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Abstract. Shallots (Allium ascalonicum L.) are a major horticultural commodity 

in Indonesia with high economic value. This study aimed to evaluate the 

effectiveness of secondary metabolites produced by Trichoderma harzianum at 

different concentrations under various planting densities in shallot cultivation. 

The pot experiment employed a factorial completely randomized design 

consisting of two factors: secondary metabolite concentration (0%, 5%, 10%, and 

15%) and planting density (1, 2, or 3 seedlings per pot). Agronomic parameters 

included plant height, number of bulbs per plant, bulb weight, total bulb weight 

per plant, and bulb diameter, while the pathological response was measured as 

anthracnose disease severity. Application of a 5% concentration of secondary 

metabolites synthesized by T. harzianum significantly increased plant height (by 

16.08%), number of bulbs per plant (by 45.082%), and bulb diameter (by 

24.21%). Additionally, anthracnose disease severity decreased by up to 25.57%. 

Higher concentrations Shallots are a major horticultural commodity in Indonesia 

with high economic value. of secondary metabolites (10% and 15%) did not 

result in significant differences compared with the 5% treatment. 
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1 Introduction 

Shallots (Allium ascalonicum L.) are one of Indonesia’s key horticultural commodities, 

valued for their economic significance and widespread use in daily life. National de-

mand continues to grow, with production reaching 2.0 million tons in 2021, slightly 

decreasing to 1.9 million tons in 2022, and rising again to 2.1 million tons in 2023 [1]. 

Despite this positive trend, shallot productivity remains unstable due to damage caused 

by pests and diseases, particularly anthracnose, which is induced by Colletotrichum 

gloeosporioides. Under field conditions, the disease can reach severity levels of up to 
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64.93% [2]. Several factors contribute to its high incidence, including the use of sus-

ceptible planting materials, humid environments that favor pathogen development, and 

suboptimal crop management practices [3]. 

Farmers often depend on synthetic fungicides to manage anthracnose; however, ex-

cessive use of these chemicals can pose environmental risks, promote pathogen re-

sistance, and result in harmful residues on agricultural products [4]. These concerns 

highlight the urgent need for sustainable and ecologically sound disease-control meth-

ods one promising approach is the use of biological agents such as Trichoderma harzi-

anum. 

Trichoderma harzianum is widely recognized as an effective biocontrol agent 

against a range of soilborne and airborne pathogens. Its culture filtrate contains active 

metabolites such as hydrolytic enzymes (chitinase, glucanase) and antimicrobial com-

pounds (harzianolide, viridine, peptaibols) that play an essential role in suppressing 

pathogen development [5][6][7]. In addition to its antagonistic properties, T. harzianum 

is also known to promote plant growth by enhancing nutrient availability and inducing 

systemic resistance [8][9]. 

Although the biocontrol potential of T. harzianum has been widely explored, most 

studies have focused on its application as a live isolate in crops such as tomato, chili, 

and cucumber. Research that specifically examines the effects of its culture filtrate con-

taining secondary metabolites without live fungal biomass on shallot growth and re-

sistance remains limited. Similarly, the interaction between metabolite applications and 

agronomic factors such as planting density has not been thoroughly investigated, even 

though planting density strongly influences intra-plant competition, nutrient dynamics, 

and the activity of bioactive compounds in the soil. 

This study addresses these research gaps by integrating applications of T. harzianum 

secondary metabolites with different shallot planting densities. This approach is ex-

pected to provide new insights into how bioactive fungal metabolites interact with ag-

ronomic conditions in shallot cultivation. The study evaluates not only the biocontrol 

efficacy of these metabolites against anthracnose but also their effects on plant growth 

and physiological responses. 

The primary objective of this research is to evaluate the effectiveness of T. harzi-

anum secondary metabolites at different concentrations in enhancing growth, improv-

ing plant health, and reducing anthracnose intensity in shallots cultivated under various 

planting densities. 

The findings of this study are expected to make a meaningful contribution to the 

development of environmentally friendly and sustainable shallot cultivation systems. 

Scientifically, the results may enhance understanding of the mechanisms through which 

microbial secondary metabolites suppress plant pathogens and promote plant growth 

under different planting densities. Practically, this study may provide a foundation for 

designing microbe-based disease management strategies and optimizing shallot culti-

vation practices, thereby reducing reliance on synthetic fungicides. 
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2 Materials and Methods 

The research was conducted in a plastic greenhouse located in Lateri Village, Baguala 

District, Ambon City, at an elevation of 54 meters above sea level. Microscopic exam-

inations were carried out at the Crop Cultivation Laboratory, Faculty of Agriculture, 

Pattimura University. The study was undertaken from January to June 2025. 

A pure culture of T. harzianum used in this experiment was obtained from the Crop 

Cultivation Laboratory Collection, Faculty of Agriculture, Universitas Pattimura. The 

shallot bulbs employed in the study were of the Bauji variety. The planting medium 

consisted of a mixture of Regosol soil and eucalyptus leaf compost, following the pro-

cedure of [10], with a composition ratio of 5:1 (soil:compost). 

2.1 Research Design 

This study employed a Completely Randomized Design (CRD) with a two-factor fac-

torial arrangement and four replications. The first factor was the concentration of T. 

harzianum secondary metabolite filtrate, consisting of four levels: a1 = no metabolites 

(control), a2 = 5%, a3 = 10%, and a4 = 15%. The second factor was the number of 

shallot seedlings per pot, comprising three levels: b1 = 1 seedling, b2 = 2 seedlings, and 

b3 = 3 seedlings. Each treatment combination was replicated four times. 

2.2. Research Prosedure 

Production of Trichoderma harzianum Secondary Metabolites 

The production of secondary metabolites from T. harzianum was conducted following 

the procedure of Soesanto et al [11] with several modifications. Pure cultures of T. 

harzianum were grown in a liquid medium composed of coconut water and rice-wash-

ing water mixed at a 1:4 ratio. The medium was enriched with 5 g of sugar per liter of 

solution, heated to boiling, filtered, and then transferred into a clean plastic container. 

After cooling, 20 mL of T. harzianum inoculum was added, and the culture was incu-

bated on a shaker at 28–30 °C for 25 days at room temperature. At the end of the incu-

bation period, the culture was filtered through sterile filter paper to separate the filtrate 

from the mycelial biomass and spores. The resulting filtrate, which likely contained 

various secondary metabolites, was then used in the greenhouse experiment. 

Preparation of Planting Media and Planting 

The planting medium consisted of a mixture of Regosol soil and eucalyptus leaf com-

post, which was placed into pots approximately 20 cm in diameter. Uniform and healthy 

shallot bulbs were selected and planted according to the designated planting density 

treatments (1, 2, or 3 seedlings per pot). The secondary metabolite filtrate was applied 

through foliar spraying at the assigned concentrations, beginning at planting. Applica-

tions were then repeated at seven-day intervals, with the spray volume adjusted in ac-

cordance with plant growth. 
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Preparation and Inoculation of Colletotrichum gloeosporioides 

The fungal spore suspension, adjusted to a concentration of 10⁷ spores/mL, was pre-

pared using sterile distilled water. To ensure effective infection, inoculation was per-

formed at 14 and 21 days after planting (DAP) following the protocol Reid and Zhu 

[12]. Inoculation was carried out in the late afternoon by evenly spraying the spore 

suspension onto the plant shoots until wet (10-20 mL). 

2.3. Observations 

Agronomic Responses 

Agronomic parameters observed in this study included plant height, number of bulbs 

per plant, bulb weight per plant and per pot, individual bulb weight, and bulb diameter. 

Plant height was measured at 42 days after planting (DAP), using all plants within each 

treatment as observation units. Measurements were taken from the base of the plant to 

the tip of the tallest leaf by gently positioning the leaf cluster in an upright posture. 

After harvest, bulb weights were determined using an analytical balance, and bulb di-

ameter was measured with a digital caliper. 

Pathological Responses 

Visual assessment of anthracnose severity was performed by noting the presence and 

extent of necrotic lesions on the leaves, and symptom scoring adhered to the assessment 

scale established by Triwidodo and Tanjung [13]. The disease intensity (DI) was then 

determined using the following formula:                                 

DI =
∑ (ni.vi)

N x V
 x 100%                                                            (1) 

where: DI = Disease intensity (%), ni = Number of infected leaves with a specific score, 

vi = Infection score value, N = Total number of leaves observed, and V = Maximum 

infection score. 

Disease Infection Scores: 0 = No infection, 1 = 1–20% of leaf area infected, 2 = 21–

40%, of leaf area infected, 3 = 41–60% of leaf area infected, 4 = 61–80% of leaf area 

infected, and 5 = >80% of leaf area infected 

2.4 Data Analysis 

All collected data were analyzed through Analysis of Variance (ANOVA) to assess the 

main effects of each treatment and their interactions. Significant differences detected 

by ANOVA were further examined using Tukey’s Honestly Significant Difference 

(HSD) test at the 5% significance level. 

3      Results and Discussion 

The application of T. harzianum secondary metabolites to shallot cultivated under dif-

ferent plant population densities resulted in different responses across both agronomic 
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and pathological parameters. The agronomic variables evaluated comprised plant 

height, number of bulbs per plant, individual bulb weight, total bulb weight per plant, 

and bulb diameter, while the pathological assessment focused on the intensity of an-

thracnose disease infection. 

All collected data were subjected to analysis of variance to identify the significance 

of treatment effects and their interactions. The outcomes of the statistical analysis are 

summarized in Table 1, which outlines the influence of secondary metabolite concen-

trations and plant population levels on the growth performance, yield components, and 

disease severity of shallot plants. 

The results presented in Table 1 indicate that the application of secondary metabo-

lites at different concentrations significantly affected all measured agronomic variables. 

Variation in plant population also exerted a significant influence, particularly on the 

intensity of anthracnose infection. In addition, the interaction between metabolite con-

centration and plant population produced a significant effect on bulb weight and total 

bulb weight per plant. 

3.1 Agronomic Parameters 

The agronomic parameters evaluated in response to the treatments included plant 

height, number of bulbs per plant, weight per bulb, total bulb weight per plant, and bulb 

diameter. The independent application of secondary metabolites significantly influ-

enced plant height, number of bulbs, and bulb diameter, whereas variation in seedling 

number did not produce a significant effect on these variables (Table 1). 

Table 1. Summary of the Analysis of Variance (ANOVA) for Agronomic and 

Pathological Parameters 

Source of Variation 

Observation Parameters 
Metabolite 

(A) 

Secondary  

Seedlings 

(B) 

Number of 
Interaction 

(A * B) 

 …………….….. p-value   ……………… 

Plant height 0.001 * 0.053 0.296 

Number of bulbs per plant 0.000 * 0.380 0.324 

Individual bulb weight 0.000 * 0.266 0.003 * 

Total bulb weight per plant 0.000 * 0.099 0.026 * 

Bulb diameter 0.001 * 0.205 0.998 

Disease intensity of Anthracnose 0.000 * 0.005 * 0.999 

Note: * p-values smaller than 0.05 indicate a statistically significant effect of the treat-

ment. 

Tukey’s test showed that the application of secondary metabolites at a 5% concen-

tration significantly increased plant height compared with the control. Increasing the 

concentration to 10% and 15% did not provide additional significant improvements 
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over the 5% treatment (Table 2). The 5% concentration enhanced plant height, number 

of bulbs per plant, and bulb diameter by 16.08%, 45.80%, and 24.21%, respectively.  

Table 2. Influence of Secondary Metabolite Concentrations on Plant Height, Bulb 

Number per Plant, and Bulb Diameter 

Concentration of     

Secondary Metabolites 

(%) 

Plant Height 

(cm)  

Number of Bulbs 

per Plant 

Bulb Diameter

(mm) 

 

0 31.97 b 4.17 b 18.88 b 

5 37.11 a 6.08 a 23.45 a 

10 40.00 a 5.75 a 22.25 a 

15 37.73 a 6.17 a 21.10 a 

Note: Numbers followed by different letters in the same column show significant dif-

ferences based on the 95% Tukey test 

The application of secondary metabolites and the use of different seedling numbers 

both influenced bulb weight per bulb and total bulb weight per plant (Table 1). Treat-

ment with a 5% concentration of secondary metabolites significantly increased individ-

ual bulb weight and total bulb weight per plant compared with the control. Increasing 

the concentration to 10% and 15% did not lead to additional significant improvements 

over the 5% treatment. This trend was consistent across planting densities of 1, 2, and 

3 seedlings per pot (Table 3 and Table 4). 

Table 3 shows that applying 5% secondary metabolites increased bulb weight in 

plants grown with 1, 2, and 3 seedlings per pot by 72.07%, 63.13%, and 41.38%, re-

spectively. Similarly, Table 4 indicates that the same concentration enhanced total bulb 

weight per plant by 133.85%, 71.33%, and 82.50% for plantings of 1, 2, and 3 seedlings 

per pot, respectively. 

Table 3. Effect of interaction between Secondary Metabolite Concentration and Num-

ber of Seedlings per Pot on Individual Bulb Weight 

Concentration of Secondary Number of seedlings  

Metabolites (%) 1 2 3 

0 (control) 7.84 cd 7.35 d 7.08 d 

5 13.49 a  11.99 ab 9.01 bcd 

10 13.01 a 13.20 a 13.16 a 

15 12.73 a 13.13 a 11.14 abc 

Note: The number followed by different letters showed a significant difference based 

on the 95% Tukey test.  

Analysis of the secondary metabolites revealed the presence of indole-3-acetic acid 

(IAA) [14], the primary auxin in plants. IAA plays an important role in regulating 

growth processes, including increasing plant height, stimulating tuber formation, and 
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enhancing tuber diameter [15]. This effectiveness is reflected in the 5% secondary me-

tabolite treatment, which successfully improved vegetative growth and yield of shal-

lots, indicating that the IAA content was present at physiologically active levels. 

Table 4. Effect of interaction between Secondary Metabolite Concentration and Num-

ber of Seedlings per Pot on Total Bulb Weight per Plant 

Concentration of Secondary Number of seedlings 

Metabolites (%) 1 2 3 

0 (control) 32.76 c 27.59 c 30.98 c 

5 76.61 ab 74.86 ab 56.54 b  

10 67.37 ab 78.09 a 77.89 a 

15 78.87 a 68.62 ab 77.01 ab 

Note: The number followed by different letters showed a significant difference based 

on the 95% tukey test 

Mechanistically, IAA promotes plant growth by stimulating cell division and elon-

gation in meristematic tissues, thereby supporting increases in plant height and the for-

mation of lateral shoots. The development of lateral shoots into new leaves is closely 

linked to the balance between auxins and cytokinins, a relationship that regulates leaf 

growth patterns and overall plant architecture [16][17]. 

Enhancements in yield components such as bulb number, weight, and diameter are 

influenced not only by IAA but also by gibberellins, which have also been detected in 

the secondary metabolites of T. harzianum [14]. Auxins stimulate root growth by in-

creasing cell division and elongation, resulting in a more extensive root system. This 

well-developed root system improves nutrient and water uptake and enhances enzy-

matic activity and protein synthesis, all of which support tuber formation [18][19][20]. 

Gibberellins further strengthen these effects by accelerating cell division and elon-

gation in the root meristem zone. The combined activity of IAA and gibberellins pro-

motes greater root mass development, ultimately contributing to the formation of more 

numerous and heavier bulbs [15][21]. 

3.2 Pathological Parameters 

The parameter used to assess plant damage caused by pathogen infection was the in-

tensity of anthracnose disease. Evaluations were conducted by observing the visual ap-

pearance of leaf spot symptoms (Fig. 1). Anthracnose on shallot plants is characterized 

by small, sunken lesions that initially appear white to pale yellow and water-soaked. 

As the infection progresses, the lesions expand, develop concentric rings, and form 

black acervuli (fruiting bodies) on the affected tissues. 
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Fig. 1. Anthracnose symptoms on shallot plants. 

Microscopically, the pathogen exhibits hyaline, septate, and branched hyphae. Its 

conidiophores are relatively short, cylindrical to slightly swollen, and hyaline. The co-

nidia are likewise hyaline, thin-walled, and cylindrical to fusiform, with tapered ends, 

blunt tips, and no septa. These morphological characteristics align well with previous 

descriptions reported in earlier studies [22][23] (Fig. 2). 

 

 
(a)                                    (b) 

Fig 2. Pathogenic fungus Colletotrichum gloeosporioides, the causal agent of an-

thracnose disease. Growth in PDA media, (b) mycelium and conidia  

Secondary metabolite application and planting density each produced independent 

effects on disease intensity (Table 1). Applying secondary metabolites at a 5% concen-

tration significantly reduced anthracnose intensity compared with the control. Increas-

ing the concentration to 10% produced an additional significant reduction relative to 

the 5% treatment, whereas raising the concentration to 15% did not result in further 

improvement compared with 10%. These results indicate that a 10% concentration is 

more effective than 5% while still being more economical than 15%. 
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Planting three seedlings per pot resulted in significantly lower disease intensity than 

planting one or two seedlings per pot (Table 5). This finding suggests that using three 

seedlings per pot can suppress anthracnose severity while simultaneously providing ag-

ronomic advantages, particularly increased bulb weight (Table 3). 

Table 5. Effect of secondary metabolite concentrations and number of seedlings per 

pot on Anthracnose disease intensity 

Concentration of  

Secondary Metabolites 

(%) 

Mean 

 Number of 

Seedlings  

 

Mean 

0 23.33 a  1 18.31 a 

5 18.58 b  2 18.50 a 

10 15.33 c  3 16.31 b

15 13.58 c    

Note: Numbers followed by different letters in the same column show significant dif-

ferences based on the 95% tukey test 

Phytochemical analysis of the secondary metabolite filtrate confirmed the presence of 

saponins and flavonoids, two groups of bioactive compounds known to contribute di-

rectly and indirectly to the suppression of plant diseases [24]. In this study, the filtrate 

of T. harzianum is likely to contain important secondary metabolites, as several previ-

ous investigations have reported the synthesis of saponins and flavonoids by this fun-

gus. 

Saponins are well known for their strong antimicrobial properties. Their primary 

roles include inhibiting bacterial and fungal infections through membrane disruption, 

suppression of pathogen growth, and induction of cell death, while also supporting the 

proliferation and activity of beneficial soil microorganisms [24]. These actions improve 

overall plant health and activate defense mechanisms by enhancing the activity of key 

defense-related enzymes such as peroxidase and phenylalanine ammonia-lyase [25]. 

The antifungal action of saponins involves interactions with membrane lipids par-

ticularly sterols that generate complexes capable of destabilizing membrane structure. 

This disruption increases membrane permeability, causing leakage of intracellular con-

tents, loss of essential ions, and ultimately cell death. Saponins may also weaken the 

fungal cell wall by modifying structural components such as chitin, which eventually 

leads to cell lysis [26][27]. 

Flavonoids similarly exhibit strong antimicrobial activity against a broad range of 

pathogens. These compounds can suppress fungal and bacterial development by inter-

fering with fundamental physiological processes. In plants, flavonoids enhance stress 

tolerance, improve physiological performance, and reduce susceptibility to disease. 

They also regulate immune responses by modulating the synthesis of defense-related 

compounds, including phytoalexins [28]. 

At the mechanistic level, flavonoids suppress fungal growth by disrupting metabolic 

pathways essential for survival and reproduction. They inhibit key enzymes involved 
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in biosynthesis and cell division, leading to compromised cell wall integrity and in-

creased vulnerability to environmental stress. Additionally, flavonoids may inhibit en-

zymes required for nutrient acquisition, thereby reducing fungal survival and patho-

genicity [28][29]. 

4      Conclusion 

The application of T. harzianum secondary metabolites at a 5% concentration signifi-

cantly enhanced the agronomic performance of shallot plants, as indicated by increased 

plant height, bulb number, individual bulb weight, and bulb diameter, while simultane-

ously reducing anthracnose intensity by 26.57%. Increasing the concentration to 10% 

or 15% did not provide additional improvements. Furthermore, the interaction between 

metabolite application and planting density demonstrated that the 5% concentration was 

the most effective for improving bulb yield and quality, particularly when more than 

one seedling was cultivated per pot. 

Disclosure of Interests. The authors have no competing interests to declare that are relevant to 

the content of this article. 
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