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Abstract: Ocimum basilicum L. is a multipurpose plant species used in the horticultural sector as a
medicinal, herbaceous and ornamental plant. In our experiment, the Hungarian cultivar O. basilicum
Rokokó was treated with algae (Ecklonia maxima (Osbeck) Papenf.), horsetail (Equisetum arvense
L.) extracts and humic extracts. The effect of the biostimulants on the groups was assessed by
morphological (leaf number, leaf area, fresh green mass, fresh root mass), histological (number of
volatile oil glands) and physiological (chlorophyll content, peroxidase enzyme activity, proline levels)
measurements. Obtained results were evaluated and it was concluded that the plants treated with
algae and E. arvense extracts showed remarkable results for all the parameters measured. It was
concluded that these extracts can be used as biostimulants in the cultivation of basil seedlings as
ornamental plants, as they have a beneficial effect on the development of the plant. The humic extracts
were less effective during the time period studied, probably due to their high molecular weight,
which would have resulted in a longer absorption time. For the humic extracts, foliar application
was less effective than irrigation, probably due to rapid damping-off, which reduced the penetration
of humic extracts into the leaves. Though morphological characteristics are especially important
for basil used as an ornamental plant, the plant’s essential oil content can also be important in
attracting attention in urban plantings. It was found that humic extracts applied (22.8 pcs/sampling
area) with irrigation had a strong effect on essential oil glands, in contrast when used as a spray
(13.1 pcs/sampling area). The lowest stress levels were obtained in the group treated with irrigated
humus extracts (274.96 µg/mg), which may be related to the continuous supply of nutrients, and in
the group treated with E. arvense extract, silicon (219.05 µg/mg) may be the result of hermetic effects.
In conclusion, E. arvense and algae extracts can be effective biostimulants in the horticultural sector
for the seedling production of ornamental basil, and after a longer growing period, humic extracts
can be used effectively by irrigation after planting. The use of natural extracts can also give a green
light to this segment for sustainable and environmentally friendly cultivation, which can also better
resist the effects of climate change and urbanisation.

Keywords: basil; Ecklonia maxima; Equisetum arvense; horsetail; pelpate gland; POD; prolin

1. Introduction

Ocimum basilicum L. is one of the economically important medicinal and herbal
plants [1], containing essential oils, as well as polyphenols, phenols, flavonoids and phe-
nolic acids. Due to its active compounds and flavouring agents, its leaves are used as a
spice and have a strong, spicy fragrance [2]. In the context of climate change, cultivated
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species of the genus have been introduced, inter alia, in the southern and central European
region, and given the conditions in these areas, they may become increasingly suitable for
the cultivation of heat-intensive species, including basil. The growing demand for aromatic
herbs and spices is expected to lead to the emergence of new production areas and the
expansion of existing ones, which is characteristic of some regions in southern Europe [3],
which could mean a further increase in the area under O. basilicum [4].

In the family Lamiaceae, glandular trichomes, which also have a protective function
and contain odoriferous substances, are present, with a large variation in number and
shape between species [5]. The glands consist of four secretory cells forming a disc base
and covered by a loosely fitting membrane. Higher essential oil yields can be ensured
by the use of organic and biological fertilizers, an effect that is due to their high nitrogen
content, which leads to increased activity of photosynthetic pigments (chlorophyll) and
increased synthesis of secondary metabolites, including essential oils [6].

Among the many representatives of the O. basilicum species, we included in our
experiment a cultivar used as an ornamental plant, O. basilicum Rokokó, one of the most
popular Hungarian cultivars of the Hungarian breeding programme of the Hungarian
University of Agricultural and Life Sciences (MATE). The cultivar is characterised by
large green leaves and its bushy appearance, aroma and tactile fragrance [7]. The cultivar
was produced in the 1990s by the predecessor of our university, the Research Institute of
Horticultural Sciences, as an ornamental plant cultivar [8], but nowadays, due to climate
change and intensive urbanisation processes (warming environment, air pollution, soil
contamination), in green areas it is becoming increasingly difficult for the cultivar to
withstand environmental stress.

Biostimulants have several effects on plant stress. In the context of stress responses,
proline amino acid and the enzyme peroxidase are of particular importance. Proline has a
role in metabolic regulation, reduction of high temperature damage, energy production, and
protection of cell membranes, enzymes and proteins [9,10]. In Z. mays plants, its application
has been described to improve physiological processes both directly and indirectly [11],
which among other things helps to combat heavy metal pollution [12].

The accumulation of proline in the plant body is an essential physiological indicator,
whose elevated level clearly indicates the presence of a stressor or stressors [11]. This
increased proline level can help maintain higher leaf water levels under stress conditions,
and also protect the plant from oxidative stress, in some cases with antioxidant capacity,
even as a strong reactive oxygen species (ROS) scavenger [13], which may be a consequence
of stress tolerance rather than a cause [14,15].

Compared to proline, peroxidases are not amino acids but bifunctional enzymes that
can oxidize substrates in the presence of H2O2 in the standard peroxidative cycle, although
they also produce reactive oxygen species (ROS) in their oxidation cycle [16]. They have
been shown to have an effect on plant development and stress response, and also regulate
growth in diverse ways through hormonal and cell wall metabolism and regulation of
antioxidant defence. Their listed properties make them applicable as biomarker enzymes
for biotic and abiotic stress [17].

In the cases when proline and the peroxidase enzyme were tested together under
existing stress, genotypes with higher proline variation showed lower peroxidase activity
under drought treatment. However, this was different for genotypes that responded to
stress by reducing root growth, showing increased peroxidase activity and lower proline
levels [18]. In Oryza sativa L., external application of proline inhibited root growth, but also
resulted in an increase in peroxidase activity in roots as a result of treatment [19]. In some
plant species, increased application of beneficial nutrients may be a stressor; for example,
humic acid (Zea mays L.) and silicon (Capsicum annuum L.) may be indicated by proline and
peroxidase levels [20].

In addition to biostimulants, other substances of natural origin have been found
to be applicable in horticultural production. Plant-based fertilizers such as liquid plant
extracts are worth mentioning, since they already provide essential nutrients to plants and
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contribute to the success of vegetable production, especially in organic production [21].
Their application can enhance the synthesis of antioxidants [22]. Plant-based agents have
been successfully applied in the cultivation of O. basilicum Red Rubin [23,24]. Tahami
et al. [24] found that the application of plant-based agents increased yield, as did Jahant
et al. [25], who observed that the use of plant-based agents increased fresh and dry weight,
dry leaf yield and leaf area index values, and also increased stress tolerance [26].The use
of natural extracts and biostimulants may also have an effect on essential oil yield, but
Tahami et al. [26] found that individual biosolids did not result in significant differences in
essential oil yield.

In O. basilicum, silicon-containing E. arvense extract enhanced leaf yield and resulted
in improved phytochemical property values [27], and mitigated the negative effects of
salt stress and increased both dry and fresh leaf weight, chlorophyll content and proline
content [28]. Chele et al. [29] implies that Si-containing biostimulants increase salt stress
tolerance by accumulating phenolics. By promoting cell growth, they improve ion uptake,
increase oil gland density and size and thus increase essential oil yield [30]. These findings
suggest that foliar application of high-silicon-content E. arvense extract is a growth stimulant,
and that it can be applied as a biofertilizer in medicinal plant cultivation and in organic
essential oil production [31].

Every year, 15 million tonnes of seaweed extract is produced, much of which is
used as biofertiliser as a growth and yield enhancer [32]. Seaweed extract is used as a
nutrient supplement, biostimulant or biofertiliser in agriculture and horticulture to increase
plant growth and yield [33,34]. Mafakheri and Ashgari [33] found that the application
of algal extracts resulted in a higher increase in chlorophyll content and morphological
characteristics compared to humic acid-treated plants. When Sargussum wightti was applied,
morphological parameters were significantly improved [35]. Algal extraction can also be
significant for cabbage production [36] and in the process of head formation in sprouted
lettuce [37]. Marine algal extract applied to Origanum majorana L. increased shoot diameter
and leaf plate thickness. In this case, the increase in stem diameter was mainly associated
with an increase in total internal tissue, phloem, xylem tissue and vascular diameter.
Seaweed extract had an effect on leaf disc thickness by inducing a significant increase
in palisade, spongy tissue and vascular diameter, and also increased the percentage of
essential oil and its main components [38]. Khalid et al. [39] found that under excess water
stress, O. basilicum species increased essential oil percentage, proline and total carbohydrate
content and decreased N, P, K and protein content, while chlorophyll content and therefore
photosynthetic efficiency decreased [37,40].

Humic extracts are a collection of heterogeneous compounds originally classified
according to their molecular weight and solubility in humic acids and fulvic acids [41].
Humic extracts are also being used effectively in greenhouse cultivation, especially in
species with high nitrogen demand, because they promote foliar formation [42]. Nitrogen
fertilisation affects the quantity, quality and yield of essential oil, as nitrogen-rich treatments
generally increase oil yields in aromatic plants by increasing biomass yield per unit area,
leaf area development and photosynthetic rate [43,44]. Since the leaves of O. basilicum
species contain a large number of glandular trichomes for the synthesis and storage of
essential oils, they are affected by both leaf size and number, which can determine essential
oil yield [43]. The increase in essential oil yield induced by nitrogen fertilisation depends
on the increase in both leaf essential oil concentration and leaf biomass [44].

Humic acid also has a beneficial effect on morphological parameters; however, the
effects of manure and humic acid on stem diameter do not show significant differences [45].
Vaughan [46], however, explained that humic acids generally have a positive effect on
the cell wall due to their large molecular size and in most cases do not penetrate it. This
is in line with the results of Ni et al. [47], which suggest that for water-soluble humic
acids, application through the leaf may be less effective. Silicon and humic acid treatments
resulted in increased volatile oil yields in Hyssopus officinalis L. plants [48], while in Z. mays,
they also improved stress tolerance [49]. Rouphel and Colla [50], on the other hand, found
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that humic extracts are most effective when plants are subjected to some kind of stress
treatment with humic extracts. Martins et al. [51] also attributed the reduced effect of humic
extracts to chlorosis.

The aim of our work was to find an answer and to prove whether plant extracts of
natural origin (algae, E. arvense) and biostimulants (humic acid) can be used to promote
growth of the cultivar, producing strong seedlings with a higher tolerance to urban stress.
Our studies were approached from morphological, histological and physiological points
of view. The basil cultivated mainly for its vegetative foliage mass shows a stronger
development in both organs and tissues, and if all these treatments do not increase the
stress effects on the plant, their application may demonstrate that these natural substances,
or some of them, can be successfully used in the greenhouse cultivation of O. basilicum.
This could lead to the establishment of vigorous, mature plants in the field, that would
be sustainable urban plants as a result of improved morphological characteristics, and
possibly reduced stresses, during the growing process.

2. Materials and Methods
2.1. Substances Used in Experiments
2.1.1. Equisetum arvense Extract

In our studies, we used the plant extract Bioka Equisetum (syn. Horsetail extract—
E. arvense L.), commercialised by Bioka (Chorvatska 165 900 61, Senkvice Slovak Republic).
It contains a minimum of 2.3% of active substances. It is described as a growth stimulant
and yield enhancer, as well as a rootstock quality improver, and is effective against biotic
and abiotic stressors [52]. The response of the plant extract of E. arvense was based on
the results of other research and literature studies. Among these, we would highlight the
physiological strengthening of the plant combined with the cell wall strengthening effect.

2.1.2. Seeweed Extract

Kelpak® (Kelp Products (Pty) Ltd. P.O.Box 325 Simon’s Town 7995 Republic of South
Africa) contains E. maxima and is used in several crops, including ornamental horticulture.
Kelpak® contains E. maxima, according to the information on the company’s website,
and has an NPK content of 0.05%, which is divided as follows: nitrogen content 0.05%,
phosphorus content (in the form of P2O5) 0.03%, potassium content (in the form of K2O)
0.65%. This agent has a high auxin content, which stimulates the development and growth
of the root system, leading to better absorption of macro- and microelements [53]. The
choice of the Kelpak® product from the seaweed extracts was an obvious one, as it has
been used in several studies and is one of the most commonly used seaweed extracts in the
Hungarian biostimulant trade.

2.1.3. Humus Extracts

In the experiment, Esstence humic extract (STE Sprout Technologies Ltd., 6120 Botond
u. 12. Kiskunmajsa, Hungary) was applied in both ways, with different humic and fulvic
acid contents, as recommended by the manufacturer. The solution applied as a foliar spray
contained 65% humic acid and 7% fulvic acid, while the solution applied as an irrigation
solution contained 80% humic acid and 17% fulvic acid [54]. The use of the Esstence agent
was based on a cooperation agreement between the MATE University and an industrial
partner, Műszerautomatika kft.

2.2. Experiment Parameters

The experiment was conducted between 4 April 2024 and 20 June 2024. The O. basilicum
Rokokó cultivars were produced by seed sowing at the Institute of Landscape Design,
Landscape Architecture and Ornamental Horticulture, from seeds collected in 2023. The
plants were placed in a randomised block arrangement with 25 plants per group in 3 repli-
cates. Plants were grown using the Potgrond H seedling stock distributed by Klassmann-
Deilmann GmbH (Georg-Klasmann-Straße 2–10, Geeste, Germany). This medium is a
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fine-grained (0–7 mm) mixture of 80% frozen black peat and 20% light peat moss, with a
nutrient content of 1.5 g/L and a pH of 6 [55].

The experiment was conducted at the premises of the Research Group for Ornamental
Plant Production of the Hungarian University of Agricultural and Life Sciences under
greenhouse conditions, where the plants received natural light and ventilation and regular
irrigation during the experiment. The temperature in the greenhouse during the experiment
was 28 ◦C, set with a climate controller. The greenhouse was not covered during the
experiment. The plants did not receive supplementary lighting, only natural light. The
plants were watered every day: 1 dL/day/plant until the 6th–7th leaf emerged, after which
they received 1.5 dL/day/plant of tap water, which is the same as that used for other
plants at the Research Institute. The experiment was carried out until the appearance of
flower buds.

The plants were treated four times (30 April, 14 May, 29 May, 11 June) with the
following biostimulants:

• Control: only irrigation water was used during the experiment;
• Algae extract leaf spray: concentration applied: 0.2%;
• E. arvense extract leaf spray: applied concentration: 0.2%;
• Humus extract leaf spray: applied concentration: 6.5%;
• Humus extract irrigation: 6.5%.

On 30 June 2024, the final evaluation of the plants was carried out, consisting of the
measurements described below.

2.3. Morphological Evaluation

The evaluation of the morphological parameters consisted of three elements, which
were as follows:

• Leaf number;
• Fresh green mass;
• Fresh root mass.

A simple hand measuring tape was used to measure the length after cleaning the
plants (Figure 1). For mass measurement, a Kern PCB 6000-1 analytical laboratory balance
was used.
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For the leaf area measurements, leaves were collected randomly from each group, from
the lower, middle and upper parts of the stem (Figure 2). The leaves were then pressed
under a heavy weight between absorbent wipes for 90 min. This was necessary to ensure
the most accurate measurement possible, even with the high moisture content and leaf
structure typical of the cultivar. Photographs were taken with a Nikon D5200 camera and
the leaf area was then determined in ImageJ version 1.54.
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Figure 2. O. basilicum Rokokó typical ruffled leaf form: (a) control; (b) humus; (c) E. arvense. Samples
collected during final evaluation.

2.4. Histological Analysis

Samples were taken from a mature but still young leaf from the middle part of the
plant, from the upper third of the shoot. The leaves were collected at the time of the final
evaluation mentioned above, and then they were immediately measured. The oil glands
were counted in the sample area and photographs of them were taken, of which the most
detailed were included.

• Microscope: Euromex bScope BS.1153-PLi biological microscope, (Euromex, Duiven,
The Netherlands);

• Camera: Euromex CMEX-5f 5 Mp Camera (DC.5000f), (Euromex, Duiven, The Nether-
lands);

• Lens: due to the sectioning procedure, oil immersion lens blocks could not be used,
therefore due to the nature of the sections, a PLi Lens: PLi 4/0.1. lens was used,
and because of the type of samples no oil immersion was applied. Magnification:
40 × 4/0.1. magnification: 40×;

• Ocular: WF120×/20.

The samples were not painted. The images were post-corrected using GIMP 2.10.34
(property of Spencer Kimball, Peter Mattis, Charlotte, NC, USA). The histological survey
was performed on leaf surfaces of the glands, which were observed in the stages shown in
Figure 3.
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2.5. Physiological Measurements
2.5.1. Chlorophyll Content

Chlorophyll content was measured using a Konica Minolta SPAD-502+ type A hand-
held SPAD meter, with random sampling and averaging during the final assessment.
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Samples were taken of young but mature leaves from the central parts of the plant. We did
not affect major blood vessels during the measurements. It was important that the sample
be uniform, so the outer leaves that received more light were measured; the inner, often
shadier leaves of the foliage were not. The date of the measurement was the day of the
final evaluation.

The SPAD chlorophyll meter was based on spectral measurements of the transmittance
of leaves at 650 nm and 940 nm. Therefore, the leaf transmittances generated for all synthetic
scenarios were converted to SPAD values according to the equation described by Raymond
Hunt and Daughtry [56]. This equality expresses the relationship between leaf permeability
and SPAD values well with a coefficient of determination of 0.998 for commonly used SPAD
chlorophyll metrics [56].

SPAD = 37 × log10

(
T940

T650

)
− 2.68

where SPAD is the SPAD value, and T940 and T650 are the leaf transmittance at 940 nm and
650 nm.

2.5.2. Proline Content Determination

Samples were taken from a mature but still young leaf from the middle part of the
plant, from the upper third of the shoot. The leaves were collected at the time of the final
evaluation mentioned above, and then they were immediately measured. Proline was
determined according to the methodology of Ábrahám et al. [57]. From frozen samples,
100 mg of plant parts were weighed and rubbed with a solution containing 3% sulfosalicylic
acid using quartz sand (5 µL/mg fresh weight). The extracts were settled for 10 min at
14 000 rpm and 100 µL of supernatant was measured per sample in three replicates. For
this, 200 µL of 96% acetic acid and 200 µL of acidic ninhydrin (2.5% (w/v) ninhydrin, 60%
(v/v) 96% acetic acid, 40% (v/v) 6 M phosphoric acid) was used. Tubes containing the
mixtures were covered with aluminium foil and heated in an oven at 96 ◦C for 1 h. The
reaction was stopped after 1 h in ice-cold water. The samples were then extracted with
1.5 mL toluene. Dissolution was promoted by vortexing for about 20 s and then all samples
were allowed to stand for 5 min. The absorbance of the red-coloured supernatants was
determined in a narrow cuvette and analysed at 520 nm. The values were compared with a
calibration curve prepared using a series of α-proline concentrations containing known
amounts of proline.

2.5.3. Peroxidase Enzyme Activity

Samples were taken from a mature but still young leaf from the middle part of the
plant, from the upper third of the shoot. The leaves were collected at the time of the
final evaluation mentioned above, and then they were immediately frozen. The POD
enzyme activity was measured by spectrophotometer using frozen leaves at 100 mg per
group in five replicates, following the methodology of Shannon et al. [58]. They were
individually ground in ice-cold mortar with a small amount of quartz sand and 1200 µL of
K-phosphate buffer solution at 4 ◦C. Samples loaded into the centrifuge tube were sedi-
mented in the precooled 4 ◦C centrifuge for 20 min at 13,500 rpm. The colour reaction was
measured using a concentrated 30% H2O2 solution diluted 100-fold and orthodianisidine
(3,3′-dimethoxybenzidine) was dissolved in methanol at a concentration of 10 mg/mL. The
buffer was Na-acetate at 4 ◦C. The blank sample consisted of 30 µL H2O2, 20 µL orthodi-
anisidine and 1700 µL Na-acetate. For POD activity analysis of plants, 50 µL leaf samples
were mixed with 30 µL H2O2, 20 µL orthodianisidine, and 1650 µL buffer. The photometer
measured the change in absorbance every 10 s after shaking, from which enzyme activity
could be calculated (1):

enzyme activity = (∆A1 × dilution)/ε [units/mL, U/mL] (1)
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where ∆A1 = change in absorbance in less than 1 min; ε = 11.3: extinction coefficient of
orthodianisidine (characterizes the extent of colour change). This can be converted to
units/mL (2):

(units/mL) × (w/v) (2)

where v = volume of tissue extract (1.5 mL); w = weight of tissue (~0.1 g).

2.6. Statistical Evaluation

Our results were processed, compared and measured using the IBM SPSS Statistics
26 program, ANOVA method. In all cases, the measured data were analysed at the 95%
confidence (significance) level. After evaluation of the Levene’s test, if the significance was
> 0.05, the Tukey test was used, and if significance was < 0.05, the Games–Howell post hoc
test was used.

3. Results
3.1. Morphology

For leaf number, the lowest mean leaf number was obtained by the humic acid solution
treated with leaf spray (17.4 leaves), and the highest was obtained by the group treated
with the E. arvense extract (29.87 leaves). The average number of leaves in the control group
was 21.93, with only the group treated with the humic acid extract significantly different.
There was no statistically verifiable difference between the groups treated with humus
extract (Figure 4a).
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For leaf area, the group with the highest leaf area was the E. arvense extract-treated
group (12.81 cm2), followed by the algae extract-treated group (8.45 cm2), which were
significantly different from the results obtained from the other groups (Figure 4b). The
humus extract-treated groups obtained lower values than the control (7.4 cm2). The lowest
values were obtained by the leaf-treated humus group (5.67 cm2).
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The results for fresh green weight showed a similar pattern with leaf number and leaf
area (Figure 4c), as the highest average value for this parameter was also obtained by the
group treated with the E. arvense extract (35.51 g), which was thus significantly different
from all groups. In addition, the algae extract (26.75 g) obtained a high result, significantly
different from that of the group with the lowest fresh green weight, the group treated with
leaf sprayed humus extract (19.23 g). The control (22.35 g) and the group treated with the
irrigated humus extract (24.3 g) belong to the same statistical group.

For fresh root mass, the highest value was measured for the group treated with
the E. arvense extract (3.91 g), showing no statistically verifiable difference from most of
the groups, except for the group treated with the leaf-sprayed humus extract (2.18 g),
which had the lowest values (Figure 4d). The value for the group treated with the algae
extract was 3.04 g, which can be interpreted as the second most-efficient treated group
next to the E. arvense extract. The fresh root weight of the group treated with the humus
extract applied by irrigation (2.76 g) and the control (2.73 g) was almost the same, with no
significant difference.

Based on the results of the morphological parameters, it can be said that the highest
values were obtained in the treatments with E. arvense and seaweed extract. In most cases,
the groups treated with humus extracts did not differ or differed negatively from the
control group.

3.2. Histology

The histological survey showed that there were differences in the number and density
of glands in plants treated with humic extracts, algal extract and E. arvense extract compared
to the control group (Figure 5).
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In terms of the number of essential oil glands per unit area of leaves, the highest
average values were obtained in the groups treated with the E. arvense extract (24.47) and
the groups treated with the humus extract applied by irrigation (22.8) (Figure 6a). The
control group (22.13 glands) had the same statistical group. The leaf-applied humus extract
had the lowest number of glands (13.1 glands), which was significantly different from all
other groups. The mean gland count of the algae extract-treated group was 17.03, a result
statistically different from all groups measured.
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It was considered important to assess the gland number as a parameter expressed in
unit leaf area, as it provides a new aspect to these results, which already show a correlation
with leaf area (Figure 6b). The results show that the group treated with humus extract
applied by irrigation (3.38) had the highest gland number in relation to average leaf area.
The control group also had a high ratio (2.99). The proportion of the group treated with the
E. arvense extract showed the lowest value (1.91), as well as the result of the group treated
with the algae extract, which belonged to the same statistical group.

3.3. Physiology
3.3.1. Chlorophyll Content

It can be seen that the group treated with the E. arvense extract achieved the highest
average chlorophyll content values (32.66 units), which was significantly higher than all
measured groups. The lowest value was achieved by the control group (22.97 units), which
was a statistical group with the average results of the humus-extracted group and the
algae-extracted groups.

3.3.2. Peroxidase Enzyme Activity

The results show that the highest stress level was observed in the group in which
humus foliar spraying (274.96 µ/mg) was applied—and very interestingly, a very low
stress level was observed in the group in which humus irrigation (66.61 µ/mg) was applied
(Figure 7a). The results were quite sharply different, as all groups differed significantly
from each other. The control group (46.36 µ/mg) showed the lowest POD activity level.
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3.3.3. Proline Content

The irrigation-treated group (2.23 mg/mL), the E. arvense extract-treated group
(2.27 mg/mL) and the control group (2.29 mg/mL) showed the lowest results (Figure 7b).
In relation to POD activity, the irrigation-treated group (2.50 mg/mL) also showed the
highest values.

4. Discussion

The effects of climate change (e.g., changing precipitation patterns, temperature anoma-
lies) and urbanisation (e.g., increased pollution) are not only present in cities, but also have
an impact on specific industries, including agricultural production [3,59,60]. Plant-based
fertilizer biostimulants, within which we find a group of liquid plant extracts, can be an
alternative to partially or fully replace fertilizers of synthetic origin [23]. They are applicable
in cultivation of several species, including O. basilicum.

4.1. Morphological Parameters

The morphological parameters on the whole were very consistent. The results of the
control groups for leaf number, leaf area, fresh green mass and fresh root mass were in
between those of the two natural biostimulant groups: algae and humus extracts, while
humus extracts applied by irrigation and spraying showed significantly lower values for
several parameters (leaf number, fresh root mass). The final results were in accordance
with the findings of Balas et al. [61], where tomato plants showed an increase in vegetative
yield. Comparing our results with studies on O. basilicum, we found that the addition
of the E. arvense extract, together with silicon, increased leaf yield as well as the fruit
mass. Mafakheri and Ashgari [33] also found that one of the general effects of marine
algae extracts was to enhance plant growth and fruit yield, which in our case it was also
observed in O. basilicum. The results of Jayasinghe et al. [35] described that there was
a greater positive change in morphological parameters with the application of seaweed
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extract, and this also correlates with our results. Burnett et al. [42] recommend the use
of humic extracts as biostimulants mainly for crops grown for their vegetative parts, as
they promote foliage and shoot formation due to their high nitrogen content. Our results
were not related to this—two application type of humic acid reduced these parameters.
Vaughan [46] explained this by stating that humic acid, due to its large molecular size, is
generally involved in cell wall attachment rather than being able to penetrate the cell. Nardi
et al. [62] found that humic extracts can have a wide range of effects, depending on the
uptake process through the foliage and roots, which suggests that the absorption of large
amounts of humic extracts would require more time to have an actual effect. Nevertheless,
it is also possible, in relation to the results of Rouphel and Colla [49], that because the plants
were not growing under stress, that the applied humic extracts might not have sufficiently
exerted their positive effects. Another possible hypothesis is that this application frequency
of the humic extracts was not sufficient to produce adequate results on the individual plants
of the experimental population.

4.2. Histological Parameters

Based on our results, all naturally derived substances increased the density of es-
sential oil-containing glands in the leaf, which correlates with several previous results.
For example, Memari-Tabrizi et al. [35] found that silicon, and in this case, oleaginous
extract, is able to increase the density and size of oil glands. It is also worth mentioning the
results of Sangwan et al. [43] and Sifola and Barbieri [44], who found that high nitrogen
levels also have a positive effect on gland yield in O. basilicum. This was also shown by
treatments with humic extracts. In terms of the number of essential oil glands per unit area,
it can be seen that only the spray-applied humus extract had significantly lower results
for comparison with the control; in contrast, the irrigation-treated group results were the
highest by a significant amount. This correlates with the results of Ni et al. [47], which
showed that leaf-applied humic extracts have less effect on the plant, in contrast to the
irrigation-applied humic extracts.

The uptake of humic extracts in the soil applied by irrigation was continuous due to
the moisture content of the soil. This was clearly shown by the total gland count parameters,
where this group gave the highest values. Comparing the leaf area and gland count data, it
can be observed that the number of glands increased in the case of the gland extract not in
direct proportion to the leaf area (high leaf area, low gland count). The effect of the algae
extract was that the number of glands increased in direct proportion to the leaf area, as in
the control group. In the case of humic extracts, however, for the individual group in which
irrigation was applied, although the leaf area did not increase to a statistically discernible
extent, the increase in gland number was high, resulting in a high gland number ratio.

4.3. Physiological Parameters

Martins et al. [51] in their study on Petunia plants showed that the negative effect of
humic extracts may cause chlorosis, which might be partly a result of reduced chlorophyll
content and rapidly senescing leaves. Our results may be related to this hypothesis and
these results. Based on the chlorophyll content, the tested plants treated with algae and
E. arvense extracts showed the highest values, where groups treated with humic extracts
did not show significant differences compared to the control. These data also correlated
with morphological parameters: smaller, often weaker plants showed lower chlorophyll,
while plants with stronger, more developed morphological parameters showed higher
chlorophyll results. The humic extracts had effects on the plants, as shown by the slightly
higher chlorophyll content compared to the control, which was also described by Mafakheri
and Ashgari [33] based on their measurements of humic acid. It can also be concluded
that our results were in line with those of Kalteh et al. [28] and that the silicon-containing
E. arvense extract indeed increased the chlorophyll content of the plants. The finding of
Aghaei et al. [6] for organic-based fertilizers in general was confirmed in our measurements:
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that these fertilizers, like humic materials, have a higher nitrogen content, which may result
in increased chlorophyll content.

In the case of POD levels, the control group and the irrigated group obtained the
lowest results; i.e., these plants were less sensitive to the stress factors present and their
physiological processes were able to protect them. The POD activity was significantly
higher in the case of E. arvense extract, algae extract and leaf-applied humic extracts. In
parallel, proline levels were also significantly higher in algae extract-treated and leaf-treated
basil plants. Stress levels were reduced in the control, irrigation-treated and E. arvense
extract-treated groups and in the humus irrigation-treated group were significantly lower
as well. There may be an inverse relationship between proline levels and POD activity
levels [18]. However, several publications highlight that high proline levels may result in
decreased root and other morphological parameters [15,19]. If we take this into account and
approach from this side the two groups with the highest proline values, algal extract and
sprayed humus extract, and compare the morphological results, we can conclude that the
humus applied to the leaves could not be incorporated into the plant tissue due to the high
proline levels. In comparison, the humus material applied to the soil could be absorbed
more efficiently when the plants were regularly watered, as indicated by the higher results
obtained compared to the groups that received the spray. The fact that the spray on the
foliage stressed the plants may have been a contributing factor—this may explain why the
control and the group receiving the irrigation-applied humus had the lowest POD activity,
as these groups did not receive any spraying. However, this requires further investigation.

In the case of the plants treated with a E. arvense extract, the high silicon content
could on the one hand have increased the morphological parameters as a biostimulant, and
on the other hand it is worth investigating silicon as a hormesis-inducing factor. Several
results have shown the beneficial effect of silicon in this species, in improved morphological
parameters and higher chlorophyll content [29]. Results from Kalteh et al. [28] showed that
high silicon levels increased proline levels, which is in agreement with our results on basil.

5. Conclusions

The use of plant extracts and humic extracts of natural origin was beneficial for the
ornamental plant cultivar O. basilicum Rokokó, which may help its future use in urban
green areas. Among the agents used, the effects of algae and E. arvense extracts improved
morphological characteristics and chlorophyll content. Although morphological charac-
teristics are of particular importance for basil used as an ornamental plant, the volatile
oil content of the plant may also be important to attract attention for urban plantings. It
was found that humic extracts applied by irrigation had a strong effect on essential oil
glands. The lowest stress level was found in the group treated with irrigation-applied
humic extracts, which may be related to the continuous availability of nutrients, and in the
case of E. arvense extract, silicon, the result may be the result of hermetic factors.

In conclusion, increasing climate change and urbanisation require methods that can be
used as an environmentally friendly solution with high crop yields and low environmental
impact compared to conventional fertilizer use. In the case of O. basilicum Rokokó, algae
and E. arvense extraction can be effective in greenhouse seedling production. Among the
humic extracts used, humic extracts applied by irrigation show outstanding potential in
essential oil production and in keeping stress levels low.
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