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The effects of nanobubble fertigation and soil conditioners to improve
nutrient dynamics, soil microbial activity, and chili productivity

Abstract. Drip fertigation is a fertilization method that integrates nutrient delivery with an irrigation
system, which is capable of optimizing the direct delivery of nutrients to the root zone. This experiment
aims to investigate the effect of drip fertigation with nanobubble technology, and soil conditioners on
the population of Phosphate-Solubilizing Bacteria (PSB) and Azotobacter spp., available phosphorus,
total nitrogen, growth, and yield of red chili. The study used a Strip Plot Design with two factors and
three replications. The first factor was nutrient application (solid NPK fertilizing as control; drip
fertigation; and drip fertigation with nanobubble technology), and the second factor was soil
conditioner application (cow manure fertilizer; bioameliorant; and ameliorant). The measured
parameters included PSB and Azotobacter spp. population, available phosphorus, total nitrogen, growth
components (plant height, number of leaves, and stem diameter), and yield components (number of
fruits per plant, fruit weight per plant, and yield quality). The results showed that the interaction
between drip fertigation with nanobubble technology and soil conditioners significantly influenced the
increase in PSB population and available phosphorus. Drip fertigation treatment with nanobubble and
ameliorant application gave the best effect on the PSB population and P available. Nutrient application
significantly affected plant height, stem diameter, number of fruits per plant, and fruit weight per plant.
Soil conditioner application significantly affected total nitrogen, plant height, number of leaves, stem
diameter, number of fruits per plant, and fruit weight per plant.
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Introduction

Red chili (Capsicum annuum L.) is an
important vegetable commodity that plays a vital
role in both domestic and international markets.
Total chili production (red chilies and cayenne
peppers) in Indonesia in 2023 was 3.11 million
tons. With this high production, Indonesia has
good market potential in world trade. According
to the Statistics Indonesia (2023), red chili
consumption in Indonesia in 2023 was 675
thousand tons. This figure increased from 636.56
thousand tons in 2022 to 596.14 thousand tons in
2021. This indicates that the level of consumption
and demand for red chili continues to increase
annually. The increase in red chili consumption
each year indicates that red chili production
needs to be increased to meet consumption
needs. Despite continued increases in
production, the continued growth in total
consumption suggests that domestic red chili
supply could still be further increased to reduce
dependence on imports.

Meeting the increasing need for red chili
consumption can be achieved through the
utilization of suboptimal agricultural land, such
as Inceptisols soil. Modifying the growing
medium through soil conditioners, such as cow
manure fertilizer, bioameliorant, and ameliorant,
is known to improve the physical and chemical
properties of the soil, increase pH, and support
soil microbial activity (Avifah et al., 2022;
Antonius et al., 2018). The application of liquid
nutrients through drip fertigation can support
nutrient availability in the root zone. Nutrient
solutions are liquid inorganic fertilizers
containing essential macro and micro nutrients
for plants. Fertigation is a method of nutrient
delivery  performed simultaneously  with
irrigation (Kafkafi & Tarchizky, 2011; Yuan et al.,
2014). The effectiveness of this system can be
enhanced through the integration of nanobubble
technology, which involves nano-sized gas
bubbles (100-200 nm) that exhibit high stability in
water.

Nanobubble technology is known to
enhance the solubility of dissolved oxygen and
accelerate the release of nutrients in the soil,
thereby supporting optimal plant growth
(Algaramah et al., 2025). Phosphorus (P) and
nitrogen (N) are two essential macronutrients in
plant tissue formation. In addition, soil microbial
activity such as phosphate-solubilizing bacteria
play an important role in solubilizing P from an

Jurnal Kultivasi Vol. 24(3) December 2025
ISSN: 1412-4718, eISSN: 2581-138x

unavailable form into a form available to plants
(Campos et al., 2018) and Azotobacter spp. plays
an important role in N fixation (Kholida &
Zulaika, 2015). Studies on drip fertigation
combined with nanobubble technology and soil
conditioners remain limited; therefore, this study
aims to determine their effects on the population
of phosphate-solubilizing bacteria, available
phosphorus, soil nitrogen, and the growth and
yield of chili.

Materials and Methods

The experiment was conducted from August to
December 2024 at the Bale Tatanen Experimental
Field, Faculty of Agriculture, Universitas
Padjadjaran, located at an altitude of £ 750 meters
above sea level (m asl). The materials used in this
study included Inceptisol soil from Jatinangor;
red chili seeds of the Baja F1 variety; single
inorganic fertilizers comprising urea , SP-36 and
KCI; AB mix solution, consisted of stock solution
A (LI-A) containing Ca(NOj3);, KNOj3, and Fe-
EDTA, and stock solution B (LI-B) containing
KH,PO,, (NH,)SO,4, K;50, (ZK), MgS0O,.7H,0,
CuS0O,, ZnSO,, H;BO;, MnSO,, and Mo-NH,;
cow manure fertilizer; ameliorant, consisted of a
mixture of coconut shell biochar, sugarcane

bagasse compost, guano, and dolomite;
bioameliorant, consisted of a mixture of
ameliorant and  biofertilizers  (phosphate-

solubilizing bacteria, nitrogen-fixing bacteria,
and Trichoderma sp.).

The research conducted pot experiment,
used a strip-plot design with two factors and
repeated three times. The first factor was nutrient
application, consisted of three levels, namely
solid NPK fertilizing (as control); drip fertigation;
and drip fertigation with nanobubble technology.
The second factor was soil conditioner type,
consisted of three levels, namely cow manure (20
tons ha?l as control); bioameliorant (4 ton ha
ameliorant + 200 kg ha? biofertilizers) and
ameliorant (4 ton ha?).

NPK fertilizer application is side placement
by dose 300 kg ha urea, 300 kg ha! SP-36, and
300 kg ha' KCI given at 3, 6, and 9 weeks after
planting (WAP). The volume flowed from drip
fertigation with nanobubble technology or
without nanobubble technology is 200 ml AB mix
solution/polybag. The solution is dripped by
concentration 800 ppm (early vegetative stage,
from 1 to 2 WAP), 1200 ppm (late vegetative
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stage, from 3 to 4 WAP), and 1600 ppm
(generative stage). Soil conditioner is given by
side placement, buried in the soil.

Watering is carried out based on the
treatment design and its volume is determined
based on field capacity. In the NPK treatment,
watering is done manually. In the fertigation
treatment, watering uses drip fertigation with
nutrient solutions. Meanwhile, in the fertigation
+ nanobubble treatment, watering uses drip
fertigation with nanobubble technology. Other
plant maintenance were replanting, weeding,
and control plant pests and diseases.

Soil samples were collected at the end of the
vegetative stage. Rhizosphere soil samples were
collected at approximately 100 g for biological
analysis, and composite soil samples were
collected at approximately 500 g for chemical
analysis. The population of phosphate-
solubilizing bacteria and Azotobacter was
calculated using the Total Plate Count (TPC)
method, Soil P-Availability measured using the
Olsen and Bray I method, for measuring soil
nitrogen by Kjeldahl Method.

Growth observations were conducted once a
week, starting from 1 week after planting until the
plants reached the end of vegetative phase.
Measurements included plant height, number of
leaves, and stem diameter. In addition, observations
were made on the components of chili plant yields,
including the number of fruits per plant, the weight
of the fruits per plant, and the quality of the chili
fruits. All collected data were tabulated in Microsoft
Excel and then the data were analyzed using
analysis of variance (ANOVA). When significant
differences among treatment factors were detected,
mean comparisons were performed using Duncan’s
Multiple Range Test (DMRT) at a 5% significance
level.
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Results and Discussion

PSB Population. Interactions occur between
nutrient application techniques and soil
conditioners on PSB populations. The application
of drip fertigation using nanobubble technology
and soil conditioners results in the best PSB
populations (Table 1). Nanobubbles can increase
oxygen levels in the root =zone, thereby
stimulating root growth, improving nutrient
uptake, and  creating more  optimal
environmental conditions for beneficial soil
microbes (Zhou et al., 2019). This aligns with the
statement by Chen et al. (2023), who noted that
increased oxygenation due to nanobubbles can
influence the activity and population of beneficial
soil microbes such as PSB, which play a crucial
role in maintaining soil fertility and plant health.
Based on Table 1, the treatment of providing drip
fertigation nutrients + nanobubbles and soil
conditioners in the form of ameliorants gave the
best results for the PSB population of 7.12 105 x
CFU mL.

The application of ameliorant containing
coconut shell biochar, sugarcane bagasse
compost, dolomite, and guano can provide
sufficient carbon sources for PSB. The high
organic carbon content in coconut shell biochar
(Situmorang et al.,, 2019), sugarcane bagasse
compost (Salsavira, 2024), and guano (Yeri et al.,
2024) can increase PSB population because
organic carbon serves as an energy source for
PSB. Previous research showed that ameliorant
application of 4 t ha™ combined with nutrient
solution can increase PSB population by up to
78.4% compared to the control (Fitriatin et al.,
2024).

Table 1. Effect of nutrient applications and soil conditioners interaction on phosphate-solubilizing

bacteria population at 6 WAP

PSB Population (10° CFU mL1)

Soil Conditioners

Nutrient Application Cow Manure Fertilizer Bioameliorant Ameliorant
. 6.66 a 6.58 a 6.73 a
NPK Fertilizer A A A
. . 6.90 a 6.66 a 6.65 a
Drip Fertigation A A A
Drip Fertigation + 6.74 a 6.77 a 712D
Nanobubble A A B

Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range Test
at the 0.05 significance level. Capital letters are read horizontally, and small letters are read vertically.
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Azotobacter spp. Population. The results
showed no interaction between nutrients and soil
conditioner application on the Azotobacter spp.
population (Table 2). High nitrogen availability
from readily absorbable nutrient sources can
inhibit the nitrogen-fixing activity of Azotobacter
spp. These free-living, non-symbiotic bacteria
typically reduce their nitrogen fixation processes
when sufficient nitrogen is already present in the
soil. This physiological response is consistent
with their ecological role, as Azotobacter spp.
preferentially activate nitrogen fixation under
low-nitrogen conditions to compensate for the
deficiency. Consequently, elevated nitrogen
levels can suppress both their population density
and biological activity (Sheikh Assadi et al., 2023).

Table 2. Effect of nutrient applications and soil
conditioners on Azotobacter spp. population at 6
WAP

Azotobacter spp.
Treatments Population
(10° CFU mL1)
Nutrient Applications
NPK Fertilizer 7.02a
Drip Fertigation 711a
Drip Fertigation = + 714 a
Nanobubble
Soil Conditioners
Cow Manure Fertilizer 7.05a
Bioameliorant 7.09 a
Ameliorant 712 a

Note: Means followed by the same letter are not
significantly different according to Duncan's Multiple
Range Test at the 0.05 significance level.

Previous studies have demonstrated that the
use of soil conditioners can markedly influence
the population dynamics of Azotobacter spp.
(Table 2). One of the key factors affecting this
response is the relatively high carbon-to-nitrogen
(C/N) ratio of the applied soil amendments and
bio-ameliorants, which in this case was 27.93%.
Such an elevated C/N ratio restricts the
availability of nitrogen in plant-accessible forms,
thereby limiting the proliferation and activity of
nitrogen-fixing  microorganisms such as
Azotobacter spp. (Yihune & Addisu, 2024).

Soil P-Availability. Interactions occurred
between the application of nutrients and soil
conditioners on available phosphorus. The
application of drip fertigation using nanobubble
technology and ameliorant interacts to produce
the best available phosphorus (Table 3). This is
likely because ameliorant can support the release
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of bound phosphorus, while drip fertigation with
nanobubble technology enhances nutrient
distribution efficiency due to its direct
application to the plant root zone. According to
Algaramah et al. (2025), nanobubbles can
improve nutrient absorption efficiency by plants
and enhance microbial activity in the soil
Increased microbial activity promotes the
decomposition and mineralization of organic
compounds, and can release a certain amount of
phosphorus ions, thereby increasing their
availability in the soil (Pang et al., 2024).

This increase in available P is also closely
related to the increase in the population and
activity of PSB in the soil. This bacteria can
produce the enzyme phosphatase, which
dissolves organic phosphate into inorganic
phosphate through a mineralization process,
making P available to plants, especially in soils
with low P content (Pan & Cai, 2023).

Table 3. Effect of Nutrient Applications and Soil
Conditioners Interaction on Soil P-Availability
Soil P-Availability
Soil Conditioners

Nutrient Cow Bioame- Amelio-
Applications ~ Manure liorant rant
Fertilizer
. 64.92 ¢ 2950a 20.19a

NPK Fertilizer B A A

. N 51.21b 1950a 42.28b
Drip Fertigation B A B
Drip Fertigation  1691a 4441b 7932c
+ Nanobubble A B C

Note: Means followed by the same letter are not
significantly different according to Duncan's Multiple
Range Test at the 0.05 significance level. Capital letters
are read horizontally, and small letters are read.
vertically

The ameliorant used in this study contained
sugarcane bagasse compost and guano.
According to Saldafa et al. (2014), the application
of bagasse compost can increase the available
phosphorus content in the soil due to the release
of CO; from organic matter, which increases the
CO2 concentration in the soil and accelerates the
decomposition process of phosphate minerals,
thereby increasing the available phosphorus in
the soil. The application of guano fertilizer
enhances soil organic matter content and
improves physical properties, particularly
structure and porosity, thereby increasing the
availability of essential nutrients such as
phosphorus (Lubis et al., 2024).
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Total Nitrogen. The results of the analysis
showed that there was no interaction between the
provision of nutrients and soil conditioners on
total N. The analysis reveals that nutrient
application exerts variable effects on soil total
nitrogen (Total-N) levels, largely shaped by
processes such as nitrogen volatilization, nitrate
leaching, and plant competition for uptake.
Numerous studies have underscored the
complexity of nitrogen dynamics in soil systems.
For example, Acharya and Shrestha (2015)
reported that low soil nitrogen levels can result
from rapid plant absorption, coupled with
substantial losses through leaching and
volatilization. These findings underscore a key
characteristic of nitrogen as a highly mobile
element, which often escapes the soil matrix
rather than being efficiently retained.

Table 4. Effect of nutrient applications and soil
conditioners on total Nitrogen

Treatments Total N (%)
Nutrient Applications
NPK Fertilizer 0.32 a
Drip Fertigation 0.36a
Drip Fertigation + 0.39a
Nanobubble
Soil Conditioners
Cow Manure 053 b
Fertilizer
Bioameliorant 0.28 a
Ameliorant 0.26 a

Note: Means followed by the same letter are not
significantly different according to Duncan's Multiple
Range Test at the 0.05 significance level.

The application of cow manure fertilizer had
a significant effect on total nitrogen. Based on
Table 4, the soil conditioner treatment in the form
of manure gave the best results for total N of
0.53%. Cow manure fertilizer contains organic
nitrogen that decomposes into an available form
(Moe et al., 2019). Increased microbial activity
helps to maintain nitrogen in an available form
and enriches the soil with total nitrogen (Khodaei
Joghan et al., 2010). This is supported by reports
showing that the addition of organic matter, such
as manure, increases the presence of nitrogen in
soluble form in the soil, which in turn enhances
nitrogen uptake efficiency by plants (Yang et al.,
2018).

Plant Height. The application of drip
irrigation, particularly when combined with
nanobubble technology, significantly influenced
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chili plant height at 6 weeks after planting (WAP)
(Table 5). Drip fertigation facilitates precise
nutrient delivery to the rhizosphere, thereby
minimizing fertilizer losses and enhancing
nutrient-use  efficiency, which ultimately
promotes plant growth (Zhao et al, 2023).
Moreover, the enrichment of soil oxygen
concentration through nanobubble technology
has been reported to improve photosynthetic
activity, stimulate gibberellin production,
regulate microbial dynamics, and further

enhance nutrient uptake efficiency (He et al.,
2022). The subsequent section presents the
documentation of chili plant growth following
the application of nutrient inputs and soil
amendments at 6 WAP (Figure 1).

Figure 1. Comparison of chili height in response
to different nutrient applications and soil
conditioners: N1 (NPK Fertilizer), N2 (Drip
Fertigation), N3 (Drip Fertigation + Nanobubble),
P1 (Cow Manure Fertilizer), P2 (Bioameliorant),
and P3 (Ameliorant)

As highlighted by Howe et al. (2024), cow
manure is a valuable source of essential nutrients
required for plant development, including
nitrogen (N), phosphorus (P), and potassium (K),
along with various macro- and micronutrients.
These nutrients occur in both organic and
inorganic fractions, with the organic component
undergoing microbial mineralization that
gradually releases them into plant-available
forms. The efficiency and extent of this
mineralization process are largely determined by
microbial activity and are strongly influenced by
environmental factors such as soil temperature,
moisture levels, and the physicochemical
characteristics of both the soil and the manure.
Beyond the primary nutrients, cow manure also
provides secondary nutrients such as calcium
(Ca) and magnesium (Mg), as well as trace
elements including zinc (Zn), iron (Fe),
manganese (Mn), copper (Cu), sulfur (S), and
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boron (B). These nutrients may be available
directly in bioavailable forms or as compounds
that can be rapidly converted into accessible
forms. The integration of cow manure into
agricultural practices has consistently been
linked with improved soil fertility and enhanced
crop productivity (Dhiman et al., 2019).

Number of Leaves. The analysis results show
that nutrient application has no significant effect on
the number of leaves (Table 6). The nutrient
formulations used in this approach are designed to
supply both macro- and micronutrients in water-
soluble forms, ensuring immediate availability for
plant uptake. Among these, nitrogen is the most
prominent and plays a vital role in promoting leaf
development, as it is integral to photosynthesis and
overall vegetative growth (Santana et al, 2021).
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When combined with nanobubble technology, drip
fertigation not only enhances oxygen availability in
the rhizosphere but also stimulates root
development and supports more robust vegetative
growth (Zahra et al., 2025).

The use of cow manure in conjunction with
soil ameliorants has been demonstrated to
significantly enhance plant growth, notably
reflected by an increase in number leaves count at
5-6 WAP. This effect is primarily attributed to the
organic matter in cow manure and ameliorants,
which improves soil physical properties by
enhancing porosity and aeration. Such
improvements optimize nutrient availability and
uptake — particularly nitrogen — thereby
promoting healthier and more vigorous
vegetative development (Artacho et al., 2009).

Table 5. Effect of nutrient applications and soil conditioner on chili plant height at 1-6 WAP

Plant Height (cm)
Treatments 1 2 3 4 5 6
WAP  WAP WAP WAP WAP WAP
Nutrient Applications
NPK fertilizers 2584 3414 47.73 67.52 79.46 91.35a
Drip fertigation 2532 3531 49.49 70.29 84.64 98.25b
Drip fertigation with nanobubble 2484  36.16 49.97 71.77 85.38  101.77 b
Soil Conditioners
Cow manure fertilizer 2625 37.07b 5239b 73.76b 8729b 101.80c
Bioameliorant 2484 3320a 46.18a 63.6ba 76.75a 9224a
Ameliorant 2490 3535ab 48.63ab 7217b 8544b 97.32b

Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range
Test at the 0.05 significance level.

Table 6. Effect of nutrient applications and soil conditioner on the number of chili plant leaves at 1-6 WAP

Number of Leaves (blades)

Treatments 1 2 3 4 5 6
WAP WAP  WAP WAP  WAP WAP
Nutrient Applications
NPK fertilizers 1155 17.70 33.88 73.14 11518  173.63
Drip fertigation 1211 17.66 35.11 7811 11533  162.55

Drip fertigation with nanobubble 12.14 18.25 38.88 76.40 128.07 181.40

Soil Conditioners
Cow manure fertilizer 1237a 18.77b 40.81b 8759b 138.07b 190.74Db
Bioameliorant 1151a 16.70a 30.70a 6548a 9414a 143.85a
Ameliorant 11.92a 1815ab 36.36ab 7459ab 126.37b 183.00 b
Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range

Test at the 0.05 significance level.
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Stem Diameter. The application of drip
fertigation and drip fertigation with nanobubble
technology had a significant effect on stem
diameter (Table 7). This technique optimizes the
supply of both macro- and micronutrients,
thereby supporting essential physiological
processes required for vigorous plant growth.
Among these nutrients, nitrogen is particularly
crucial, as it stimulates the development of
vegetative structures, including stems, which
play a fundamental role in sustaining overall
plant performance (Dianawati et al., 2023). The
application of drip irrigation with nanobubble
technology enhances gas transport efficiency to
cells, improves membrane structure and protein
activity, thereby supporting stem growth (Liu et
al., 2013; Seddon et al., 2012).

The incorporation of cow manure together
with soil ameliorants has been shown to
substantially promote plant growth, as indicated
by a significant increase in stem diameter at 3-4
weeks after planting (WAP). This effect is
primarily associated with the high organic matter
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content of cow manure and ameliorants, which
improve soil physical properties by enhancing
porosity and aeration. Such improvements
facilitate more efficient nutrient dynamics,
particularly nitrogen uptake, thereby stimulating
vigorous vegetative growth (Artacho et al., 2009).

Number of Fruits per Plant. The
combination of drip fertigation and nanobubble
technology has been shown to markedly improve
fruit production in crop systems (Table 8). Drip
fertigation ensures the precise and efficient
delivery of macro- and micronutrients in soluble
forms, facilitating rapid uptake by plants. When
coupled with nanobubbles, this system further
enhances nutrient utilization and physiological
efficiency, particularly during the generative
phase of developm ent. In fruiting crops such as
chili peppers, these synergistic effects translate
into a significant increase in yield (Giri et al,,
2024). Nanobubble formulations enhance
nutrient  absorption  efficiency  through
controlled-release mechanisms (Zhou et al,
2019).

Table 7. Effect of Nutrient Applications and Soil Conditioners on Chili Plant Stem Diameter at 1-6 WAP

Stem Diameter (mm)

Treatments 1 2 3 4 5 6
WAP  WAP WAP WAP WAP WAP
Nutrient Applications
NPK fertilizers 3.67 4.40 5.31 6.60 7.46 8.57 a
Drip fertigation 3.68 4.36 5.52 7.00 7.74 944D
Drip fertigation with nanobubble 3.75 4.59 5.55 7.03 7.57 9.68 b
Soil Conditioners
Cow manure fertilizer 3.67 4.34 5.80 b 727 b 8.00 9.58
Bioameliorant 3.71 4.37 521 a 6.57 a 7.25 8.95
Ameliorant 3.72 4.63 5.38ab 6.80ab 7.52 9.16

Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range Test

at the 0.05 significance level.

Table 8. Effect of Nutrient Applicationss and Soil Conditioner on the Number of Fruits per Plant

Treatments Number of Fruits per Plant

Nutrient Applications

NPK Fertilizer 37.07 a

Drip Fertigation 31.59a

Drip Fertigation + Nanobubble 4844 b
Soil Conditioners

Cow Manure Fertilizer 4759 b

Bioameliorant 28.77 a

Ameliorant 40.74 b

Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range Test

at the 0.05 significance level.
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The application of cow manure combined
with soil ameliorants has been demonstrated to
significantly increase the number of fruits per
plant. This improvement is associated with the
abundant supply of key nutrients, particularly
nitrogen (N), phosphorus (P), potassium (K), and
organic carbon, which collectively enhance plant
vigor and productivity. These elements are
essential for cellular development and
carbohydrate metabolism (Ogundare et al., 2015).
Among them, phosphorus is especially critical, as
it is absorbed predominantly in the form of
hydrogen phosphate (HPO,?") and dihydrogen
phosphate (H,PO,") ions. These soluble species
represent the most plant-available forms of
phosphorus in the soil solution and are primarily
taken up through diffusion (Wang et al., 2024).
The efficiency of phosphorus absorption is
strongly regulated by soil pH, with the optimal
range for uptake typically between 4.5 and 5.0.
Within this range, plants preferentially utilize
H,PO,”, emphasizing the importance of
maintaining suitable soil pH conditions for
effective nutrient management (Garcia et al.,
2025).

Fruit Weight per Plant. The application of
drip fertigation with nanobubble technology has
a significant effect on fruit weight per plant
(Table 9). The application of drip fertigation
integrated with nanobubble technology has a
pronounced effect on fruit weight per plant. This
system enhances the precision and efficiency of
nutrient delivery, thereby supporting the
biosynthesis of proteins, carbohydrates, and
lipids that are fundamental to fruit development
and weight accumulation (Camarero et al., 2023).
The improved nutrient availability promotes
optimal metabolic functioning within the plant,
ensuring that assimilates are efficiently allocated
to developing fruits. Potassium (K), in particular,
plays a pivotal role as a macronutrient
influencing plant growth, physiology, and yield.
Acting as a key enzyme activator, potassium
regulates numerous biochemical processes,
including photosynthesis, osmotic balance, and
assimilate transport. Given its high uptake
demand —second only to nitrogen — potassium is
indispensable for sustaining physiological
efficiency and maximizing fruit production (Al-
Raddadi et al, 2024). Nanobubbles enhance
oxygen availability in the root zone, support root
respiration, and improve water and nutrient
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absorption efficiency, thereby supporting fruit
filling and weight increase (Wu et al., 2019).

Table 9. Effect of nutrient applications and soil
conditioners on fruit weight per plant

Treatments Fruit Wei%;c per Plant
Nutrient Applications
NPK Fertilizer 177.90 a
Drip Fertigation 174.47 a
Drip Fertigation + 26191b
Nanobubble
Soil Conditioners
Cow Manure 250.07 b
Fertilizer
Bioameliorant 160.14 a
Ameliorant 204.14 ab

Note: Means followed by the same letter are not
significantly different according to Duncan's Multiple
Range Test at the 0.05 significance level.

The use of cow manure has been shown to
significantly increase fruit weight per plant, mainly
due to its rich composition of macro- and
micronutrients, particularly N, P, and K, which are
essential for protein synthesis, assimilate
production, and fruit tissue development. In
addition to nutrient supply, cow manure
contributes  substantial organic matter that
enhances soil fertility, structural stability, and water
retention capacity. These improvements foster
better root growth and nutrient uptake, ultimately
resulting in higher crop productivity (Ikeh et al.,
2023). Furthermore, its ability to improve soil water
absorption enhances nutrient uptake efficiency,
thereby supporting optimal fruit growth.

Quality of Chili Yields. Irrigation with
nanobubble-enriched water significantly
improves the quality of chili fruits, with grade I
peppers showing up to a 14.45% increase in fruit
quality compared to conventional fertilization
using urea, SP-36, and KCl. The macro- and
micronutrients delivered through drip irrigation
play a critical role in meeting plant nutritional
demands for producing high-quality fruit.
Potassium, in particular, is an essential
macronutrient that supports growth and
enhances fruit quality (Meylia & Koesriharti,
2018). Moreover, nanobubbles improve irrigation
efficiency by increasing nutrient uptake and
water-use efficiency, thereby boosting crop yield
and fruit quality without requiring additional
water or fertilizer inputs (Liu et al., 2019).
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Table 10. Effect of nutrient applications and soil conditioners on chili quality

Yield Quality (%)
Treatments I I QGuoa(l)i(: Improvement in I BS
(I+H)y Quality (I+11) (%)

Nutrient Applications
NPK fertilizers 5.63 a 59.98 65.61 - 30.20 419
Drip fertigation 8.30 a 65.36 73.66 12.27 20.85 5.49
Drip fertigation with 1496b  60.13 75.09 1445 20.26 4.65
nanobubble

Soil Conditioners
Cow manure fertilizer 6.36 64.71 71.07 - 24.57 4.36
Bioameliorant 13.56 60.81 74.37 4.64 20.51 5.12
Ameliorant 8.98 59.94 68.92 -3.03 26.23 4.85

Note: Means followed by the same letter are not significantly different according to Duncan's Multiple Range Test

at the 0.05 significance level.

Figure 2. Comparison of Chili Quality in
Response to Different Nutrition and Soil
Conditioners: I (Premium), IT (Medium), ITI
(Standard), BS (Below Standard)

The chili classification system categorizes
chili fruits into four quality grades, ranging from
Grade I to Below Standard (Figure 2). This
grading is primarily based on external attributes
such as color uniformity, shape and size
consistency, cleanliness, and the presence of
physical damage or decay. Higher grades are
characterized by uniform red coloration, typical
fruit morphology, and minimal defects or
contamination. In contrast, lower grades display
reduced uniformity, irregular or undersized
fruits, and a greater incidence of visible dirt,
damage, or deterioration.

Table 10 shows soil conditioner with
bioameliorants indicates an 4.64% improvement
in fruit quality (I+1I) compared to the application
of cow manure. This is because the
bioameliorants used in this study contain guano
and biological agents. The high phosphorus

content in guano fertilizer plays an important role
in fruit quality formation and increases plant
resistance to disease (Taofik et al, 2018).
Biological agents can improve soil structure and
increase nutrient absorption, thereby supporting
optimal plant growth and producing fruit of
better quality (Nicolson et al., 2021). This finding
is consistent with the results of Widiantini et al.
(2022), who reported that biological agents such
as Trichoderma sp. and Pseudomonas fluorescens
significantly improved dragon fruit quality and
increased yield by up to 30%.

Conclusion

The interaction between drip fertigation with
nanobubble technology and soil conditioners had
a significant effect on increasing the population of
PSB and available P. Nutrient treatment has a
significant effect on plant height at 6 WAP, stem
diameter at 6 WAP, and the quality of chili
peppers of grade 1. Soil conditioner treatment has
a significant effect on plant height at 2-6 WAP,
number of leaves at 3-6 WAP, stem diameter at
3-4 WAP, number of fruits per plant, and fruit
weight per plant.

Acknowledgments

This research was funded by the Riset dan
Inovasi untuk Indonesia Maju (RIIM) Batch 4
Program, National Research and Innovation
Agency (BRIN).

Fitriatin BN, Rokayah EH, Elmyra EN, Simarmata T, Fauziah NO, Fakhrurroja H. 2025. The effects of nanobubble
fertigation and soil conditioners to improve nutrient dynamics, soil microbial activity, and chili productivity.

Jurnal Kultivasi, 24(3): 309-320.



318

References

Acharya R, Shrestha BB. 2015. Physiochemical
characteristics of soil of a mixed Shorea
robusta forest in Rupandehi District, Nepal.
Journal of Natural History Museum, 26: 155-
162.
https:/ /doi.org/10.3126/jnhm.v26i0.14139

Algaramah R, Fevria R, Vauzia, Razak A. 2025.
Influence of Tithonia POC and nano bubble
technology on hydroponic pakcoy
(Brassica rapa L.) quality. Jurnal Biologi
Tropis, 25: 1384-1391.

https:/ /doi.org/10.29303 /jbt.v25i2.8782

Al-Raddadi TM, Al-Khateeb LA, Sadaka MWM,
Bahaffi SO. 2024. Trace element speciation
and nutrient distribution in Boerhavia
elegans:  evaluation and toxic metal
concentration across plant tissues. Toxics,
13: 1-14.
https:/ /doi.org/10.3390/ toxics13010014

Antonius S, Sahputra RD, Nuraini Y, Dewi TK.
2018. Manfaat pupuk organik hayati,
kompos dan biochar pada
pertumbuhan  bawang  merah  dan
pengaruhnya terhadap biokimia tanah pada

percobaan pot menggunakan tanah
ultisol. Jurnal Biologi Indonesia, 14: 234-250.

https:/ /doi.org/10.47349/ibi/ 14022018
/243

Artacho P, Bonomelli C, Meza F. 2009. nitrogen
application in irrigated rice grown in
mediterranean conditions: effects on grain
yield, dry matter production, nitrogen
uptake, and nitrogen use efficiency. Journal
of Plant Nutrition, 32: 1574-1593.

Avifah N, Zainabun, Jufri Y. 2022. Pemberian
Beberapa Macam  Amelioran untuk
Memperbaiki Sifat-Sifat Kimia Tanah
Sawah. Jurnal Ilmiah Mahasiswa Pertanian,
7: 604-614.

Camarero MC, Briegas B, Corbacho J, Labrador J,
Gallardo M, Gomez-Jimenez MC. 2023.
characterization of transcriptome dynamics
during early fruit development in olive
(Olea europaea L.). International Journal of
Molecular Sciences, 24: 961.

Campos P, Borie F, Cornejo P, Lopez-Raez JA,

Lopez-Garcia A, Seguel A. 2018.
Phosphorus acquisition  efficiency
related to root traits: is mycorrhizal

symbiosis a key factor to wheat and
barley cropping?. Frontiers in Plant
Science, 9: 752.

Jurnal Kultivasi Vol. 24(3) December 2025
ISSN: 1412-4718, eISSN: 2581-138x

Chen W, Bastida F, Liu Y, Zhou Y, He J, Song P,
Kuang N, Li Y. 2023. Nanobubble
oxygenated increases crop production via
soil structure improvement: the perspective
of microbially mediated effects.

Agricultural Water Management, 282:
108263.

Dhiman D, Sharma R, Sankhyan NK, Sepehya S,
Sharma SK, Kumar R. 2019. Effect of regular
application of fertilizers, manure and lime
on soil health and productivity of wheat in
an acid alfisol. Journal of Plant Nutrition, 42:
2507-2521.
https:/ /doi.org/10.1080/01904167.2019.165
9317

Dianawati M, Cahyaningrum H, Suwitono B.

2023. The determination of nitrogen
concentration in the g2 potato seed
production on fertigation system. e3s web of
conferences, 425.
https:/ /doi.org/10.1051/ e3sconf/ 20234250
1005

Fitriatin BN, Dupa PSE, Fauzian NO, Wong MY,
Simarmata T. 2024. The Influence of
vegetative, Nutrient Solution and
Biofertilizer on Soil P, Plant P Uptake, and
Yield of Red Chili. Jurnal Agro, 11(1): 107-
117.

Garcia BA, Torre JAF, Santos-Villalobos S,
Espinoza-Canales A, Echavarria-Chairez
FG, Banuelos HG. 2025. Phosphorus
dynamics and sustainable agriculture: the
role of microbial solubilization and
innovations in nutrient management.
Current Research in Microbial Sciences, 8:
100326.
https:/ /doi.org/10.1016/j.crmicr.2024.1003
26

Giri J, Ghawade S, Panchbhai D, Nagre P, Kadu
P, Deshmukh M. 2024. Influence of drip
fertigation and foliar spray of boron on yield
and nutrient uptake by Cucumber cv.
Himangi. Asian Journal of Soil Science and

Plant Nutrition, 10: 146-154.
https:/ /doi.org/10.9734/ ajsspn/2024/v10i
1220

He ], Liu Y, Wang T, Chen W, Liu B, Zhou Y, Li
Y. 2022. Effects of nanobubble in subsurface
drip irrigation on the yield, quality,
irrigation water use efficiency and nitrogen
partial productivity of watermelon and
muskmelon. International Agrophysics,
36(3): 163-171.
https:/ /doi.org/10.31545/intagr/ 150413

Fitriatin BN, Rokayah EH, Elmyra EN, Simarmata T, Fauziah NO, Fakhrurroja H. 2025. The effects of nanobubble
fertigation and soil conditioners to improve nutrient dynamics, soil microbial activity, and chili productivity.

Jurnal Kultivasi, 24(3): 309-320.


https://doi.org/10.29303/jbt.v25i2.8782
https://doi.org/10.29303/jbt.v25i2.8782
https://doi.org/10.3390/toxics13010014
https://doi.org/10.3390/toxics13010014
about:blank
about:blank
about:blank
about:blank
https://doi.org/10.1016/j.crmicr.2024.100326
https://doi.org/10.1016/j.crmicr.2024.100326
https://doi.org/10.1016/j.crmicr.2024.100326

Jurnal Kultivasi Vol. 24(3) December 2025
ISSN: 1412-4718, eISSN: 2581-138%

Howe JA, McDonald MD, Burke ], Robertson I,
Coker H, Gentry TJ, Lewis KL. 2024.
Influence of fertilizer and manure inputs on
soil health: A review. Soil Security, 16:
100155.
https:/ /doi.org/10.1016/j.soisec.2024.1001
55

Ikeh AO, Ndaeyo NU, Ikeh CE. 2023. Effects of
integrated fertilization on soil sustainability
and cassava (Manihot esculenta Crantz) yield
in an ultisol. Journal of Current Opinion in
Crop Science, 4: 89-102.
https:/ /doi.org/10.62773 /jcocs.v4i2.197

Kafkafi U, Tarchitzky ]J. 2011. Fertigation: A Tool
for Efficient Fertilizer and Water Management
(pp- 141- 141). Paris: International
Fertilizer Industry Association (IFA)
International Potash Institute (IPI).

Khodaei Joghan A, Ghalavand A, Aghaalikhani
M, Gholamhoseini M, Dolatabadian A. 2010.
Comparison among different integrated
nutrition management for soil micro and
macro elements after winter wheat
harvesting and yield. Notulae Scientia
Biologicae, 2: 107-111.

Kholida FT, Zulaika E. 2015. Potensi Azotobacter
sebagai penghasil hormon IAA (Indole 3-
Acetic Acid). Jurnal Sains dan Seni ITS,
4:75-77.

Liu S, Kawagoe Y, Makino Y, Oshita S. 2013.
Effects of  nanobubbles on  the
physicochemical properties of water: the
basis for peculiar properties of water
containing nanobubbles. Chemical

Engineering Science, 93: 250-256.
https:/ /doi.org/10.1016/j.ces.2013.02.004

Liu Y, Zhou Y, Wang T, Pan J, Zhou B,
Muhammad T, Li Y. 2019. Micro-nano
bubble water oxygation:
synergistically improving irrigation water
use efficiency, crop yield and quality.

Journal of Cleaner Production, 222: 835-
843.

Lubis FA, Kusbiantoro D, Asbur Y,
Purwaningrum Y, Kurniawan IS. 2024.
Analysis study of soil phosporus availability
on the growth of oil palm seedlings (Elaeis
guineensis Jacq.) with the application of
liquid fertilizer and guano fertilizer (bat
manure) in main-nursary. Central Research
Institute for Agriculture, 18: 58-66.

Meylia RD, Koesriharti. 2018. Pengaruh
pemberian pupuk fosfor dan sumber kalium
yang berbeda terhadap pertumbuhan dan

319

hasil  tanaman  tomat  (Lycopersicon
esculentum Mill.). Jurnal Produksi Tanaman,
6(8): 1934-1941.

Moe K, Htwe AZ, Thu TIP, Kajihara Y,
Yamakawa T. 2019. Effects on npk status,
growth, dry matter and yield of rice (Oryza
sativa) by organic fertilizers applied in field
condition. Agriculture, 9: 1-15.
https:/ /doi.org/10.3390/ agriculture905010
9

Nicolson M, Smith J, Patel R. 2021. Enhancing soil
health and plant growth through the use of

biological control agents. Soil Biology &
Biochemistry, 58: 98-109.

Ogundare S, Mohammed S, Owolabi ]. 2015. Soil
application of cow dung with foliar
application of boost extra, effect on growth
and yield of okra in an ultisol, Nigeria.
Journal of Agricultural Studies, 4: 73.
https:/ /doi.org/10.5296/jas.v4i1.8579

Pan L, Cai B. 2023. Phosphate-Solubilizing
Bacteria: Advances in Their Physiology,

Molecular Mechanisms and Microbial
Community  Effects. = Microorganisms..
1,11(12):2904. doi:

10.3390/ microorganisms11122904.
38138048; PMCID: PMC10745930.

Pang F, Qing L, Solanki MK, Wang Z, Xing YX,
Dong DF. 2024. Soil phosphorus
transformation and plant uptake driven by
phosphate-solubilizing  microorganisms.
Frontiers in Microbiology, 15: 1-13.

Saldafia MI, Alvarez RG, Cruz MDCR, Solis JDA,
Fernandez JMP, Garcia CFO. 2014. The
Influence of organic fertilizers on the
chemical properties of soil and the
production of Alpinia purpurata. Ciencia e
Investigacion = Agraria, 41: 215-224.
https:/ /doi.org/10.4067 /s0718-
16202014000200008

Salsavira K. 2024. analisa kandungan c-organik
tanah dan total populasi mikroorganisme
tanah sebelum dan setelah aplikasi
pupuk organik blotong pada lahan tebu
PTPN XI di Kebun Mrawan dan Kebun
RVO Tapen. Jagad Tani; Jurnal Ilmu
Pertanian, 1: 1-11.

Santana DC, Flores MS, Cotrim MF, Rodrigues
EV, Santos A, Teodoro LPR, Teodoro PE.
2021. Genotype x trait biplot and canonical
correlations for spectral and agronomic
traits in corn. Agronomy Journal, 113: 1197-
1204. https:/ /doi.org/10.1002/ agj2.20581

PMID:

Fitriatin BN, Rokayah EH, Elmyra EN, Simarmata T, Fauziah NO, Fakhrurroja H. 2025. The effects of nanobubble
fertigation and soil conditioners to improve nutrient dynamics, soil microbial activity, and chili productivity.

Jurnal Kultivasi, 24(3): 309-320.


https://doi.org/10.1016/j.soisec.2024.100155
https://doi.org/10.1016/j.soisec.2024.100155
https://doi.org/10.62773/jcocs.v4i2.197
https://doi.org/10.62773/jcocs.v4i2.197
https://doi.org/10.1016/j.ces.2013.02.004
https://doi.org/10.1016/j.ces.2013.02.004
https://doi.org/10.5296/jas.v4i1.8579
https://doi.org/10.1002/agj2.20581

320

Seddon JRT, Lohse D, Ducker WA, Craig VS].
2012. A deliberation on nanobubbles at
surfaces and in bulk. ChemPhysChem,
13: 2179-2187.
https:/ /doi.org/10.1002/ cphc.201100900

Sheikh-Assadi M, Khandan-Mirkohi A, Taheri M,
Babalar M, Sheikhi H, Nicola S. 2023.
arbuscular mycorrhizae contribute to
growth, nutrient uptake, and ornamental
characteristics of statice (Limonium sinuatum
[l.] mill.) subject to appropriate inoculum
and optimal phosphorus. Horticulturae, 9:
564.
https:/ /doi.org/10.3390/ horticulturae9050
564\

Situmorang Y, Nurbaity A, Simarmata T. 2019.
Efek komposisi dan dosis amelioran
terhadap sifat tanah dan hasil tanaman
cabai (Capsicum annuum L.) pada inceptisols.
Jurnal Agrotek Indonesia, 4: 26-29.

Statistics Indonesia. 2023. Produksi Tanaman
Sayuran. Jakarta: Badan Pusat Statistik
Taofik A, Setiati Y, Purnama L. 2019. Kombinasi
guano kelelawar dengan pupuk urea dalam

budidaya buncis, Phaseolus vulgaris. In
Seminar Nasional Pembangunan Pertanian
Berkelanjutan Berbasis Sumber Daya
Lokal (pp. 156-168).

Wang X, Guo H, Wang ], He P, Kuzyakov Y, Ma
M, Ling N. 2024. Microbial phosphorus-
cycling genes in soil under global change.
Global Change Biology, 30.
https:/ /doi.org/10.1111/ gcb.17281

Widiantini E, Prabowo M, Rizki F. 2022. Field
evaluation of biological control agents for
dragon fruit cultivation. Journal of
Sustainable Agriculture, 24: 375-386.

WuY, LyuT, Yue B, Tonoli E, Verderio EAM, Ma
Y, Pan, G. 2019. Enhancement of tomato
plant growth and productivity in organic
farming by agri-nanotechnology using
nanobubble oxygation. Journal of Agricul-
tural and Food Chemistry, 67: 10823-10831.
https:/ /doi.org/10.1021/ acs.jafc.9b04117

Jurnal Kultivasi Vol. 24(3) December 2025
ISSN: 1412-4718, eISSN: 2581-138x

Yang L, Bai ], Liu J, Zeng N, Cao W. 2018. Green
manuring effect on changes of soil nitrogen
fractions, maize growth, and nutrient
uptake. Agronomy, 8.
https:/ / doi.org/10.3390/ agronomy8110261

Yeri N, Fikrinda W, Hamzah A. 2024. Pemberian
mikotricho dan guano terhadap
pertumbuhan dan hasil tanaman kacang
tanah (Arachis hypogaea L.). Jurnal Penelitian
Pertanian Terapan, 24: 8-16.

Yihune E, Addisu S. 2024. Assessment of
physicochemical properties and heavy
metal content of floriculture soil in amhara
region of northwest ethiopia. The Scientific
World Journal, 2024.
https:/ /doi.org/10.1155/2024 /9945257

Yuan H, Cheng M, Pang S, Li L, Wang H, NA S.
2014. Construction and performance
experiment of integrated water and
fertilization irrigation recycling system.
Transactions of the Chinese Society

of Agricultural Engineering, 30: 72-78.

Zahra A, Fauziah NO, Ambarita DDM, Fakhrurroja
H, Turmuktini T, Fitriatin BN, Simarmata, T.
2025. Deep insights into drip-based
nanobubble  fertigation technology for
enhancing nutrient availability and boosting
cash crop vegetable productivity and quality.
Journal of Ecological Engineering, 26: 459-471.
https:/ /doi.org/10.12911 /22998993 / 205227

Zhao L, Teng M, Zhou L, Li Y, Sun J, Zhang Z,
Wu F. 2023. Hydrogen nanobubble water: a
good assistant for improving the water
environment and agricultural production.
Journal of Agricultural and Food Chemistry,
71:12369-12371.
https:/ /doi.org/10.1021/ acs.jafc.3c04582

ZhouY, Zhou B, Xu F, Muhammad T, Li Y. 2019.
Appropriate dissolved oxygen
concentration and application stage of
micro-nano bubble water oxygation in
greenhouse crop plantation. Agricultural
Water Management, 223: 105713.
https:/ /doi.org/10.1016/j.agwat.2019.10

Fitriatin BN, Rokayah EH, Elmyra EN, Simarmata T, Fauziah NO, Fakhrurroja H. 2025. The effects of nanobubble
fertigation and soil conditioners to improve nutrient dynamics, soil microbial activity, and chili productivity.

Jurnal Kultivasi, 24(3): 309-320.


https://doi.org/10.1002/cphc.201100900
https://doi.org/10.1111/gcb.17281
https://doi.org/10.1111/gcb.17281
about:blank
about:blank
https://doi.org/10.12911/22998993/205227
https://doi.org/10.12911/22998993/205227

