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Abstract: Fusarium wilt caused by Fusarium oxysporum f. sp. capsici is a major constraint
to cayenne pepper production in Indonesia. Excessive reliance on synthetic fungicides has
led to environmental degradation and reduced soil microbial diversity, highlighting the
need for sustainable alternatives. This study evaluated the effectiveness of different doses
of Trichoderma harzianum OCI2 as a biological control agent against Fusarium wilt in
cayenne pepper (Capsicum frutescens L.). The experiment was conducted using a
completely randomized design with five treatments: control (without T. harzianum OC12)
and four doses of T. harzianum OC12 formulated on corn-rice solid medium (12, 16, 20,
and 24 g per polybag), each replicated four times. Disease incidence, incubation period,
plant height, number of leaves, and root length were recorded. Results showed that T.
harzianum OC12 significantly reduced Fusarium wilt incidence and enhanced plant
growth parameters. The highest dose (24 g/polybag or 24 g in 2 Kg topsoil) resulted in the
lowest disease incidence (16.5%) compared with 100% disease incidence in the control.
Additionally, this treatment significantly increased plant height, leaf number, and root
length. These findings indicate that T. harzianum OC12, particularly at 24 g/polybag, is an
effective and environmentally friendly biological control agent for managing Fusarium
wilt in cayenne pepper cultivation.

Keywords: biological control; biopesticide; cayenne pepper; Fusarium wilt; plant growth-
promoting fungi.

Introduction

Cayenne pepper (Capsicum frutescens L.) is an economically important horticultural
crop in Indonesia, widely used for household consumption and food processing
industries [1,2]. Despite increasing demand, productivity remains unstable due to biotic
stresses, particularly soil-borne diseases. Fusarium wilt caused by Fusarium oxysporum f.
sp. capsici is among the most destructive diseases affecting cayenne pepper, leading to
severe yield losses from the vegetative to generative growth stages [3,4].

The pathogen infects plants through the root system and colonizes the xylem vessels,
disrupting water and nutrient transport, which results in leaf chlorosis, wilting, vascular
discoloration, and eventually plant death [5-7]. Conventional disease management relies
heavily on synthetic fungicides; however, their long-term use poses risks to human health,
soil ecosystems, and environmental sustainability [8,9].

Biological control using antagonistic fungi such as Trichoderma sp. has gained

attention as a sustainable alternative [10]. Trichoderma species are known for their rapid
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growth, competitive ability, production of antifungal metabolites, mycoparasitic activity,
and capacity to induce systemic resistance in plants [ ]. In addition, Trichoderma acts
as a plant growth-promoting fungus (PGPF), enhancing nutrient uptake and root
development [14].

Although numerous studies have reported the antagonistic potential of Trichoderma
sp., especially T. harzianum strain OC12, information on optimal application doses under
in vivo conditions remains limited. Therefore, this study aimed to evaluate the effect of
different doses of T. harzianum strain OC12 on Fusarium wilt suppression and growth
performance of cayenne pepper plants.

Materials and Methods

Experimental Site

The experiment was conducted at the Integrated Laboratory and Experimental Field,
Department of Agricultural Science and Technology, Faculty of Agriculture, Universitas
Trunodjoyo Madura, Bangkalan, East Java, Indonesia. The experiment was performed
under greenhouse conditions with average temperatures of 28-32 °C and relative
humidity of 65-85%.

Plant Material

Cayenne pepper seeds of a commonly cultivated local variety were surface-sterilized
using 1% sodium hypochlorite for 2 minutes, rinsed three times with sterile distilled
water, and germinated in sterilized seed trays. Uniform seedlings aged 20 days were
selected for transplantation.

Pathogen and Antagonist Preparation

The pathogenic fungus F. oxysporum f. sp. capsici was obtained from the East Java
Assessment Institute for Agricultural Technology (BPTP) and re-cultured on potato
dextrose agar (PDA) at 27 + 1 °C for 7 days. The antagonistic fungus T. harzianum OC12
was laboratory collection. The isolate was sub-cultured on PDA and incubated for 5-7
days until sporulation.

Mass Propagation of Fungal Inoculum

Both fungi were mass-produced using a solid substrate consisting of sterilized corn
and rice (1:1, w/w). The substrate was autoclaved at 121 °C for 30 minutes on two
consecutive days. After cooling, each substrate was inoculated with 5 mm mycelial plugs
and incubated for 10-14 days until fully colonized.

Mass Propagation of Fungal Inoculum

The experiment employed a Completely Randomized Design (CRD) with five
treatments and four replications. Each polybag contained 2 kg of sterilized topsoil. Each
replication consisted of three plants. Treatments were as follows:

PO = Control (without T. harzianum OC12)
P1=T. harzianum OC12 at 12 g/polybag
P2 =T. harzianum OC12 at 16 g/polybag
P3=T. harzianum OC12 at 20 g/polybag
P4 =T. harzianum OC12 at 24 g/polybag

Application of T. harzianum OC12 and Pathogen Inoculation

T. harzianum OC12 was applied by thoroughly mixing the appropriate dose into the
planting medium seven days before transplanting to allow establishment in the
rhizosphere. Inoculation with F. oxysporum £. sp. capsici was performed seven days after
transplanting by placing 10 g of colonized substrate around the root zone at a depth of 3—
5cm.

https://doi.org/10.64570/sari.v2i1.34



https://doi.org/10.64570/sari.v2i1.34

Sustainable Agriculture Research & Innovation 2026, 2, 1 3o0f7

Ariyanti ef al.

Observed Parameters

The following parameters were recorded. Incubation period (days) or time from
pathogen inoculation to the appearance of initial wilt symptoms. Plant height (cm) was
measured weekly from soil surface to the apical meristem. Number of leaves was counted
weekly. Root length (cm) was measured at final harvest (30 days after transplanting).
Disease incidence (%) was calculate using Formula 1.

Number of infected plants

)

Disease incidence =
Total plants observed

Statistical Analysis

All data were subjected to analysis of variance (ANOVA) using a 5% significance
level. When significant differences were detected, Duncan’s Multiple Range Test (DMRT)
was applied for mean separation.

Results and Discussion
Effect of T. harzianum OC12 on Fusarium Wilt Development

Application of T. harzianum OC12 significantly delayed the incubation period and
reduced Fusarium wilt incidence compared with the untreated control. Control plants
exhibited initial wilt symptoms as early as 7 days after inoculation, whereas plants treated
with 24 g/polybag showed delayed symptom expression up to 21 days. Disease incidence
reached 100% in the control treatment, confirming the high virulence of F. oxysporum £. sp.
capsici. In contrast, the highest T. harzianum OC12 dose (P4) reduced disease incidence to
16.5%. This strong suppressive effect indicates successful rhizosphere colonization and
antagonistic activity of Trichoderma sp. (Figure 1 & Table 1).
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Figure 1. Effect T. harzianum OC12 treatment on the incubation period of Fusarium wilt
disease.

The suppression of Fusarium wilt was strongly dose-dependent. Disease incidence
reached 100% in the untreated control, confirming the high virulence of F. oxysporum in
the absence of biological protection. In contrast, the lowest disease incidence (16.5%) was
recorded in plants treated with 24 g of T. harzianum OC12. This reduction is closely
associated with the superior competitive ability of Trichoderma sp., which rapidly
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colonizes the rhizosphere and utilizes available nutrients more efficiently than the
pathogen, thereby delaying pathogen contact and penetration into plant tissues [15].
Beyond competition, Trichoderma sp. suppresses soil-borne pathogens through
antibiosis and enzymatic degradation. The fungus produces antifungal metabolites such
as gliotoxin, glyoviridin, and trichodermin, which inhibit pathogen growth and viability.
Additionally, extracellular enzymes including (3-1,3-glucanase and chitinase degrade
fungal cell walls, leading to pathogen lysis [16]. These combined mechanisms explain the
substantial reduction in disease incidence observed at higher Trichoderma doses [ ]
The delayed disease development also suggests activation of plant defense
responses. Trichoderma sp. functions as a plant growth-promoting fungus (PGPF) capable
of inducing systemic resistance, including Systemic Acquired Resistance (SAR) and
Induced Systemic Resistance (ISR). These defense mechanisms enhance the plant’s ability
to respond more rapidly and effectively to pathogen invasion [ ]. In treatments with
lower Trichoderma doses, disease suppression was less pronounced, likely due to slower
activation of plant defense pathways and reduced antagonist population density [ 1.

Tabel 1. Effect of T. harzianum OC12 treatment on the disease incidence of Fusarium wilt disease.

Disease incidence (%) at different days after transplanting (dat)*

Treatment
14 dat 21 dat 28 dat
PO 74.75d 91.50 e 100d
P1 50.00 ¢ 41.25d 16.50 cd
P2 41.25b 16.50 b 8.25b
P3 0.00 a 33.00 ¢ 0.00 a
P4 0.00 a 0.00 a 16.50 ¢

*Different letters within a column indicate significant differences according to DMRT (5%).

Growth Promotion of Cayenne Pepper Plants

In addition to disease suppression, T. harzianum OC12 significantly enhanced
vegetative growth parameters. Plants treated with 24 g/polybag exhibited the greatest
plant height, leaf number, and root length compared with all other treatments (Table 2
and Table 3). T. harzianum OC12 significantly promoted vegetative growth of cayenne
pepper plants. The highest dose (24 g/polybag) produced the greatest plant height, leaf
number, and root length throughout the observation period. Improved plant growth is
attributed to the role of Trichoderma sp. as a decomposer of organic matter, enhancing soil
nutrient availability and uptake. The fungus is known to mineralize essential nutrients
such as nitrogen, phosphorus, magnesium, and sulfur, which are critical for
photosynthesis and vegetative development [ 1.

Enhanced root development observed in Trichoderma-treated plants suggests
improved nutrient and water uptake efficiency. Increased root length and density
improve water and nutrient absorption, contributing to overall plant vigor. This effect is
partially linked to the production of auxin-like phytohormones by Trichoderma sp., which
stimulate lateral root formation and root elongation [ ]. The mutualistic relationship
between Trichoderma sp. and host plants benefits both organisms: the fungus obtains
carbon sources from root exudates, while the plant gains enhanced growth and disease
resistance [26]. Several Trichoderma species are known to function as plant growth-
promoting fungi (PGPF) by producing auxin-like compounds, solubilizing phosphate,
and improving micronutrient availability [ ]
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Tabel 2. Effect of T. harzianum OC12 treatment on the plant heigh of cayenne pepper.

Plant heigh (cm) at different days after transplanting (dat)*

Treatment

7 dat 14 dat 21 dat 28 dat
PO 8.41a 12.40 a 14.13 a 1491 a
P1 8.91 ab 15.64b 21.27 b 2593 b
P2 8.08 a 16.70 bc 24.78 ¢ 29.19 ¢
P3 8.99b 17.94 c 2793 d 33.44d
P4 8.99b 20.09d 28.88 ¢ 37.37 e

*Different letters within a column indicate significant differences according to DMRT (5%).

Tabel 3. Effect of T. harzianum OC12 treatment on the number of leaves and root length.

Average of root
Average number of leaves* 8

Treatment length (cm)*
7 dat 14 dat 21 dat 28 dat 30 dat
PO 841a 1240 a 1413 a 1491 a 5.66 a
P1 8.91 ab 15.64b 21.27b 2593 b 9.49b
P2 8.08 a 16.70 be 24.78 ¢ 29.19 ¢ 12.16 c
P3 8.99b 1794 c 2793 d 33.44d 14.74d
P4 8.99b 20.09d 28.88 e 3737 e 16.57 e

*Different letters within a column indicate significant differences according to DMRT (5%); dat=day

after transplanting.

Overall, the superior performance of the highest Trichoderma dose highlights the
importance of adequate antagonist population density for effective biological control.
Rapid growth, efficient nutrient utilization, antibiosis, enzymatic activity, and induction
of plant defense collectively contribute to the effectiveness of Trichoderma sp. in
suppressing Fusarium wilt and improving plant growth | 1.

Conclusions

T.  harzianum OCI12 effectively suppressed Fusarium wilt and enhanced the
vegetative growth of cayenne pepper plants. The dose of 24 g/polybag was the most
effective treatment, resulting in the lowest disease incidence and highest growth
performance. T. harzianum OC12 is a promising environmentally friendly alternative to
synthetic fungicides for sustainable cayenne pepper production.

Additional Section

Author Contributions: Conceptualization and methodology, S.K. and A.D.; writing—review and
editing, D.M. and S.K.; formal analysis and investigation, A.G.A.; resources, data curation,
writing—original draft preparation, A.G.A., A.D., CW.,, ESS. and SK. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Acknowledgments: -

Conflicts of Interest: The authors declare no conflicts of interest.

1. Ferniah, R.S.;; Daryono, B.S.; Kasiamdari, R.S.; Priyatmojo, A. Characterization and Pathogenicity of Fusarium
Oxysporum as the Causal Agent of Fusarium Wilt in Chili (Capsicum Annuum L.). Microbiol Indones 2014, 8, 5.

2. Jeksen, E.E.; Asnah, A ; Dyanasari, D. Prospects for Increasing Production and Supply Chain of Cayenne Pepper in
Indonesia. Agro Bali: Agricultural Journal 2024, 7, 944-956.

3. Gabrekiristos, E.; Demiyo, T. Hot Pepper Fusarium Wilt (Fusarium Oxysporum f. Sp. Capsici): Epidemics,
Characteristic Features and Management Options. J. Agric. Sci 2020, 12, 347-360.

Ariyanti et al.

https://doi.org/10.64570/sari.v2i1.34



https://doi.org/10.64570/sari.v2i1.34

Sustainable Agriculture Research & Innovation 2026, 2, 1 60f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Velarde-Félix, S.; Garzén-Tiznado, J.A.; Hernandez-Verdugo, S.; Lépez-Orona, C.A.; Retes-Manjarrez, J.E.
Occurrence of Fusarium Oxysporum Causing Wilt on Pepper in Mexico. Canadian Journal of Plant Pathology 2018,
40, 238-247.

Okungbowa, F.I.; Shittu, H.O. Fusarium Wilts: An Overview. Environ. Res. | 2012, 6, 83-102.

Mariyappa, R.B.; Manjunatha, L.; Naik, M.K,; Yadahalli, P.K.; Sathyanarayana, N.; Venkataravanappa, V.;
Mahadevaiah, C. Fusarium. In Compendium of Phytopathogenic Microbes in Agro-Ecology: Vol. 1 Fungi; Springer, 2025;
pp- 329-362.

Sidharthan, V.K,; Aggarwal, R; Shanmugam, V. Fusarium Wilt of Crop Plants: Disease Development and
Management. Wilt Diseases of Crops and their Management 2019, 519-533.

Islam, T.; Danishuddin; Tamanna, N.T.; Matin, M.N.; Barai, H.R.; Haque, M.A. Resistance Mechanisms of Plant
Pathogenic Fungi to Fungicide, Environmental Impacts of Fungicides, and Sustainable Solutions. Plants 2024, 13,
2737.

Nagqvi, S.A.H.; Farhan, M.; Ahmad, M.; Kiran, R.; Shahbaz, M.; Abbas, A.; Hakim, F.; Shabbir, M.; Tan, Y.S.; Sathiya
Seelan, ]J.S. Fungicide Resistance in Fusarium Species: Exploring Environmental Impacts and Sustainable
Management Strategies. Arch Microbiol 2025, 207, 31.

Khoiri, S.; Larasati, R.S.; Megasari, D. Efektivitas Trichoderma Harzianum OC12 Dalam Menekan Phytophthora
Palmivora Penyebab Penyakit Busuk Buah Kakao. In Proceedings of the Agropross: National Conference
Proceedings of Agriculture; 2023; pp. 189-195.

Guzman-Guzman, P.; Kumar, A.; de Los Santos-Villalobos, S.; Parra-Cota, F.I.; Orozco-Mosqueda, M. del C.; Fadiji,
A.E.; Hyder, S.; Babalola, O.O.; Santoyo, G. Trichoderma Species: Our Best Fungal Allies in the Biocontrol of Plant
Diseases— A Review. Plants 2023, 12, 432.

Purnomo, H.; Wafa, A.; Hasanah, H.; Nawangsari, P.; Megasari, D.; Wardhana, A.H.; Khoiri, S. Investigating
Antibiotic Effects on Trichoderma Sp. Growth and Virulence: A Basis for CRISPR-Cas9 Preparation. In Proceedings
of the BIO Web of Conferences; EDP Sciences, 2024; Vol. 146, p. 01091.

Waghunde, R.R.; Shelake, R.M.; Sabalpara, A.N. Trichoderma: A Significant Fungus for Agriculture and
Environment. Afr | Agric Res 2016, 11, 1952-1965.

Chakraborti, S.; Mandal, P.; Tiru, Z. Understanding the Significance of Plant Growth-Promoting Fungi (PGPF) in
Plant Growth and Soil Health for Sustainable Agriculture. Plant Soil 2025, 1-27.

Putra, I.; Phabiola, T.A.; Suniti, N.W. Pengendalian Penyakit Layu Fusarium Oxysporum f. Sp. Capsici Pada
Tanaman Cabai Rawit Capsicum Frutescens Di Rumah Kaca Dengan Trichoderma Sp Yang Ditambahkan Pada
Kompos. E-Jurnal Agroekoteknologi Tropika 2019, 8, 103-117.

Berlian, I.; Setyawan, B.; Hadi, H. Mekanisme Antagonisme Trichoderma Spp. Terhadap Beberapa Patogen Tular
Tanah. Warta perkaretan 2013, 32, 74-82.

Harman, G.E.; Howell, C.R,; Viterbo, A.; Chet, I.; Lorito, M. Trichoderma Species—Opportunistic, Avirulent Plant
Symbionts. Nat Rev Microbiol 2004, 2, 43-56.

Benitez, T.; Rincon, A.M.; Limén, M.C.; Codon, A.C. Biocontrol Mechanisms of Trichoderma Strains. International
microbiology 2004, 7, 249-260.

Susanna, S.; Hasnah, H.; Putri, K.S. Introduction of Indigenous Trichoderma Spp. as an Induced Systemic Resistance
for Dieback Disease Control on the Nutmeg Seedlings. Jurnal Online Pertanian Tropik 2021, 8, 186-194.

Novita, T. Trichoderma Sp. Dalam Pengendalian Penyakit Layu Fusarium Pada Tanaman Tomat. Biospecies 2011, 4.
Arsyadmunir, A.; Pawana, G.; Triwidyantari, R.A.; Khoiri, S. Assessment of Liquid, Semi-Solid, and Powder
Formulations for Delivering Trichoderma Sp. as Maize Seed Coating against Peronosclerospora Maydis. Agrovigor:
Jurnal Agroekoteknologi 2024, 17, 105-110.

Hadi, Z.F.N.; Nurcahyanti, S.D.; Masnilah, R.; Pradana, A.P.; Prastowo, S.; Addy, H.S.; Khoiri, S.; Wafa, A. Utilizing
Trichoderma Harzianum and Semi In-Planta for Management Damping-Off Fusarium Solani in Corn Varieties.
Baghdad Science Journal 2025, 22.

Subhan, S.; Sutrisno, N.; Sutarya, R. Pengaruh Cendawan Trichoderma SP. Terhadap Tanaman Tomat Pada Tanah
Andisol [Effect of Fungus Trichoderma SP. on Tomato in Andisol Soil]. Ber Biol 2012, 11, 68261.

Sepwanti, C.; Rahmawati, M.; Kesumawati, E. Pengaruh Varietas Dan Dosis Kompos Yang Diperkaya Trichoderma
Harzianum Terhadap Pertumbuhan Dan Hasi Tanaman Cabai Merah (Capsicum Annuum L.). Jurnal Kawista
Agroteknologi 2016, 1, 68-74.

Ariyanti et al. https://doi.org/10.64570/sari.v2i1.34



https://doi.org/10.64570/sari.v2i1.34

Sustainable Agriculture Research & Innovation 2026, 2, 1 70f7

25.

26.

27.

28.

29.

30.

Sari, E.; Fantashe, D. Pengaruh Jenis Media Tanam Terhadap Pertumbuhan Vegetatif Tanaman Cabai Rawit
(Capsicum Frutescens L.). Bio-Lectura: Jurnal Pendidikan Biologi 2015, 2, 129-139.

Oktapia, E. Respons Pertumbuhan Tanaman Cabai Rawit (Capsicum Frutescens L.) Terhadap Pemberian Jamur
Trichoderma Sp. 2021.

Vinale, F.; Sivasithamparam, K.; Ghisalberti, E.L.; Marra, R.; Woo, S.L.; Lorito, M. Trichoderma-Plant-Pathogen
Interactions. Soil Biol Biochem 2008, 40, 1-10.

Marik, T.; Tyagi, C.; Balazs, D.; Urban, P.; Szepesi, A Bakacsy, L.; Endre, G.; Rakk, D.; Szekeres, A.; Andersson,
M.A. Structural Diversity and Bioactivities of Peptaibol Compounds from the Longibrachiatum Clade of the
Filamentous Fungal Genus Trichoderma. Front Microbiol 2019, 10, 1434.

Hardianti, A.R. Efektivitas Waktu Pemberian Trichoderma Harzianum Dalam Mengatasi Serangan Layu Fusarium
Pada Tanaman Tomat Varietas Ratna. LenteraBio: Berkala Ilmiah Biologi 2014, 3.

Alfizar, A.; Marlina, M.; Susanti, F. Kemampuan Antagonis Trichoderma Sp. Terhadap Beberapa Jamur Patogen in
Vitro. Jurnal Floratek 2013, 8, 45-51.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the editor(s). the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

Ariyanti et al. https://doi.org/10.64570/sari.v2i1.34



https://doi.org/10.64570/sari.v2i1.34

