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ABSTRACT

This study was designed to explore the effects of different concentrations (1:1, 1:5 and 1:10) and types of
biofertilizers (Phospho bacteria — Pseudomonas; Azotobacter bacteria; Acetobacter bacteria; Rhizobium bacteria;
Potassium solution bacillus) on seed germination and growth performance of Capsicum annuum L. F1
generation US344 variety. Performance of chilli plant was assessed by application of various biofertilizers
and data collected for seed germination and growth performances included germination rate, survival
rate, plant height, number of leaf per plant, and leaf area. Germination and plant growth performance were
found to be maximum with the treatment of Phospho bacteria-pseudomonas noted while in case of Azotobacter
bacteria, Acetobacter bacteria, Rhizobium bacteria and Potassium solution Bacillus increased the germination
and growth performance were higher with compared to control. Among the different concentrations (1:1,
1:5 and 1:10) and types of bio-fertilizers, 1:5 ratio of all the biofertilizers showed substantial positive effect
on seed germination and growth of Capsicum annuum. Based on the successful effective dose trial, the 1:5

ratio of biofertilizer was chosen for efficacy study.
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Introduction

Biofilm-based fertilizers is also known as microbial
or biofertilizers, are gaining attention for their po-
tential to enhance soil health and plant growth
sustainably. It has been reported that the
biofertilizer market is estimated to grow at a com-
pound annual growth rate (CAGR) of 14.0% from
2015 to 2020 and is expected to reach USD 1.88 bil-
lion by 2030 (Daniel et al., 2022). Because of strict
regulations on the use of chemical fertilizers,
biofertilizers are the most widely used in Europe
and Latin America (Figiel et al., 2025). One of the

biggest difficulties in the 21st century is increasing
output while maintaining environmental safety. To
boost crop production on arable land, fertilizers
have been extensively used. A country may become
food-self-sufficient by using more chemical fertiliz-
ers in agriculture, yet chemicals are harmful to the
environment and living things (Ibafiez et al., 2023).
Additionally, chemical fertilizers are costly, have an
adverse effect on the soil’s fertility and ability to re-
tain water, create nutritional imbalances, and con-
tribute to intolerable levels of water contamination.
Biofertilizers are microorganisms that support the
growth of plants by enhancing the nutrient supply
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to the host plant when given to seeds, plants, or the
soil (Demir et al., 2023).

Biofertilizers are inexpensive, practical, non-toxic,
and simple to use; they support preserving the agri-
cultural land’s biodiversity and soil structure. As a
result, they are a good alternative to chemical fertil-
izers (Zhang et al., 2025). Biofertilizer is a mixture of
live or latent cells that promote nitrogen fixing,
phosphate solubilizing, or cellulolytic microorgan-
isms that are applied to soil, seeds, roots, or
composting areas in order to increase the quantity of
these mutualistic beneficial microorganisms and
speed up those microbial processes that increase the
availability of nutrients that are then more readily
assimilated (Rusek et al., 2025). The market for
biofertilizers is divided into different categories
based on the microorganisms used, including Rhizo-
bium, Azotobacter, Azospirillum, blue-green algae,
phosphate /potassium-solubilizing bacteria, Mycor-
rhiza, and other microorganisms; the technology
used, including carrier-enriched biofertilizers, liquid
biofertilizers, and other technology types; and the
application, such as seed treatment and soil treat-
ment (Nosheen et al., 2021). In the present study to
assess the effective different concentrations (1:1, 1:5
and 1:10) and types of bio-fertilizers (Phospho bac-
teria-Pseudomonas, Azotobacter bacteria, Acetobacter
bacteria, Rhizobium bacteria and Potassium solution
Bacillus) on seed germination and growth of Capsi-
cum annuum.

Materials and Methods

Collection of seeds of Capsicum annuum (Chili)

The collection of disease free chili seeds (Capsicum
annuum) of F1 generation US344 variety of chana
from Tamil Nadu Agricultural University (TNAU),
Coimbatore.

Fertilizers used

The different organic fertilizers (Phospho bacteria-
Pseudomonas, Azotobacter bacteria, Acetobacter bacte-
ria, Rhizobium bacteria and Potassium solubilizing
Bacillus bacteria and Control) were purchased from
Amman Bio-care Organic farming, Thirukanurpatti,
Thanjavur District, Tamil Nadu, India.

Experimental design and treatments

The present study was conducted in greenhouses at
Thanjavur, with mean temperature 16 + 2 %C
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(night) and 30 +2 %C (day) and relative humidity
55-70%. The study was performed in pot experi-
ment. Experimental soil was collected at 0-5 cm of
depth within sampling location of the study site in
Thanjavur. The details of treatments used in the ex-
periment are represent in Figure 2. The differed con-
centrations (1:1, 1:5 and 1:10) and types of bio-fertil-
izers, such as Phospho bacteria — Pseudomonas. Azo-
tobacter bacteria, Acetobacter bacteria, Rhizobium bac-
teria, Potassium solution of Bacillus was prepared in
a container. Control pot used as treated water only.
For each treatment, 5 seeds of chili were placed
separately in different pots (length 9 cm and height
9 cm) containing equal amount of dried, well mixed
sandy loam soil (pH 6.10). Seeds were sowing (5 per
pot) at a maximum depth of 2 cm. Then 10 ml of dif-
ferent doses of various biofertilizers were applied in
soil surface (length 9 cm and height 9 cm) of each
pot respectively while only distilled water was used
as control treatment. All the treatments were repli-
cated for three times. All pots were irrigated imme-
diately after sowing for uniform germination. 20 ml
of distilled water was applied in each pot per day as
irrigation and was stopped one week prior to the
end of the experiment. Every fifteen days another 10
ml of different doses of various biofertilizers (treat-
ments) were applied in soil surface of each respec-
tive pot. The experiment was conducted for 30 days.
The germination and growth performance moni-
tored for 30 days.

Germination parameters

The germination rate was evaluated from the 7*-10"
day after sowing. This operation consisted of count-
ing the total number of germinated seeds and ex-
pressed it as a percentage using the following for-
mula:

Germination rate (%) = (Number of emerged
plants) x 100/Number of seeds sown.

The survival rate of plants was assessed by re-
cording dead and alive plants after every 15 days
and the percentage of survived plants was calcu-
lated using the formula:

Survival plants rate (%) = (Number of survived
plants)x 100/ Number of seeds sown.

Growth performance parameters
Plant height (cm)

The height of plant was measured from the ground
level to the top of the plant at the intervals of 15 and
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30 days after planting. The mean of 10 plants in each
dose from the three replications was calculated to
work out for further calculations. It was measured
in centimeter (cm).

Number of leaves

The numbers of leaves of five selected plants in each
treatment were recorded at the time of 30 days of
the crop.

Leaf area (cm?)

The leaf area was recorded from five randomly se-
lected plants on the basis of leaf length and leaf
width in square centimeter (cm?).

Statistical analysis

The data obtained was analysed using Statistical
Package for Social Science Software (version 20.0;
SPSS Inc) with ANOVA test to detect the treatments
effects on the plant growth. P value less than 0.05
was considered to be statistically significant.

Results and Discussion

This study evaluated the dose dependent study of
different concentrations (1:1, 1:5 and 1:10) and types
of biofertilzers such as Phospho bacteria (Pseudomo-
nas), Acetobacter bacteria, Rhizobium bacteria, and
potassium solution bacillus using Capsicum annuum
L. seed as a bioindicator. The experiment was car-
ried out with three treatments consisting of
biofertilizers with mixtures of water: 1:10, 1.5, 1:1,
and control-distilled water. All biofertilizer concen-
trations did not affect the chili seed germination
(100% germination) (Figure 1), and the seedling
growth was stimulated at a 1:5 concentration, com-
pared with the 1:10, control, and 1:1 ratios. While the
end of the experiment survival rate is shown in Fig-
ure 2, a 1:1 concentration of Rhizobium bacteria and
potassium solution bacillus decreased the survival
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rate (80% survival) (Figure 2) compared to Phospho
bacteria (Pseudomonas), Azotobacter bacteria, and
Acetobacter bacteria (100% survival). Other concen-
trations of 1:10 and 1:15 showed a 100% survival
rate in all biofertilizers treatment and also compared
to the control group (100% survival).

Germination

H1:10ratio ®m1:5 ratio 1:1ratio ®=Control

£ 50
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0
Phospho Azotobacter Acetobacter Rhizobium  Potassium
bacteria — bacteria bacteria bacteria solution
pseudomonas Bio-fertilizer bacillus
Fig. 1. Seed germination by treated with various
biofertilizers
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pseudomonas Bio-fertilizer bacillus

Fig. 2. Survival rate by treated with various biofertilizers

Dose depended efficacy of different concentra-
tions (1:1, 1:5 and 1:10) and types of bio-fertilizers on
plant height were investigated and represent in
Table 1. Results were observed that 1:5 concentra-

Table 1. Dose depended efficacy of bio-fertilizer on plant height (cm)

Fertilizer Concentrations (Bio-fertilizer : water; v/v) Control

1:10 1:5 1:1 (Water)
Phospho bacteria — pseudomonas 5.3+1.2 6.1+1.3 41+1.1 4.6+1.3
Acetobacter bacteria 5.1+1.3 57+1.1 3.5+0.8 4.6+1.3
Azotobacter bacteria 49+1.1 5.9+1.3 3.7+0.9 4.6+1.3
Rhizobium bacteria 4.7+0.9 5.6x1.4 3.2+1.2 4.6+1.3
Potassium solution bacillus 4.7+1.0 5.5+1.2 3.2+1.1 4.6+1.3

Values expressed in Mean + SD (N=5 seedling growth)
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tions of all biofertilizers enhanced the plant height
followed by 1:10 and 1:1. The highest plant height
was observed in Phospho bacteria Pseudomonas
(6.1cm) while the lowest was noted in Potassium
solution bacillus (5.5 cm) at 1:5 concentrations. The
maximum plant height was observed in Phospho
bacteria Pseudomonas (4.1 cm) while the lowermost
was noted in Potassium solution bacillus (3.2 cm) at
1:1 concentration. The uppermost plant height was
observed in Phospho bacteria pseudomonas (5.3 cm)
while the lowest was noted in Potassium solution
bacillus (4.7cm) at 1:10 concentration. Control group

a: Phospho bacteria — pseudomonas
_ | b: Azotobacter bacteria

c: Acetobacter bacteria

d: Rhizobium bacteria

e: Potassium solution bacillus

Fig. 2. Capsicum annuum L seed germination and growth
with treatment of various concentrations (1:1, 1:5
and 1:10) and types of bio-fertilizers
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of plant height was observed at 4.6 cm. Among the
various concentrations (1:1, 1:5 and 1:10) and types
of biofertilizrs, Phospho bacteria pseudomonas has
increased the plant height followed by Azotobacter
bacteria, Acetobacter bacteria, Rhizobium bacteria,
and potassium solution bacillus at the concentration
of 1:5 (Figure 2).

Table 2 displayed dose-dependent efficacy of dif-
ferent concentrations (1:1, 1:5 and 1:10) and types of
biofertilizer on leaf height, numbers and width
monitored by Phospho bacteria — Pseudomonas, Azo-
tobacter bacteria, Acetobacter bacteria, Rhizobium bac-
teria, and potassium solution Bacillus in 1:5, 1:10,
and 1:1 ratio of biofertilizers. Results were observed
that 1:5 concentrations of all biofertilizers enhanced
the leaf height, numbers and width followed by 1:10
and 1:1. A 1:5 biofertilizer concentration was the rec-
ommended dose of the present laboratory experi-
ment during 30 days. The concentrations of 1:10 and
1:1 were comparatively low performance than 1:5
concentration and higher than control. Among the
various concentrations (1:1, 1:5 and 1:10) and types
of biofertilizrs, Phospho bacteria pseudomonas has
increased the leaf height, numbers and width fol-
lowed by Azotobacter bacteria, Acetobacter bacteria,
Rhizobium bacteria, and potassium solution of Bacil-
lus at the concentration of 1:5.

Table 2. Dose depended efficacy of various bio-fertilizers on number of leaves, leaves height and width

Fertilizer Concentrations (Bio-fertilizer : water; v/v) Control
1:10 1:5 11 (Water)
Phospho bacteria — Leaves (No.) 13 13 11 11
pseudomonas Height (cm) 1.67+0.29 1.75+0.31 1.54+0.21 1.39+0.25
Width (cm) 0.76+0.07 0.81+0.09 0.71+0.05 0.41+0.07
Leaf area (cm?) 1.26 1.41 1.09 0.56
Acetobacter bacteria Leaves (No.) 13 13 10 11
Height (cm) 1.57+0.32 1.61+0.35 1.42+0.27 1.39+0.25
Width (cm) 0.71+0.07 0.75+0.11 0.69+0.05 0.41+0.07
Leaf area (cm?) 1.11 1.20 0.97 0.56
Azotobacter bacteria Leaves (No.) 11 13 10 11
Height (cm) 1.55+0.31 1.59+0.29 1.41+0.25 1.39+0.25
Width (cm) 0.68+0.09 0.71+0.12 0.63+0.07 0.41+0.07
Leaf area (cm?) 1.05 1.12 0.88 0.56
Rhizobium bacteria Leaves (No.) 13 13 10 11
Height (cm) 1.51+0.25 1.45+0.27 1.35+0.23 1.39+0.25
Width (cm) 0.65+0.09 0.69+0.08 0.39+0.07 0.41+0.07
Leaf area (cm?) 0.98 1.00 0.52 0.56
Potassium solution bacillus Leaves (No.) 11 13 10 11
Height (cm) 1.49+0.21 1.42+0.29 1.27+0.17 1.39+0.25
Width (cm) 0.63+0.08 0.57+0.11 0.35+0.04 0.41+0.07
Leaf area (cm?) 0.93 0.80 0.44 0.56

Values expressed in Mean + SD (N=5)
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India is among the countries where agriculture
has occupied a sizable portion of the land for ages.
The majority of people in India are reliant on agri-
culture, and they use chemical fertilizers carelessly
and without regard for regulations. These poisons
are harming all living things, including humans, and
polluting the soil and water, which lowers crop pro-
ductivity. Water bodies become contaminated when
excessive amounts of synthetic fertilizers accumu-
late in the soil and plants or are swept away with the
water during the monsoon season. Because they
have no negative effects on the environment or hu-
man health, biofertilizers have recently been recog-
nized as a viable substitute for chemical fertilizers.
These are environmentally benign materials that
have no impact on the economics or characteristics
of the soil. Biofertilizers’ live cells transform natu-
rally existing minerals into plant-useful nutrients,
increasing crop yields (Rai and Shukla, 2020). While
satisfying the needs of the expanding population,
biofertilizers offer a sustainable way to reduce the
usage of chemical fertilizers (Ajmal et al., 2018).

The macronutrients N, K, P, Ca, Mg, and S are
present in Bio-Trent liquid biological fertilizer.
Moreover. The micronutrients Na, Cl, Mn, Cu, Mo,
Fe, Zn, and B are also present. There is very little
macro- and micronutrient content because their
main function is to stimulate microbial activity. Af-
ter being applied to the soil, microbial processes
subsequently provide the plant’s nutrient needs.
Pegagan biomass can also be increased by adding
organic fertilizers to the growing medium in addi-
tion to liquid biofertilizers (Biosindo Mitra Jaya,
2013; Vinolina et al., 2025). Phosphate and potassium
solubilizers, nitrogen-fixing bacteria, and other
biofertilizers contribute to the soil’s increased NPK
content, which raises soil productivity. Furthermore,
according to Ghimirey et al. (2024), biofertilizers con-
tribute to the improvement of soil’s chemical, bio-
logical, and physical characteristics. These include
the soil’s pH, nitrogen, phosphorus, potassium, and
organic carbon contents; the bulk density, moisture,
temperature, and color; and the population of bacte-
ria, fungi, and actinomycetes.

One possible technique to lessen the usage of tra-
ditional inorganic fertilizers is the use of microbial
inoculants, often known as biofertilizers. Because
they can fix nitrogen (N), aid in the uptake of nutri-
ents like phosphorus (P) and nitrogen from organic
fertilizers and soil stocks, enhance drought resis-
tance, promote plant health, or boost salt tolerance,
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many of them can be used as biofertilizers (Arora,
2013). Farmers have been unable to widely embrace
biofertilizers due of their frequently uneven results.
Numerous factors may be at play, including host
genotype, strain identity, and soil conditions. Ac-
cording to Schiitz et al. (2018), the extensive body of
research is a valuable resource for identifying im-
portant impacting elements. With few negative ef-
fects on the environment, biofertilizers can be crucial
in creating an integrated nutrient management sys-
tem that maintains agricultural output (Malusa et al.,
2016).

Plants benefit from a group of microorganisms
found in biofertilizers. Furthermore, soil fertility can
be enhanced with biofertilizers. Biofertilizers are
proven to increase crop yields in numerous studies
(Saputro and Kurniawati, 2024). Important bacteria
like Azotobacter, Azospirillum, Phosphobacter, and
Rhizobacter are employed in the manufacturing of
biofertilizer (Muthusamy et al., 2023). At 1:5 ratio
concentrations, the dose-dependent effectiveness of
phosphorus biofertilizer (Pseudomonas, Azotobacter,
Acetobacter, Rhizobium, and potassium solution of Ba-
cillus) increased crop growth, which in turn played
a crucial part in the creation of an integrated nutri-
ent management system.

Conclusion

The current study to investigation on the effective
dose assessment of various biofilm based
biofertilizers on germination and growth perfor-
mance of Capsicum annuum L. by using different
concentrations (1:1, 1:5 and 1:5) and types of
biofertilizers (Phospho bacteria pseudomonas, Azoto-
bacter bacteria, Acetobacter bacteria, Rhizobium bacte-
ria, and Potassium solution bacillus). The efforts
were made to screen effective dose for their impact
in seed germination and growth of chilli. Among the
various concentrations and types of biofertilizrs,
Phospho bacteria pseudomonas has increased the
plant height, leaf height, numbers and width fol-
lowed by Azotobacter bacteria, Acetobacter bacteria,
Rhizobium bacteria, and potassium solution bacillus
at the concentration of 1:5 as compared to 1:10 and
1:1. Based on the successful effective dose trial, the
1:5 ratio of biofertilizer was chosen for efficacy
study. Thus, the biofertilizers used and its respective
concentration can be used by the present farmers as
a good source of chilli productivity. Overall, current
biofertilizers are sustainable solution to the reduc-
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tion in the use of chemical fertilizers.
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