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Abstract. Sustainable rice cultivation requires effective nutrient management strategies to reduce 
chemical fertilizer dependency. Biofertilizers enriched with humic acid and microbial consortia 
offer an eco-friendly alternative to enhance soil fertility and plant productivity. This study 
evaluated the effects of biofertilizer combined with humic acid and a microbial consortium on 
vegetative growth, chlorophyll content, and macronutrient availability in Inpari 32 rice. The 
experiment was conducted in a greenhouse at Banyuwangi State Polytechnic using a completely 
randomized factorial design with two biofertilizer types: biofertilizer + humic acid (B1) and 
biofertilizer + microbial consortium (Bacillus, Trichoderma, Saccharomyces) (B2), and three 
application doses: 300 g, 400 g, and 500 g per pot. Although ANOVA results indicated no 
statistically significant differences among treatments, a consistent positive trend was observed in 
plant height, tiller number, and chlorophyll content at the 400 g dose. Soil N, P, and K levels 
tended to decrease, possibly due to enhanced nutrient uptake by plants, suggesting an improved 
nutrient use efficiency. Overall, the combination of biofertilizer and humic acid at the 400 g dose 
tended to show higher values compared to other treatments, although these differences were not 
statistically significant. These findings support the use of multi-species microbial biofertilizers and 
IoT-based precision fertilization systems to promote sustainable rice production in Indonesia. 
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1. Introduction  

Rice plant (Oryza sativa L.) is a strategic commodity for Indonesia's food security. Efforts 

to increase rice productivity continue to address the growing national food demand driven by 

population growth [1]. Globally, farmers use around 115 million tons of chemical fertilizers, of 

which only 35% is absorbed by plants. The remaining 65% becomes residue and a major soil 

pollutant, reducing soil fertility, degrading soil structure, and decreasing microbial activity [2]. 

Current agricultural practices that rely heavily on inorganic phosphate fertilizers also cause 

environmental damage. These fertilizers are non-renewable and negatively impact the food 

production chain [3]. Therefore, environmentally friendly fertilization innovations, such as the use 

of biofertilizers combined with bioactivators such as humic acid and soil microorganisms, are 

important solutions in sustainable agricultural systems. 
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Biofertilizer, or biological fertilizer, is a soil conditioner containing live microorganisms that 

increase nutrient availability and uptake by plants. These microbes function through various 

biological mechanisms, such as nitrogen fixation, phosphate solubilization, organic matter 

decomposition, and the production of plant growth-promoting compounds [4]. According to 

Indriani et al. [5], the addition of humic acid to biofertilizers can improve soil health, especially 

by increasing carbon storage in soils with low organic carbon content. Humic acid, an active 

ingredient extracted from organic matter, functions as a growth stimulant. Several microbial 

genera proven effective as biofertilizers include Bacillus, Trichoderma, and Saccharomyces. Each 

has different physiological and ecological roles but acts synergistically to enhance rice growth and 

yield. 

Bacillus microbes are a group of rhizosphere bacteria capable of non-symbiotic nitrogen 

fixation, phosphate solubilization, and the production of phytohormones such as indole-3-acetic 

acid (IAA) that stimulate root growth [6]. In addition, several species of Bacillus subtilis function 

as biocontrol agents against soil pathogens, thereby suppressing root diseases and strengthening 

plant resistance [7]. 

The use of biofertilizers can reduce farmers' dependence on chemical fertilizers, which are 

known to pollute the environment. Trichoderma spp. are among the most widely used and 

commercially produced fungi for biofertilizers [8]. Trichoderma is a saprophytic fungus effective 

in decomposing organic matter and releasing macro- and micronutrients bound in soil complexes. 

This fungus also acts as a plant growth-promoting fungus (PGPF) through the production of 

hydrolytic enzymes, siderophores, and plant hormones such as gibberellin and auxin [9]. The 

application of Trichoderma has been proven to increase soil microbial activity, improve soil 

structure, and enhance rice root growth [10]. 

While the roles of beneficial microbes such as Bacillus and Trichoderma in improving soil 

fertility and plant growth are well documented, the use of Saccharomyces in multi-microbial 

biofertilizer systems remains limited. Moreover, its combined application with humic acid has 

been insufficiently explored, particularly regarding nutrient use efficiency and rice productivity. 

Therefore, this study evaluates the combined application of biofertilizer containing 

Saccharomyces, Bacillus, and Trichoderma with humic acid at different rates. The novelty of this 

study lies in assessing their potential synergistic effects on plant growth, soil nutrient dynamics, 

and crop performance [11]. 

Therefore, research on the application of biofertilizers containing humic acid and beneficial 

microbes in rice cultivation is needed to evaluate their effectiveness in enhancing growth and yield, 

as well as improving soil biological conditions. The results of this study is expected to provide a 

scientific basis for developing multimicrobial biofertilizer technology as an alternative to balanced 
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chemical fertilization, improving fertilization efficiency, and supporting a sustainable rice farming 

system in Indonesia. This study aims to evaluate the effectiveness of biofertilizers containing 

humic acid combined with Bacillus sp., Trichoderma sp, and Saccharomyces on the growth, yield, 

and soil biological properties of rice (Oryza sativa L.) under field conditions in Indonesia. The 

findings are expected to provide a scientific foundation for the development of multimicrobial 

biofertilizer technology as a sustainable alternative to chemical fertilizers, thereby improving 

fertilization efficiency and supporting rice farming systems in Indonesia. 

2. Materials and Methods  

2.1. Study Site and Duration  

Research on the application of biofertilizer to rice plants was conducted in the greenhouse 

of the Agribusiness Department at Banyuwangi State Polytechnic. Observations of production 

parameters were conducted in the field and in the Plant Production Laboratory, Agribusiness Study 

Program, Department of Agriculture, State Polytechnic of Banyuwangi. The research period (data 

collection) lasted approximately 3 months in the field. 

2.2. Experimental Materials and Equipment 

The required equipment include scissors, mortar, test tubes, measuring cups, vortex, 

centrifuge, and spectrophotometer.PUTS (Rice Field Soil Testing Device), digital scale, analytical 

balance. The materials required are Inpari 32 seeds, goat biofertilizer with humic acid, goat 

biofertilizer with Bacillus + Trichoderma + Saccharomyces consortium, 95% ethanol, and distilled 

water. 

2.3. Experimental Design and Treatment Application 

The experiment used a completely randomized factorial design consisting of two types of 

biofertilizers: humic acid biofertilizer (B1) and a microbial consortium biofertilizer containing 

Bacillus, Trichoderma, and Saccharomyces (B2), with three application doses (300 g/pot, 400 

g/pot, and 500 g/pot). In addition, a control treatment (without biofertilizer) was included. Each 

treatment was replicated three times, resulting in a total of 21 experimental units. Each 

experimental unit consisted of two plants grown per pot, giving a total plant population of 42. The 

selection of the 300 g/pot dose as a reference for optimal treatment was based on the findings of 

Pratiwi et al. [12], which reported its effectiveness when using a microbial consortium as a 

bioactivator. 

Notes:  

Control = without biofertilizer 

B1T1 = humic acid biofertilizer 300 g  

B1T2 = humic acid biofertilizer 400 g 
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B1T3 = humic acid biofertilizer 500 g  

B2T1 = Bacillus + Trichoderma + Saccharomyces consortium biofertilizer 300 g 

B2T2 = Bacillus + Trichoderma + Saccharomyces consortium biofertilizer 400 g 

B2T3 = Bacillus + Trichoderma + Saccharomyces consortium biofertilizer 500 g  

2.2 Research Stages 

2.2.1 Preparation Of media 

The planting medium consisted of topsoil collected from rice fields and placed in 

experimental pots. Prior to planting, the soil was analyzed for nitrogen (N), phosphorus (P), and 

potassium (K) content using a Rice Field Soil Testing Device (PUTS) from the Soil Research 

Center to determine the initial nutrient status before biofertilizer application. The soil was then air-

dried, homogenized, and sieved to remove debris before being transferred into plastic pots (30 cm 

diameter × 25 cm height), filling approximately two-thirds of each pot. Each pot contained 

approximately 10 kg of soil. 

2.2.2 Seed preparation and planting 

Inpari 32 rice seeds were pre-germinated by soaking them in water for 24 hours until the 

coleoptile emerged. The germinated seeds were then sown in a nursery bed. After approximately 

14 days, uniform seedlings were transplanted into the experimental pots containing the prepared 

soil medium. Two seedlings were planted in each pot. 

The biofertilizer used in this study was developed in a previous study conducted in 2023 and 

described by Pratiwi et al. [12]. The biofertilizer was applied at the beginning of rice planting 

according to the experimental design. It was applied to the soil based on the designated treatment 

doses for each experimental unit.  

2.2.3 Data Collection and Observations 

Vegetative parameters included plant height, number of rice seedlings, chlorophyll content, 

and flowering age. Vegetative height and growth rate were measured from 7 days after biofertilizer 

application until the reproductive phase. Chlorophyll content was measured during the maximum 

vegetative phase (around 30-35 days after planting) using an ethanol extraction method. 

Chlorophyll content in rice leaves was measured using the 96% ethanol extraction method. 

Fresh leaf samples were collected from each treatment, weighed at ±0.1 g, and cut into small 

pieces. The samples were crushed using a mortar and pestle with the addition of 10 mL of 96% 

ethanol until homogeneous, then placed in a centrifuge tube. The extract was incubated in dark 

conditions for 24 hours to ensure complete pigments dissolution, then centrifuged at 1000 rpm for 

10 minutes. The resulting clear supernatant was used for spectrophotometric analysis. 

Measurements were taken at wavelengths of 649 nm and 665 nm using a UV-Vis 
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spectrophotometer, with ethanol used as a blank. The concentrations of chlorophyll a and b were 

calculated using the Lichtenthaler Eq. (1), (2), (3) as follows: 

𝐶ℎ𝑙	𝑎	 = 	13.36	 × 	𝐴665	 − 	5.19	 × 	𝐴649	 (1) 
 

𝐶ℎ𝑙	𝑏	 = 	27.43	 × 	𝐴649	 − 	8.12	 × 	𝐴665,	 (2) 
 

𝐶ℎ𝑙	𝑡𝑜𝑡𝑎𝑙	 = 	20.0	 × 	𝐴	649	 + 	6.10	 × 	𝐴665 (3) 

Each treatment was performed with three replicates, and the results were statistically analyzed 

using analysis of variance (ANOVA) to determine the effect of biofertilizer application on the 

chlorophyll content of rice leaves. 

Plant height was measured non-destructively using a laser distance meter to obtain more 

accurate and efficient results. Observations were conducted periodically at each vegetative growth 

stage, starting from 2 weeks after planting until just before flowering, at two-week intervals. 

Sample plants were randomly selected from each treatment plot, with three to five plants per 

replicate representing the population. Measurements were taken by placing the laser meter 

perpendicular to the plant, from the soil surface to tip of the highest leaf actively photosynthesizing 

leaf. Each measurement was conducted at the same time each day, between 07:00 and 09:00 a.m., 

to minimize the effects of temperature, light intensity, and plant turgor conditions variations. The 

plant height values from each replicate were recorded and averaged for each treatment. 

The number of rice seedlings was observed to assess the vegetative growth response of rice 

plants to biofertilizer application. This parameter was observed non-destructively on randomly 

selected sample plants from each treatment plot. Observations were conducted at 28 days after 

planting, when the plants were entering the early generative phase. The number of rice seedlings 

was counted manually by counting all tillers. 

Measurement of N, P, and K nutrient levels using IoT-based sensors was performed based 

on electrochemical and optical ion-detection principles integrated with a microcontroller (ESP32). 

Ion-selective electrode (ISE) sensors were used to detect nitrate (NO₃⁻) and potassium (K⁺) ions, 

while an optical sensor was used for phosphate (PO₄³⁻) detection. 

Soil samples were first extracted using chemical extractants specific to each nutrient, and 

the resulting extract solutions were measured using the calibrated sensors. Sensor calibration was 

conducted using standard solutions with known concentrations of N, P, and K to generate 

calibration curves prior to measurement. 

To ensure accuracy, sensor measurements were validated by comparing the results with 

standard laboratory methods, including spectrophotometry for phosphorus and conventional soil 

analysis methods for nitrogen and potassium. Sensor output signals were converted into nutrient 
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concentrations expressed in ppm (parts per million), and all measurement data were recorded 

digitally through the IoT system. 

The data were analyzed using ANOVA. If significant differences were found, further 

analysis was conducted using the 5% Tukey’s Honestly Significant Difference (HSD) test with 

SPSS Statistic 31 version. 

3. Results and Discussion 

Observations during the vegetative phase of rice plants included plant height at 14, 21, and 

28 days after planting (DAP), as well as the Number of rice seedlings at 28 DAP. Physiological 

observations in this study included chlorophyll content at the end of the vegetative phase (30 

DAP), while soil nutrient content was also analyzed at 30 DAP. 

3.1 Plant Height  

Plant height is an important parameter in assessing the vegetative growth of rice plants. 

Environmental factors and nutrient availability greatly affect plant height, especially in the early 

stages of growth. The application of biofertilizers or biological fertilizers can increase plant height 

by improving soil fertility and increasing the availability of macro nutrients such as nitrogen, 

phosphorus, and potassium. Microorganisms in biofertilizers actively contribute to nitrogen 

fixation, dissolving phosphate, and producing growth hormones such as auxin and cytokinin, 

which stimulate stem elongation. Thus, the application of biofertilizers is expected to increase rice 

plant growth and productivity in a sustainable manner [13].  

 
Fig. 1.  Plant Height of Plants due to Treatment of Biofertilizer Combined with 

Bioactivator at 14 – 28 DAP 
 

As shown in Fig. 1, plant height increased progressively at 14, 21, and 28 days after planting 

(DAP), with significant differences observed between the humic acid-based fertilizer treatment 

(B1) and the bacterial consortium-based fertilizer treatment (B2). The control treatment had the 

lowest growth, with an average plant height of only 60.12 cm at 28 d. Conversely, treatments B1T2 

and B2T2 produced the highest growth, reaching 65.42 cm and 67.90 cm, respectively, at 28 HSP. 
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This indicates that the application of solid organic fertilizer, whether containing humic acid or 

bacteria, plays an important role in enhancing the vegetative growth of rice plants. 

The increase in plant height in treatment B1 (humic acid) was attributed to the ability of 

humic acid to improve the physical, chemical, and biological properties of the soil. Humic acid 

functions as an active colloid that increases cation exchange capacity (CEC), improves soil 

structure, and increases the availability of macro nutrients such as nitrogen (N), phosphorus (P), 

and potassium (K). According to Bertham et al. [14], the application of humic acid can increase N 

uptake by 20–25% due to its ability to form complexes with metal ions, thereby improving nutrient 

availability for plant absorption. In addition, humic acid can stimulate enzyme activity and 

increase root respiration, ultimately promoting the growth of rice plant stems and leaves. 

Meanwhile, treatment B2 (solid organic fertilizer with bacteria) had a positive effect due to 

the presence of microorganisms such as Azotobacter sp., Bacillus sp., and Pseudomonas sp., which 

are capable of fixing nitrogen from the air, dissolving unavailable phosphates, and producing 

growth regulators (phytohormones) such as auxin and cytokinin. This microbial activity helps 

increase nutrient availability and stimulate plant tissue growth. According to Naher et al. [15], the 

use of microbe-based organic fertilizer can increase rice plant height by up to 30% compared to 

the control, due to increased nutrient availability and better soil biological activity. 

Among the three doses administered (T1 = 300 g, T2 = 400 g, and T3 = 500 g), the 400 g 

dose (T2) produced the highest plant growth in both treatments B1 and B2. This indicates that 

400g is the optimal amount for providing nutrients without excess, which may inhibit nutrient 

absorption. A lower dose (T1) was unable to meet the nutrient requirements, while a higher dose 

(T3) may cause ion imbalance in the soil and reduce root absorption efficiency. Therefore, the 

medium dose (T2) provides the best balance between nutrient availability and plant requirements. 

In general, the increase in rice plant height under the humic acid and bacterial fertilizer 

treatments indicates that both materials play a synergistic role in improving soil fertility and 

stimulating vegetative growth. Humic acid improves soil structure and nutrient absorption 

efficiency, while microbes activate biological processes that increase nutrient availability. The 

combination of these factors results in faster stem growth, longer leaves, and more optimal plant 

height. 

The results of this study support the findings of Wang et al. [16], who reported that the 

application of humic acid-based organic fertilizers and microbes can increase rice growth through 

increased soil enzyme activity and the absorption of N and P nutrients. Thus, the application of 

humic acid-based solid organic fertilizers and bacteria at optimal doses can be a sustainable 

strategy to increase rice growth and productivity without excessive dependence on inorganic 

fertilizers. 
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3.2 Number of rice tillers  

The number of rice seedlings is an important indicator of rice yield potential because each 

productive tiller can form panicles and grains. Tillering is greatly influenced by nutrient 

availability, plant physiological activity, and soil conditions. The application of biofertilizers plays 

an important role in increasing the number of rice seedlings by increasing the availability of macro 

nutrients (N, P, K) and improving soil biological properties. Microorganisms in biofertilizers, such 

as Azospirillum, Bacillus, and Pseudomonas, are capable of fixing atmospheric nitrogen, 

dissolving phosphate, and producing phytohormones such as auxin and cytokinin, which stimulate 

the formation of lateral shoots in rice plants.  

Biofertilizers increase nutrient availability and enhance hormonal balance in plants, thereby 

contributing to tiller initiation. Furthermore, Basu et al. [17] reported that biofertilizer application 

significantly increased the number of productive rice tillers by improving nitrogen absorption 

efficiency and promoting soil microbial activity. Similarly, Wei et al. [18] demonstrated that 

consortium biofertilizer increased the number of rice seedlings and crop yield by up to 25% 

compared with the control. 

 
Fig. 2. Graph Number of Rice tillers of Plants due to Treatment of Biofertilizer Combined with 

Bioactivator at 30 DAP 
 

Fig. 2 illustrates a significant difference in the number of rice seedlings between the 

biofertilizer treatments and the control. Rice plants in the control group, which did not receive 

biofertilizer or humic acid, produced an average of 4.00 tillers. In contrast, treatments with 

biofertilizer plus humic acid (B1) and biofertilizer plus bacterial consortium (B2) resulted in a 

marked increase in the number of rice seedlings. The highest number of tillers was observed in 

B2T2 (biofertilizer plus 400 g bacterial consortium), with 6.00 tillers, followed by B1T2 with 5.00 

tillers. Treatments with 300 g (T1) and 500 g (T3) doses yielded lower results, as shown in Fig. 2. 

The increase in tillers compared to the control was attributed to higher availability of macro 

nutrients, especially nitrogen (N) and phosphorus (P), which are essential for shoot growth and 

tiller formation. In the control group, plant growth was limited by low soil nutrient availability, 

resulting in suboptimal tiller formation. This aligns with the findings of Anisuzzaman et al. [19], 
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who reported that rice plants require sufficient nitrogen availability to support productive tiller 

formation. 

Treatment B1 (biofertilizer + humic acid) showed an increase in the number of rice seedlings 

compared to the control because humic acid can improve soil structure, increase cation exchange 

capacity (CEC), and stimulate soil microbial activity. Humic acid also increases nutrient uptake 

and activates growth hormones that contribute to lateral shoot formation. According to Rahayu et 

al. [20], the application of humic acid can increase the number of rice tillers by up to 20% through 

increased root physiological activity and nutrient uptake efficiency. 

Meanwhile, treatment B2 (biofertilizer + bacterial consortium) showed the greatest 

improvement compared to the control. Microorganisms such as Azotobacter sp., Bacillus sp., and 

Pseudomonas sp. in biofertilizers play a role in fixing atmospheric nitrogen, dissolving phosphate, 

and producing growth regulators such as auxin, cytokinin, and gibberellin, which directly stimulate 

tiller formation. These results align with the findings of Fitriani et al. [21], who reported that 

microbe-based biofertilizers can increase the number of rice seedlings and rice productivity 

through improved soil biological fertility. 

A dose of 400 g (T2) proved to be the most optimal compared to 300 g (T1) and 500 g (T3). 

Low doses were unable to provide sufficient nutrients and microbial activity, while high doses 

may reduce effectiveness due to potential nutrient imbalances and microbial competition in the 

root zone. This finding is reinforced by Sakpirom et al. [22], who stated that the application of 

biofertilizer at a moderate dose can increase the number of rice seedlings by up to 40% compared 

to the control without causing nutritional stress. 

Overall, these results show that the combination of biofertilizer, especially at a 400 g dose 

of bacterial consortium, is significantly more effective than the control in increasing the number 

of rice seedlings. This proves that biofertilizer can be a sustainable alternative to replace inorganic 

fertilizers in modern rice cultivation systems. 

 
Fig. 3. Number of Rice seedlings of Plants due to Treatment of Biofertilizer Combined with 

Bioactivator at 30 DAP  
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Fig. 3 presents a visual comparison of rice seedling growth at 30 days after planting was 

conducted across seven treatments: the control, B1T1-B1T3 (biofertilizer with humic acid at 300g, 

400g, and 500g), and B2T1-B2T3 (biofertilizer with bacterial consortium at corresponding doses). 

Distinct differences are evident in plant height, tiller number, and leaf color intensity. The B2T2 

treatment demonstrates the most pronounced tillering and darker green foliage, indicating 

enhanced nitrogen uptake and chlorophyll development. Seedlings treated with biofertilizer 

combinations exhibit more vigorous growth and a denser canopy than the control. These findings 

indicate that beneficial microorganisms improve nutrient availability and hormonal regulation 

during the critical vegetative growth phase. The photographic evidence qualitatively corroborates 

the positive effects of biofertilizer application on rice seedling establishment and tillering capacity, 

both of which are essential determinants of final grain yield potential. 

3.3 Chlorophyll Content  

Chlorophyll content testing is used to assess photosynthetic efficiency and plant 

physiological conditions. Chlorophyll absorbs light energy used in the biomass formation process, 

making chlorophyll levels an important indicator of plant growth. Biofertilizer application can 

increase chlorophyll content by improving nitrogen and magnesium availability and stimulating 

growth hormone production through nitrogen-fixing and phosphate-solubilizing microbes. In 

addition to improving soil fertility, biofertilizers also increase photosynthetic efficiency and 

increase plant resistance to environmental stress [23]. Thus, biofertilizers are important in 

sustainable agriculture and increasing rice productivity. 

 
Fig. 4. Graph Chlorophyll Content of Plants Phase Vegetative 

 
Fig. 4 shows that both biofertilizer treatments, combined with humic acid (B1) and a 

bacterial consortium (B2), resulted in variations in rice leaf chlorophyll content at 30 days after 

planting (DAP). Chlorophyll content ranged from 18.44 µg/ml to 32.10 µg/ml, while the control 

group measured 21.00 µg/ml. The B1T2 treatment (biofertilizer plus 400 g humic acid) exhibited 

the highest chlorophyll content at 32.10 µg/ml, whereas B1T3 (500 g) recorded the lowest at 18.44 

µg/ml. However, analysis of variance (ANOVA) and the data in Fig. 4 indicate that these 
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differences were not statistically significant, suggesting that the observed variations were within 

the range of natural fluctuations and did not demonstrate a substantial effect on chlorophyll 

content. 

The insignificance of these results may result from several factors. First, biofertilizers 

require time to adapt to the soil environment to stabilize the microbial population and initiate 

effective nutrient uptake processes. Nitrogen-fixing microbes such as Azospirillum and 

Azotobacter require certain conditions of humidity and organic carbon availability to achieve 

optimal biological activity. Second, chlorophyll content is greatly influenced by environmental 

factors such as light intensity, humidity, and nitrogen and magnesium nutrient conditions in the 

soil. When these conditions are suboptimal or vary plots, the effect of biofertilizer treatment on 

chlorophyll content may be masked by environmental variability.  

Although statistically insignificant, the upward trend in chlorophyll content in treatments 

B1T2 and B2T2 indicates the potential positive effect of biofertilizers on plant photosynthetic 

efficiency. Bayat et al. [24] reported that humic acid can increase chlorophyll content by improving 

the absorption of micronutrients such as Fe and Mg and by increasing leaf enzymatic activity. 

Meanwhile, Kong and Liu [25] explained that bacterial consortia containing Bacillus and 

Pseudomonas produce growth regulators such as cytokinin and auxin, which can slow down 

chlorophyll degradation during vegetative growth. 

In addition, the lack of statistical significance may also be influenced by suboptimal dosage 

levels. A dose of 300 g may be insufficient to produce a noticeable physiological effect, while a 

dose of 500 g may cause microbial imbalance and decreased nutrient efficiency due to competition 

among microbial species. He et al. [26] found that the effectiveness of biofertilizer on chlorophyll 

content becomes significant only at an optimal dose that was balanced with the biological capacity 

of the soil and plant nutrient requirements. This is illustrated in Fig. 5. 

 
Fig. 5. Chlorophyll Extracts Showing Different Color Intensities Under Various Treatments 
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Physiologically, the relatively stable chlorophyll content between treatments indicates that 

all treatments were able to maintain photosynthesis at normal levels, with no significant difference 

compared with the control. This indicates that the plants remained healthy and that the biofertilizer 

functioned as a supplementary input rather than a primary source of nitrogen for the leaves in the 

early stages of growth. 

Thus, although the ANOVA results showed no significant differences, the data trends 

indicate that the combination of biofertilizer with humic acid or bacterial consortium at a moderate 

dose (400 g) has the potential to increase photosynthetic efficiency. Further research with longer 

application durations, more controlled environmental conditions, and a greater number of 

repetitions is needed to verify the significant effect of biofertilizer on the chlorophyll content of 

rice plants. 

3.4 Nutrient Content  

The nutrient content of soil media is a major factor determining plant growth and 

productivity. Macroelements such as nitrogen (N), phosphorus (P), and potassium (K) play an 

important role in protein formation, metabolic energy, and plant osmotic regulation. Increased 

nutrient availability can be influenced by soil microorganism activity, organic matter, and the use 

of biofertilizers that improve the nutrient cycle through biological fixation and phosphate 

solubilization. According to Walia et al. [27], the sustainable application of biofertilizers can 

increase the N, P, and K content of the soil and improve long-term fertility. 

 
Fig. 6. Nutrient Content in Growing Media (ppm) 

 
Fig. 6 demonstrates that this relative increase is closely associated with the roles of 

biofertilizers and humic acid in enhancing soil microbial activity and nutrient availability. 

According to Wang et al. [16], biofertilizers promote biological nitrogen fixation, facilitate 

phosphate solubilization, and enhance potassium mobility through the activity of microorganisms 

such as Azospirillum, Bacillus, and Pseudomonas. Additionally, humic acid functions as a 

chelating agent, thereby increasing nutrient absorption by plant roots. 
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The relatively lower nutrient content in the soil medium in several treatments, particularly 

in B2T3 (Fig. 6), may result from active nutrient uptake by plants. This suggests that although soil 

concentrations of nitrogen, phosphorus, and potassium decreased, these nutrients were efficiently 

utilized to support vegetative growth. Enhanced nutrient uptake by plants is typically accompanied 

by reduced soil nutrient concentrations, reflecting high nutrient uptake efficiency.  

This observation aligns with the findings of Santoyo et al. [28], who reported that 

biofertilizer-associated microbes increase the availability of soluble nutrients, thereby facilitating 

more rapid plant absorption. This phenomenon is also supported by good plant performance, such 

as increased plant height, number of rice seedlings, and chlorophyll content in the biofertilizer 

treatment. These conditions indicate that although soil nutrient content has decreased, the nutrients 

were utilized efficiently to support plant growth [29]. 

Overall, this trend shows that the use of biofertilizers and humic acid enriches the soil 

medium and increases nutrient absorption efficiency, resulting in improved physiological and 

morphological performance of plants. This aligns with the report by Salimani et al. [30], which 

states that biofertilizer can improve nutrient use efficiency and sustain soil fertility, even when the 

initial statistical effects appear insignificant. 

4. Conclusions 

The results of this study indicate that the combination of biofertilizer with humic acid and a 

microbial consortium can improve soil fertility and support the vegetative growth of rice plants, 

although statistical analysis shows no significant differences. Increased efficiency of N, P, and K 

nutrient uptake and improved plant morphophysiological performance, confirms that biofertilizers 

play an important role in strengthening sustainable agricultural systems. The use of IoT sensors 

for real-time nutrient monitoring represents an advancement in precision agricultural technology. 

This study recommends an optimal biofertilizer dose of 400 g pot⁻¹ as the most effective 

formulation. In the future, the development of commercial multi-species microbial biofertilizers 

and the integration of digital agronomy systems are expected to accelerate the transformation 

towards environmentally friendly and resource-efficient smart agriculture. 
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