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ABSTRACT: Pelargonium zonale is an important ornamental and medicinal plant. The purpose of this investigation
was to evaluate the effects of conventional and unconventional fertilization on variations in the physicochemical
parameters of the culture substrate (temperature, pH, and electrical conductivity) in two cultivars of Pelargonium
zonale (L.) LHér., grown in pots. This study was conducted under greenhouse conditions, using Pindstrup peat as
the culture substrate. The analysis focused on how these physicochemical indicators of peat influenced plant height
and development under fertilization conditions. Results revealed that in the “Tango Salmon’ cultivar, both fertilization
regimes significantly modified substrate temperature and electrical conductivity (conventional fertilization leading
to the highest electric conductivity values of 0.77 mS/cm) while in control, was observed the highest substrate
temperature (21.24°C). In contrast, pH remained relatively stable across treatments. In the ‘“Tango Dark Red’ cultivar,
no significant differences were observed between substrate physicochemical parameters regardless of treatment. The
multiple correlations coefficients values showed that substrate parameters influenced plant height with varying degrees
of intensity depending on cultivar and fertilization scheme, reaching up the highest predictability of 60.6% in the ‘Tango
Dark Red’ control variant. The study highlighted that physicochemical properties of the substrate (particularly electric
conductivity and temperature) are for were the main contributors to optimal plant development and should be carefully
managed within fertilization strategies.
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1 Introduction

Plants of the genus Pelargonium from the Geraniaceae family occupy an important place worldwide.
In Romania geraniums are among the most popular flowers used as houseplants or landscape design. This
genus is rich in essential oils, which have a wide industrial application in perfumery, cosmetics, soap and
cream production due to their good antioxidant potential and anti-ageing/rejuvenating properties [1]. The
representatives of the Geraniaceae are mainly herbaceous plants, native to South Africa (about 80% of the
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species), mainly in the winter rainfall region of the south-western Cape and cultivated in the Mediterranean
basin and subtropical regions [2].

They are essential for summer landscaping, encompassing both traditional garden decoration and home
terrace beautification, with flowers playing a crucial role in well-being [3]. According to available data, the
species Pelargonium zonale (L.) LHér. ex Aiton is widely distributed in its native region of South Africa and
in various parts of the world where it is cultivated as an ornamental plant, including Europe, the United
States, Bolivia, Colombia, and parts of the West Indies [4-7].

According to specialized literature, geraniums exhibit a great variety, comprising over 280 species [8,9],
which have long been utilized in ancient medical practices worldwide [10]. Although the genus Pelargo-
nium comprises more than 280 recognized species, it remains significantly underexplored regarding its
phytochemical and pharmacological potential [11]. Besides their decorative role, geraniums are an important
horticultural product due to their potential applications in the cosmetic and pharmaceutical industries,
through the volatile oil extracted from the flowers, as well as their effectiveness as an antimicrobial agent [12]
and a natural bioaccumulator for heavy metals [13].

The varieties vary in shape, color, and size of the flowers and can tolerate high temperatures during the
summer [14]. Geraniums are commonly used as potted or container plants. Most selections are not cold-
hardy, but they thrive indoors in sunny southern windows during the winter [15].

Ensuring appropriate environmental conditions for development, including adequate plant nutrition, is
a crucial factor in the successful production of geraniums [16]. In this context, fertilization plays an essential
role in crop technology, supporting both growth and flowering. It is important to note that Pelargonium
zonale LHér. ex Aiton species grown in greenhouse conditions typically require more fertilizer than those
cultivated in field conditions [17].

Furthermore, the application of homeopathic products in ornamental plant production can influence
their biological processes, either accelerating or delaying growth. Additionally, when used as fertilizers,
they directly promote increased production. Agricultural homeopathy, which is based on the principle that
a substance causing symptoms in a healthy individual can cure similar symptoms in a sick individual,
offers an ecologically and economically sustainable approach with the potential to reduce dependence on
agrochemicals in global agricultural practices [12].

Bonato et al. [18] and Andrade et al. [19] observed in their studies that homeopathic preparations
can enhance photosynthetic rates by affecting physiological mechanisms, which may, for instance, lead to
greater amounts of photo-assimilated compounds as a result of stimulating leaf growth. Various homeopathic
treatments stimulated biological and genetic responses in plants including Ocimum basilicum, Phaseolus
vulgaris, Cucumis sativus, and Solanum lycopersicum, under abiotic stress conditions, by elevating total
sugar, antioxidant capacity, and chlorophyll levels [20]. The unconventional fertilization with homeopathic
mixtures of Schuessler salts of Pelargonium zonale is an eco-friendly option to conventional fertilizers. When
used with organic amendments, it works even better [21]. Additionally, organic compounds used in the
growing media for Pelargonium peltatum offer a viable alternative to costly and less readily available organic
materials, such as peat moss and bio-fertilizer, in cultivation substrates that contain a variety of organic
compounds. The best results were achieved when the plants were grown in a mixture of sand, tea compost,
cocopeat, and pond sediment [22].

According to Wallace (2001), plants grown in soils enriched with organic fertilizers are more tolerant
of water stress than those grown in soils with chemical fertilizers. Reducing the use of chemical fertilizers
helps prevent environmental pollution [23]. For Pelargonium zonale LHér. ex Aiton, well-drained soil that
ensures good air circulation is essential [19,24]. Some geranium varieties thrive in moist soil, while others
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prefer dry, sandy regions. The soil should be slightly acidic, with a pH of 6.0 to 6.8 [25]. Peat serves as the
primary component of most substrates used for ornamental plants, including potted geraniums. The high
demand for peat in greenhouse flower production presents a limiting factor; therefore, there is increasing
interest in finding a substitute with similar properties, ideally derived from renewable materials [26].

Considering all these factors, the current research was conducted to determine the physicochemical
parameters of the growing substrate under the influence of various fertilization systems and their impact on
the growth of two cultivars of geraniums, “Tango Salmon’ and “Tango Dark Red;, respectively.

2 Materials and Methods
2.1 Plant Materials and Experimental Design

In this experiment, during the experimental period (2019-2020), geranium (P. zonale (L.) LHér.
ex Aiton), an ornamental-medical species was used as biological material, which was purchased from
Syngenta Romania.

The experiment was conducted as a two-factor factorial study consisting of factor 1 (a), the geraniums’
cultivar (P. zonale (L.) LHér. ex Aiton), with two graduations, a; = “Tango Salmon’ and a, = “Tango Dark
Red; and factor 2 (b) was the fertilization method, with three graduations: b; = unfertilized (control), b,
= chemically fertilized with Peters Professional 15-11-29+TE, in a dose of 1-2 g/L weekly, by drip, and b; =
unconventional fertilization with a mixture of natural homeopathic compound known as Schuessler Salts,
at a dose of 5 mL/L tap water. The product was developed by a German physician from the 19th century (Dr.
Wilhelm Heinrich Schuessler), who discovered the health benefits of various mineral salts and developed
a homeopathic approach to utilize these mineral salts, allowing for their assimilation by the human body’s
cells. The salts were purchased from homeopathic pharmacies as twelve separate liquid solutions.

The concentration of each homeopathic solution (DHU-Arzneimittel GmbH & Co. KG, Dieburg, Ger-
many), was 100% (undiluted mother tincture, D1), as purchased from specialized homeopathic pharmacies.
All solutions were in liquid form, ethanol-based, stored at room temperature. Prior to each application, equal
volumes (calcium fluorite, calcium phosphate, iron phosphate, potassium chloride, potassium phosphate,
potassium sulfate, magnesium phosphate, sodium chloride, sodium phosphate, sodium sulphate, silica and
calcium sulfate, in a ratio of 1:1:1:1:1:1:1:1:1:1:1:1), of all 12 individual salt solutions were mixed to form a
final composite mixture, and then diluted at a ratio of 5 mL per liter of tap water. This final mixture was
freshly prepared and administered weekly by foliar spraying for 12 consecutive weeks, until the end of the
flowering period.

From the combination of the two factors, six experimental variants were obtained which were placed in
randomized blocks, in three repetitions each, with ten plants/repetition (Table 1).

Table 1: The experimental variants used in this study

Experimental variant Cultivar Fertilization method
V, (a,xb,) (Control) Tango Salmon Unfertilized
V, (a,xb,) Tango Salmon Chemically fertilized
V, (a,xb,) Tango Salmon Homeopathic fertilized
V, (a,xb,) (Control) Tango Dark Red Unfertilized
V; (a,xb,) Tango Dark Red Chemically fertilized

V, (a,xb,) Tango Dark Red Homeopathic fertilized
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The plants were planted in plastic pots (with a capacity of 1.5 L each, and a diameter of 12 cm), in a
greenhouse located in the Transylvanian Horticultural Research Institute—ICHAT, within the University of
Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Chemical analyses were performed within the
Environmental Quality Monitoring Laboratory of the Faculty of Agriculture. Pindstrup peat was used as soil
substrate. Laboratory analyses consisted of determining pH using the potentiometric method and electrical
conductivity [27].

The determination of the physicochemical parameters of the Pindstrup peat growing substrate targeted
the following indicators: temperature, pH and electrical conductivity (EC), which were quantified on how
they influence the growth of geranium plants.

Soil salinity can be estimated by measuring the EC of a saturated soil paste and estimating the percent
saturation. The amount of total dissolved solids in a sample is determined by weighing the residue obtained
after evaporation of a sample that has been filtered to remove particulate matter [28].

2.2 Statistical Analysis

The results were expressed as means for the entire period of the investigation, in order to note the
differences among the variants.

The IBM SPSS Statistics v.20 program for Windows was used to calculate the statistical parameters of
interest corresponding to descriptive statistics (mean, standard error of the mean,), and the application of
Least Significant Differences analysis at 5% significance threshold (LSD 5%). The Pearson multiple regression
parametric test was chosen because the variability values (CV%) indicated the homogeneity of data and the
representativeness of the means [29].

3 Results

3.1 Analyzing the Physicochemical Indicators of Culture Substrate

According to Table 2, the analysis of the properties of the Pindstrup peat growing substrate before
culture installation revealed a series of notable characteristics.

Table 2: The temperature (°C), pH, and conductivity (mS/cm) of the Pindstrup peat

No.crt. Issue X +SE
1 Temperature (°C) 20.95 + 0.32
2 pH 6.20 + 0.16

3 Conductivity (mS/cm)  0.24 + 0.03

Note: X—average; SE—standard error.

As shown in Table 3, the physicochemical indicators of peat (pH, temperature, and electrical conduc-
tivity) influenced by plant growth under both conventional and unconventional fertilization variants used
in this study.

Analysis of Table 3 reveals that the geranium cultivar “Tango Salmon’ displays varying values across the
experimental period regarding the analyzed culture substrate parameters, including temperature, pH, and
electrical conductivity of peat, which depend on the fertilization variant.

The average soil temperature ranged from 20.18°C (V3) to 21.24°C in the control variant V;. The
minimum temperature of the peat substrate, reported at 16.80°C, was observed in the unconventionally
fertilized experimental variant V3, while the maximum value of 22.20°C was found in the control variant.
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Table 3: The temperature, pH, and electrical conductivity of the cultivation substrate when conventional and
unconventional fertilization variants are applied in Pelargonium zonale culture

Experimental variant N X Min. Max. s CV (%)
t 20 2124 20.60 2220 0.44 2.08
V,—Control pH 20 626 6.21 6.31 0.19 3.03

EC 20 051 024 093 015 29.87

t 20 20.53 2010 2090 0.20 0.99

V,—Conventional fertilization @pH 20 6.07 6.01 618 0.50 8.23
EC 20 077 034 130 017 2159

t 20 2018 16.80 2120 0.95 9.73

V,—Unconventional fertilization pH 20 6.06 6.00 615 0.59 7.26
EC 20 066 037 098 0.19 29.09

t 20 1959 1910 20.30 0.43 2.22

V,—Control pH 20 630 624 635 039 6.19
EC 20 049 018 056 012 24.48

t 20 1960 1920 20.00 0.24 1.23

V,—Conventional fertilization @pH 20 623 619 629 0.1 1.76
EC 20 052 030 076 013 2500

t 20 1954 1910 20.20 0.35 1.80

V,—Unconventional fertilization pH 20 620 615 627 0.20 3.22
EC 20 050 032 0.69 0.10 20.91

Note: V1, V3, Vz—cultivar ‘Tango Salmon’; V4, Vs, Vg—cultivar “Tango Dark Red’; N—number
of samplings; X—mean; Min.—minim value; Max.—maxim value; s—standard deviation; CV—
coeflicient of variation, t—temperature, EC—electrical conductivity.

The peat pH exhibited average values ranging from 6.26 (V;) to 6.06 (V3), which are lower than the
initial pH measured before planting (Table 2) of the peat substrate. The lowest value of individual pH
measurements (6.00) is recorded under unconventional fertilization conditions V3, while the highest (6.31)
is for the unfertilized control variant (V). The greatest variability value (CV = 8.23%) is noted for the
conventionally fertilized experimental variant, in contrast to the values recorded for pH under conditions
V1 (CV =3.03%) and unconventional fertilization V3 (CV = 7.26%).

The EC reflected the salt content of the treatments. The lowest average soil electrical conductivity, equal
to 0.51 mS/cm, is reported for the control variant V;, while the highest, equal to 0.77 mS/cm, is for the con-
ventionally fertilized variant V, (Table 3). The minimum electrical conductivity—0.24 mS/cm—corresponds
to the control experimental variant V;, and the maximum conductivity—1.30 mS/cm—corresponds to the
conventionally fertilized experimental variant V,.

The temperature of the cultivation substrate changed significantly in the case of fertilization treatment
and a descending gradient from control (21.24°C), via conventional (20.53°C) and unconventional fertilized
variants (20.18°C) is observed, with differences exceeding LSDs,, threshold (Table 3).

The present investigation for the “Tango Dark Red’ cultivar (Table 3) showed that the average temper-
atures of the growing substrate, namely the peat moss, are very close in value, falling within the range of
19.54°C (Vg)-19.60°C (V5).The minimum value of peat temperature (19.1°C) is reported for both control
variant Vy, as well as for the unconventionally fertilized variant Vs, while the maximum value (20.3°C), is
reported for the control variant V4. The average peat pH has values ranging from 6.30 (V) to 6.20 (V).
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These obtained values highlight the acidifying action on peat mosses of both the geranium cultivars
studied and the fertilization system, respectively, conventional and unconventional (Table 3). The lowest pH
value (6.15) and the highest (6.24) are reported for the unconventionally fertilized variant and the V, control,
which we consider to be also reflected by the fact that the highest variability value (CV = 6.19%) is also
observed for control variant V4. Comparatively, in the fertilized experimental varieties, the coefficients of
variation have the values: CV =1.76% (V5) and CV = 3.22% (Vs), this indicates a low variability of pH.

The average electrical conductivity of peat moss has values ranging from 0.49 mS/cm (V,) to
0.52 mS/cm (V35), with a minimum in the control variant V4 (0.18 mS/cm) and a maximum (0.76 mS/cm) in
the conventionally fertilized experimental variant Vs.

The coeflicients of variation within the range CV = 20.91% (V5)—CV = 25% (Vs), highlight the
homogeneity of the evolution of the electrical conductivity of the peat during the plant cultivation process
and the representativeness of the obtained averages (Table 3).

The response of the cultivar against fertilization input may be related to uptake efficiency, or physiolog-
ical adaptability (Table 4).

Table 4: Effects of fertilization on substrate temperature (°C), pH (pH units), and electrical conductivity (mS/cm) in
two Pelargonium zonale cultivars

Cultivar Experimental variant Parameter
t(°C) pH (units of pH) EC (mS/cm)
V,—Control 21.24 6.26 0.51
V,—Conventional fertilization 20.53 6.07 0.77
V,—Unconventional fertilization  20.18 6.06 0.66
“Taneo Salmon’ Average 20.65 6.13 0.65
5 CV (%) 2.62 1.84 20.18
LSD,, 0.39 0.25 0.13
F 12.58 3.15 8.26
Significance p<0.05 p>0.05 p<0.05
V,—Control 19.59 6.30 0.49
V,—Conventional fertilization 19.60 6.23 0.52
V,—Unconventional fertilization 19.54 6.20 0.50
Average 19.58 6.24 0.50
“T: Dark Red’
ango Lark Re CV (%) 0.16 0.82 3.03
LSD,,, 0.22 0.16 0.08
F 0.83 0,43 0.12
Significance p>0.05 p>0.05 p>0.05

For the “Tango Salmon’ cultivar (Table 5), the temperature of the substrate exhibited highly significant
differences between all fertilization treatments. The p-values associated with the comparisons V1S-V2S
(p = LO2E-09) and VIS-V3S (p = 2.29E-05) were extremely low, confirming that both conventional
and unconventional fertilization significantly reduced substrate temperature compared to the control. The
comparison between V2§ and V3S also reached significance (p = 0.027), though the effect size, as reflected
in the F value, was smaller.
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Table 5: Comparative analysis of substrate temperature (°C), pH (pH units), and electrical conductivity (mS/cm) under
different fertilization regimes in two Pelargonium zonale cultivars

Comparison Parameters
t pH EC
P Sign. F P Sign. F P Sign. F

Vis— Vs LO2E-09  ** 39237 0.223 ns 0369 0.00678 o 6.697

Vis—Vss 229E-05 ¥ 42524 0.020 * 4215 244E-06  *** 19.366

Vys— Vs 0.02701 * 5216 0260 ns  0.516  0.02937 * 4.8320.433
Vior— Vapr 0.949 ns 0.236 0706 ns  0.355 0.6212 ns 0.402
Vior— Vipr 0.729 ns 0.278 0541 ns 0129  0.9479 ns 0.468
Vaor— Vink 0.682 ns 0197 0814 ns  0.632 0.668 ns 0.342

LSD., 0.314 0.210 0.106

Note: V;s—Control, ‘“Tango Salmon’; V,s—Conventional fertilization, ‘Tango Salmon’; V3s—Unconventional
fertilization, ‘Tango Salmon’; Vipr—Control; V,pr—Conventional fertilization, “Tango Dark Red’; Vipr—
Unconventional fertilization, ‘Tango Dark Red’. ns—nonsignificant or significant (*significant, **distinct
significant, ***very significant) at p = 0.05.

Regarding electrical conductivity, the results align consistently with the temperature pattern. Highly
significant differences were observed between V1S and V3S (p = 2.44E-06; F = 19.366) and between V1S
and V2S (p = 0.00678; F = 6.697), indicating that both fertilization methods substantially increased substrate
salinity. The V2S-V3S comparison also yielded a statistically significant outcome (p = 0.029), suggesting
that unconventional fertilization had a slightly stronger impact on EC than the conventional treatment. In
terms of pH, the only statistically significant difference was recorded between V1S and V3S (p = 0.020; F =
4.215), suggesting a mild acidifying effect associated with unconventional fertilization. However, the other
comparisons did not reach significance, and the absolute differences were relatively small, indicating that pH
remains comparatively stable across treatments in this cultivar.

In contrast, the “Tango Dark Red’ cultivar exhibited no statistically significant differences for any of the
three substrate parameters across all fertilization treatments. The p-values were uniformly above 0.6, and
the F values remained very low, reflecting minimal variance between groups. This pattern confirms earlier
observations (from Tables 3 and 4).

3.2 The Influence of the Physicochemical Parameters of the Cultivation Substrate on Geranium Height of
Plant

Different substrates have different physical and chemical properties, such as water retention, aeration,
pH, and nutrient availability, which affect plant growth and development [30]. According to the [31], different
cultivation substrates significantly affect the growth and physiology of the Chinese rose, making substrate
selection crucial for optimizing plant development. Therefore, the selection of a suitable substrate is essential
for successful plant cultivation.

Results in Table 6 shows that both in the conditions of lack of fertilization V; and the use of conventional
fertilization V,, correlations of medium intensity are reported, adequate in value (R = 0.519 and, respectively,
R =0.509), which have representativeness equal to 27% and, respectively, 25.9%.

A different situation, however, is reported in the case of applying unconventional fertilization V3, for
which a weak correlation is recorded (R = 0.247).
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Table 6: Correlations of physicochemical parameters of the culture substrate and the height of geranium plants

Experimental variant Regression line R R?

V,—Control Y =1.480 + 0.148X1 + 0.538X2 + +0.239X3 0.519 0.270
V,—Conventional fertilization Y =9.309 + 0.405X1 + 0.119X2 + +0,198X3  0.509 0.259
V.,—Unconventional fertilization Y =1.352 + 0.241X1 + 0.151X2 + +0,067X3  0.247 0.061
V,—Control Y =0.281 + 0.751X1 + 0.309X2 + 0.318X3  0.779 0.606
V,—Conventional fertilization Y =7.065 + 0.383X1 + 0.197X2 + 0.316X3  0.399 0.159
V,—Unconventional fertilization Y =14.991 + 0.054X1 + 0.152X2 + 0.599X3 0.634 0.403

Note: Vi, V,, V3—cultivar “Tango Salmon’; V4, Vs, Vs—cultivar “Tango Dark Red’; Y—plant height; X1—
soil temperature (°C); X2—soil pH; X3—soil electrical conductivity (S/m); R—coefficient of multiple
correlation; R?—coefficient of determination.

In this case, only for 6.1% of the total geraniums included in the experiment in which unconventional
fertilization is administered, their height growth is influenced by the physicochemical parameters of the peat
(temperature, pH, electrical conductivity), in a manner described by the regression line: if soil temperature
(X1) increases by one unit, plant height (Y) increases by 0.241 units, when the other factors (soil pH (X2) and
soil electrical conductivity (X3) remain constant.

4 Discussion
4.1 Analyzing the Physicochemical Indicators of Culture Substrate

The study analyzed how different fertilization methods can influence the physicochemical indicators of
the culture substrate, respectively of the peat (temperature, pH and electrical conductivity) of two varieties
of Pelargonium zonale (L.) UHér., grown in pots, under greenhouse conditions.

The data obtained of the geranium cultivar “Tango Salmon’ based on the results presented, it can be stated
that acidification is attenuated by fertilization, more significantly in the case of conventional fertilization V2
(chemically fertilized with Peters Professional 15-11-29+TE, in a dose of 1-2 g/L weekly) and less in the case
of unconventional fertilization V3 (homeopathic fertilized). This could suggest that the fertilization solution
contributes to the modification of soil pH to a lesser extent compared to the type of crop installed.

Regarding the evolution of temperature and pH of peat, low variability is reported (CV < 10.00%),
highlighting the homogeneity of these parameters and the strong representativeness of their averages.
In contrast, the electrical conductivity of peat shows significant variation (over 20%), which nonetheless
indicates the consistency of individual values and the representativeness of the averages. In the case
of unconventional fertilization (CV = 29.09%) and the unfertilized control variant (CV = 29.87%), the
coefficients of variation are very close to the maximum threshold that indicates homogeneity in the evolution
of the discussed parameter and the representativeness of the averages. For the conventionally fertilized
experimental variant, the variation is lower than in the control and unconventional variants (CV = 21.59%).
This value implies that the addition of electrolytes (which are present in conventional fertilizer) enhances the
uniformity of electrical conductivity in the culture substrate compared to the other experimental variants.

The temperature of the cultivation substrate changed significantly in case of fertilization treatment.
A descending gradient from control (21.24°C), via conventional (20.53°C) and unconventional fertilized
variants (20.18°C) is observed, with differences exceeding LSDs¢, threshold. These results show that fertiliza-
tion, especially unconventional treatment, modify the microclimatic conditions in the substrate, probably
by different microbial activity or nutrient changes affecting heat retention. Similarly, electric conductivity
showed significantly higher values in the fertilized variants, especially when conventional treatment was
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administered (0.77 mS/cm) compared with control (0.51 mS/cm), which suggests a possible nutrient
accumulation in the root zone. In contrast, variations in pH are nonsignificant, perhaps because of a relative
buffering capacity of the substrate (Table 3).

The present study for the “Tango Dark Red’ cultivar showed that the average temperatures of the peat
moss, are very close in value. The values obtained highlight the acidifying action on peat moss of both the
studied geranium varieties and the fertilization system, respectively conventional and unconventional. Thus,
our study shows in ‘Tango Dark Red’ cultivar, few differences between temperature, pH, and EC values
measured in growing substrate function of treatments, and they are statistical not significant.

Comparative analysis of substrate temperature, pH and electrical conductivity under different fertil-
ization regimes in two P. zonale cultivars indicated differences between the analyzed cultivars. Thus, for
the “Tango Salmon’ cultivar, very significant differences in substrate temperature between all fertilization
treatments, suggest that nutrient input—regardless of its source—may alter microbial activity, moisture
retention, or thermal conductivity in the substrate, resulting in measurable thermal shifts. Also, electrical
conductivity recorded highly significant differences, which confirm the sensitivity of EC to nutrient load
and further reinforce the role of fertilization in modifying the ionic environment of the rhizosphere. In
contrast, regarding pH the small differences indicate that this parameter remains comparatively stable across
treatments in this cultivar. For the “Tango Dark Red’ cultivar no statistically significant differences confirms
earlier observations and suggest that maintains substrate homeostasis regardless of fertilization strategy.
This may reflect cultivar-specific physiological traits, such as a more conservative nutrient uptake strategy,
reduced root exudation, or stronger internal buffering mechanisms.

The cultivar-specific effects of fertilization on substrate properties show that while “Tango Salmon’
appears highly responsive to both conventional and unconventional nutrient inputs, showing measurable
changes particularly in temperature and electric conductivity, in “Tango Dark Red’ they exhibit stability,
potentially offering advantages in variable or low-input cultivation systems (Table 5). These findings may be
relevant for precision horticulture, where the selection of cultivar-treatment combinations can be optimized
to support both crop performance and substrate sustainability.

Results of some studies [32] indicated that certain chemical and physical properties of cocopeat can
be improved by incorporating burnt rice husk and its positive effect was clearly reflected in the growth
and development of Celosia cristata. They states that the positive effects of burnt rice hull were seen in
the elevation of nutrient availability (as indicated by higher EC), increased bulk density, air-filled porosity,
available water and wettability. Improvement in chemical and physical properties following incorporation of
burnt rice hull into cocopeat was reflected in a better plant growth.

Other studies show that the parameters temperature, pH and Dissolvedoxygen (DO) have a strong
negative correlation with orthophosphate (OP) and total phosphate (TP) concentrations with a correlation
value of 0.828-0.982. In addition, ANOVA showed that both depth stratification and sampling location were
influenced by the physicochemical parameters, i.e., temperature, pH and DO [33].

4.2 The Influence of the Physicochemical Parameters of the Cultivation Substrate on Geranium Height of
Plant

The influence of chemical indicators of the culture substrate (pH, temperature, electrical conductivity)
on the plant growth in the “Tango Dark Red’ geranium cultivar presents specific particularities.

All the physicochemical characteristics of peat moss analyzed in the present study positively influence
plant growth, with an intensity, expressed by the multiple correlation coefficient (R), that differs greatly,
depending on the fertilization variant.
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If in the control variant Vy, fertilization is not administered to care and in the conditions of uncon-
ventional fertilization Vg, strong correlations are observed (R = 0.779 and, respectively, R = 0.634), with
representativeness equal to 60% and, respectively, 40.3%, in the case of conventional fertilization Vs,
the correlation is average media (R = 0.399), and in this case, its representativeness suggests that under
conventional Vs fertilization conditions, for 15.9% of the plants studied, their height growth is influenced by
the physicochemical parameters of the soil (temperature, pH, electrical conductivity), in a manner described
by the regression line.

Moldovan et al. [12] were reported that the morpho-decorative characters of “Tango Salmon’ and “Tango
Dark Red’ geranium cultivars differ significantly depending on the fertilization scheme applied. Concerning
the plants” height, number of stems/plants, leaves/plant, and flowers/inflorescence were all advantaged when
using the unconventional fertilization scheme in “Tango Salmon’ geranium cultivar, while in “Tango Dark
Red’ cultivar when conventional scheme was applied.

According to the results obtained by Moldovan et al. [21] for the cultivar “Tango Salmon; it can be
observed that differential fertilization led to significant differences in plant height and the number of
flowers inside the inflorescence. The same authors mention that in the “Tango Dark Red’ cultivar, the use
of conventional fertilization led to the best results for all morphological characteristics analyzed (18.90 cm
height, 5.90 stems/plant, 14.95 leaves/plant and 37.55 flowers/inflorescence), while the lack of fertilization
(control scheme) caused a decrease in the values of the above-mentioned characters. Gong et al. [34] obtained
higher plant height values in the geranium varieties analyzed in the present study (39.98-61.51 cm), when
residual compost and vermicompost as peat substitutes were used as growing media. The use of linear
regression analysis to determine a relationship between two variables in order to derive information about
one of them from the values of the other has also been used for other floricultural species [35].

5 Conclusions

The results of this study on the cultivar “Tango Salmon’ indicated that the physicochemical parameters
of the cultivation substrate present the following maximum average values: 21.24°C (unfertilized control),
pH = 6.26 and conductivity equal to 0.77 mS/cm (conventional fertilization), and for the cultivar “Tango
Dark Red’ 19.6°C, conductivity equal to 0.52 mS/cm (conventional fertilization) and pH = 6.30 (unfertilized
control).

These physicochemical characteristics of the culture substrate in the cultivar “Tango Salmon’ positively
influence plant growth, with a medium intensity, in the absence of fertilization and in the case of conventional
fertilization, and in the case of cultivar “Tango Dark Red’ cultivar with a strong intensity, in the absence of
fertilization and in the case of unconventional fertilization In conclusion, results of this study indicated that
all the tested physicochemical characteristics of the peat positively influence plant height, with an intensity
expressed by the multiple correlation coefficients (R), whose value differs considerably, depending on the
fertilization option and variety.

The findings of this research demonstrate that fertilization affects the physicochemical properties of
the growing substrate and, thus, the growth performance of cultivars of Pelargonium zonale. In the case
of the “Tango Salmon’ cultivar, conventional fertilization led to the highest average electrical conductivity
(0.77 mS/cm), while in control, which was not fertilized, we obtained the highest average temperature
(21.24°C). Regardless of treatment, pH shows small variations but statistically not significant.

In ‘Tango Dark Red’ cultivar, variations in substrate above mentioned parameters were negligible,

suggesting a relatively constant physiological response to the varying fertilization input. Correlation analysis
between substrate parameters and plant height indicated that substrate physicochemical properties influence
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plant growth depending on cultivar and fertilization patterns. Moderate correlations were recorded in “Tango
Salmon’ control (R* = 0.270) and under conventional treatment (R* = 0.259), whereas strong correlations
were observed in control (R* = 0.606) and unconventional fertilization (R? = 0.403) variants in the “Tango
Dark Red’ cultivar. The results of the study indicate that Pelargonium zonale cultivars perceive fertilization
strategies differently in a cultivar-specific way, with substrate temperature and electrical conductivity playing
a significant positive role in plant development. Our findings also suggest that targeted fertilization strategies
focused on cultivar and its response in interaction with substrate physicochemical parameters could further
improve both plant quality and production of potted geraniums.
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