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ABSTRACT 

Chili pepper is a high-value horticultural crop that has significant nutritional and economic 
value. Plant growth-promoting rhizobacteria (PGPR) play a vital role in enhancing plant 
growth and productivity while supporting sustainable agriculture. This study evaluated the 
effect of PGPR derived from sugarcane roots and mimosa roots applied to chili pepper plants. 
The study was conducted using a factorial randomized complete block design. The first factor 
was the concentration of sugarcane root PGPR (0, 10, 20, 30 mL L-1), and the second factor 
was the mimosa root PGPR (0, 10, 20, 30 mL L-1). Observation variables included nitrogen 
uptake, plant height, flowering age, and fruit weight. The results showed that the application 
of sugarcane root PGPR had a significant effect on plant height and nitrogen uptake, with a 
concentration of 20 mL L-1 producing the highest nitrogen uptake (1.66 g). PGPR from 
mimosa root significantly affected flowering age and fruit weight, with a concentration of 30 
mL L-1 significantly increasing fruit weight. However, the combination of both types of PGPR 
did not have a significant effect on all the variables observed. Thus, the application of PGPR 
from sugarcane root and mimosa root separately effectively increased the growth and yield 
of chili pepper plants, while the combination of both did not show a synergistic effect. 
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INTRODUCTION 

Chili pepper (Capsicum frutescens L.) is one of the strategic horticultural commodities 

in Indonesia that has high economic value. However, the main challenge in cultivating chili 

pepper is low productivity due to limited nutrients in the soil. One alternative to increase 

the availability of nutrients in the soil and support plant growth is by applying Plant 

Growth Promoting Rhizobacteria (PGPR). PGPR are bacteria that live in the rhizosphere, 

which function to stimulate plant growth and physiology (Luvitasari & Islami, 2018). In 

addition, these bacteria are also able to increase plant yields and soil fertility (Shofiah & 

Tyasmoro, 2018) through various mechanisms such as nitrogen fixation, phosphorus 

solubilization, production of hydrocyanic acid compounds (HCN), and Indole Acetic Acid 

(IAA) compounds (Asra et al., 2024). Several genera of bacteria that are classified as PGPR 

include Pseudomonas, Serratia, Azotobacter, Azospirillum, Acetobacter, Burkholderia, and 

Bacillus (Noor & Nurhadi, 2022). PGPR with soil microbial communities can increase plant 

biomass and resilience (Samain et al, 2023). Sources of PGPR can be found in various types 

of plants, including sugar cane roots and mimosa roots. 

Sugarcane roots are a habitat for various microorganisms that can act as PGPR. One 

of the microorganisms that is abundant in sugarcane roots is the genus Bacillus (Maudy et 

al., 2019). These bacteria utilize root exudates and dead plant debris as nutritional agents 

(Hartono et al., 2024). Bacillus bacteria also contribute to plant growth through 
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mechanisms such as nitrogen fixation, phosphate solubilization, and phytohormone 

production (Miljaković et al., 2020). Bacillus spp. also acts as rhizobacteria that stimulate 

plant growth (biostimulant) (Setiaji et al., 2023). Research (Permadi et al., 2019) has 

shown that PGPR isolated from sugarcane roots can increase the growth of sugarcane 

plants. 

Mimosa pudica roots are a habitat for various microorganisms that can act as PGPR. 

One of the microorganisms found in the PGPR mimosa pudica roots is the Rhizobium 

bacteria (Nufus et al., 2022). These bacteria are able to help plants fix nitrogen as well as 

to dissolve phosphate and potassium. Research conducted (Hamzah et al., 2020) shows 

that the application of PGPR from mimosa roots affects the growth and yield of mustard 

plants. Research (Arinong et al., 2021) also reported that the application of PGPR of 

mimosa roots had a positive effect on growth (plant height and number of leaves) and 

fresh weight of long bean plants. 

Research into the benefits of PGPR has been extensively conducted, but studies on 

the effect of PGPR treatment of sugarcane roots and mimosa roots on nitrogen uptake, 

growth, and yield of chili pepper plants are still limited. This research aimed to investigate 

the effect of PGPR application derived from sugarcane roots and Mimosa pudica roots on 

the growth and yield of chili pepper plants (Capsicum frutescens L.).  

 

MATERIALS AND METHODS 

This research was conducted on agricultural land owned by residents in Krajan 

Hamlet, Ketapang Village, Kalipuro District, Banyuwangi Regency, East Java, Indonesia. 

The experiment period began in October 2023 and ended in January 2024.  

The materials used in this study included: 45-day-old chili pepper seedlings of the 

Grogolan variety, PGPR solution from sugarcane roots and Mimosa pudica roots, young 

coconut water, potatoes, granulated sugar, monosodium glutamate (MSG), shrimp paste, 

rainwater, manure, rice husk charcoal and NPK fertilizer (16:16:16). The tools included: 

spray tanks, calipers, meters, digital scales, pH meters, and documentation equipment. 

The research used a factorial randomized complete block design (RCBD) with two 

factors. The first factor was PGPR of sugarcane roots (A), which were composed of four 

treatment levels: A0 (0 mL L-1), A1 (10 mL L-1), A2 (20 mL L-1), and A3 (30 mL L-1). The 

second factor was PGPR of mimosa roots (B), consisting of four treatment levels, namely 

B0 (0 mL L-1), B1 (10 mL L-1), B2 (20 mL L-1), and B3 (30 mL L-1). Each treatment 

combination of treatments was replicated three times, resulting in 48 experimental units. 

Chili pepper seeds were sown in polybags containing a soil and compost mixture and 

kept in a shaded area until they were 45 days old. Land preparation involved clearing 

weeds, hoeing the soil, and adding manure and rice husk charcoal, followed by making 

beds sized 140 cm × 80 cm, 20 cm high, and spaced 50 cm apart.  

Seedlings were transplanted three days after land preparation into planting holes 

spaced 60 cm × 60 cm, with one seedling per hole. PGPR treatments were applied to 

sugarcane and mimosa roots at concentrations of 0, 10, 20, and 30 mL L-1 by pouring 500 

mL of the solution per plant at 28, 35, and 42 DAP.  

Maintenance activities included replanting dead plants up to 30 DAP, routine 

watering until 35 DAP, shoot pruning at 14 and 28 DAP, and manual weed control every 

three weeks. Fertilization application with NPK (16:16:16) was conducted using 25 mL 

per plant of a 20 g L-1 solution at 14, 30, and 45 DAP. Harvesting was performed at 60, 70, 

and 80 DAP, when the fruits reached physiological maturity. 

Observation variables consisted of plant height, stem diameter, flowering age, 

number of fruits, fruit weight per harvest, total harvest weight, and nitrogen uptake. Plant 

height was measured from the soil surface to the highest growing point using a meter at 

14, 28, and 42 DAP. Stem diameter was measured at the base of the stem ±1 cm from the 

soil surface using a vernier caliper. Flowering age was determined by recording the time 

the first flower appeared since planting. The number of fruits was counted manually from 
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the first to the third harvest, then added up. Fruit weight per harvest was weighed each 

time using a digital scale, while the total harvest weight was obtained from the 

accumulation of the three harvests. Nitrogen uptake was observed by taking leaf samples 

after the last harvest, then drying, crushing, and analyzing for nitrogen content using the 

dry digestion method and Kjeldahl analysis. The uptake value was calculated using the 

formula:  

N uptake (g) = (%N × dry weight of the plant)/100.  

Data were analyzed using analysis of variance (ANOVA). If there was a significant effect, 

further analysis with the least significant difference (LSD) test at α = 5% was performed. 

 

RESULTS AND DISCUSSION 

Analysis of variance 

Analysis of variance (ANOVA) (Table 1) showed that the application of PGPR derived 

from sugarcane roots significantly affected nitrogen uptake and plant height of chili plants 

at 42 days after planting (DAP). Meanwhile, the application of PGPR from Mimosa pudica 

roots significantly influenced flowering time and chili fruit yield. However, the interaction 

between PGPR from sugarcane roots and PGPR from Mimosa pudica roots did not exhibit 

a significant effect. 

Table 1. Analysis of variance (ANOVA) for nitrogen uptake, plant height, flowering time, and chili fruit yield.  

Source df N-uptake Plant height  Flowering time  Chili fruit harvest  
Replication 2 3.96* 3.93* 0.12ns 1.39ns 
A 3 3.20* 3.58* 1.71ns 1.91ns 
B 3 1.42ns 0.98ns 4.34* 5.12** 
A × B 9 1.24ns 0.98ns 1.21ns 1.28ns 

Note: * = significant effect, ns = non-significant effect. 

Nitrogen uptake 

PGPR from sugarcane roots had a significant effect on nitrogen (N) uptake (Table 1). 

Table 2 shows that the PGPR at a concentration of 20 mL L-1 (A2) resulted in the highest 

N uptake, reaching 1.66 g, followed by the A3 treatment (30 mL L-1) with 1.57 g. 

Meanwhile, the control treatment (A0) recorded an N uptake of 1.15 g, and the 10 mL L-1 

treatment (A1) showed the lowest value at 0.95 g. 

This indicates that the application of PGPR from sugarcane roots at certain 

concentrations can increase N uptake by chili pepper plants. The increase in N uptake in 

treatments A2 and A3 is likely related to the ability of PGPR to increase nutrient 

availability in the soil through nitrogen fixation, phosphate solubilization, and 

phytohormone production (Bhattacharyya & Jha, 2012). However, at the highest 

concentration (A3), N uptake decreased slightly compared to treatment A2. This is likely 

due to a threshold effect that causes microbial imbalance in the rhizosphere or 

competition between microbes in utilizing nutrients. This phenomenon is in line with 

previous research showing that the application of PGPR in excessive doses can reduce the 

efficiency of nutrient uptake by plants (Lucy et al., 2004). 

Interestingly, nitrogen uptake in the control (A0) was higher than in the A1 treatment 

(10 mL L-1), although the difference was not statistically significant. This result may be 

explained by the possibility that at low concentrations, the PGPR inoculum was not yet 

effective enough to form stable colonies in the rhizosphere or was not yet able to form an 

optimal symbiosis with plant roots. Furthermore, at low doses, PGPR can also experience 

strong competition with native soil microorganisms, thus reducing its effectiveness in 

increasing nutrient uptake (Backer et al., 2018). 
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Table 2. Nitrogen uptake of chili plant from PGPR of sugarcane roots treatment. 

PGPR from sugarcane roots (mL L-1) Nitrogen uptake (g per plant) 

0  1.15ab 

10 0.95a 

20 1.66b 

30  1.57b 
Note: Numbers followed by the same letters are not significantly different according to 5% LSD test. 

Table 3 shows that the results of the variance analysis indicate that the treatment of 

PGPR from Mimosa pudica roots did not have a significant effect on nitrogen (N) uptake in 

chili pepper plants. The effectiveness of PGPR depends on environmental conditions, soil 

microbial interactions, and the availability of N in the soil (Glick, 2012). PGPR works 

through nitrogen fixation, phosphate solubilization, and phytohormone production 

(Bhattacharyya & Jha, 2012). However, its effectiveness can be influenced by dosage, 

interaction with plants, and soil conditions (Lucy et al., 2004).  

Table 3. Nitrogen uptake of chili plant from PGPR of mimosa roots. 

PGPR from mimosa roots (mL L-1) Nitrogen uptake (g per plant) 

0 1.34 

10 1.29 

20 1.56 

30  1.13 

Plant height 

Table 4 shows that the application of PGPR from sugarcane roots at a concentration 

of 30 mL L-1 (T3) significantly increased the height of chili pepper plants at the age of 42 

DAP, reaching 35.17 cm, compared to other treatments, which ranged from 29.28 cm to 

29.65 cm. These results are consistent with research showing that the application of PGPR 

derived from bamboo roots at a concentration of 40 mL L-1 significantly enhances the 

growth of chili pepper plants. PGPR is known to be able to increase plant growth through 

the production of phytohormones and increasing nutrient availability (Purnamasari et al., 

2023). 

Table 4. Plant height of chili from PGPR of sugarcane roots treatment at 42 days after 

planting (DAP). 

PGPR from sugarcane roots (mL L-1) Plant height at 24 DAP (cm) 

0  29.37a 

10 29.65a 

20 29.28a 

30  35.17b 
Note: Numbers followed by the same letters are not significantly different according to 5% LSD test. 

Table 5 shows that the treatment of PGPR from Mimosa pudica roots did not provide 

a significant difference in the height of chili pepper plants at the age of 42 DAP. The 

average plant height ranged from 28.42 to 32.57 cm. This lack of difference is likely due to 

environmental factors or the insignificant efficacy of PGPR in this growth phase. 
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Table 5. Plant height of chili from PGPR of mimosa roots treatment at 42 days after 

planting (DAP). 

PGPR from mimosa roots (mL L-1) Plant height at 42 DAP (cm) 

0  32.19 

10 32.57 

20 28.42 

30  30.30 

Flowering time 

The treatment of PGPR from sugarcane roots did not significantly affect the age of 

chili pepper flower emergence (Table 6). The average age of flower emergence ranged 

from 39.83-42.58 DAP, with the lowest value in the T3 treatment (30 mL L-1). This 

indicates that sugarcane root PGPR may not be effective enough in accelerating chili 

pepper flowering at the concentration used. 

Table 6. Flowering time of chili from PGPR of sugarcane roots treatment. 

PGPR from sugarcane roots (mL L-1) Flowering time (DAP) 

0  42.58 

10 41.92 

20 42.13 

30  39.83 
 

Table 7 shows that the application of PGPR derived from mimosa roots at different 

concentrations influenced the age of flower emergence in chili pepper plants. The 20 mL 

L-1 treatment (B2) resulted in the earliest flowering at 39.79 days after planting (DAP), 

followed by the 10 mL L-1 treatment at 40.08 DAP. In comparison, the control (0 mL L-1) 

and 30 mL L-1 treatments showed later flowering times of 43.42 and 43.17 DAP, 

respectively. These findings indicate that a moderate concentration of mimosa root PGPR 

may promote earlier flowering, possibly due to increased availability of growth-regulating 

hormones such as auxins and cytokinins (Hidayat et al., 2021). 

Table 7. Flowering time of chili from PGPR of mimosa roots treatment. 

PGPR from mimosa roots (mL L-1) Flowering time (DAP) 

0  43.42a 

10 40.08bc 

20 39.79c 

30  43.17ab 
Note: Numbers followed by the same letters are not significantly different according to 5% LSD test; 

DAP-days after transplanting 

Total weight of fruit  

Table 8 shows the total weight of chili pepper harvest with PGPR treatment from 

sugarcane roots, which showed variation, but there was no significant difference between 

treatments (p>0.05). The dose of 30 mL L-1 (A3) produced the highest harvest (61.17 g), 

while the control (A0) was the lowest (50.66 g). These results indicate that the application 

of PGPR from sugarcane roots has the potential to increase crop yields, although the 

increase is not statistically significant. Similar studies have shown that PGPR can increase 

nutrient uptake and plant growth (Glick, 2012). 
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Table 8. Harvest per plant of chili from PGPR of sugarcane roots treatment. 

PGPR from sugarcane roots (mL L-1) Chili fruit harvest (g per plant) 

0  50.66  

10 56.93  

20 55.14  

30  61.17  
 

Results of the LSD test on PGPR concentration from mimosa root showed significant 

differences in the total weight of chili pepper harvest (LSD 5%) (Table 9). Treatment B2 

(20 mL L-1) produced the highest harvest weight (66.08 g), followed by B3 (30 mL L-1) and 

B1 (10 mL L-1), while B0 (0 mL L-1) had the lowest weight (49.28 g). These results indicate 

that PGPR application can increase chili pepper harvest yields. 

Table 9. Harvest per plant of chili from PGPR of mimosa roots treatment. 

PGPR from mimosa roots (mL L-1) Chili fruit harvest (g per plant) 

0  49.28a 

10 53.28ab 

20 66.08b 

30  55.06ab 
Note: Numbers followed by the same letters are not significantly different according to 5% LSD test. 

The combined application of PGPR from sugarcane roots and mimosa roots did not 

exert a significant effect on any of the observed parameters, including nitrogen uptake, 

plant height, flowering time, and total fruit weight of chili pepper. This lack of significance 

suggests that the combined application of PGPR does not necessarily result in a synergistic 

effect on plant growth and yield. This phenomenon is presumed to be due to 

incompatibility between microbial strains and plant genotypes, as well as the influence of 

environmental factors such as nutrient availability and microbial competition within the 

rhizosphere (Glick, 2012; Lucy et al., 2004; Bashan et al., 2014). 

CONCLUSIONS 

The effect of PGPR application could be concluded in three points: 1) PGPR from 

sugarcane roots increased nitrogen uptake and plant height at a concentration of 20 mL 

L-1, 2) PGPR from Mimosa pudica roots accelerated flowering time and increased the 

weight of chili fruit at a concentration of 30 mL L-1, and 3) the combination of PGPR from 

sugar cane roots and mimosa roots does not have a significant effect on the growth and 

yield of chili pepper plants. 
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