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Abstract

This study aims to examine the interaction between PGPR roots of Imperata cylindrica and cow
manure on the growth and yield of Solanum melongena L., and to determine the optimal dose of
both treatments. The study used a factorial Completely Randomized Design (CRD) with two
factors: the dose of PGPR roots of Imperata cylindrica (0, 10, 30, 50 ml) and cow manure (0, 1,
2 kg), with five replications, the data were analyzed by ANOVA at a 5% level and further tested
with DMRT at a 5% level. The results showed a significant interaction between PGPR roots of
Imperata cylindrica and cow manure on plant height and number of leaves, with the best results
being PGPR 30 ml and cow manure 2 kg. The dose of PGPR Imperata cylindrica roots of 30 ml
can increase plant height, number of leaves, fruit weight, fresh root weight, and root length.
However, the dose of PGPR Imperata cylindrica roots of 50 ml can reduce the percentage of fruit
wilting. The dose of 2 kg of cow manure can increase plant height, number of leaves, number of
fruits, fruit weight, fresh root weight, dry root weight, and root length of plants. This study
concluded that PGPR Imperata cylindrica roots and cow manure or their combination affect the
growth and production of Solanum melongena L. plants.

Keywords— Cow Manure; Increased Production; Organic Matter; PGPR Imperata Cylindrica,
Solanum Melongena

Introduction

Solanum melongena L. is an important Solanaceae plant consumed worldwide (Mandal et al.,
2025). Solanum melongena L., commonly known as eggplant, is a low-calorie vegetable with
high nutritional value because it is rich in fiber, vitamins, minerals, and bioactive compounds,
especially polyphenols, which provide antioxidant properties (Kellab et al., 2025). In 2023, the
total eggplant production in Indonesia reached 699,896 tons, and its productivity increased from
the previous year, which was 691,738 tons (BPS, 2024). The market has the potential to be one
of the places to market fruit and vegetables. One effort to increase crop production is by adding
organic matter. Organic fertilizers can increase crop productivity by improving soil fertility and
nutrient content (Goda et al., 2025).

PGPR (Plant Growth Promoting Rhizobacteria) is a group of beneficial bacteria that can be found
in plant roots (one of which is in the roots of Imperata cylindrica) which acts as an organic
fertilizer, growth stimulant, and biocontrol of pathogens in the soil that are harmful to plants
(Paulus et al., 2023; Sopialena et al., 2023). The Imperata cylindrica thizosphere has the potential
to be an antagonistic agent against plant pathogen attacks; this is one of the advantages of
Imperata cylindrica PGPR (Hapsari, 2017). Research by Dahlan et al. (2021) showed that
applying Imperata cylindrica root PGPR to mustard greens can help more intensive height
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growth. Organic fertilizers can also be decomposed entirely, including cow manure, which has a
complex nutrient content. The use of cow manure can also support the use of livestock waste
(Hendri et al., 2015). Cow manure has nutrients, including organic carbon (C-Organic), nitrogen
(N), phosphorus (P), and potassium (K). Combining rhizobacteria isolated from Imperata
cylindrica roots and cow manure can help eggplant growth by providing nutrients and improving
soil structure. Cow manure also provides nutrients to microorganisms such as PGPR, so PGPR
activity encourages plant growth. Research by Saputri et al. (2021) shows a good interaction
between cow manure and PGPR in increasing eggplant plant growth and yield. In addition,
rhizosphere research is increasingly important in applying knowledge to improve productivity
and sustainable agricultural practices (Mandal et al., 2025).

Literature Review

Solanum melongena L. is a short-lived crop cultivated mostly in warm-weather tropical and
subtropical regions worldwide (Abrham & Shumbulo, 2024). For optimal growth, yield, and fruit
quality, annual rainfall of 1000-1500 mm and an altitude of 0—1600 meters above sea level are
required (Maurya et al., 2014). Solanum melongena L. prefers fertile, well-drained soil with a pH
of 5.5-6.8 and a high organic content (Chen et al., 2002). Nutrient management is an important
component that influences the production of vegetable crops, including Solanum melongena L.
(Abrham & Shumbulo, 2024). It is very responsive to fertilizer, and its deficiency will inhibit
growth, quality, and low yields (Okeowo & Sanni, 2016). Plant Growth Promoting Rhizobacteria
(PGPR) are soil bacteria that inhabit the rhizosphere of plants and can stimulate plant growth
directly or indirectly through soil nutrient cycling, plant growth regulation, and biological control
(Zhang et al., 2024). Furthermore, some PGPR strains secrete plant hormones such as indole
acetic acid (IAA) to stimulate plant growth (Feng et al., 2023; Fu et al., 2023; Liu et al., 2024).
Furthermore, it has been reported that PGPR application to plants can increase yield and quality
(Devi et al., 2023; Neshat et al., 2023).

The PGPR roots of Imperata cylindrica, Bacilliaceae, Azotobacter, and Pseudomonas sp. bacteria
were found to stimulate plant growth (Sopialena et al., 2023). Knezevi¢ et al.'s (2025) research
highlights the potential of Bacillus as an effective solution for integrated pest management in
cereal crops, such as its antifungal effect on Fusarium poae and its insecticidal effect on
wireworms (Agriotes lineatus larvae) in barley. Ali et al. (2023) stated that Azotobacter can
stimulate plant growth, increase nutrient mobilization in soil reconditioning, and improve nutrient
accessibility. Furthermore, Silletti et al. (2021) also reported that Azofobacter can potentially
promote plant growth in dry and N-deficient environments. Some Pseudomonas help in nutrient
solubilization by fixing atmospheric nitrogen (Sanow et al., 2023; Wu et al., 2023), converting
insoluble phosphate into soluble forms (Bakki et al., 2024; Dasila et al., 2023), increasing plant
resistance to various pathogens (Dehbi et al., 2023; N. R. Wang et al., 2022), and producing
hormones (indole-3-acetic acid (IAA) and cytokinin (CK)) (Orozco-Mosqueda et al., 2023).
Organic fertilizers, both manure and compost, have many benefits, such as reducing the risk of
groundwater pollution and environmental damage, improving soil quality, and increasing crop
yields (Moghaddam et al., 2021; Shaji et al., 2021). Several studies have shown several benefits
of using organic manure, such as increasing plant biomass in plants such as Japanese mint
(Mentha arvensis L.) (Bajeli et al., 2016), dragonhead (Dracocephalum moldavica) (Fallah et al.,
2018), and dill (Anethum graveolens) (Rostaei et al., 2018).

Research Method

This research was conducted at the Research and Education Estate of the Institut Pertanian Stiper,
located in Depok District, Sleman Regency, 118 meters above sea level. The research was
conducted from November 2024 to February 2025. The materials in this study were Yuvita F1
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eggplant seeds, planting media, PGPR Imperata cylindrica roots, cow manure, and 35 x 35 cm
polybags. The tools used were digital scales, pH meters, and thermometers. The research design
used a factorial design arranged in a Completely Randomized Design (CRD) consisting of 2
factors. The first factor is the dose of PGPR with four levels, namely 0, 10, 30, and 50 ml/plant
for each application, which is given starting from when the plants are 7 days after planting (dap)
until the plants are 84 days old, with a frequency of once every 7 days. The second factor is the
dose of cow manure with three levels, namely 0, 1, and 2 kg/plant, which is mixed into the planting
medium. From the two treatments above, 12 treatment combinations were obtained with five
replications for 60 experimental units.

The research observation parameters were plant height, number of leaves, number of fruits per
plant, fruit length, total fruit weight per plant, fresh root weight, dry root weight, root length, and
fruit wilting level. Data were analyzed using analysis of variance (ANOV A) at a significance level
of 5%; if there was a significant difference, a further Duncan Multiple Range Test (DMRT) was
carried out with a significance level of 5%.

Results and Discussion

Based on the results of the analysis, there was a significant interaction between the administration
of PGPR of Imperata cylindrica roots and cow manure on the height and number of plant leaves.
However, both applications separately had a significant effect on plant growth and production.
Various doses of PGPR significantly affected root length, fresh root weight, total fruit weight per
plant, and eggplant fruit wilting. Meanwhile, various doses of manure significantly affected the
parameters of the number of fruits per plant, fruit weight, fresh root weight, dry root weight, and
root length. The results of the analysis are presented in Tables 1-3.

Table 1. Effect of PGPR and cow manure doses on plant height (cm) and number of leaves

(strands)
Treatment Plant height Number of leaves
0 ml PGPR + 0 kg cow manure 17.60 g 5.60 g
0 ml PGPR + 1 kg cow manure 48.60 e 18.40 f
0 ml PGPR + 2 kg cow manure 65.80b 22.20 cd
10 ml PGPR + 0 kg cow manure 2230 f 7.00 g
10 ml PGPR + 1 kg cow manure 59.60 ¢ 19.40 ef
10 ml PGPR + 2 kg cow manure 67.40 ab 24.00 be
30 ml PGPR + 0 kg cow manure 22.60 f 580¢g
30 ml PGPR + 1 kg cow manure 68.60 ab 24.80 ab
30 ml PGPR + 2 kg cow manure 70.20 a 2620 a
50 ml PGPR + 0 kg cow manure 1930 g 560 g
50 ml PGPR + 1 kg cow manure 55.40d 19.60 ef
50 ml PGPR + 2 kg cow manure 66.40 b 20.60 de

Information: The average number followed by the same letter in the same column shows a
significant difference based on the DMRT test at a significance level of 5%.

Table 1 shows that the combination of a PGPR dose of 30 ml with 2 kg of cow manure has the
highest impact on plant height and number of leaves. This result is significantly different from
other combinations. In this dose combination, the availability of N and P elements shows the
highest figures compared to other combinations, namely N 25 mg/kg and P 105 mg/kg (Table 4).
Research by Jannah et al. (2022) shows that PGPR can support plant growth through its
mechanism of N (nitrogen) fixation. Azotobacter sp is one of the microbes that live in the PGPR
of cogongrass roots (Sopialena et al., 2023). Azotobacter sp that lives in the PGPR of cogongrass
helps plants in N fixation, an important element in plant vegetative growth (Marfuah & Majid,
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2017).

Purple eggplant plants require P for several purposes, including increasing leaf count (Adawiyah
et al., 2024). Cow manure can provide P availability, and its bound P content can be efficiently
improved by administering PGPR from Imperata cylindrica roots (K. W. Sari & Attahira, 2022).
Hapsari's (2017) research found several microbial isolates in Imperata cylindrica roots that act as
P solvents, including Bacillus sp., Pseudomonas sp., and Azotobacter sp. Utilization of PGPR is
an alternative technology that can increase agricultural production and is safer because the
bacteria that live in the plant's root area can stimulate plant growth and reduce the intensity of
Phytophthora fungal attacks (Roeswitawati et al., 2024; Utami & Ambarwati, 2017). Bacillus and
Pseudomonas also facilitate the absorption of essential nutrients such as nitrogen (N) and
phosphorus (P), which support plant growth (Y. Wang et al., 2024).

Separately, the administration of various doses of PGPR had a significant effect on several
observation parameters. The results of the analysis are presented in Table 2.

Table 2. Plant response to various doses of PGPR Imperata cylindrica

Parameter doses of PGPR (ml)
0 10 30 50
Root length (cm) 35.56 qr 37.29 pq 41.84p 32.11r
Root fresh weight (g) 24.51 q 2395q 30.62 p 27.22 pq
Fruit weight (g) 371.00 q 404.00 pq 436.90 p 364.40 q
Fruit wilting rate (%) 16.70 q 15.70 pq 16.70 q 13.60 p

Information: The average number followed by the same letter in the same line shows a significant
difference based on the DMRT test at a significance level of 5%.

Table 2 shows that applying PGPR from Imperata cylindrica roots significantly affected root
length, root fresh weight, total fruit weight per plant, and fruit wilting. A dose of 30 ml of PGPR
from Imperata cylindrica roots produced the best results for root length, root fresh weight, and
fruit weight. However, administering PGPR Imperata cylindrica roots at a dose of 50 ml resulted
in the lowest percentage of fruit wilting. This is in line with the research of Wilujeng et al. (2022),
which showed a significant effect of PGPR administration on the increase in root length of
eucalyptus seedlings. The fresh weight of the roots increased significantly with the administration
of PGPR from Imperata cylindrica roots. This indicates that PGPR increases root growth.
Research by Wardana et al. (2024) concluded that the administration of PGPR significantly
affected the growth of bangle roots compared to no treatment. Larger and healthier roots reflect
better absorption of water and nutrients, which ultimately supports overall plant growth. This is
related to higher fruit weight, indicating that the plant can absorb nutrients optimally. Research
by Fiqa et al. (2021) also showed a significant effect of 30 ml of PGPR on tomato fruit weight.

However, 50 ml of Imperata cylindrica root PGPR resulted in the lowest percentage of fruit
wilting. The lower the percentage of wilting, the better the storage life of eggplant, thus extending
its shelf life (Paath et al., 2017). Higher doses of Imperata cylindrica root PGPR, such as 50 ml/L,
can increase plant resistance to pathogens. Azotobacter sp bacteria exist in Imperata cylindrica
root PGPR (Hindersah et al., 2018). Azotobacter sp bacteria can produce secondary metabolites
and antimicrobials that fight phytopathogenic bacteria and fungi that cause disease in plants by
increasing the activity of defense enzymes (Kaya et al., 2020).

Research by Wang et al. (2024) Bacillus sp and Pseudomonas sp bacteria in PGPR play an
important role in increasing plant resistance through the production of lipopeptides and
phenazines, which can trigger the induction of systemic resistance (ISR) in plants, increasing
resistance to abiotic stresses such as drought or salinity, which ultimately contributes to the quality
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and quantity of fruit yields. Conversely, lower doses, such as 30 ml/L, may support vegetative
growth and root development more effectively. PGPR also contributes to phytoremediation,
namely the restoration of soil contaminated by heavy metals or other hazardous chemicals
(Igiehon et al., 2024). Fruit that lasts longer after harvest indicates better quality and less decay,
thereby increasing the economic value of the harvest.

Table 3. The effect of cow manure application on the growth of eggplant plants
doses of cow manure (kg)

Parameter 0 10 30
Number of Fruits (fruit) - 3,10b 335a
Fruit Weight (g) - 375,55b 412,60 a
Root Fresh Weight (g) 3,58 ¢ 30,61b 45,53 a
Root Dry Weight (g) 1,08 c 8,03b 10,73 a
Root Length (g) 20,00 b 4321 a 46,83 a

Information: The average number followed by the same letter in the same line shows a significant
difference based on the DMRT test at a significance level of 5%.

Table 3 shows that the application of cow manure significantly affected the number of fruits, total
fruit weight per plant, fresh root weight, dry root weight, and root length. A 2 kg/plant fertilizer
dose produced the best results for these parameters. The N and P content of the soil at a dose of 2
kg of cow manure had the highest figures, namely 44 mg/kg and 149 mg/kg (Table 4).
Environmental factors and nutrient availability can also contribute to fruit development,
especially the number and weight of fruit (Fiqa et al., 2021).

Research by D. E. Sari & Sudiarso (2022) showed that manure can potentially increase the weight
of fruit plants produced. The application of 2 kg of cow manure also significantly affected the
fresh weight of plant roots (Mukti et al., 2024) and the dry weight of purple eggplant plants
(Seftianingsih et al., 2023). Plant roots with a high dry weight indicate good water absorption;
plants with a higher root dry weight indicate plants that are resistant to drought (Torey et al.,
2015).

Table 4. N and P content before and after treatment with PGPR

Treatment Test value (mg/kg)
PGPR + cow manure (kg) Before After

N P N P
1:0 0 0 0 0
1:1 36 130 0 44
1:2 44 149 2 52
2:0 0 0 0 0
2:1 36 130 22 97
2:2 44 149 25 105
3:0 0 0 0 0
3:1 36 130 0 44
3:2 44 149 18 88

Table 4 shows the N and P content before and after the study. Before the study, N and P
measurements were performed on three treatment samples: without PGPR and cow manure,
without PGPR + 1 kg of cow manure, and PGPR + 2 kg of cow manure. The results showed that
the 2 kg dose had the highest soil N and P content, at 44 mg/kg N and 149 mg/kg P. The results
showed that the synergy between PGPR and cow manure can increase the availability and
efficiency of plants' nutrient uptake. Bacillus and Pseudomonas also facilitate the absorption of
essential nutrients such as nitrogen (N) and phosphorus (P), which support plant growth (Wang
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et al., 2024). Overall, the combination of 30 ml of PGPR from Imperata cylindrica roots and 2 kg
of cow manure produced good results for the growth and yield of purple eggplant plants. PGPR
is a solution for environmental improvement through the potential use of bacteria as biofertilizers
for sustainable agriculture (Gogoi et al., 2025).

Conclusion

This study concluded that there was a significant interaction between PGPR of Imperata
cylindrica roots and cow manure on plant height and number of leaves of purple eggplant plants,
with the best combination being 30 ml ml and 2 kg of cow manure. A dose of PGPR of Imperata
cylindrica roots of 30 ml can increase plant height, number of leaves, fruit weight, fresh weight
of roots, root length, while PGPR of Imperata cylindrica roots of 50 ml can reduce the percentage
of wilting of purple eggplant fruit. In addition, 2 kg of cow manure can increase plant height,
number of leaves, number of fruits, fruit weight, fresh weight of roots, dry weight of roots, and
root length of purple eggplant plants. The use of PGPR Imperata cylindrica root and cow manure
in Solanum melongena L. cultivation is one of the efforts to increase production and support
sustainable agriculture.
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