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ARTICLE INFO ABSTRACT

Keywords: This study aimed to determine the effect of Plant Growth Promoting

Rhizobacteria Rhizobacteria (PGPR) concentrations on the growth of pakcoy Brassica

Pakcoy rapa L.) cultivated hydroponically. The experiment was conducted in Toabo

Hydroponics Village, Papalang Subdistrict, Mamuju Regency, West Sulawesi Province,

(C;onc?;tratlon from March to April 2024. The research employed a Randomized Block
row

Design with five PGPR concentration treatments: control (no PGPR), 15
ml/L, 20 ml/L, 25 ml/L, and 30 ml/L, each replicated three times. The
observed parameters included plant height, number of leaves, edible
weight, root weight, and total plant weight. The results showed that PGPR

An‘l(:/g H/\?tory: application significantly affected plant height, root weight, and total plant
Received: . o .
Accepted: weight, but had no significant effect on the number of leaves and edible

weight. The best treatment was obtained with 30 ml/L PGPR, yielding an
average plant height of 27.83 cm, root weight of 22.06 g, and total plant
weight of 76.67 g. This study recommends the application of 30 ml/L PGPR
to improve the growth and yield of hydroponically grown pakcoy.
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INTRODUCTION

Optimization of Plant Growth Promoting Rhizobacteria (PGPR) concentration is crucial to maximize the
growth and biomass yield of Pakcoy (Brassica rapa L.) cultivated in a wick hydroponic system (Putra et al.,
2022). PGPR are beneficial soil microorganisms known to enhance plant growth by facilitating nutrient
solubilization and uptake, synthesizing phytohormones, and increasing plant tolerance to abiotic stress. While
research on PGPR in soil-based agriculture has been extensive, their effective application in hydroponic
systems, particularly wick systems, has not been widely studied (Bhardwaj et al., 2024). This gap highlights
the need to determine the appropriate PGPR concentration to ensure optimal interaction with the hydroponic
environment, thereby enhancing plant performance without causing side effects (Akhtar et al., 2020).

The wick hydroponic system is a soilless cultivation technique that delivers nutrients to plants via
capillary wicks, ensuring efficient water and nutrient supply while minimizing resource waste. Its simplicity and
low operating costs make this system suitable for urban and small-scale agriculture (Syahputra et al., 2023).
However, the unique nutrient delivery mechanism in the wick system can affect the behavior and effectiveness
of PGPR differently compared to soil or other hydroponic methods (Singh et al.,, 2026). Therefore,
understanding the interaction between PGPR concentration and nutrient dynamics in the wick system is crucial
for optimizing nutrient bioavailability and uptake, which directly impacts the growth parameters and biomass
accumulation of Pakcoy (Das et al., 2024).

In addition to enhancing plant growth, the use of PGPR in hydroponic cultivation offers an
environmentally friendly alternative to conventional chemical fertilizers. Chemical fertilizers, although effective,
often contribute to environmental pollution and soil degradation if used excessively(Bisht & Singh Chauhan,
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2021). Application of PGPR can reduce dependence on these inputs by promoting natural nutrient cycling and
increasing nutrient use efficiency by plants (Bhandari et al., 2025). Optimization of PGPR concentration in wick
hydroponic systems aligns with the goals of sustainable agriculture by supporting environmentally friendly
practices that meet the rising demand for high-quality vegetables such as Pakcoy, while minimizing ecological
footprint and preserving environmental health (Jain et al., 2022).

This study makes a significant contribution to the scientific understanding of plant-microbe interactions
in hydroponic cultivation, a field that remains less explored compared to conventional soil-based agriculture.
By identifying the optimal concentration of PGPR for Pakcoy grown in a wick system, this study provides
practical insights for agronomists and farmers aiming to enhance crop productivity and sustainability. These
findings are expected to serve as a valuable reference for the development of hydroponic technology
applications, support food security initiatives, and encourage the adoption of biofertilization techniques in
modern resource-efficient agricultural systems (lkiz et al., 2024)

MATERIALS AND METHOD

This study was conducted in Toabo Village, Papalang Subdistrict, Mamuju Regency, West Sulawesi
Province, from March to April 2024. The materials included Nauli F1 pakcoy seeds, rockwool, AB mix nutrient
solution, plant growth-promoting rhizobacteria (PGPR), and water. Equipment comprised seedling trays,
nutrient solution containers, netpots, flannel cloth wicks, measuring cups, Total Dissolved Solids (TDS) and
pH meters, rulers, writing tools and a camera.

A Randomized Complete Block Design (RCBD) was employed to evaluate the effect of different PGPR
concentrations on pakcoy growth. Five treatments were established based on PGPR concentration in the
nutrient solution: PO (control, no PGPR), P1 (15 ml PGPR per liter of water), P2 (20 ml PGPR per liter of water),
P3 (25 ml PGPR per liter of water), and P4 (30 ml PGPR per liter of water). Each treatment was replicated
three times, resulting in 15 experimental units. Each experimental unit consisted of six planting holes, totaling
90 plants.

The experimental procedure involved sowing Nauli F1 pakcoy seeds directly onto rockwool medium
placed in seedling trays. Each experimental unit received AB mix nutrient solution, prepared according to
manufacturer instructions, and supplemented with the assigned PGPR concentration per treatment group.
Nutrient solution quality was monitored every two days by measuring Total Dissolved Solids (TDS) and pH
using calibrated meters to ensure optimal growing conditions.

Growth parameters, including plant height, number of leaves, and leaf length, were measured weekly
using a standard ruler. Photographic documentation was performed at each measurement interval using a
digital camera to visually record plant development. All data were systematically recorded in field notebooks
for subsequent analysis.

Data were analyzed using Analysis of Variance (ANOVA) to determine the significance of treatment
effects on growth parameters. When significant differences were detected (p < 0.05), mean comparisons were
conducted using the Least Significant Difference (LSD) test at the 5% significance level. This statistical
approach allowed for rigorous evaluation of the influence of varying PGPR concentrations on pakcoy growth
under controlled hydroponic conditions.

This methodology provides a clear, replicable framework with detailed descriptions of materials,
experimental design, treatment application, monitoring, measurement, and statistical analysis to ensure
scientific rigor and transparency.
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1.

RESULTS AND DISCUSSION
Plant Height

The analysis results showed that the concentration of PGPR application had a significant effect on the
growth in height of pakcoy plants at 30 days after planting. The results of the mean test can be seen in Table
1.

Table 1. Mean Plant Height (cm) of Pakcoy at various PGPR concentrations

Treatment Average LSD 5%
PO = Control (no treatment) 23.33°
P1 =15 ml PGPR per 1 liter of water 23.50°
P2 = 20 ml PGPR per 1 liter of water 26.00% 2.30
P3 =25 ml PGPR per 1 liter of water 25.33°
P4 = 30 ml PGPR per 1 liter of water 28.10°
Note: Numbers followed by different letters (a, b) indicate statistically significant differences based on the LSD

5% test.

Table 1 presents the average plant height (cm) of Pakcoy treated with various concentrations of Plant
Growth-Promoting Rhizobacteria (PGPR). The results show that plant height varies significantly among
treatments, as determined by the LSD 5% test. The control group (PO0), which did not receive PGPR treatment,
showed an average height of 23.33 cm, statistically similar to the P1 treatment (15 ml PGPR per liter) with a
height of 23.50 cm. The P2 treatment (20 ml PGPR per liter) produced an average height of 26.00 cm,
indicating a moderate increase but statistically overlapping with both lower and higher treatments. The P3
treatment (25 ml PGPR per liter) had an average height of 25.33 cm, not significantly different from the control
or P1. The highest plant height was observed in the P4 treatment (30 ml PGPR per liter), with an average of
28.10 cm, which was significantly greater compared to the control and lower PGPR concentrations. These
findings indicate that increasing PGPR concentration up to 30 ml per liter positively affects Pakcoy growth,
with the highest concentration yielding the most pronounced effect on plant height.

The increase in Pakcoy plant height observed in the PGPR treatment indicates that the presence of
these microorganisms has a positive effect on plant growth. PGPR play a role in enhancing the availability of
nutrients, particularly nitrogen and phosphorus, which are essential for plant development. At a concentration
of 30 ml per liter (P4), the significant increase in plant height may be attributed to the optimal activity of PGPR
in stimulating nutrient uptake and the production of growth hormones such as cytokinins and auxins, thereby
accelerating cell division and elongation in plant tissues (Chakraborty & Chakraborty, 2022).

The non-significant difference between treatments PO, P1, and P3 indicates that PGPR concentrations
at low to medium levels have not yet been sufficient to produce a strong or consistent effect on increasing
plant height (Purnima & Singh, 2023). This may be due to the lack of an active microbial population capable
of effectively interacting with plant roots at those doses. In addition, the possibility of a threshold concentration
of PGPR that must be reached for its promotive effect to become evident is also an important factor in
interpreting these results (Vanamala et al., 2021).

The non-linear increase in plant height in treatments P2 and P3 indicates that the plant's response to
PGPR depends not only on dosage, but also on the balance of microorganisms and environmental conditions
in the growth medium (Zhang et al., 2024). The statistically overlapping effects between these treatments
show that, despite the upward trend, biological variability and other factors such as microbial competition or
the physiological condition of the plant may influence the final outcome (Waller et al., 2024). Therefore, a
dosage of 30 ml per liter is the most effective concentration in this study for maximizing Pakcoy plant height
growth.

Number of Leaves

The results of observations of the number of leaves and variance analysis show that the concentration
of PGPR application did not have a significant effect on the number of leaves of pakcoy plants at 30 days
after planting. The results of the mean test can be seen in Figure 1.
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Figure 1. Mean number of leaves (pieces) of pakcoy plants treated with PGPR at different
concentrations

Figure 1 shows that the P4 treatment with PGPR application resulted in the highest average number
of leaves, namely 11.00 leaves, while the PO treatment without PGPR application had the lowest number of
leaves, namely 7.33 leaves. However, although there was a numerical increase in the number of leaves in
the P4 treatment, statistical analysis showed that this difference was not significant compared to the other
treatments. This indicates that the application of PGPR in this study did not have a significant effect on the
number of pakcoy leaves.

The lack of significant effect of PGPR on leaf number can be explained by several external factors that
influence leaf growth, such as light intensity, temperature, and nitrogen availability in the hydroponic solution
(Andrade et al., 2023). Nitrogen is an essential nutrient that plays a key role in leaf formation and development,
so nitrogen limitation can restrict leaf growth response even when PGPR is applied (Al-Falih, 2023). In
addition, suboptimal environmental conditions can affect the effectiveness of PGPR in stimulating vegetative
growth, particularly in leaf organs whose response tends to vary depending on plant species and growing
environment (Mitra et al., 2024).

PGPR are known to enhance vegetative growth in plants; however, specific responses in leaf number
are highly dependent on the interaction between treatment and environmental as well as nutritional factors.
Previous studies have shown that although PGPR can improve chlorophyll quality and plant health, their effect
on leaf number is not always significant without adequate nutritional and environmental conditions (Utami et
al., 2024). Therefore, although the P4 treatment showed a trend of increasing leaf number, factors such as
nitrogen availability and light conditions must be considered as important variables influencing the final
outcome of pakcoy leaf growth.

3. Consumption Weight (g)

The results of consumption weight observations (grams) and variance analysis presented show that
the concentration of PGPR administration has no significant effect on the consumption weight (grams) of
pakcoy plants at 30 days after planting. The results of the average test can be as sho wn in Figure 2.
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Figure 2. Diagram of average weight consumption (grams) of pakcoy plants at various
concentrations of PGPR administration.

Figure 2 shows the results of the analysis of variance, indicating that the application of various PGPR
concentrations did not have a significant effect on the consumable weight of pak choi plants at 30 days after
planting (DAP). However, the mean values show a trend of increasing consumable weight with higher PGPR
concentrations. The lowest consumable weight was recorded in the control treatment (P0) at 38.67 g, followed
by P1 (40.83 g) and P2 (42.92 g). Higher consumable weights were observed in P3 (47.25 g), while the
highest consumable weight was obtained in the P4 treatment, with an average of 54.58 g. Although statistical
analysis showed that these differences were not significant, the numerical trend indicates that increasing
PGPR concentration tends to enhance the consumable biomass of pak choi plants.

The increase in consumption weight observed at higher PGPR concentrations is likely due to the
beneficial activity of plant growth-promoting rhizobacteria in the rhizosphere (Suresh et al., 2020). PGPR are
known to enhance nutrient availability through mechanisms such as biological nitrogen fixation, phosphate
solubilization, and the production of phytohormones, including auxins, gibberellins, and cytokinins. These
processes stimulate root development and increase the efficiency of water and nutrient uptake, thereby
promoting greater vegetative growth (Sinha et al., 2021). As a result, plants exposed to higher PGPR
concentrations, particularly P4, tend to develop larger and thicker leaves, which contribute to the increased
fresh weight of the harvested yield (Purnima & Singh, 2023). Nevertheless, the absence of significant
differences among treatments suggests that the beneficial effects of PGPR are not sufficient to exceed
experimental variability, or that environmental factors, including soil fertility, water availability, and climatic
conditions, exert a greater influence on biomass accumulation than PGPR concentration itself (Maryam et al.,
2025).

Consumption weight is an important yield parameter as it directly reflects the marketable portion of the
plant leaves. In this study, the gradual increase in consumption weight from PO to P4 indicates that PGPR
application can enhance crop productivity, although the response was not statistically significant (Malik et al.,
2022). These findings suggest that PGPR has the potential to increase pakcoy production when integrated
with optimal cultivation practices, including balanced fertilization, proper irrigation, and favorable growing
conditions (Andrade et al., 2023). Therefore, although the current results do not show a statistically significant
effect, the consistently higher consumption weight at the highest PGPR concentration indicates a positive
biological response that warrants further investigation under different environmental conditions or with higher
replication to obtain a more accurate depiction of the treatment effect.
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4. Root Weight

The results of the variance analysis showed that the concentration of PGPR application had a significant
effect on root weight growth of pakcoy plants at 30 days after planting. The mean test results can be seen in
Table 2.

Table 2. Mean Root Weight (g) of Pakcoy at various PGPR concentrations

Treatment Average LSD 5%
PO = Control (no treatment) 16.67¢
P1 =15 ml PGPR per 1 liter of water 17.17°
P2 =20 ml PGPR per 1 liter of water 19.08° 2.30
P3 =25 ml PGPR per 1 liter of water 18.67°
P4 = 30 ml PGPR per 1 liter of water 22.06°

Note: Numbers followed by different letters (a, b) are significantly different based on the LSD 5% test.

Table 2 presents the mean root weight of Pakcoy plants treated with different concentrations of Plant
Growth Promoting Rhizobacteria (PGPR). The data reveal a significant increase in root biomass with
increasing PGPR concentration, particularly at the highest dose of 30 ml per liter (P4), which produced an
average root weight of 22.06 g. This value is statistically distinct from all other treatments, including the control
(PO) with 16.67 g, and the intermediate concentrations P1 (17.17 g), P2 (19.08 g), and P3 (18.67 g), which
share a similar statistical grouping but are significantly lower than P4 according to the LSD 5% test.

The significant enhancement in root weight observed at the P4 treatment can be attributed to the
multifaceted role of PGPR in promoting root development (Larrabee & Nelson, 2021). PGPR facilitate nutrient
solubilization, particularly phosphorus and potassium, which are critical for root growth and function.
Additionally, these microorganisms stimulate root exudate production and expansion of the root system,
thereby improving nutrient absorption efficiency (Salman & Avinash, 2025). The findings align with previous
studies indicating that PGPR can increase root length and volume, contributing to a more robust root
architecture that supports better plant growth in hydroponic systems (Vamerali et al., 2021).

The results underscore the effectiveness of PGPR as a biofertilizer in hydroponic cultivation by
significantly boosting root biomass at an optimal concentration of 30 ml per liter (Rana et al., 2025). This
improvement in root growth not only enhances nutrient uptake but also contributes to overall plant vigor and
productivity. These insights provide practical guidance for optimizing PGPR application in wick hydroponic
systems to maximize Pakcoy growth and yield.

5. Total Weight (g)

The results of the analysis of variance showed that the concentration of PGPR application had a
significant effect on the total plant weight growth of pakcoy at 30 days after planting. The average test results
are shown in Table 3.

Table 3. Average Total Weight (g) of Pakcoy at PGPR application of various concentrations

Treatment Average LSD 5%
PO = Control (no treatment) 55.33°
P1 =15 ml PGPR per 1 liter of water 58.00°
P2 = 20 ml PGPR per 1 liter of water 62.00° 2.30
P3 =25 ml PGPR per 1 liter of water 65.92°
P4 = 30 ml PGPR per 1 liter of water 76.67°

Note: Numbers followed by different letters (a,b) indicate significant differences based on the LSD5% test.

Table 3 presents the average total weight (in grams) of Pakcoy plants treated with different
concentrations of Plant Growth-Promoting Rhizobacteria (PGPR). The treatments range from PO (control) to
P4 (highest concentration), and the results show a trend of increasing plant weight with higher PGPR
concentrations (Sukul et al., 2021). The LSD 5% test was used to determine significant differences between
treatments, with different letters (a, b, c) indicating statistically distinct groups.
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Data show that the control treatment (PO) produced the lowest average weight, namely 55.33 g, which
was significantly different from the highest concentration treatment (P4), which produced 76.67 g. This
indicates that PGPR application has a positive effect on Pakcoy biomass accumulation. The increase in
weight from PO to P4 suggests that PGPR enhances plant growth, possibly by improving nutrient uptake,
stimulating root development, or producing growth hormones (Aarti et al., 2024).

P1 and P2 treatments, with average weights of 58.00 g and 62.00 g respectively, showed gradual
increases compared to the control, indicating no significant difference at the 5% level. However, starting from
P2, the increase in weight became statistically significant, suggesting that a threshold concentration of PGPR
is required to elicit a measurable growth response in Pakcoy (Sherly et al., 2025).

Further increases in PGPR concentration in P3 (65.92 g) and P4 (76.67 g) continued to show significant
improvements, with P4 standing out as the most effective treatment. This dose-dependent response
underscores the importance of optimizing PGPR concentration to maximize plant growth benefits (Purnima &
Singh, 2023). The significant difference between P4 and all lower concentrations highlights the potential of
higher PGPR levels to substantially increase crop yield (Nagrale et al., 2023).

The application of PGPR at varying concentrations has a positive and significant effect on the total
weight of Pakcoy plants. The results emphasize that higher PGPR concentrations, particularly at P4,
significantly boost plant biomass compared to the control and lower concentrations (Prisa & Jamal, 2025).
These findings support the use of PGPR as a sustainable agricultural practice to improve vegetable crop
productivity through biological means.

CONCLUSIONS

Based on the results of research that has been conducted on the effect of administering concentrations
(PGPR) on the growth of hydroponic pakcoy plants, it is concluded that administering 30ml/l PGPR water is
the concentration that yield optimal results and only has a significant effect on plant height, root weight, and
total plant weight. Meanwhile, it does not have a significant effect on the number of leaves and consumption
weight.
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