00 0.01 bonf —3.03
DWR (g) Control o1 8.64 1.89 13.37 1.03 —4.92 8 0.00 0.01 bonf —2.81
DWR (g) Control  EM2 8.64 1.89 12.43 0.93 —4.03 8 0.00 0.04 bonf —2.30
DWR (g) EM1 EM2 14.14 1.28 12.43 0.93 241 8 0.04 0.42 bonf 1.38
DWR (g) EM2 02 12.43 0.93 14.00 1.25 —2.25 8 0.05 0.54 bonf —-1.29
DWR (g) EM2 o1 12.43 0.93 13.37 1.03 —151 8 0.17 1.00 bonf —0.86
DWR (g) EM1 o1 14.14 1.28 13.37 1.03 1.05 8 0.32 1.00 bonf 0.60
DWR (g) o1 02 13.37 1.03 14.00 1.25 —0.88 8 0.41 1.00 bonf —0.50
DWR (g) EM1 02 14.14 1.28 14.00 1.25 0.18 8 0.86 1.00 bonf 0.10
DWT (g) Control o1 15.80 2.09 29.82 0.74 —14.13 8 0.00 0.00 bonf

DWT (g) Control  EM2 15.80 2.09 28.80 0.85 —12.87 8 0.00 0.00 bonf

DWT (g) Control 02 15.80 2.09 33.49 2.46 —12.24 8 0.00 0.00 bonf

DWT (g) Control  EM1 15.80 2.09 33.31 2.53 —11.91 8 0.00 0.00 bonf

DWT (g) EM2 02 28.80 0.85 33.49 2.46 —4.02 8 0.00 0.04 bonf

DWT (g) EM1 EM2 33.31 2.53 28.80 0.85 3.77 8 0.01 0.06 bonf 2.15
DWT (g) o1 02 29.82 0.74 33.49 246 —-3.19 8 0.01 0.13 bonf —1.82
DWT (g) EM1 01 33.31 2.53 29.82 0.74 2.95 8 0.02 0.18 bonf 1.69
DWT (g) EM2 o1 28.80 0.85 29.82 0.74 —2.04 8 0.08 0.76 bonf —1.16
DWT (g) EM1 02 33.31 2.53 33.49 2.46 —0.12 8 091 1.00 bonf —0.07
FWL (g) Control 02 33.27 5.09 80.40 7.10 —12.06 8 0.00 0.00 bonf

FWL (g) Control  EM1 33.27 5.09 88.68 9.19 -11.79 8 0.00 0.00 bonf

FWL (g) Control o1 33.27 5.09 78.55 8.89 —9.88 8 0.00 0.00 bonf —5.65
FWL (g) Control ~ EM2 33.27 5.09 79.03 9.77 -9.29 8 0.00 0.00 bonf —5.31
FWL (g) EM1 o1 88.68 9.19 78.55 8.89 1.77 8 0.12 1.00 bonf 1.01
FWL (g) EM1 EM2 88.68 9.19 79.03 9.77 1.61 8 0.15 1.00 bonf 0.92
FWL (g) EM1 02 88.68 9.19 80.40 7.10 1.59 8 0.15 1.00 bonf 0.91
FWL (g) o1 02 78.55 8.89 80.40 7.10 —0.36 8 0.73 1.00 bonf —0.21
FWL (g) EM2 02 79.03 9.77 80.40 7.10 -0.25 8 0.81 1.00 bonf —0.14
FWL (g) EM2 01 79.03 9.77 78.55 8.89 0.08 8 0.94 1.00 bonf 0.05
FWR (g) Control 01 50.43 6.01 91.17 4.97 —11.68 8 0.00 0.00 bonf

FWR (g) Control  EM1 50.43 6.01 98.04 6.91 —11.62 8 0.00 0.00 bonf

FWR (g) Control 02 50.43 6.01 92.71 8.34 -9.19 8 0.00 0.00 bonf —5.25
FWR (g) Control ~ EM2 50.43 6.01 83.24 5.26 —9.18 8 0.00 0.00 bonf —5.25
FWR (g) EM1 EM2 98.04 6.91 83.24 526 3.81 8 0.01 0.05 bonf 2.18
FWR (g) EM2 o1 83.24 5.26 91.17 4.97 —2.45 8 0.04 0.40 bonf —1.40
FWR (g) EM2 02 83.24 5.26 92.71 8.34 —2.15 8 0.06 0.64 bonf =123
FWR (g) EM1 o1 98.04 6.91 91.17 497 1.80 8 0.11 1.00 bonf 1.03
FWR (g) EM1 02 98.04 6.91 92.71 8.34 1.10 8 0.30 1.00 bonf 0.63
FWR (g) 0O1 02 91.17 4.97 92.71 8.34 -0.35 8 0.73 1.00 bonf —0.20
FWT (g) Control o1 83.09 6.47 171.15 7.42 —20.00 8 0.00 0.00 bonf

FWT (g) Control  EM1 83.09 6.47 184.94 10.47 —18.50 8 0.00 0.00 bonf

FWT (g) Control  EM2 83.09 6.47 163.88 11.06 —14.10 8 0.00 0.00 bonf

FWT (g) Control 02 83.09 6.47 171.70 12.53 —14.05 8 0.00 0.00 bonf

FWT (g) EM1 EM2 184.94 10.47 163.88 11.06 3.09 8 0.01 0.15 bonf

FWT (g) EM1 o1 184.94 10.47 171.15 7.42 2.40 8 0.04 0.43 bonf 1.37
FWT (g) EM1 02 184.94 10.47 171.70 12.53 1.81 8 0.11 1.00 bonf 1.04
FWT (g) EM2 0O1 163.88 11.06 171.15 7.42 —-1.22 8 0.26 1.00 bonf —0.70
FWT (g) EM2 02 163.88 11.06 171.70 12.53 -1.05 8 0.33 1.00 bonf —0.60
FWT (g) o1 02 171.15 7.42 171.70 12.53 —0.08 8 0.94 1.00 bonf —0.05
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Table A3. Treatments pairwise analysis for leaves.

Leaf Features A B mean (A) std (A) mean(B) std (B) T dof p-unc p-corr p-adjust Effect Size
LA (cm2) Control EM1 39.12 6.06 72.05 9.40 —11.04 16 0.00 0.00 bonf —4.40
LA (cm?) Control 02 39.12 6.06 66.25 7.28 -1282 33 0.00 0.00 bonf —4.03
LA (cm?2) EM1 o1 72.05 9.40 4213 4.98 9.74 22 0.00 0.00 bonf 3.84
LA (cm2) o1 02 42.13 4.98 66.25 7.28 -10.78 28 0.00 0.00 bonf —3.62
LA (cm?) Control ~ EM2 39.12 6.06 56.12 7.01 -7.17 19 0.00 0.00 bonf —2.60
LA (cm?2) EM2 o1 56.12 7.01 4213 4.98 5.63 22 0.00 0.00 bonf 222
LA (cm?2) EM1 EM2 72.05 9.40 56.12 7.01 471 22 0.00 0.00 bonf 1.85
LA (cm?) EM2 02 56.12 7.01 66.25 7.28 —3.82 24 0.00 0.01 bonf -1.37
LA (cm?2) EM1 02 72.05 9.40 66.25 7.28 1.81 20 0.09 0.86 bonf 0.69
LA (cm?2) Control o1 39.12 6.06 4213 4.98 —1.59 26 0.12 1.00 bonf —0.51

LAR Control EM1 256.07 58.64 414.94 61.03 —7.51 21 0.00 0.00 bonf —2.62
LAR EM1 EM2 414.94 61.03 308.15 27.21 5.70 14 0.00 0.00 bonf 2.38
LAR EM1 o1 414.94 61.03 298.06 47.15 5.25 22 0.00 0.00 bonf 2.07
LAR Control 02 256.07 58.64 353.13 52.44 -5.70 39 0.00 0.00 bonf -1.70
LAR EM1 02 414.94 61.03 353.13 52.44 2.87 21 0.01 0.09 bonf 1.07
LAR o1 02 298.06 47.15 353.13 52.44 —3.00 25 0.01 0.06 bonf —1.06
LAR Control EM2 256.07 58.64 308.15 27.21 -3.90 36 0.00 0.00 bonf —1.06
LAR EM2 02 308.15 27.21 353.13 52.44 -3.23 34 0.00 0.03 bonf —1.05
LAR Control o1 256.07 58.64 298.06 47.15 —2.34 27 0.03 0.27 bonf —0.74
LAR EM2 o1 308.15 27.21 298.06 47.15 0.67 16 0.51 1.00 bonf 0.27
LNn Control  O1 101.72 9.34 205.00 13.52 —14.05 8 0.00 0.00 bonf

LNn Control 02 101.72 9.34 175.04 8.17 —-13.22 8 0.00 0.00 bonf

LNn Control EM1 101.72 9.34 185.76 11.17 —1291 8 0.00 0.00 bonf

LNn Control EM2 101.72 9.34 160.68 8.53 —10.42 8 0.00 0.00 bonf

LNn EM2 01 160.68 8.53 205.00 13.52 —6.20 8 0.00 0.00 bonf —3.54
LNn o1 02 205.00 13.52 175.04 8.17 4.24 8 0.00 0.03 bonf 242
LNn EM1 EM2 185.76 11.17 160.68 8.53 3.99 8 0.00 0.04 bonf 2.28
LNn EM2 02 160.68 8.53 175.04 8.17 —2.72 8 0.03 0.26 bonf —1.55
LNn EM1 o1 185.76 1117 205.00 13.52 —2.45 8 0.04 0.40 bonf —1.40
LNn EM1 02 185.76 11.17 175.04 8.17 1.73 8 0.12 1.00 bonf 0.99
LWR Control 02 0.47 0.03 0.59 0.03 -11.72 37 0.00 0.00 bonf —3.54
LWR Control EM2 0.47 0.03 0.57 0.03 —10.24 38 0.00 0.00 bonf —3.08
LWR Control EM1 0.47 0.03 0.57 0.05 —6.96 16 0.00 0.00 bonf —2.72
LWR Control ~ O1 0.47 0.03 0.56 0.05 —5.61 16 0.00 0.00 bonf —221
LWR O1 02 0.56 0.05 0.59 0.03 —-191 17 0.07 0.72 bonf —0.75
LWR EM2 02 0.57 0.03 0.59 0.03 —1.54 34 0.13 1.00 bonf —0.50
LWR EM1 o1 0.57 0.05 0.56 0.05 0.96 22 0.35 1.00 bonf 0.38
LWR EM2 01 0.57 0.03 0.56 0.05 0.90 17 0.38 1.00 bonf 0.35
LWR EM1 02 0.57 0.05 0.59 0.03 —0.75 18 0.46 1.00 bonf —0.29
LWR EM1 EM2 0.57 0.05 0.57 0.03 0.29 17 0.77 1.00 bonf 0.12
SLA EM1 EM2 715.22 97.44 541.81 66.00 5.39 18 0.00 0.00 bonf 2.11
SLA EM1 o1 715.22 97.44 545.66 96.08 4.29 22 0.00 0.00 bonf 1.69
SLA Control EM1 549.48 134.39 715.22 97.44 —4.26 29 0.00 0.00 bonf —1.31
SLA EM1 02 715.22 97.44 607.94 72.52 3.26 19 0.00 0.04 bonf 1.25
SLA EM2 02 541.81 66.00 607.94 72.52 —2.86 34 0.01 0.07 bonf —-0.93
SLA 01 o2 545.66 96.08 607.94 72.52 —-191 19 0.07 0.71 bonf —0.73
SLA Control 02 549.48 134.39 607.94 72.52 -1.83 38 0.07 0.74 bonf —0.51
SLA Control EM2 549.48 134.39 541.81 66.00 0.25 37 0.81 1.00 bonf 0.07
SLA EM2 o1 541.81 66.00 545.66 96.08 -0.12 18 091 1.00 bonf —0.05

SLA Control 0O1 549.48 134.39 545.66 96.08 0.10 29 0.92 1.00 bonf 0.03
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Table A4. Effect of different applications of biostimulants on the growth parameters of Tanacetum
balsamita L. (Means and SE).

Parameters Control E1 E2 01 02
LEAVES
FWL (g) 33.3+5.1 88.7+9.2 79.0 £9.8 785 +8.9 804 +7.1
DWL (g) 75+1.1 18855 165+1.4 16.6 £15 19.2+1.6
LN (n) 101.7 £ 9.3 185.8 £+ 11.2 160.7 £ 8.5 205.0 +13.5 175.0 + 8.2
LA (cm?) 39.1+6.1 720+9.4 56.1+7.0 42.1+49 662+73
DWL (%) 22.5 21.2 20.4 21.6 239
ROOTS
FWR (g) 504 +6.0 98.0 + 6.9 83.2+5.3 91.2+49 92.7 + 8.3
DWR (g) 8.64+19 141 +1.3 124+ 0.9 134 +1.0 14.0+1.2
DWR (%) 17.1 14.4 14.9 14.7 15.1
TOTAL PLANT
FWT (g) 83.1+6.5 184.9 +10.5 163.9 + 11.1 1711+ 74 171.7 +12.5
DWT (g) 15.8 +2.1 33.3+25 28.8 +0.8 29.8 £ 0.7 335+25
DWT (%) 19.0 18.0 17.6 174 19.5
GROWTH INDICES
SLA (cm? g1 5495 + 134.4 7152+ 974 541.8 + 66.0 545.7 + 96.1 6079 +72.5
LAR (cm2 g—1) 256.1 + 58.6 4149 £ 61.0 308.1 +£27.2 298.0 +47.1 353.1+524
LWR (g g1 0.47 +0.03 0.57 +0.05 0.57 +0.03 0.56 + 0.05 0.59 +0.03
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