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Abstract

Marginal soils are characterized by low nutrient
availability, which adversely affects crop productivity. The
incorporation of organic materials and cultivation
techniques plays an important role in maintaining soil
health and crop yield. This study aimed to evaluate the
effects of photosynthetic bacterial fertilizers and the push-
pull system cultivation technique. The research was
conducted in Banjaran Village, Purbalingga Regency,
utilizing a completely randomized block design. Treatments
tested included SO (control), S1 (50 mL/2L), and S2 (100
mL/2L), as well as PO (control), P1 (Iemongrass), and P2
(peanuts). Each treatment was replicated three times and
analyzed using ANOVA, with Duncan's Multiple Range
Test (DMRT) (0=5%) applied for significant differences.
The observed variables included fresh plant weight, leaf
area, fresh root weight, age of male flowers, and
chlorophyll a levels. The results indicate that the application
of photosynthetic bacteria significantly affects the fresh
weight of the plants and the age of male flowers. However,
there is no significant effect on leaf area, fresh root weight,
and chlorophyll a levels. The push-pull system cultivation
technique significantly affects chlorophyll a levels,
although no significant differences were found in fresh
plant weight, leaf area, fresh root weight, and age of male
flowers.
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Abstrak

Tanah marginal mengandung unsur hara rendah dan
menurunkan hasil tanaman. Penggunaan bahan organik dan
teknik budidaya berperan untuk menjaga Kesehatan tanah
dan hasil tanaman. Studi ini bertujuan untuk menentukan
pengaruh pupuk bakteri fotosintetis dan teknik budidaya
pull push system. Penelitian dilaksanakan di Desa Banjaran,
Kabupaten Purbalingga, dengan menggunakan desain blok
acak lengkap. Perlakuan yang diuji mencakup SO (kontrol),
S1 (50 mL/2L), dan S2 (100 mL/2L), serta PO (kontrol), P1
(serai), dan P2 (kacang tanah). Setiap perlakuan direplikasi
sebanyak tiga kali dan dianalisis menggunakan ANOVA,
dengan Uji Rentang Ganda Duncan (DMRT) (0=5%)
diterapkan untuk perbedaan yang signifikan. Variabel yang
diamati meliputi berat segar tanaman, luas daun, berat akar
segar, umur bunga jantan, dan kadar klorofil a. Hasil
penelitian menunjukkan bahwa aplikasi bakteri fotosintetik

berpengaruh signifikan terhadap berat segar tanaman dan
umur bunga jantan. Namun, tidak terdapat pengaruh
signifikan terhadap luas daun, berat akar segar, dan kadar
klorofil a. Teknik budidaya pull push system menunjukkan
pengaruh signifikan terhadap kadar klorofil a, meskipun
tidak ditemukan perbedaan signifikan dalam berat segar
tanaman, luas daun, berat akar segar, dan umur bunga
jantan.

Kata kunci: Jagung; Kacang; Podzolik; Purbalingga; PSB

Introduction

Corn (Zea mays L.) is recognized as one of
Indonesia’s key strategic food commodities, ranking
after rice and soybeans because of its significant
contribution as a carbohydrate source, livestock feed
ingredient, and essential raw material for both the
food processing and bioethanol industries (Winarti et
al., 2023). Corn is crucial to ensuring that people
have access to enough food. The maize yield in
Bojongsari District, Purbalingga Regency, declined
from 6.60 t ha™! in 2023 to 5.55 t ha™! in 2024 and
5.08 t ha™ in 2025 (Badan Pusat Statistik Kabupaten
Purbalingga, 2026). Corn is a versatile crop capable
of thriving under a wide range of environmental
conditions (Ahmad et al., 2020; Kurosawa et al.,
2020; Prasanna et al., 2021). Environmental factors
can hinder the development process and reduce crop
yields (Chaudhry & Sidhu, 2022; Chieb & Gachomo,
2023).

Appropriate fertilization and the implementation
of sound cultivation practices are key determinants of
crop productivity. Soil fertility decline driven by the
intensive and continuous use of chemical fertilizers is
a major contributor to reduced productivity.
Dependence on these inputs has led to degraded soil
structure, diminished populations of beneficial
microorganisms, and lower nutrient uptake efficiency
(Nair, 2025). Organic amendments and appropriate
farming practices improve soil environmental quality
by enhancing nutrient availability, increasing soil
organic matter, and promoting microbial activity
(Duran-Lara et al., 2020; Shaji et al., 2021). Red-
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yellow podzolic soils pose cultivation challenges due
to pronounced acidity and very low nutrient
availability, and the application of organic
amendments together with enhanced agronomic
practices can alleviate these constraints and help
maintain environmental quality (Liu et al., 2019). In
the context of sustainable agriculture, efforts to
improve these conditions need to focus on the use of
biological agents and crop cultivation techniques.
One such example is photosynthetic bacteria and the
push-pull cultivation technique.

Photosynthetic bacteria constitute heterotrophic
microorganisms capable of performing anoxygenic
photosynthesis (George et al., 2020) and they
contribute critically to soil nitrogen, carbon, and
sulfur cycling (Kushkevych et al., 2024).
Representative species frequently employed include
Rhodopseudomonas  palustris and Rhodobacter
sphaeroides. Photosynthetic bacteria (PSB), are a
kind of bacteria that create their own food using
sunlight (Gunaseelan et al., 2024; Lu et al., 2022).
PSB has pigments that play a role in promoting
photosynthesis (Labunskaya et al., 2024; Wang et al.,
2020). Application of 20 mL of photosynthetic
bacterial liquid fertilizer resulted in a dry weight of
21.04 g for kailan plants (Panunggul et al., 2023).
The push-pull cultivation system improves the use of
space and resources. This study offers sustainable
strategies for farmers to enhance crop yields and
encourages the adoption of environmentally friendly
agricultural practices. The push—pull system is an
integrated cropping approach that combines main
crops, companion plants, and habitat management to
suppress pests and diseases and protect crop health
(Gugissa et al., 2022) and eco-friendly (Buleti et al.,
2023).

This study investigates fertilizers derived from
photosynthetic bacteria and a method called push-pull
that can help grow more corn. Previous research by
(Dursun et al., 2019), the application of bacterial
fertilizer at a concentration of 3 gL-1, has no effect on
chlorophyll 56,60 pg mL-1 and effect of purple
bacteria that help with phosphate makes pea plants
take in less (Wang et al., 2021). Inoculation with
photosynthetic bacteria enhanced rice growth and
productivity, increasing plant height by up to 12%
and grain vyield by 18% relative to the control
(Ikhwani et al., 2022). Nawaz et al. (2023),
demonstrated that application of photosynthetic
bacteria to soybean plants enhanced photosynthetic
activity and elevated leaf chlorophyll content. The
push—pull system involving Desmodium plants
influences only the ground cover vegetation, while
planting distance determines the degree of
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competition for light and nutrients (Mutyambai et al.,
2019). The application of push—pull technology using
DNA genome extraction has not succeeded in
identifying the microbial taxa present in maize roots
under the current experimental conditions (Jalloh et
al., 2024). The novelty of this study lies in using pond
water, bamboo root extract, Pseudomonas
fluorescens, and fermented spirulina extract to
cultivate photosynthetic bacteria that function as plant
hormones, immunological agents, and soil nutrients
within the experimental framework. The previously
implemented push-pull system has not achieved
optimal crop yields despite Desmodium’s role as a
mitigator of soil degradation. However, Desmodium
does not promote  Rhizobium  formation.
Consequently, the proposed study will evaluate the
use of lemongrass for pest and disease repellence and
peanut (Arachis hypogaea) as a nitrogen-fixing crop
to improve vyield performance under the specified
experimental conditions. The study aims to determine
the effects on the growth, physiology, and yield of
corn plants.

Materials and Method

Research was conducted on land in Banjaran
Village, Bojongsari, Purbalingga, Indonesia, located
at an altitude of 145 meters above sea level. The
research materials used included “Exotic” F1 hybrid
sweet corn seeds, distilled water, acetone, alcohol,
NPK Mutiara fertilizer, chemicals for filter paper,
label paper, 0.5 kg plastic, tissue, effective
microorganisms 4, Bio-P60, and pesticides. The tools
used included test tubes, measuring pipettes,
measuring cups, Erlenmeyer flasks, beakers,
spectrophotometers, polybags, ovens, analytical
scales, seed counters, porcelain cups, cuvettes, and
writing instruments.

The variables included fresh plant weight, leaf
area, fresh root weight, age of male flowers, and
chlorophyll a. The experimental design used in this
study was a Randomized Complete Block Design
(RCBD). The first factor tested was liquid organic
fertilizer, consisting of three levels: SO (control), S1
(50 mL/2L), dan S2 (100 mL/2L). The second factor
is pull push system, terdiri tiga taraf: PO (control), P1
(Lemongrass), dan P2 (peanuts). The combination of
the two factors above resulted in 9 treatments, which
were then repeated 3 times, resulting in 27
experimental units. The data were analyzed using
DSAASTAT 1.1. and Analysis of variance (Anova)
test. The results of the treatments were analyzed
using the Duncan Multiple Range Test (DMRT) with
a 95% confidence level.
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Photosynthetic bacterial fertilizer

Fermentation of photosynthetic bacterial fertilizer
using fish pond water and bamboo root fermentation.
Place 500g of bamboo roots in a fermentation
container. Next, mix in 10 L of fish pond water, then
mix in 100g of brown sugar. Then pour into a
container and add 25 mL of EM-4 liquid
microorganism starter solution and the fermented
spirulina from fish pond water, then stir until evenly
mixed. After that, pour in 25 mL of Bio P60. Then
store for 14 days until the color turns pink.

Result and Discussion

The results of the data analysis regarding the
treatment of photosynthetic bacterial fertilizer on
growth variables showed a significant difference in
the fresh weight of the plants. However, no
significant differences were observed in leaf area. The
application of photosynthetic bacterial fertilizer
significantly affected the female flower variable,
while there was no significant difference in the wet
weight of the plants. Additionally, the application of
photosynthetic bacterial fertilizer did not show a
significant difference in chlorophyll a levels.

Fresh Weight Of The Plant

The application of photosynthetic bacteria
fertilizer at a concentration of 100 mL/2 L resulted in
a significantly higher fresh plant weight of 95.74 g
compared to the other treatments. This concentration
effectively promoted vegetative growth, leading to
greater fresh biomass accumulation. The enhanced
growth performance may be associated with the
ability of photosynthetic bacteria to improve nutrient
uptake efficiency and stimulate the biological activity
of the growing medium, thereby supporting overall
plant growth and development. The presence of
photosynthetic  bacteria, such as Rhodobacter
sphaeroides, increases nitrogen availability through
atmospheric nitrogen fixation. The enhanced nitrogen
supply supports protein and nucleic acid synthesis,
which subsequently stimulates plant growth and
contributes to greater biomass production (Anh et al.,
2025). Additionally, these bacteria produce
phytohormones such as auxins and cytokinins, which
promote cell division and elongation, as well as
enhance the development of vascular tissues
(Etesami, 2025). Efficient water and nutrient
translocation enhances chlorophyll production, which
increases photosynthetic activity and promotes fresh
biomass accumulation (Six et al., 2024).
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The push—pull cultivation technique did not
significantly influence fresh plant weight. However,
the treatment with peanut plants produced a fresh
plant weight of 95.33 g. Although the effect was not
statistically significant, the presence of peanut plants
may have enhanced nutrient availability and
supported plant growth, leading to greater fresh
biomass accumulation under the study conditions.
This can be explained through the adaptation
mechanisms of plants that adjust their physiological
and metabolic responses to maintain growth, even
under competitive conditions with repellent plants
(Isah, 2019). Plants prioritize root and leaf growth
under these conditions, which supports higher
photosynthetic efficiency (Moosavi-Nezhad et al.,
2022).

Leaf area

The application of photosynthetic bacteria
fertilizer did not significantly affect leaf area among
treatments. However, the application of 100 mL/2 L
resulted in the highest leaf area value of 82.28 cm2
Photosynthetic bacteria appeared to promote leaf
expansion, indicating that their association with
plants enhances nutrient availability, while overall
leaf area remained largely unchanged. Liquid
fertilizers containing photosynthetic bacteria can
increase chlorophyll accumulation, which plays a role
in photosynthesis (Anli et al., 2020). However, the
enhancement of photosynthetic capacity does not
always correlate with the expansion of leaf area.
Photosynthetic bacteria synthesize phytohormones
that promote cell division and elongation; however,
leaf development largely depends on environmental
conditions, including light and humidity (Kamyab et
al., 2025).

The push-pull system cultivation technique aims
to enhance plant resistance to pests by utilizing
repellent plants grown around the main crops. This
technique successfully suppresses pest attacks;
however, it does not result in significant changes in
the leaf area of the main crop. Competition for light
and nutrients between the main crop and companion
plants may explain the observed response (Moreau et
al., 2025). The presence of repellent plants can
decrease light interception by the main crop, which
may restrict. photosynthetic activity and leaf
expansion. In addition, humidity and temperature
strongly influence leaf area development, regardless
of improved nutrient availability (Yang et al., 2025).
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Table 1. The Effect of Photosynthetic Bacterial Fertilizer and Cultivation Techniques on Corn Plants.

Treatment FWP LF FRw MFA Chla
(@) (cm?) (@) (mgg™)
Doses Ph
SO (Control) 94,78 a 81,16 a 15.66 a 8,13 a 8,63 a
S1 (50 mL/2L) 95,32 b 81,53 a 15.71a 8,55b 8,83a
S2 (100 mL/2L) 95,74 ¢ 82,28 a 1594 a 891c 8,97 a
Cv 1,1 2,61 6,75 7,24 3,73
Push-pull
PO (Control) 95,13 a 80,71a 15.76 a 8,58 a 8,32 a
P1 (Lemongrass) 95,24 a 81,67 a 1593 a 8,59 a 8,68 Db
P2 (Peanuts) 95,33a 82,67 a 15.63 a 8,46 a 9,39¢
Ccv 1,1 2,61 6,75 7,24 3,73

Note: CV: Coefficient of Variation; FWP:Fresh Weight Plant; LF: Leaf area; FRw: Fresh root weight; MFA: Male
Flower Age; Chla: Chlorophyll a. Based on the Duncan's multiple range test at a significance level of 5%, the

means followed by the same lowercase letters in the same column are not significantly different.

Fresh Root Weight

The application of photosynthetic bacteria
fertilizer did not significantly affect fresh root weight.
However, the application of 100 mL/2 L resulted in a
fresh root weight of 15.94 g. The interaction between
bacteria and plants can explain the underlying
mechanism by enhancing nutrient availability,
although this interaction does not consistently
produce a significant increase in fresh root biomass
accumulation. Liquid  fertilizers  containing
photosynthetic bacteria can increase soil microbial
activity and the availability of essential nutrients such
as nitrogen and phosphorus, which are important for
root growth (Allouzi et al., 2022). This increase may
be insufficient to significantly stimulate root growth
under certain environmental conditions.
Environmental factors such as soil moisture and
temperature, along with plant genetic status, can also
affect resource allocation to roots, thereby influencing
total fresh root weight (Miao et al., 2024).

The push—pull cultivation technique did not
significantly influence fresh root weight. However,
the treatment with lemongrass resulted in a fresh root
weight of 15.93 g. Although the effect was not
statistically significant, the presence of lemongrass
may have improved rhizosphere conditions and
supported root growth, leading to greater fresh root
biomass accumulation under the study conditions.
The underlying mechanism may be related to
competition between the main plants and the repellent
plants for resources such as water, light, and nutrients

(Akbar et al., 2024).

Repellent plants can decrease light availability to
the main crops, potentially impairing photosynthesis
and reducing the energy available for root
development. Although the push—pull technique can
enhance overall plant health, environmental variables
uch as soil moisture, temperature, and soil
microbiological status also critically influence root
growth (Long et al., 2023).

Male Flower Age

The application of photosynthetic bacteria
fertilizer did not significantly influence the age of
male flowering. However, the 100 mL/2 L treatment
resulted in a male flowering age of 8.91 days.
Photosynthetic bacteria may have increased nutrient
availability and supported reproductive development,
thereby advancing flowering time, although this
effect did not reach statistical significance.
Photosynthetic bacteria enhance nutrient availability
and promote plant growth, although they do not
consistently influence the onset of male flowering in
maize. The timing of male flowering largely depends
on genetic characteristics, environmental conditions,
and the availability of water and essential
macronutrients. The differentiation of the apical
meristem leads to the development of male flowers at
the stem apex. During the vegetative phase, male
flower primordia form tassels containing anthers that
generate pollen (Cardarelli & Cecchetti, 2014). Wind
carries pollen from the anthers to the silks of female
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flowers, where successful fertilization leads to kernel
formation (Liu et al., 2023).

The application of the push-pull system
cultivation technique has no significant effect on the
age of male corn flowers. Peanut plants support the
cropping system by fixing atmospheric nitrogen in
root nodules, and the nitrogen released from these
nodules enhances soil fertility and increases nutrient
availability for maize (Guo et al., 2023). Improved
nutrition can support plant growth, but factors such as
genetics and environmental conditions remain the
main determinants of the timing of male flower
emergence, or tasseling (Chaudhry et al., 2024; Dong
et al., 2024). The process of male flower formation in
corn plants begins when the apical meristem
differentiates into flower primordia. Nitrogen derived
from peanuts enhances vegetative development
during the growth phase; however, tassel emergence
remains largely unaffected. Following tassel
formation, the anthers initiate pollen production
(Amin, 2011).

Chlorophyll a

Photosynthetic bacteria treatment did not produce
a statistically significant difference in chlorophyll a
levels. However, the 100 mL/2 L dose resulted in a
chlorophyll a concentration of 897 mg g
Chlorophyll a levels are more influenced by factors
such as light intensity, nitrogen and magnesium
availability, and the overall physiological condition of
the plant. The effect of Good Grow fertilizer showed
the highest total chlorophyll content at a dose of 5
ml/L, at 11.10 mg g™ (Nasution et al., 2025).

The push—pull cultivation technique produced a
statistically significant effect on chlorophyll a levels.
Specifically, the push—pull system applied to peanut
resulted in a chlorophyll a concentration of 9.39 mg
g™' . Peanuts act as an intercrop that provides nitrogen
through fixation by rhizobium bacteria in their root
nodules (Zhang et al., 2024). Nitrogen derived from
peanuts improves soil fertility and supports crop
growth, but its influence on chlorophyll a levels may
remain limited (Evans & Qaderi, 2024). Factors such
as light intensity, magnesium supply, and plant
physiological condition exert a greater influence on
chlorophyll a accumulation than nitrogen availability.

Conclusion

1. The results of the study concluded that the
application of photosynthetic bacteria
significantly affected the fresh weight of the
plants and the age of male flowers. However, the
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influence of photosynthetic bacteria did not have
a significant effect on leaf area, fresh root weight,
and chlorophyll a levels.

2. The push-pull system cultivation technique
significantly affected chlorophyll a levels.
However, no significant differences were
observed in the fresh weight of the plants, leaf
area, fresh root weight, and age of male flowers.
The combined application of photosynthetic
bacteria fertilizer and the push—pull cultivation
system did not result in a significant interaction
effect on plant growth, yield, or physiological
responses.
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