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Abstract

Shallot productivity in Aceh Province remains below the national average, primarily
due to low soil fertility, drought stress, and high rainfall that exacerbate disease
incidence. Biopriming with plant growth-promoting microbes (PGPM) offers a
sustainable strategy to enhance crop performance by establishing early mutualistic
interactions during seed germination. This study was conducted from August to
November 2024 in Paloh Batee Village, Muara Dua District, Lhokseumawe, using a
non-factorial randomized block design with three treatments: biopriming of shallot
bulbs with Trichoderma harzianum, Bacillus thuringiensis, and Rhizomax (a consortium
of Rhizobium sp., Bacillus polymyxa, and Pseudomonas fluorescens). Growth parameters
(plant height at 15, 30, and 45 DAS), bulb traits (number, diameter, fresh and dry
weight), and the percentage of plants affected by Fusarium wilt disease. Results
indicated that biopriming significantly improved plant height at 15 DAS, bulb
number, fresh and dry bulb weight, and reduced disease incidence. The most effective
treatment was biopriming with T. harzianum, which consistently enhanced growth,
yield, and the percentage of shallots affected by Fusarium wilt.

Keywords: Biopriming, incidence of Fusarium wilt disease, PGPM, shallot, yield

Introduction

Shallot (Allium cepa L. var. agqregatum) is one of the most important horticultural
commodities in Indonesia, contributing significantly to household income, food
security, and the agro-industry sector. The demand for shallots continues to increase in
line with population growth and the expansion of the food processing industry. This
can be seen in the figure showing shallot consumption in Aceh Province reached 3,090
kg per capita per year in 2024, higher than the national average of 2,861 kg per capita

Jurnal Agrium | June 2026 | Volume 23 - Number 2

169

https://doi.org/10.29103/agrium.v23i2.27355


https://doi.org/10.29103/agrium.v23i2.27355
mailto:nasrullah@usk.ac.id
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ojs.unimal.ac.id/index.php/agrium
https://ojs.unimal.ac.id/index.php/agrium
https://doi.org/10.29103/agrium.v23i2.27355
https://doi.org/10.29103/agrium.v23i2.27355

JURNAL AGR'UM Jurnal Agrium | June 2026 | Volume 23 - Number 2

Journal of Agricultural Research https://doi.org/10.29103/agrium.v23i2.27355

per year (Badan Pusat Statistik, 2024). However, national production often fails to meet
this demand, resulting in productivity gaps and economic losses for farmers. In Aceh
Province, the cultivated area in 2024 reached 1,474 ha with a total production of
13,672.7 tons, equivalent to an average productivity of 9.3 tons ha™ (BPS Aceh, 2025).
This figure remains below the national average productivity of 11.05 tons ha-!
(Pusdatin, 2026), highlighting the persistent challenge of low yield at the farmer level.

Various factors, including seed quality, influence shallot productivity. Seeds with
high viability and vigor are capable of rapid and uniform germination, supporting
better plant growth, and contributing to increased productivity and yields. Conversely,
decreased seed quality due to prolonged storage, increased seed age, or suboptimal
storage conditions can reduce seed viability and vigor (Paparella et al., 2015).
Moreover, infected seeds act as primary inoculum sources for plant pathogens, thereby
exacerbating disease incidence and yield reduction (Sharma et al., 2024; Le et al., 2021).
Globally, shallot production is constrained by soil-borne diseases, such as Fusarium
oxysporum, which, under severe infection, can cause yield losses exceeding 50%
(Sharma et al, 2024). Recent studies emphasize that integrated seed health
management is essential to reduce pathogen transmission and improve crop resilience
(Paparella et al., 2015; Munkvold, 2009).

Innovative approaches to improve seed quality are therefore essential to enhance
shallot productivity. One promising strategy is biopriming, a seed treatment technique
that uses beneficial microbes known as plant growth-promoting microbes (PGPM).
PGPV, including rhizobacteria and fungi, colonize seed surfaces and rhizospheres,
stimulating physiological processes such as hormone production, nutrient
solubilization, and stress tolerance (Gopalan et al, 2023). Recent studies have
demonstrated that biopriming not only improves seed vigor but also enhances
resilience against biotic and abiotic stresses in horticultural crops (Pagano et al., 2023;
Swain et al., 2021).

PGPM encompasses diverse microbial groups with dual functions: growth
promotion and biocontrol. Rhizobacteria are a consortium of bacteria that actively
colonize the rhizosphere zone by producing compounds that can induce systemic plant
resistance to pathogen attacks (Halimursyadah et al., 2023). Plant growth-promoting
rhizobacteria (PGPR), such as Pseudomonas sp., Azotobacter sp., and Bacillus sp., are
widely recognized for their ability to accelerate germination and improve seedling
uniformity (Rahni, 2012; Hyder et al.,, 2021). Similarly, beneficial fungi such as
Trichoderma harzianum are widely used as biological control agents against plant
pathogens. Trichoderma has been reported to suppress soil-borne diseases (such as
Fusarium, Colletotrichum, Phytophthora, and Sclerotium) while producing growth
hormones that stimulate root development and improve host plant performance
(Soesanto et al., 2013; Rush et al., 2021). Recent advances highlight the synergistic role
of PGPR and Trichoderma in enhancing crop productivity under tropical
agroecosystems (Song et al., 2025; Sudartini et al., 2023).

Despite growing evidence of PGPM efficacy across various crops, few studies have
examined the application of biopriming in shallot cultivation, especially in tropical
agroecosystems such as Aceh. This research aims to evaluate the effect of microbial
biopriming on shallot bulb quality, growth performance, and disease resistance. By
identifying effective PGPM candidates, the study is expected to provide practical
recommendations for sustainable shallot production systems. The outcomes are
anticipated to contribute to the development of eco-friendly seed treatment
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technologies that enhance local agricultural productivity while supporting broader
goals of sustainable food security.

Methods

Plant materials and experimental site

The experiment was conducted in Paloh Batee Village, Muara Dua District,
Lhokseumawe City, Aceh Province, Indonesia (5.16°N, 97.13°E; 16 m above sea level).
The plant material used was the shallot cultivar Bauji, widely cultivated in Aceh.

Soil preparation and fertilization

Experimental plots were prepared by constructing raised beds (30 cm height). Two
weeks before planting, composted cattle manure was applied at a rate of 10 t ha™ as
basal fertilizer. In addition, chemical fertilizers were applied, consisting of urea (200 kg
ha), SP-36 (100 kg ha™), and KCl (250 kg ha™). Black-silver plastic mulch was used to
cover the beds.

Experimental design

The experiment was arranged using a Randomized complete block design with non-
factorial treatments to evaluate the effect of microbial biopriming on shallot growth
and productivity. Three microbial agents were applied as treatments: a suspension of T.
harzianum prepared by diluting 150 g of corn-based culture in 1 L of water, a
suspension of Bacillus thuringiensis obtained by diluting 150 g of rice-based culture in 1
L of water, and Rhizomax, a microbial consortium containing Rhizobium sp., B.
polymyxa, and Pseudomonas fluorescens, prepared by dissolving 10 g of Rhizomax
powder in 1 L of water. Each treatment was replicated 5 times, yielding a total of 15
experimental units. This design provided a robust framework to assess the comparative
effectiveness of different microbial biopriming agents under tropical agroecosystem
conditions.

Seed treatment and planting

The shallot bulbs were pruned by removing the top third to break dormancy and
stimulate germination. Before planting, the bulbs were soaked in a microbial
suspension for 150 minutes, depending on the treatment. The soaking time was
determined based on a modification of the method from preliminary research. Planting
was carried out at a spacing of 15 cm x 20 cm.

Crop management

Standard crop management practices were applied, including irrigation, manual
weeding, and pest control. Pest management involved the use of botanical pesticides
and a mixture of chlorfenapyr (300 g L) and emamectin benzoate (5 g L) when
necessary.

Observations and data collection

Observations were conducted to evaluate the physiological and pathological responses
of shallot plants under different biopriming treatments. Plant height was measured at
15, 30, and 45 days after planting (DAP) to assess vegetative growth dynamics. Yield-
related parameters included the number of bulbs per plant, bulb diameter, and fresh
and dry bulb weight. Disease incidence was recorded at eight weeks after planting
(WAP) by calculating the proportion of plants showing visible symptoms of Fusarium
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Table 1

wilt infection relative to the total number of plants per plot. The percentage of disease
incidence was determined using the formula:

Disease incidence (%) = (Number of infected plants x Total plants per-plot) x 100 %

This approach provided quantitative data on the effectiveness of microbial biopriming

in enhancing plant growth and reducing the incidence of Fusarium wilt disease.
Statistical analysis

All collected data were subjected to analysis of variance (ANOVA) using the F-test at a
5% significance level to determine treatment effects. When significant differences were
detected, mean comparisons were performed using the Honestly Significant Difference
(HSD/BN]) test at 5% to identify specific treatment differences. Statistical analyses were
conducted using standard agricultural research software packages, such as SAS, R, and
SPSS, to ensure robust, reproducible results.

Results and discussion

Plant height at 15, 30, and 45 days after planting (DAP)

The highest plant height was observed in the treatment with B. thuringiensis (at 15
DAP), which was significantly different from Rhizomax but not from T. harzianum. This
indicates that biopriming with B. thuringiensis and T. harzianum effectively stimulated
early vegetative growth (Table 1). The positive effect of Bacillus species on plant growth
has been associated with their ability to enhance nitrogen uptake, solubilize phosphate,
and synthesize indole-3-acetic acid (IAA), which promotes cell elongation and root
development (Masood et al., 2020; Sutariati et al., 2006). Similarly, Trichoderma spp. are
recognized as plant growth-promoting fungi (PGPF) due to their production of
siderophores, phosphate-solubilizing enzymes, ACC deaminase, and phytohormones
such as cytokinins and IAA (Viterbo et al., 2010; El Enshasy et al., 2020). IAA plays a
crucial role in plant-microbe interactions, directly enhancing shoot elongation and root
growth (Matsuda et al., 2018). Moreover, Trichoderma spp. exhibit rapid colonization of
the rhizosphere and superficial root tissues, thereby improving nutrient acquisition and
plant vigor (Patel et al., 2019).

At 30 and 45 DAP, plant height tended to be higher in the T. harzianum treatment,
although differences among treatments were not statistically significant. This trend is
consistent with previous findings by Septania et al. (2022), who reported that
Trichoderma application in shallots increased daily plant height growth compared to

Effect of microbial biopriming on shallot plant height at 15, 30, and 45 DAP. Values within a column that share the same letter

are not significantly different according to HSD at 5%.

Plant height (cm)
Treatment
15 DAP 30 DAP 45 DAP
Trichoderma harzianum 24,68 ab 35,04 37,05
Bacillus thuringiensis 26,32 b 31,94 35,65
Rhizomax consortium 22,37 a 33,33 35,84

HSD 5%

3,68 = -
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control treatments. Rahmad et al. (2023) also demonstrated that biopriming rice seeds
with T. harzianum enhanced seed viability, vigor, and early growth parameters,
including root length and seedling height. The absence of significant differences at later
growth stages may be attributed to the physiological shift in shallot plants from the
vegetative to the generative phase, during which assimilates are allocated primarily to
bulb formation rather than shoot elongation (Iswahyudi et al., 2022).

Recent studies further support these findings. Swain et al. (2021) highlighted that
microbial biopriming improves early vigor and enhances plant defense responses. Song
et al. (2025) emphasized the synergistic role of PGPR and Trichoderma in enhancing
nutrient uptake and stress tolerance, particularly under tropical agroecosystems. In
addition, Sudartini et al. (2023) noted that microbial-based interventions in tropical
agriculture contribute to sustainable productivity by reducing reliance on chemical
inputs, aligning with broader goals of eco-friendly crop management.

The results indicate that microbial biopriming, particularly with B. thuringiensis and
T. harzianum, can enhance early vegetative growth of shallot. However, the effect on
plant height diminishes at later stages due to physiological allocation of assimilates to
bulb development. These findings reinforce the importance of microbial biopriming as
a sustainable strategy to improve seedling vigor and establish healthier plants, thereby
supporting productivity and resilience in shallot cultivation.

Number of bulbs and bulb diameter

The highest number of bulbs was obtained with the T. harzianum treatment, which was
significantly higher than both B. thuringiensis and Rhizomax (Table 2). This finding
suggests that biopriming with T. harzianum provides the most effective stimulation of
bulb formation in shallot. The positive effect of Trichoderma on bulb number can be
attributed to its ability to enhance root branching and biomass accumulation through
cell enlargement and division (Cornejo et al, 2016). da Silva et al. (2024) further
reported that biopriming with T. harzianum increased root volume and length, thereby
expanding the absorption area for water and nutrients, which in turn promoted
tillering and bulb formation.

Nutrient uptake enhancement is another mechanism underlying Trichoderma's
effect. Li et al. (2015) demonstrated that inoculation with T. harzianum improved
phosphorus (P), iron (Fe), copper (Cu), and zinc (Zn) uptake in tomato seedlings.
Phosphorus availability is often limited in soils due to fixation, particularly in acidic
conditions (Rengel, 2015). T. asperellum T34 has been shown to solubilize insoluble
forms of P, such as phytate and calcium phosphate, by secreting phytase enzymes,

Table 2

Effect of microbial biopriming on the number of bulbs and bulb diameter of shallot. Values within a column that share the
same letter are not significantly different according to HSD at 5%.

Treatment Number of bulbs Bulb diameter (mm)
Trichoderma harzianum 7,64 b 20,27
Bacillus thuringiensis 5,50 a 20,93
Rhizomax consortium 5,78 a 18,32
HSD 5% 1,76 -
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thereby increasing total P uptake in cucumber roots (Garcia-Lopez et al., 2015). These
mechanisms explain T. harzianum superior performance in increasing shallot bulb
number.

Regarding bulb diameter, the highest values were observed in the B. thuringiensis
treatment, followed by T. harzianum and Rhizomax, although the differences were not
statistically significant. The tendency for larger bulb diameter under B. thuringiensis
treatment may be linked to its role in regulating root growth and nutrient assimilation.
Rajjaou et al. (2012) reported that B. thuringiensis enhanced root development, whereas
B. subtilis increased root and shoot biomass through cytokinin production (Veselova et
al., 2022). Cytokinins are key regulators of cell division and differentiation, processes
that are directly involved in bulb enlargement (Khokhar, 2022).

Recent studies reinforce these findings. Nika et al. (2025) demonstrated that
powdered Trichoderma formulations not only controlled Fusarium oxysporum (causal
agent of moler disease in shallot) but also improved bulb yield and quality. Song et al.
(2025) highlighted the synergistic role of PGPR and Trichoderma in enhancing nutrient
uptake and stress tolerance, which indirectly supports bulb development. Sudartini et
al. (2023) emphasized that microbial-based interventions in tropical agriculture
contribute to sustainable productivity by reducing dependence on chemical inputs,
aligning with eco-friendly crop management strategies.

Fresh and dry bulb weight and disease incidence

The highest fresh and dry bulb weights were obtained with the T. harzianum treatment,
which was significantly higher than Rhizomax but not significantly different from B.
thuringiensis (Table 3). This result highlights Trichoderma's superior role in enhancing
biomass accumulation and in partitioning assimilates to bulbs. Fresh and dry bulb
weights are critical yield parameters that reflect the efficiency of photosynthetic
assimilate production and allocation. Dutta et al. (2024) reported that Trichoderma
inoculation increased photosynthetic pigment content and improved onion growth
under field conditions. Similarly, Tanwar et al. (2013) found that T. viride significantly
enhanced shoot biomass, root length, chlorophyll content, and nutrient uptake in
broccoli. Enhanced chlorophyll content improves photosynthesis, leading to greater
assimilate production and bulb development.

Recent studies confirm that biopriming improves seedling vigor and nutrient use
efficiency. According to Baihagqi et al. (2018), soaking seeds in PGPR allows bacteria to
colonize seeds and roots from the beginning of germination, thereby supporting plant
growth and increasing the effectiveness of PGPR utilization. Ullah et al. (2023)
demonstrated that seed priming enhances enzymatic activity, membrane integrity, and

Table 3

Effect of microbial biopriming on fresh and dry bulb weight and disease incidence in shallot. Values within a column that
share the same letter are not significantly different according to HSD at 5%.

Treatment Fresh bulb weight (g) Dry bulb weight (g)  Disease incidence (%)
Trichoderma harzianum 57,42 b 46,13 b 39,51 a
Bacillus thuringiensis 42,66 ab 33,59 ab 68,20 b
Rhizomax consortium 39,50 a 28,09 a 67,17 b
HSD 5% 15,03 13,82 22,35
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nutrient uptake efficiency. Akladious and Abbas (2012) showed that T. harzianum
application in maize increased chlorophyll, starch, nucleic acids, protein content, and
phytohormones, while Ortega-Garcia et al. (2015) and Vojnovi¢ et al. (2024) reported
that Trichoderma enhances antioxidant enzyme activity (SOD, CAT, POD, GPX) and non
-enzymatic antioxidants (phenolics, flavonoids), thereby reducing oxidative stress and
protecting photosynthetic machinery. These mechanisms explain the superior fresh and
dry bulb weights observed in the Trichoderma treatment.

Biopriming also improves seed germination and seedling morphology. Chakraborti
et al. (2022) and da Silva et al. (2024) reported that T. harzianum and B. subtilis increased
shoot dry mass and vigor in treated seeds. Gau et al. (2021) further demonstrated that
B. subtilis enhanced nutrient uptake and significantly increased bulb weight and
diameter in shallots. In addition, Trichoderma produces secondary metabolites such as
harzianolide, which stimulate plant growth and root development (Cai et al., 2013).
Disease incidence was lowest in the T. harzianum treatment (39.51%), which was
significantly lower than in the B. thuringiensis (68.20%) and Rhizomax (67.17%)
treatments. This indicates that Trichoderma provides effective protection against moler
disease caused by Fusarium oxysporum. The biocontrol activity of Trichoderma involves
direct mechanisms, such as mycoparasitism and the production of antifungal
metabolites, as well as indirect mechanisms, including induced systemic resistance
(ISR) and modulation of plant defense pathways (Poveda, 2021). Chen et al. (2019)
reported that T. harzianum colonization reduced reactive oxygen species (ROS)
accumulation, improved redox homeostasis, and enhanced antioxidant enzyme activity
in cucumber roots challenged with Fusarium oxysporum.

Although B. thuringiensis and Rhizomax also reduced disease incidence compared
to untreated controls, their effectiveness was limited, with disease levels exceeding
50%. This suggests that while PGPR can contribute to disease suppression, Trichoderma
remains more effective under the tested conditions. Yu et al. (2022) emphasized that
PGPR and Trichoderma can act synergistically to induce systemic resistance and
improve plant health. Utilizing Bacillus spp. can be a solution for plant disease control
because it can colonize plants and produce beneficial microbial compounds that inhibit
the development of plant pathogens, especially Fusarium oxysporum (Heriyati et al.,
2023).

The findings demonstrate that T. harzianum is the most effective biopriming agent
for improving fresh and dry bulb weights and reducing disease incidence in shallots.
These results reinforce Trichoderma's dual role as both a growth promoter and a
biocontrol agent, supporting its application in sustainable shallot production systems.

Conclusion

This study demonstrated that microbial biopriming significantly influenced the growth
and yield performance of shallot (Allium cepa L. var. aggregatum) under tropical
agroecosystem conditions. Biopriming with T. harzianum consistently produced
superior outcomes, including higher fresh and dry bulb weights, greater bulb number,
and lower disease incidence compared to other treatments. The effectiveness of
Trichoderma is attributed to its dual role as a plant growth-promoting fungus (PGPF)
and biocontrol agent, enhancing nutrient uptake and photosynthetic efficiency and
activating systemic resistance against pathogens such as F. oxysporum.
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Although B. thuringiensis showed potential in improving bulb diameter and early
vegetative growth, its effect on disease suppression was less pronounced. The
Rhizomax consortium provided moderate improvements but was less effective than
Trichoderma. These findings highlight that different PGPM species may exert
complementary effects, suggesting that integrated microbial consortia could be
explored in future studies to maximize yield and resilience. Microbial bio-priming,
particularly with T. harzianum, represents a promising eco-friendly strategy to enhance
shallot productivity and reduce disease incidence. The application of PGPMs aligns
with sustainable agricultural practices by reducing reliance on chemical inputs,
improving crop resilience, and supporting broader food security goals.
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