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Abstract: Sustainable agriculture aims to eliminate the excessive usage of chemical fertilizers and
can be crucial for soil fertility. A factorial pot experiment in a randomized complete block de-
sign was carried out in King Khaled International Airport Nursery, Riyadh, Saudi Arabia, during
2019/2020, to evaluate the role of a biofertilizer (i.e., Bio-Fert, nitrogen-fixing microorganisms; Biot-
Phos, phosphorus-released microorganism; and Bio-Potas, potassium-released microorganisms, either
alone or in combinations) and slow-release compound chemical fertilizer (Osmocote), with or without
compost, on Pelargonium peltatum plant growth, flowering, chlorophyll level, and ion percentage. Soil
amendment with compost in general significantly increased plant growth and flowering attributes as
well as chlorophyll level, nitrogen (N), phosphorous (P), and potassium (K) percentage over garden
soil (without compost). All growth and flowering traits as well as ion percentage and chlorophyll
level were significantly increased by biofertilizer treatments either alone or in combinations. The
supreme treatment was the triple interaction over single or double interactions or untreated plants.
Osmocote application increases chlorophyll levels, ions, flowering, and vegetative growth relative to
untreated plants. Additionally, the data also revealed that all interactions between either osmocote or
biofertilizers with compost significantly increased all studied attributes over each treatment alone or
untreated control plants. Accordingly, it is recommended to add compost to the soil along with a
triple mixture of biofertilizers for obtaining high plant growth and flowering attributes along with
soil fertility.

Keywords: biofertilizer; chemical fertilizer; chlorophyll; ions; organic fertilizer; sustainable production

1. Introduction

Urban areas can be varying anthropized; major cities frequently have very dense
populations, higher levels of pollution, and few spaces to grow plants. Cities will need to
find solutions to issues including intense urbanization (almost 70% of global inhabitants
are expected to live in cities by 2050 [1]), climate changes, water shortage, contamination,
and a decline in human welfare [2,3]. Ornamental plants are produced for decoration and
beautification either in indoor or outdoor spaces and enhance the beauty and visual features
of a constructed environment [4]. The quality of life is considerably improved by the usage
of ornamental plants in landscaping and in various green spaces, i.e., roads, parks, and
gardens. Despite ornamental plants being significant components of human environments,
compared to other plants, less is known about them and how they affect the quality of
life [5]. Recently, concerning the burden of environmental difficulties and climate change,
ornamental plants have been studied for their visual features and their aptitude to preserve
the environment and an excellent quality of life [6]. A total of 749.200 hectares worldwide
are used for the commercial cultivation of plants, which began to become more valuable at
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the beginning of the 20th century [7]. The genus Pelargonium is widely distributed in tem-
perate and humid regions worldwide. With an annual production value of USD 2.5 billion,
this species ranks third among flowering potted plants globally [8]. Pelargonium comes
in a variety of types and cultivars with different heights, shapes, bloom densities, and
colors [8,9]. Moreover, they can be cultivated in a harsh environment, such as salty and
calcareous soil, in addition to furthering the bioremediation strategy [10]. The demand for
ornamental plants in urban areas is rising quickly as a result of increased urbanization.

Speedy growth and flowering in potted plants mostly rely on nutrient accessibility
either in growing media or in fertilizers [11,12]. Nitrogen (N), phosphorus (P), and potas-
sium (K) play a very substantial role in altering plant establishment and productivity [13].
N represents a crucial ion for improving plant establishment and protein synthesis as well
as the biosynthesis of protein, chlorophyll, and nucleic acids [13]. P performs an energetic
function in decisive plant development, cell division, enzyme activation, and carbohydrate
metabolism [13]. K has a satisfactory impact on the metabolism of nucleic acid, protein,
vitamin energy transfer, phloem transport, ion balance, and inducing water-stress toler-
ance [13]. The extensive and prolonged application of chemical fertilizers at an extremely
high rate has recently evoked environmental pollution and declined microbial activity and
the constancy of soil organic matter. Typically, 60–90% of whole applied fertilizers are
mislaid, with only the remaining part (10–40%) being absorbed by plants. Hence, in order
to fulfill the growing demand and stop overusing chemical resources, new sustainable
and environmentally friendly solutions based on organic and biofertilizer amendments are
needed [7,14,15].

Sphagnum peat has been widely utilized as an imperative element of growing sub-
strates for ornamental plants owing to its anticipated physico-chemical attributes [16];
however, peat continues to be a costly and nonrenewable resource [11]. High-quality
and low-cost peat alternatives are logical replacements. Various agro-waste has long
been deliberated as being of little value and is typically discarded. Research has shown,
however, the practicability of utilizing this agro-waste, after composting, as a growing
substrate for vegetables and ornamental plants for its nutrient-rich fertilization as a soil
amendment [14,15,17]. The addition of compost to the soil has valuable impacts on plant
establishment and productivity via increasing soil fertility and microbial activities [7,9].
Compost represents an important source of micro- and macro-nutrients [18,19] and main-
tains soil water- and nutrient-retention capacity [15]. Several kinds of research have shown
that the usage of biofertilizers enhanced plant growth, flowering attributes, and productiv-
ity [14,15,17,19].

Biofertilizer is a gainful and renewable source of crop nutrients that can reduce and
eliminate the use of chemical fertilizers by 50% without reducing yield; it can also im-
prove soil fertility [7] and restore the environment through agriculture [7,20]. Biofertilizers
are products having beneficial living microorganisms, i.e., nitrogen-fixing bacteria and
phosphorus- and potassium-solubilizing bacteria, that have the capacity to transform imper-
ative ions from unavailable to accessible forms via biological processes [7,21]. Biofertilizers
can be applied in different ways, i.e., through seed, seedling, or soil inoculation, and can
be used alone or in combinations. Several kinds of research have shown that the usage
of biofertilizers enhanced plant growth, flowering attributes, and productivity [7,21,22].
The efficient usage of biofertilizers for plants not only profits growers financially but
furthermore enhances and sustains soil fertility and ecosystem resilience. The positive
roles of biofertilizers on plant growth are related to boosting nitrogen fixation by mi-
croorganisms, synthesizing antibiotics and plant growth regulators (PGRs), improving ion
uptake, and enabling the formation of metabolites that encourage and enhance meristem-
atic activity [7,21,22]. Additionally, studies have also synthesized several organic acids
that accelerate P, magnesium (Mg), zinc (Zn), iron (Fe), and manganese (Mn) release in
non-available forms in the soil [7,20].
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The research aims to achieve the effect of using different types of biofertilizers individ-
ually or in mixtures, after adding them to the agricultural soil with or without compost, on
the vegetative and flowering growth of Pelargonium peltatum plants.

2. Materials and Methods
2.1. Plant Materials and Study Site

The pot trial was conducted in a greenhouse of King Khaled International Airport
Nursery, Riyadh, Kingdom of Saudi Arabia (KSA, longitude: 46◦43′ E, latitude: 24◦55′ N,
and above mean sea level 625 m), with a temperature of 24/20 ◦C, relative humidity of
60–70%, and photoperiod of 11 h (Figure 1).
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Figure 1. Experimental layout; (a) preparing soil mixture for cutting rooting; (b) preparing seedling
tray for cutting rooting; (c) cutting bases dipped in indole-3- butyric acid (IBA) for indicating
rooting formation; (d) cultivation of IBA treated cutting in seedling trays; (e) 30-day rooted cuttings
were transplanted in 25 cm plastic pots (one plants/pot); (f) pinching plant shoot for improving
branching capacity; (g) vegetative growth of Pelargonium peltatum; (h) flowering characteristics of
plants; (i) estimation of inflorescence diameter; (j) estimation of plant height.

Terminal cuttings (10 cm in length) of ivy geranium (Pelargonium peltatum (L.) L’Hér.)
‘Kim’ from F1 mother plants were propagated from seeds (Blocompic, Holland) on
25 December 2019. The cuttings’ bases were dipped in indole-3-butyric acid (IBA) (Rhizo-
pona, 0.8%, Schutz company, Briogeton) as a plant growth regulator (PGR) from the auxin
group that induces rooting capacity, and then, the planted seedling trays were filled with
peat moss and perlite (1:1 v/v) within a mist propagation system for rooting.

2.2. Experimental Design

The experiment was laid out as a two-factorial experiment involving compost (with or
without) as the first factor and fertilizers, i.e., biofertilizer (Bio-Fert, nitrogen-fixing microor-
ganisms; Biot-Phos, phosphorus (P)-released microorganism; and Bio-Potas, potassium-
released microorganisms, either alone or in combinations) or slow-release compound
chemical fertilizer (Osmocote), as the second factor as well as their combination with
9 × 2 treatments and three replicates of 54 experimental units.

2.3. Experimental Layout

Plastic pots (25 cm in diameter) were divided into two sets, each consisting of 27 pots;
the first set was filled with garden soil (GS, without compost), which is characterized as
indicated in Table 1 following the protocol of Motsara and Roy [23]. Meanwhile, the second
set was filled with a mixture of GS and compost (Klasmann Deilmam, Geeste, Germany)
at the rate of 1:2 v/v. The chemical and physical features of the compost are indicated
in Table 2.
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Table 1. Physico-chemical attributes of the experimental soil.

Physical Attributes Value Chemical Attributes Value

Silt (%) 88.22 pH 7.64
Clay (%) 8.78 EC (dSm−1) 1.47
Sand (%) 3.00 Cation Exchange Capacity (meq 100 g−1 soil) 35.94

Texture soil Sandy Organic matter (%) 1.82
Bulk density (g cm−3) 1.40 Available N (mg kg−1 soil) 57.24

Available P (mg kg−1 soil) 7.93
Available K (mg kg−1 soil) 120.16

Table 2. Physico-chemical attributes of the compost.

Characteristics Value Characteristics Value

Moisture (%) 25–50 P (%) 0.5–0.75
EC (dSm−1) 3–4 K (%) 1.25–1.75

pH 7–7.5 Fe (mg kg−1) 50–70
Organic matter (%) 45.56 Mn (mg kg−1) 10–15

C/N ratio 14.2/1 Cu (mg kg−1) 5–10
Total N (%) 1.5–1.8 Zn (mg kg−1) 15–22

The homogenous rooted cuttings (30 days old) were transplanted into the pots
(1 plant/pot) and irrigated regularly once every 3 days to the end of the experiment.
To avoid fungal diseases and pest management, a fungicide and insecticide were applied
to plants every 15 days from transplanting to the end of the experiments. Additionally, to
avoid the defeat of vegetative growth, wholly flowering buds that appeared on the plant
during the first month from transfer to the media were cut upon emergence.

The biofertilizers (Al-Maheliah company for trade and agriculture, Ltd., Riyadh, KSA)
used were Bio-Fert© (Bacillus polymyxa at 2 × 108 active bacterial cells/mL); Bio-Phos©

(Azospirillium lipoferum at 2 × 108 active bacterial cell/mL); and Bio-Potas© (Streptomyces
spp. at 2 × 106 active bacterial cell/mL); they were added either individually or as a
mixture to the pots at a rate of 2 mL liquid biofertilizer/liter of irrigation water in three
stages: before planting and one month after and two months after transplanting [9]. The
complex mineral fertilizer Osmocote (NPK: 13-13-13) was weighed and then added at
a rate of 10 g/pot in one dose to the agricultural soil immediately after the transfer, as
recommended by the producers. Pinching was also performed for all cultivated plants at a
height of 15 cm and two weeks after planting seedlings.

2.4. Data Recorded

At 90 days from transplanting, the plant samples were collected for morpho-physiological
and flowering attributes as well as leaf photosynthetic pigments and shoot ion percentage.

The plants were collected, and the plant growth attributes were measured, including
plant height (cm), number of leaves and branches per plant, and shoot and root sys-
tem/plant (g) once dried for 72 h in an oven at a temperature of 70 ◦C. In addition, the leaf
area (cm2) was measured using the leaf area estimator (LI-3000 COR, Walz Co., OR, USA).

As for flowering attributes, we recorded the time for flowering (day, by the number of
days from planting until the appearance of the color at the first inflorescence on the plant);
inflorescence age (from the beginning of the formation of flower buds until the stage of
aging and the end of its life period); number of inflorescences per plant; the number of
flowers in inflorescence; the diameter of the inflorescence per plant (cm) during the stage
of full bloom; flower stock length (cm); and dry weight of the inflorescences per plant,
weighed after drying in an oven at a temperature of 70 ◦C for 72 h.

Total chlorophyll concentrations (mg·g−1 FW) within the third fully upper leaf were
extracted by methanol and quantified spectrophotometrically (T60 UV-Visible spectropho-
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tometer, PG Instrument Limits, Lutterworth, UK), following the Lichtenthaler and Wel-
burn [24] protocol.

For estimation of nitrogen (N), phosphorous (P), and potassium (K) percentage,
two-hundred mg of shoot dry matter was digested with a sulfuric and perchloric acid
mixture [25] and then diluted with bi-distilled water to the final volume (100 mL). Total N,
P, and K were determined with micro-Kjeldahl protocol, stannous chloride plus ammonium
molybdate method, and also flame-photometrically, respectively.

2.5. Statistical Analysis

The CoHort Software (CoHort software, 2006; Cary, NC, USA) statistical package
was used to apply two-way-ANOVA. Tukey’s HSD-MRT test at p ≤ 0.05 was also used to
separate the means. Values with the different letters were substantially different at p ≤ 0.05.
The data existing are represented as mean with standard error (SE).

3. Results
3.1. Growth and Flowering Attributes

The data in Table 3 show that the application of biofertilizer or Osmocote with or with-
out compost supplementation significantly increased the growth attributes of Pelargonium
peltatum plants. Soil supplementation with compost significantly (p ≤ 0.05) boosted plant
height, leaves number per plant, branches number per plant, leaf area, shoot dry weight,
and root dry weight by 20.06, 6.01, 6.07, 28.65, 32.41, and 5.58% respectively, over garden
soil (soil without compost).

Plants treated with either biofertilizer or Osmocote significantly (p ≤ 0.05) increased
all growth parameters relative to untreated plants. The greatest values of plant height
(34.20 cm), leaves number per plant (50.16), branches number per plant (9.30), leaf area
(133.6 cm2), shoot dry mass (8.46 g), and root dry mass (2.50 g) were recorded for plants
treated with Bio-Fert + Bio-Phos + Bio-Potas mixture over non-treated plants, which gave
the lowest values (22.58, 35.33, 5.58, 88.58 cm2, 4.03 g, and 1.45 g respectively (Table 3).
Additionally, the data in the same table show that Osmocote typically gave superior values
of shoot and root dry mass over each biofertilizer separately, and it also gave superior values
of plant height and leaf area over single- or double-mixture application of biofertilizers.

The data in the Table 3 reveal that all interactions between compost and either biofer-
tilizer or Osmocote significantly increased all studied characteristics compared to control
plants. The use of a triple mixture of biofertilizer with compost significantly gave the
highest values of plant height (36.69 cm), leaves number per plant (55.96), branches number
per plant (9.80), leaf area per plant (146.4 cm2), shoot dry mass (9.36 g), and root dry
mass (2.69 g), with increasing rates of 71.52, 59.35, 76.25, 65.74, 138.7, and 86.80% over the
untreated control plants.

The results in Table 4 show that the addition of compost significantly (p ≤ 0.05)
increased the number of days to flowering (44.48 days), flowering stock length (16.59 cm),
inflorescence number per plant (2.67), flower number per plant (35.41), inflorescence
diameter (5.61 cm), inflorescence age (34.35 days), and inflorescence dry weight (0.99 g)
over garden soil (without compost addition).
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Table 3. Effect of different biofertilizer treatments and chemical fertilizer (osmocote) with or without compost on the Pelargonium peltatum plant growth attributes.

Treatments Plant Height (cm) Leaves
Number/Plant Branches Number/Plant Leaf Area (cm2) Shoot Dry Weight (g) Root Dry Weight (g)

Compost treatment
− Comp (C1) 26.32 ± 1.98 b 41.05 ± 2.56 b 7.08 ± 0.97 b 95.29 ± 9.65 b 5.46 ± 1.06 b 1.79 ± 0.25 b
+ Comp (C2) 31.6 ± 2.32 a 43.52 ± 3.32 a 7.51 ± 1.43 a 122.6 ± 16.0 a 7.23 ± 1.43 a 1.89 ± 0.32 a

ANOVA p-values *** *** *** *** *** ***

Fertilization treatments
Control (without fertilization) (T1) 22.58 ± 0.54 f 35.33 ± 0.43 f 5.58 ± 0.34 e 88.58 ± 0.69 b 4.03 ± 0.22 e 1.45 ± 0.02 g

Osmocote (T2) 31.45 ± 0.50 b 39.02 ± 0.38 e 6.98 ± 0.13 cd 117.1 ± 20.0 b 6.83 ± 0.78 b 1.85 ± 0.03 cd
Bio-Fert (T3) 26.51 ± 0.98 c 42.38 ± 1.30 c 7.56 ± 0.48 b 103.8 ± 13.3 e 6.21 ± 1.26 c 1.58 ± 0.08 f
Bio-Phos (T4) 28.04 ± 1.06 d 41.96 ± 0.50 d 6.76 ± 0.42 d 101.8 ± 13.9 g 5.54 ± 0.89 d 1.68 ± 0.06 e
Bio-Potas (T5) 29.09 ± 0.81 e 42.01 ± 0.70 d 6.70 ± 0.41 d 102.0 ± 12.4 g 5.48 ± 1.09 d 1.79 ± 0.05 d

Bio-Fert + Bio-Phos (T6) 30.95 ± 0.94 b 43.74 ± 1.87 b 7.75 ± 0.35 b 112.4 ± 21.1 c 7.12 ± 1.33 b 1.89 ± 0.04 c
Bio-Fert + Bio-Potas (T7) 30.02 ± 0.92 c 43.05 ± 1.19 c 7.86 ± 0.19 b 111.1 ± 19.6 d 6.96 ± 1.01 b 1.88 ± 0.05 c
Bio-Phos + Bio-Potas (T8) 27.87 ± 0.97 c 42.47 ± 0.66 cd 7.20 ± 0.25 c 110.3 ± 20.1 e 6.45 ± 1.39 c 1.96 ± 0.09 b

Bio-Fert + Bio-Phos + Bio-Potas (T9) 34.20 ± 1.18 a 50.16 ± 3.38 a 9.30 ± 1.21 a 133.6 ± 14.0 a 8.46 ± 1.03 a 2.50 ± 0.22 a
ANOVA p-values *** *** *** *** *** ***

Interaction Effects
C1T1 21.39 ± 0.23 i 35.18 ± 0.03 i 5.56 ± 0.20 i 88.33 ± 0.46 m 3.92 ± 0.14 k 1.44 ± 0.01 h
C1T2 29.36 ± 0.20 jk 38.78 ± 0.16 h 6.93 ± 0.08 fg 98.86 ± 0.54 i 6.13 ± 0.10 ef 1.83 ± 0.01 de
C1T3 22.75 ± 0.21 g–i 42.01 ± 0.75 e–g 7.20 ± 0.05 ef 91.66 ± 0.31 k 5.07 ± 0.05 gh 1.51 ± 0.02 h
C1T4 24.85 ± 0.57 ij 41.62 ± 0.22 fg 6.40 ± 0.05 h 89.3 ± 0.29 m 4.74 ± 0.10 hi 1.63 ± 0.01 g
C1T5 25.66 ± 0.18 k 41.40 ± 0.08 g 6.50 ± 0.05 gh 90.6 ± 0.30 l 4.49 ± 0.09 ij 1.75 ± 0.01 c
C1T6 28.72 ± 0.11 d–f 42.09 ± 0.22 e–g 7.16 ± 0.08 de 93.1 ± 0.40 j 5.91 ± 0.13 f 1.88 ± 0.01 d
C1T7 26.65 ± 0.14 f–j 42.15 ± 0.51 e–g 7.76 ± 0.08 cd 93.16 ± 0.14 j 6.06 ± 0.20 ef 1.86 ± 0.03 de
C1T8 25.81 ± 0.43 f–h 41.92 ± 0.17 fg 7.20 ± 0.15 ef 91.96 ± 0.17 k 5.23 ± 0.20 g 1.90 ± 0.06 d
C1T9 31.71 ± 0.19 b 44.35 ± 0.43 c 8.70 ± 0.26 b 120.8 ± 0.36 e 7.57 ± 0.24 cd 2.32 ± 0.08 b
C2T1 23.77 ± 0.16 i 35.47 ± 0.37 i 5.60 ± 0.20 i 88.83 ± 0.34 m 4.14 ± 0.09 jk 1.47 ± 0.01 h
C2T2 33.53 ± 0.21 ij 39.26 ± 0.19 b 7.03 ± 0.06 ef 135.5 ± 0.37 b 7.53 ± 0.10 cd 1.87 ± 0.02 d
C2T3 30.26 ± 0.32 de 43.75 ± 0.29 cd 7.93 ± 0.08 c 116.0 ± 0.36 f 7.36 ± 0.13 d 1.65 ± 0.02 fg
C2T4 31.22 ± 0.29 e–g 42.30 ± 0.20 e–g 7.13 ± 0.12 ef 114.5 ± 0.17 g 6.33 ± 0.16 ef 1.73 ± 0.03 ef
C2T5 32.50 ± 0.41 h–j 42.62 ± 0.18 ef 6.90 ± 0.17 ef 113.4 ± 0.11 h 6.47 ± 0.09 e 1.83 ± 0.03 de
C2T6 33.17 ± 0.28 bc 45.39 ± 0.39 b 8.03 ± 0.12 c 131.7 ± 0.38 c 8.33 ± 0.06 b 1.91 ± 0.02 d
C2T7 33.38 ± 0.22 cd 43.96 ± 0.32 cd 7.96 ± 0.12 c 129.1 ± 0.36 d 7.86 ± 0.10 c 1.89 ± 0.02 d
C2T8 29.92 ± 0.59 de 43.01 ± 0.20 de 7.20 ± 0.17 ef 128.6 ± 0.46 d 7.67 ± 0.29 cd 2.03 ± 0.01 c
C2T9 36.69 ± 0.37 a 55.96 ± 0.20 a 9.80 ± 0.29 a 146.4 ± 0.63 a 9.36 ± 0.15 a 2.69 ± 0.03 a

ANOVA p-values *** *** *** *** *** ***

Levels of significance are represented by *** p < 0.001. For each parameter, different letters within the column show significant differences between the treatments and control according
to Tukey’s HSD test at p < 0.05.
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Table 4. Effect of different biofertilizer treatments and chemical fertilizer (Osmocote) applied to agricultural soils with or without compost on the Pelargonium
peltatum flowering attributes.

Treatments Number of Days to
Flowering

Flowering Stock
Length (cm)

Inflorescence
No/Plant

Flower
Number

/Plant

Inflorescence
Diameter (cm)

Inflorescence Age
(Day)

Inflorescence Dry
Weight (g)

Compost treatment (Comp, at a ratio of 1:2 v/v soil/compost)
− Comp (C1) 43.09 ± 2.87 b 14.69 ± 2.96 b 2.11 ± 0.67 b 32.41 ± 3.94 b 5.18 ± 0.65 b 33.40 ± 4.36 b 0.36 ± 0.10 b
+ Comp (C2) 44.48 ± 3.65 a 16.59 ± 3.68 a 2.67 ± 0.85 a 35.41 ± 6.38 a 5.61 ± 0.11 a 34.35 ± 5.06 a 0.99 ± 0.62 a

ANOVA p-values *** *** *** *** *** *** ***

Fertilization treatments
Control (without fertilization) (T1) 38.57 ± 0.27 f 10.06 ± 0.22 b 1.40 ± 0.14 f 24.00 ± 0.37 g 4.10 ± 0.05 b 25.56 ± 0.65 g 0.22 ± 0.01 g

Osmocote (T2) 44.59 ± 0.57 c 15.83 ± 0.90 e 2.05 ± 0.28 de 36.75 ± 1.14 b 5.45 ± 0.08 c 37.71 ± 1.48 b 0.40 ± 0.01 e
Bio-Fert (T3) 42.48 ± 2.66 e 12.30 ± 1.30 g 2.20 ± 0.59 d 29.41 ± 1.04 f 4.89 ± 0.16 g 30.30 ± 1.46 f 0.31 ± 0.05 f
Bio-Phos (T4) 42.92 ± 2.16 e 12.86 ± 0.98 f 1.86 ± 0.37 e 31.81 ± 1.07 e 5.01 ± 0.18 f 30.13 ± 1.17 f 0.32 ± 0.05 f
Bio-Potas (T5) 43.39 ± 1.87 cd 15.31 ± 0.99 e 2.83 ± 0.50 b 34.41 ± 1.89 d 5.62 ± 0.15 b 33.38 ± 0.73 e 0.82 ± 0.44 d

Bio-Fert + Bio-Phos (T6) 44.66 ± 2.50 c 16.58 ± 1.26 d 1.88 ± 0.17 e 34.03 ± 0.77 d 5.25 ± 0.25 e 34.60 ± 1.01 d 0.79 ± 0.48 d
Bio-Fert + Bio-Potas (T7) 44.65 ± 2.80 c 18.06 ± 1.22 c 2.63 ± 0.28 c 36.90 ± 1.76 b 5.36 ± 0.10 d 35.01 ± 1.16 d 1.03 ± 0.64 c
Bio-Phos + Bio-Potas (T8) 45.26 ± 2.72 b 19.06 ± 1.39 b 2.66 ± 0.21 bc 35.16 ± 1.52 c 5.35 ± 0.19 d 36.53 ± 0.91 c 1.07 ± 0.69 b

Bio-Fert+Bio-Phos+Bio-Potas (T9) 47.82 ± 2.23 a 20.70 ± 1.94 a 4.03 ± 0.58 a 42.75 ± 6.30 a 7.56 ± 0.10 a 41.63 ± 2.81 a 1.19 ± 0.69 a
ANOVA p-values *** *** *** *** *** *** ***

Interaction Effects
C1T1 37.97 ± 0.12 hi 9.66 ± 0.12 n 1.30 ± 0.05 k 23.90 ± 0.20 l 4.10 ± 0.21 k 25.50 ± 0.45 j 0.21 ± 0.01 j
C1T2 43.58 ± 0.12 ef 15.10 ± 0.32 ij 1.80 ± 0.05 hi 35.73 ± 0.08 ef 5.38 ± 0.21 ef 36.16 ± 0.54 cd 0.38 ± 0.01 f–j
C1T3 41.54 ± 0.62 g 11.30 ± 0.63 m 1.66 ± 0.06 ij 28.66 ± 0.46 b 4.75 ± 0.32 j 29.30 ± 0.58 h 0.26 ± 0.01 j
C1T4 42.51 ± 0.31 fg 12.10 ± 0.36 l 1.53 ± 0.06 i–k 30.93 ± 0.24 j 4.84 ± 0.44 j 29.16 ± 0.14 h 0.26 ± 0.01 j
C1T5 42.76 ± 0.37 f 14.50 ± 0.17 j 2.40 ± 0.11 ef 32.80 ± 0.41 i 5.49 ± 0.35 de 32.93 ± 0.38 f 0.41 ± 0.01 fg
C1T6 43.30 ± 0.24 f 15.56 ± 0.53 hi 1.80 ± 0.05 hi 33.40 ± 0.11 hi 5.03 ± 0.49 i 35.23 ± 0.54 de 0.35 ± 0.01 i
C1T7 43.60 ± 0.05 e 16.96 ± 0.12 ef 2.46 ± 0.17 d–f 35.40 ± 0.11 ef 5.28 ± 0.42 fg 35.93 ± 0.43 cd 0.42 ± 0.01 fg
C1T8 44.83 ± 0.05 cd 17.80 ± 0.05 d 2.56 ± 0.14 c–e 33.90 ± 0.17 gh 5.18 ± 0.44 gh 37.30 ± 0.15 c 0.44 ± 0.01 f
C1T9 47.24 ± 0.38 b 18.93 ± 0.14 c 3.50 ± 0.05 b 37.03 ± 0.41 cd 6.60 ± 0.44 b 39.06 ± 0.08 b 0.56 ± 0.01 e
C2T1 39.17 ± 0.05 h 10.16 ± 0.13 n 1.50 ± 0.05 jk 24.10 ± 0.25 l 4.11 ± 0.40 k 25.63 ± 0.38 i 0.24 ± 0.01 j
C2T2 45.60 ± 0.38 c 16.56 ± 0.18 fg 2.30 ± 0.05 ef 37.76 ± 0.21 bc 5.52 ± 0.34 d 39.26 ± 0.38 b 0.41 ± 0.01 f–h
C2T3 43.43 ± 0.29 e 13.30 ± 0.10 k 2.73 ± 0.08 cd 30.16 ± 0.35 j 5.03 ± 0.49 i 31.30 ± 0.66 g 0.36 ± 0.01 hi
C2T4 43.34 ± 0.42 ef 13.63 ± 0.29 k 2.20 ± 0.05 fg 32.70 ± 0.36 i 5.16 ± 0.29 h 31.10 ± 0.45 g 0.37 ± 0.01 g–i
C2T5 44.03 ± 0.62 d 16.13 ± 0.34 gh 3.26 ± 0.12 b 36.03 ± 0.44 de 5.76 ± 0.29 c 32.83 ± 1.13 f 1.23 ± 0.01 d
C2T6 45.02 ± 0.20 c 17.60 ± 0.10 de 1.96 ± 0.12 gh 34.66 ± 0.29 fg 5.47 ± 0.45 de 33.83 ± 0.31 ef 1.24 ± 0.01 d
C2T7 45.71 ± 0.37 c 19.16 ± 0.14 c 2.80 ± 0.10 c 38.40 ± 0.58 a 5.43 ± 0.37 de 34.10 ± 0.32 ef 1.58 ± 0.03 c
C2T8 45.70 ± 0.59 c 20.33 ± 0.08 b 2.76 ± 0.08 c 36.43 ± 0.56 de 5.52 ± 0.50 d 35.76 ± 0.29 cd 1.70 ± 0.05 b
C2T9 48.40 ± 0.37 a 22.46 ± 0.08 a 4.56 ± 0.03 a 48.46 ± 0.52 a 8.52 ± 0.34 a 44.20 ± 0.00 a 1.83 ± 0.03 a

ANOVA p-values *** *** *** *** *** *** ***

Levels of significance are represented by *** p < 0.001. For each parameter, different letters within the column show significant differences between the treatments and control according
to Tukey’s HSD test at p < 0.05.
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The results in Table 4 show that application of biofertilizer alone or in a mixture
gave a significant (p ≤ 0.05) increase in flower attributes over the untreated plants. The
greatest values were found for the number of days to flowering (47.82 days), flowering stock
length (20.70 cm), inflorescence number per plant (4.03), flower number per plant (42.75),
inflorescences diameter (7.56 cm), and inflorescence dry weight (1.19 g), with increased
rates of 23.98, 105.76, 187.85, 78.12 84.39, 62.87, and 440.90%, respectively, over the untreated
plants. As for Osmocote effect, the same table shows that the application of Osmocote
significantly increased all flowering attributes over untreated plants.

Application of either biofertilizer or Osmocote with compost significantly (p ≤ 0.05)
increased all flowering attributes over the untreated control plants (Table 4). The mixture
of biofertilizer (Bio-Fert + Bio-Phos + Bio-Potas) with compost resulted in greater values in
the number of days to flowering, flowering stock length, inflorescence number per plant,
flower number per plant, inflorescence diameter, inflorescence age, and inflorescence dry
weight by 21.09, 132.50, 250.76, 102.76, 107.80, 73.33, and 771.42%, respectively.

3.2. Ion Percentage and Chlorophyll Concentrations

The current outcomes (Table 5) indicate that the use of different types of fertilizers
(organic, mineral, and biological) either individually or in a mixture have a significant
effect on the ion percentage and chlorophyll concentration of geranium plants. Based
on the results, it was found that there was a significant superiority in the ion percentage
and chlorophyll concentration of geranium plants when compost was added to the soil
compared to the plants growing in the soil without the addition of compost, where the
percentages of the elements of nitrogen (N), phosphorus (P), potassium (P), and chlorophyll
concentration were 2.13%, 0.25%, 1.46%, and 5.93 mg/g FW, respectively, and in different
proportions, with an increase of 11.51, 47.05, 16.80, and 18.12%, respectively. It was also
found that the use of biofertilizers, especially the mixture, contributed to a significant rise
in geranium plants regarding the content percentages of major nutrients and chlorophyll.
Treatment with the mixture of biofertilizers (Bio-Fert + Bio-Phos + Bio-Potas) recorded
the highest percentages of each of N, P, K, and chlorophyll at 2.78%, 0.34%, 1.79%, and
7.89 mg·g−1 FW, respectively, with increased rates of 60.69, 183.33, 55.62, and 101.27%,
respectively, compared to the control treatment. The results showed (Table 5) that the
Osmocote mineral fertilizer application significantly (p ≤ 0.05) increased the percentage
of N, P, K, and chlorophyll concentration (2.2%, 0.19%, 1.76%, and 6.07 mg·g−1 FW),
respectively, with increased rates of 27.16, 58.33, 53.04, and 54.84%, respectively, compared
to the control treatment.

The results of the interaction between biofertilizers or chemical fertilizers (Osmocote)
in the compost-added soil (Table 5) show that there are significant differences in the
percentages of the major elements, as all interactions led to a significant increase in these
elements and chlorophyll compared to the soil without the addition of compost. The highest
values for the percentages obtained when using the biofertilizer mixture in the presence of
compost were 2.85%, 0.44%, 1.92%, and 8.70 mg·g−1 FW, respectively, with increased rates
of 87.50, 266.66, 68.42, and 125.38%, respectively, compared to the control treatment.

The findings also indicated that the addition of Osmocote in the presence of compost
led to a significant rise in the plant levels of N, P, K, and chlorophyll (2.47%, 0.23%, 1.92%,
and 6.39 mg·g−1 FW), respectively, with increased rates of 62.50, 91.66, 68.42, and 65.54%,
respectively, compared to the control treatment. It was noted that the percentage of K
resulting from the addition of mineral fertilizer to the compost-containing soil was similar
to that when using the biofertilizer mixture.
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Table 5. Effect of different biofertilizer treatments and chemical fertilizer (Osmocote) applied to
agricultural soils with or without compost on the Pelargonium peltatum plant ion percentage and
chlorophyll concentration.

Treatments N
(%)

P
(%)

K
(%)

Chlorophyll
(mg·g−1 FW)

Compost treatment
− Comp (C1) 1.91 ± 0.41 b 0.17 ± 0.04 b 1.25 ± 0.26 b 5.02 ± 0.27 b
+ Comp (C2) 2.13 ± 0.37 a 0.25 ± 0.08 a 1.46 ± 0.32 a 5.93 ± 0.13 a

ANOVA p-values *** *** *** ***

Fertilization treatments
Control (without fertilization) (T1) 1.73 ± 0.24 ef 0.120.01 f 1.15 ± 0.03 f 3.92 ± 0.27 g

Osmocote (T2) 2.20 ± 0.31 bc 0.19 ± 0.04 d 1.76 ± 0.18 a 6.07 ± 0.18 b
Bio-Fert (T3) 2.31 ± 0.10 b 0.24 ± 0.05 c 1.08 ± 0.12 g 5.05 ± 0.19 e
Bio-Phos (T4) 1.79 ± 0.14 e 0.15 ± 0.03 e 0.98 ± 0.05 h 5.02 ± 0.21 e
Bio-Potas (T5) 1.57 ± 0.08 f 0.17 ± 0.05 d 1.59 ± 0.07 e 4.73 ± 0.23 f

Bio-Fert + Bio-Phos (T6) 2.07 ± 0.06 cd 0.25 ± 0.03 bc 1.03 ± 0.14 g 5.64 ± 0.17 cd
Bio-Fert + Bio-Potas (T7) 1.93 ± 0.45 de 0.27 ± 0.06 b 1.39 ± 0.17 e 5.80 ± 0.15 c
Bio-Phos + Bio-Potas (T8) 1.81 ± 0.08 e 0.18 ± 0.04 d 1.50 ± 0.09 d 5.14 ± 0.20 d

Bio-Fert + Bio-Phos + Bio-Potas (T9) 2.78 ± 0.15 a 0.34 ± 0.10 a 1.79 ± 0.24 b 7.89 ± 0.19 a
ANOVA p-values *** *** *** ***

Interaction Effects
C1T1 1.52 ± 0.05 i 0.12 ± 0.01 h 1.14 ± 0.02 g 3.86 ± 0.51 hi
C1T2 1.94 ± 0.08 e–h 0.15 ± 0.01 g 1.60 ± 0.02 bc 5.74 ± 0.91 d
C1T3 2.22 ± 0.02 c–e 0.21 ± 0.01 d–f 0.97 ± 0.01 hi 4.70 ± 0.25 e
C1T4 1.71 ± 0.03 g–i 0.11 ± 0.01 b 0.93 ± 0.01 i 4.55 ± 0.10 f
C1T5 1.52 ± 0.04 f 0.13 ± 0.01 gh 1.53 ± 0.01 cd 4.34 ± 0.50 g
C1T6 2.05 ± 0.04 e–g 0.22 ± 0.01 de 0.91 ± 0.02 i 4.88 ± 0.21 e
C1T7 1.75 ± 0.37 f–i 0.21 ± 0.01 ef 1.24 ± 0.01 f 5.48 ± 0.24 d
C1T8 1.78 ± 0.06 f–i 0.14 ± 0.01 gh 1.43 ± 0.02 e 4.55 ± 0.58 f
C1T9 2.70 ± 0.03 ab 0.24 ± 0.01 d 1.48 ± 0.03 de 7.08 ± 0.72 b
C2T1 1.95 ± 0.03 e–h 0.120.01 gh 1.17 ± 0.01 fg 3.98 ± 0.09 h
C2T2 2.47 ± 0.07 bc 0.23 ± 0.01 de 1.92 ± 0.04 a 6.39 ± 0.21 c
C2T3 2.40 ± 0.10 b–d 0.28 ± 0.02 c 1.20 ± 0.01 fg 5.39 ± 0.42 de
C2T4 1.88 ± 0.09 e–h 0.18 ± 0.01 f 1.03 ± 0.01 h 5.50 ± 0.81 d
C2T5 1.62 ± 0.04 hi 0.22 ± 0.01 de 1.66 ± 0.01 b 5.13 ± 0.61 de
C2T6 2.10 ± 0.01 df 0.28 ± 0.01 c 1.16 ± 0.01 fg 6.40 ± 0.80 c
C2T7 2.10 ± 0.05 d–f 0.33 ± 0.01 b 1.55 ± 0.04 cd 6.13 ± 0.22 cd
C2T8 1.85 ± 0.01 f–i 0.22 ± 0.01 de 1.58 ± 0.03 c 5.73 ± 0.34 d
C2T9 2.85 ± 0.04 a 0.44 ± 0.01 a 1.92 ± 0.01 a 8.70 ± 0.62 a

ANOVA p-values *** *** *** ***

Levels of significance are represented by *** p < 0.001. For each parameter, different letters within the column
show significant differences between the treatments and control according to Tukey’s HSD test at p < 0.05.

4. Discussion

The microbial population and quantity of organic matter in soil have a key role in
improving its health, fertility, and productivity. The former plays a vital role in sustaining
soil structure that is favorable for nutrient and water maintenance as well as providing
carbon and energy for the microorganisms to function [26]. In addition to carrying out
a variety of other tasks in the soil, microorganisms that live at the expense of organic
matter either from exogenous sources or from plant roots act as agents of nutrient release
and mobilization [27]. The current finding proved that geranium plant growth, flower-
ing attributes, ion percentage, and chlorophyll concentration significantly increased by
application of either biofertilizer or chemical fertilizer with or without compost addition.
These findings are in line with earlier studies that indicate the effects of the application of
chemical fertilizer [28,29], compost [14,15,17], and biofertilizers [7,14].

The direct, positive effects of chemical fertilizer (i.e., Osmocote) on plant growth and
flowering may be due to the content and rapid availability of nitrogen (N), phosphorus
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(P), and potassium (K) needed for plant growth. It was found that N is necessary for
protein and nucleic acid assimilation needed for chlorophyll synthesis and cell division,
which accelerate several biochemical pathways and increase plant growth and flowering
capacity [30]. Additionally, N is essential for tryptophan synthesis, which is the basic
material for indole-3-acetic acid (IAA) assimilation, which is responsible for cell division
and elongation and activation of meristematic peaks [13]. Moreover, N plays a prime
role in accelerating and activating several proteins responsible for the unfolding of floral
primordial development [31]. Additionally, a larger N concentration may have sped up
protein synthesis, encouraging the early development of the floral primordium [32]. The
findings of Acharya and Dashora [33] on Tagetes erecta reported that an increase in P was
implicated at the beginning of floral primordial creation, which resulted in an increase
in the size and quantity of flowers. The Osmocote also provides P in an easy way for
the plant, which is a principal compound of energy compounds, phospholipids, and co-
enzymes for the synthesis of a large group of proteins, and it enhances ion uptake and
motivates flowering [13]. Sufficient quantities of K play multiple physiological roles in
plants’ life cycles. In addition to playing a crucial role in expanding the number of leaves,
K is engaged in the formation of peptide bonds as well as the metabolism of proteins
and carbohydrates [34]. Additionally, K performances a crucial role in photosynthetic
effectiveness and the proper ratio of carbohydrates and protein, which shortens the time
for flower bud appearance [35]. Accordingly, Gaber [28] found that the application of
compound chemical fertilizer (20:20:20) significantly increased Pelargonium plant growth
(plant height, number of branches/plant, number of leaves/plant, leaf area, and shoot dry
weight) and flowering (number of inflorescence/plant, number of floret/inflorescence, and
inflorescence duration) attributes as well as increased the percentage of N, P, and K and
chlorophyll content. Recently, Nofal et al. [29], in their study on Tagetes, found that the
application of compound chemical fertilizer (19:19:19) significantly increased plant growth
and flowering attributes.

The remarkable effect of compost improvement on plant development may be at-
tributed to improving the soil’s physical, chemical, and biological properties via increasing
organic matter [15], which in turn improves soil aeration, cation exchange capacity, soil
water-holding capacity, root development stimulation, and their capacity to absorb more
nutrients from the soil solution [36], which is reflected in increased plant growth and flow-
ering as well as increasing ion % and chlorophyll concentration [15]. Moreover, compost
application activates rhizosphere microorganisms with the liberation of several organic
acids and lowering soil pH, leading to increasing ion availability and accumulation in
plant tissues, improving plant growth and flowering ability as well as chlorophyll assimila-
tion [37]. In this regard, Bi and Evans [38] and Chand et al. [39] found that the amendment
of compost increased the ion content and plant growth and flowering of Tagets patula and
Pelargonium plants, respectively. Due to its chelation capabilities, compost application
also maintains soil nutrients’ availability, prevents their loss, and improves nutrient usage
efficiency [40] and also induces the excessive production of carbon dioxide (CO2), which
is dissolved in the soil solution and forms carbonic acid (H2CO3), leading to a lowered
soil pH and the solubility of several ions such as K and P [41]. The high K also works to
increase the numbers of cells and plastids of the leaf, which leads to a rise in chlorophyll
level [42].

The current outcomes prove that the application of single or mixed biofertilizers
significantly increased plant growth and flowering attributes. In a study on Anthurium
andreanum plants, Bordoloi and Talukdar [43] found that the addition of biofertilizer to the
soil resulted in a substantial rise in all flowering attributes of plants over the non-treated
plants. Attia et al. [44] also showed that the use of different biofertilizers planted with
Polianthes tuberosa plants led to an improvement in the characteristics of flowering growth,
represented by the number of flowers per inflorescence, the length of the inflorescence,
the dry weight of the inflorescence, and the diameter of the flower. Hassan and Abd El-
Azeim [14] also found that the application of biofertilizers resulted in a significant increase
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in the characteristics of inflorescence length, inflorescence wet and dry weight, number
of flowers/inflorescence, and flower diameter of Gladiolus plants. These encouraging ef-
fects may result from increasing nutrient availability [45]; accelerating cell expansion and
division via the synthesis and action of auxin, cytokinin (CK), and gibberellin (GA) [46];
and accelerating atmospheric N fixation, which is required for nucleic acid, protein, and
chlorophyll synthesis along with enhancement of the photosynthetic rate and plant biomass
accumulation and flowering attributes [47]. Additionally, the superior influence of biofertil-
izer application may be related to improving root system development and function due
to auxin assimilation along with increasing plant water absorption [48,49]. Biofertilizer
induces revitalization and accelerates the formation of the lateral root and surface area of
absorption as well as the formation of auxin, which boosts the transfer of photoassimilates
to the growing area, which is reflected in the weight of the flower and the flowering time of
Gladiolus [50]. Moreover, inoculation with biofertilizer accelerates the generation of antago-
nistic substances or indirectly induces resistance to pathogens, and the indirect routes of
plant growth promotion include antagonism against phytopathogens via the assembly of
siderophores, antibiotics, and cyanide [51,52]. Likewise, biofertilization improves soil biodi-
versity [53] and prompt flowering, and a rise in florets number per spike is dependent on the
photoassimilates’ accumulation [54]. Carbohydrates are the foremost nutrient participating
in the flower’s development and may cause a rise in the number of flowers per plant [54].
Several studies have interpreted the role of phosphate-solubilizing bacteria in terms of
increased soil availability; this may be due to the secretion of phosphatase that converts
organic P to soluble forms [55]. Moreover, strong acids such as tartaric, malic, and oxalic
acids are produced in the rhizosphere, and this takes place through acidification, chelation,
and exchange reactions. These acids lower soil pH followed by P accessibility [56,57]. As a
result, more P builds up in plant tissues, and P absorption increases. Potassium-dissolved
bacteria play an important role in the establishment and maintenance of water and stable
soil aggregates [58]. Moreover, potassium-dissolved bacteria can produce organic acid to
solubilize potassium in rock, bringing K into the soil solution [58]. There are several plant
growth substances secreted by biofertilizers that prolong the development and function of
chloroplasts and hence boost chlorophyll assimilation within the plastids [21]. Addition-
ally, the enzymes required to assimilate chlorophyll were recorded to be activated by the
biofertilizer, whereas the chlorophyllase, which breaks down chlorophyll, was shown to be
inhibited [59].

As for the interaction effects between either biofertilizer or chemical fertilizer with or
without compost, there is little information on Pelargonium plants. It was found that the
application of biofertilizers with compost causes an improvement in availability. Accord-
ingly, Abou El-Ghait et al. [60] found that biofertilizers and organic fertilizers improved
leaf photosynthetic pigment concentration compared to non-treated plants. Compost pro-
vides the necessary N for microbe growth and increases its effectiveness in the secretion
of several enzymes such as phosphatase, which increases the mineralization of organic
phosphate [61]. The beneficial impact of these treatments on chlorophyll biosynthesis may
result from enhancing the absorption of N and iron (Fe), which are elaborated in chloroplast
development and could be attributed to the increasing impact of bio and organic fertilizer
on chlorophyll levels in dragonhead leaves [13].

5. Conclusions

In the cultivation of Pelargonium peltatum, it is recommended to use a mixture of
biofertilizers (nitrogen-fixing bacteria, potassium-facilitating bacteria, and phosphorus-
facilitating bacteria) with compost in order to obtain high qualities of vegetative and
flowering growth in addition to prolonging the number of days required for flowering and
reducing dependence on mineral fertilizers.
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