DAFTAR PUSTAKA

Aziza PN. 2024. Perbanyakan beberapa isolat Trichoderma spp. dengan metode
inokulasi tebar (spread) dan tusuk (stab) pada media tongkol jagung
[disertasi]. Jember: Politeknik Negeri Jember.

Arifa AF. 2020. Optimasi isolasi DNA dan protokol PCR (Polymerase Chain
Reaction) untuk identifikasi khamir dari sarang lebah madu Apis mellifera
[skripsi]. Surabaya: Universitas Islam Negeri Sunan Ampel.

Artati D, Lubis DS. 2017. Optimasi performa DNA marker pada elektroforesis gel.
Buletin Teknik Litkayasa Akuakultur. 15(2): 47-50.

Amugoli OM, Masika FB, Ramathani I, Lugwana NE, Osingida F, Asiimwe A,
Ddamulira G. 2024. Detection and spread of Fusarium oxysporum f. sp.
elaeidis among small holder farmers in Kalangala district, Uganda.
Research Square. doi: https://doi.org/10.21203/rs.3.rs-3995903/vl.

Anam K, Cahyadi W, Azmi I, Senjarini K, Oktarianti R. 2021. Analisis hasil
elektroforesis dna dengan image processing menggunakan metode
Gaussian Filter. Indonesian Journal of Electronics and Instrumentation
Systems (IJEIS). 11(1): 37-48. doi: 10.22146/ijeis.58268.

Asmi MJA, Rizali A, Wahdah R. 2023. Uji ganda 3 jenis Trichoderma terhadap
penyebab layu Fusarium (Fusarium oxysporum) pada tanaman bawang
merah (Allium ascalonicum L.) secara in vitro. Agroekotek View. 5(1): 36-
48. doi: https://doi.org/10.20527/agtview.v5i1.4360.

Amalia AN, Elviantari A. 2023. Eksplorasi dan isolasi Trichoderma spp. pada
rizhosfer kopi robusta dibeberapa Kecamatan Sumbawa. Biomaras: Journal
of Life Science and Technology. 1(1): 13-20.

Ambata HTA, Ayong MNA, Benissa MJ, Dikongue JFN, Ndjen FN, Kamsu FNP,
Youassi OY, Tchameni SN, Sameza ML. 2023. Antagonistic effect and
antifungal activity of organic extracts of Tichoderma harzianum and
Trichoderma asperelloides toward Fusarium oxysporum elaedis, the causal
agent of fusariose oil palm. American Journal of Microbiological Research.
11(2): 40-46.

Ambata HTA, Eyong MNA, Bedine MAB, Youassi YOY, Jiogue MB, Dikongue
FIN, Tchameni SN, Sameza ML. 2025. Evaluating Trichoderma viride for
enhancing oil palm growth and biochemical defense against Fusarium wilt
caused by Fusarium oxysporum f. sp. elaeidis. Folia Microbiologica. 1-11.
doi: https://doi.org/10.1007/s12223-025-01273-5.

Aamir S, Sutar S, Singh SK, Baghela A. 2015. A rapid and efficient method of
fungal genomic DNA extraction, suitable for PCR based molecular
methods. Plant Pathol Quar. 5(2): 74-81.

Alsalmo A, Kayim M, Nawaz H, Hamijo T, Kafkas NE. 2026. Dual culture and
VOC analysis reveal Trichoderma harzianum as an effective biocontrol
agent against Fusarium oxysporum f. sp. ciceris on chickpea. Journal of
Plant Protection Research. 66(1): 11-24. doi: 10.24425/jppr.2026.158064.

Adriansyah A, Arri M, Hamawi M, lkhwan A. 2015. Uji metabolit sekunder
Trichoderma sp. sebagai antimikrobia patogen tanaman Pseudomonas
solanacearum secara in vitro. Jurnal Iimiah Gontor Agrotech. 2(1): 19-30.

40


https://doi.org/10.21203/rs.3.rs-3995903/vl
https://doi.org/10.20527/agtview.v5i1.4360
https://doi.org/10.1007/s12223-025-01273-5

Andrea M, Massimo P, Paolo V, Loredana C. 2025. Advancing strain-specific
TagMan assays for Trichoderma asperellum detection in commercial
agricultural  settings. Biological Control. 202. 105723. doi:
https://doi.org/10.1016/j.biocontrol.2025.105723.

Adnan AA, Ahmad K, Dek MSP, Zakaria MR. 2024. Harnessing rhamnolipids from
waste glycerol for effective biocontrol of fungal pathogens in cucumber and
melon plants. AgroTech-Food Science, Technology and Environment. 3(2):
64-76. doi: https://doi.org/10.53797/agrotech.v3i2.7.2024.

Asis A, Shahriar SA, Naher L, Saallah S, Fatihah HNN, Kumar V, Siddiquee S.
2021. Identification patterns of Trichoderma strains using morphological
characteristics, phylogenetic analyses and lignocellulolytic activities.
Molecular biology reports. 48(4): 3285-3301. doi:
https://doi.org/10.1007/s11033-021-06321-0.

Adegoke A, Olakayode S. 2024. Potency of butylated hydroxytoluene and
optimized black pepper extract as additives on quality characteristics of
stored (4 C) pork on various days. Food Science and Biotechnology. 33(14):
3367-3377. doi: https://doi.org/10.1007/s10068-024-01567-3.

Amara K, Indrawan AD, Af’idzatuttama. 2025. Potensi Trichoderma spp. dari
koleksi tanah tanaman perkebunan asal Jawa Timur sebagai antagonis
Fusarium oxysporum. Plumula: Berkala llmiah Agroteknologi. 13(2): 88-
95. doi: 10.33005/plumula.v13i2.261.

Bint-e-Zahira S, Khalid AN, Yousaf N, Igbal M, Anwar T, Qureshi H, Salmen SH,
Ansari MJ. 2024. Exploring Trichoderma species in industrial wastewater:
morphological and molecular insights from isolates. Life. 14(6): 750.

Bugingo C, Infantino A, Okello P, Perez-Hernandez O, Petrovi¢ K, Turatsinze AN,
Moparthi S. 2025. From morphology to multi-omics: A new age of
Fusarium research. Pathogens. 14(8): 762. doi: https://doi.org/10.3390/
pathogens14080762.

Brinda GB, Thara SS, Kiran GVM. 2021. Peptone supplementation of potato
dextrose agar medium proved better for mushroom mycelial
development. Journal of Krishi Vigyan. 10(1): 189-195.

Benatar GV, Nurhayati Y, Kulsum U. 2023. Biological agent Trichoderma
asperellum and its in vitro inhibitory activity against mango fruit rot
pathogens.  Jurnal Biologi Tropis.  23(3): 70-75. doi:
10.29303/jbt.v23i3.4982.

Brazhnikova Y, Belimov A, Ignatova L, Mukasheva T, Karpenyuk T, Goncharova
A. 2025. The antagonistic activity of beneficial fungi and mechanisms
underlying their protective effects on plants against phytopathogens.
Sustainability. 17(2): 450. doi: https://doi.org/10.3390/su17020450.

Budi MBS, Giyanto, Tondok ET. 2023. Trichoderma yunnanense and T.
asperellum as potential biological agents for control of basal stem rot
disease in oil palm. In IOP Conference Series: Earth and Environmental
Science. 1133(1): 012036. doi:10.1088/1755-1315/1133/1/012036.

Badaluddin NA, Jamaluddin SNT, Ihsam NS, Sajili MH, Khalit SI, Mohamed N.
A. 2018. Molecular identification of isolated fungi from Kelantan and
Terengganu using internal transcriber spacer (ITS) region. Journal of
Agrobiotechnology. 9(1S): 222-231.

41


https://doi.org/10.1016/j.biocontrol.2025.105723
https://doi.org/10.53797/agrotech.v3i2.7.2024
https://doi.org/10.1007/s11033-021-06321-0
https://doi.org/10.1007/s10068-024-01567-3
https://doi.org/10.3390/su17020450

Bekkar AA, Belabid L, Zaim S. 2016. Biocontrol of phytopathogenic
Fusariumspp. by antagonistic Trichoderma. Biopest. Int. 12: 37-45.
Bargaz A, Lyamlouli K, Chtouki M, Zeroual Y, Dhiba D. 2018. Soil microbial
resources for improving fertilizers efficiency in an integrated plant nutrient
management system. Frontiers in microbiology. 9: 1606. doi:

https://doi.org/10.3389/fmich.2018.01606.

Berini F, Montali A, Liguori R, Venturini G, Bonelli M, Shaltiel-Harpaz L,
Reguzzoni M, Siti M, Marinelli F, Casartelli M, Tettamanti G. 2024.
Production and characterization of Trichoderma asperellum chitinases and
their use in synergy with Bacillus thuringiensis for lepidopteran control.
Pest Management Science. 80(7): 3401-3411. doi: 10.1002/ps.8045.

Chakraborty BN, Chakraborty U, Saha A, Dey PL, Sunar K. 2010. Molecular
characterization of Trichoderma viride and Trichoderma harzianum
isolated from soils of north bengal based on rDNA markers and analysis of
their PCR-RAPD profiles. Global Journal of Biotechnology &
Biochemistry. 5(1): 55-61.

Chidi NI, Adekunle AA, Samuel TO, Eziashi EI. 2020. Molecular identification of
secreted effector genes involved in African Fusarium oxysporum
f.sp. elaeidis strains pathogenesis during screening Nigerian susceptible
and tolerant oil palm (Elaeis guineensis Jacq.) Genotypes. Frontiers in
Cellular and Infection Microbiology.10. 552394. doi:
10.3389/fcimb.2020.552394.

Chidi NI, Adekunle AA, Eziashi El, Samuel TO. 2018. Evaluation of oil palm
Elaeis guineensis Jacq. progenies for Fusarium wilt tolerance using African
countries Fusarium oxysporium f. sp. elaeidis. Journal of Agricultural and
Crop Research. 6(4): 63-78.

Cai F, Druzhinina IS. 2021. In honor of John Bissett: authoritative guidelines on
molecular identification of Trichoderma. Fungal diversity. 107(1): 1-69.
doi: https://doi.org/10.1007/s13225-020-00464-4.

Catambacan DG, Cumagun CJR. 2021. Weed-associated fungal endophytes as
biocontrol agents of Fusarium oxysporum f. sp. cubense TR4 in Cavendish
banana. Journal of Fungi. 7(3): 224. doi:
https://doi.org/10.3390/jof7030224.

Chintya D. 2020. Uji efektivitas ekstrak kulit manggis (Garcinia mangostana L.)
terhadap Fusarium oxysporum pada kecambah kelapa sawit. Jurnal Agro
Industri Perkebunan. 8(1): 21-31. doi:
http://dx.doi.org/10.25181/jaip.v8i1.1390.

Chévez-Avilés MN, Garcia-Alvarez M, Avila-Oviedo JL, Hernandez-Hernandez,
I, Bautista-Ortega Pl, Macias-Rodriguez LI. 2024. Volatile organic
compounds produced by Trichoderma asperellum with antifungal
properties against Colletotrichum acutatum. Microorganisms. 12(10): 1-18.
doi: https://doi.org/10.3390/microorganisms12102007.

Cummings NJ, Ambrose A, Braithwaite M, Bissett J, Roslan HA, Abdullah J,
Stewart A, Agbayani FV, Hill RA. 2016. Diversity of root-endophytic
Trichoderma from Malaysian Borneo. Mycological Progress. 15(5): 50.
doi: https://doi.org/10.1007/s11557-016-1192-x.

42


https://doi.org/10.3389/fmicb.2018.01606
https://doi.org/10.1007/s13225-020-00464-4
https://doi.org/10.3390/jof7030224
http://dx.doi.org/10.25181/jaip.v8i1.1390
https://doi.org/10.3390/microorganisms12102007
https://doi.org/10.1007/s11557-016-1192-x

Chaves NP, Staver C, Dita MA. 2014. Potential of Trichoderma asperellum for
biocontrol of Fusarium wilt in Banana. Acta Hortic.1114: 261-265. doi:
10.17660/ActaHortic.2016.1114.35.

Caseiro C, Dias JNR, de Andrade Fontes CMG, Bule P. 2022. From cancer therapy
to winemaking: The molecular structure and applications of f-glucans and
B-1, 3-glucanases. International Journal of Molecular Sciences. 23(6):
3156. doi: https://doi.org/10.3390/ijms23063156.

Darmawan E. 2016. Eksplorasi jamur entomopatogen Beauveria bassiana,
Metarhizium anisopliae, dan jamur antagonis Trichoderma sp. pada
beberapa sampel tanah pertanaman tembakau [skripsi]. Jember: Universitas
Jember.

Dar GJ, Nazir R, Wani SA, Farooq S, Aziz T, Albekairi TH. 2025. Optimizing a
modified cetyltrimethylammonium bromide protocol for fungal DNA
extraction: Insights from multilocus gene amplification. Open Life Sciences.
20(1): 20221006.

Dennis C, Webster J. 1971a. Antagonistic properties of species-groups of
Trichoderma: I. Production of non-volatile antibiotics. Transactions of the
British Mycological Society. 57(1): 25-39. doi:
https://doi.org/10.1016/S0007-1536(71)80077-3.

Dennis C, Webster J. 1971b. Antagonistic properties of species-groups of
Trichoderma. Il. Production of volatile antibiotics. Transactions of the
British Mycological Society. 57(1).

Di Lelio I, Coppola M, Comite E, Molisso D, Lorito M, Woo SL, Pennacchio F,
Rao R, Digilio MC. 2021. Temperature differentially influences the
capacity of Trichoderma species to induce plant defense responses in
tomato against insect pests. Frontiers in plant science. 12: 1-15. 678830.
doi: https://doi.org/10.3389/fpls.2021.678830.

Diaz-Gutiérrez C, Arroyave C, Llugany M, Poschenrieder C, Martos S, Pelaez C.
2021. Trichoderma asperellum as a preventive and curative agent to control
Fusarium wilt in Stevia rebaudiana. Biological Control. 155: 104537. doi:
10.1016/j.biocontrol.2021.104537.

El-Abbassi A, Saadaoui N, Kiai H, Raiti J, Hafidi A. 2017. Potential applications
of olive mill wastewater as biopesticide for crops protection. Sci Total
Environ. 576:10-21.

Elita N, Susilawati E, Agustamar A, Rizki R. 2022. Identifikasi molekuler
Trichoderma spp. indigenous dari rizosfer beberapa varietas padi asal
Kabupaten Lima Puluh Kota dan Kota Payakumbuh. Agroteknika. 5(1): 1-
13.

Elshahawy IE, Marrez DA. 2024. Antagonistic activity of Trichoderma asperellum
against Fusarium species, chemical profile and their efficacy for
management of Fusarium-root rot disease in dry bean. Pest Management
Science. 80(3): 1153-1167.doi: https://doi.org/10.1002/ps.7846.

Fosu AK, Flood J, Rusli MH, Agyepong V, Wusu MO, Corbett D, Bhatia N. 2025.
Fusarium oxysporum f. sp. elaeidis and its biosecurity threat to oil palm-
producing countries. Plant Pathology. 74(4): 890-907.

43


https://doi.org/10.17660/ActaHortic.2016.1114.35
https://doi.org/10.3390/ijms23063156
https://doi.org/10.1016/S0007-1536(71)80077-3
https://www.cabidigitallibrary.org/action/doSearch?do=Transactions%2Bof%2Bthe%2BBritish%2BMycological%2BSociety
https://www.cabidigitallibrary.org/action/doSearch?do=Transactions%2Bof%2Bthe%2BBritish%2BMycological%2BSociety
https://doi.org/10.3389/fpls.2021.678830
https://doi.org/10.1016/j.biocontrol.2021.104537
https://doi.org/10.1002/ps.7846

Firdaus EZ, Indahsari WMN, Bahri S, Tyastirin E. 2024. Eksplorasi dan identifikasi
jamur Trichoderma sp. sebagai agens hayati pada tanah daerah perakaran
hortikultura dengan metode baiting. Jurnal limiah Biologi Eksperimen dan
Keanekaragaman Hayati (J-BEKH). 11(2): 59-68.

Fosu AK. 2017. Improving the detection and control of Fusarium oxysporum f. sp.
elaeidis [disertasi]. Inggris: University of Nottingham.

Ferdous R. 2024. Natural field diagnosis and molecular confirmation of fungal and
bacterial watermelon pathogens in Bangladesh: A case study from the
Natore and Sylhet districts. Plos one. 19(11): 1-15. doi:
https://doi.org/10.1371/journal.pone.0307245.

Fouillaud M, Venkatachalam M, Llorente M, Magalon H, Cuet P, Dufossé L. 2017.
Biodiversity of pigmented fungi isolated from marine environment in La
Réunion Island, Indian Ocean: new resources for colored metabolites.
Journal of Fungi. 3(3): 36.

Fernando S, Shafgat H, Vincent L, Perera J, Serasinghe T, Apsara S, Hettithanthrige
O, Suriyaarachchi D, Sewwandi A, Dharmasiri RBN. 2026. Screening and
molecular identification of ethanol fermenting yeasts from Averrhoa
carambola (Star Fruit). The Journal of Applied Learning. 4(1): 57-65.

Fajarningsih ND. 2016. Internal Transcribed Spacer (ITS) as DNA barcoding to
identify fungal species: a review. Squalen Bulletin of Marine and Fisheries
Postharvest and Biotechnology. 11(2): 37-44.

Fauziah SI, Ibrahim M. 2020. Isolasi dan karakterisasi bakteri selulolitik pada tanah
gambut di Desa Tagagiri Tama Jaya, Kecamatan Pelangiran, Kabupaten
Inhil, Riau. LenteraBio: Berkala Iimiah Biologi. 9(3): 194-203.

Gupta NV, Shukshith KS. 2016. Qualification of autoclave. International Journal
of Pharm Tech Research. 9(4): 220-226.

Gordon TR. 2017. Fusarium oxysporum and the Fusarium Wilt Syndrome. Annual
Review of Phytopathology. 55: 23-39. doi: https://doi.org/10.1146/annurev-
phyto-080615-095919.

Guo Y, Ghirardo A, Weber B, Schnitzler JP, Benz JP, Rosenkranz M. 20109.
Trichoderma species differ in their volatile profiles and in antagonism
toward Ectomycorrhiza laccaria bicolor. Frontiers in microbiology. 10. 1-
15. Doi: https://doi.org/10.3389/fmich.2019.00891.

Guo Y, Jud W, Weikl F, Ghirardo A, Junker RR, Polle A, Benz JP, Pritsch K,
Schnitzler JP, Rosenkranz M. 2021. Volatile organic compound patterns
predict fungal trophic mode and lifestyle. Communications biology. 4(1):
673. doi: https://doi.org/10.1038/s42003-021-02198-8.

Guo Y, Jud W, Ghirardo A, Antritter F, Benz JP, Schnitzler JP, Rosenkranz M.
2020. Sniffing fungi—-phenotyping of volatile chemical diversity in
Trichoderma species. New Phytologist. 227(1): 244-259.

Gomez-Garay A, Calderdn, SA, Mariscal MLT, Lopez BP. 2024. Effective control
of Neofusicoccum parvum in grapevines: Combining Trichoderma spp. with
Chemical Fungicides. Agronomy. 14(12): 2766. doi:
https://doi.org/10.3390/agronomy14122766.

Garbeva P, Weisskopf L. 2020. Airborne medicine: bacterial volatiles and their
influence on plant health. New Phytologist. 226(1): 32-43. doi:
https://doi.org/10.1111/nph.1628.

44


https://doi.org/10.1371/journal.pone.0307245
https://doi.org/10.1146/annurev-phyto-080615-095919
https://doi.org/10.1146/annurev-phyto-080615-095919
https://doi.org/10.1146/annurev-phyto-080615-095919
https://doi.org/10.3389/fmicb.2019.00891
https://doi.org/10.1038/s42003-021-02198-8
https://doi.org/10.3390/agronomy14122766
https://doi.org/10.1111/nph.1628

Gao J, Xu J, Liang Z, Logrieco AF. 2025. Synergistic antagonism of Pleurotus
pulmonarious and Trichoderma spp. against Aspergillus flavus.
Bioresource Technology Reports. 33: 102453. doi:
https://doi.org/10.1016/j.biteb.2025.102453.

Guzméan-Guzman P, Kumar A, de los SantosVillalobos S, Parra-Cota FI, Orozco-
Mosqueda MdC, Fadiji AE, Hyder S, Babalola OO, Santoyo G. 2023.
Trichoderma species: Our best fungal allies in the biocontrol of plant
diseases a review. Plants. 12(3): 432. doi:
https://doi.org/10.3390/plants12030432.

Gualtieri L, Monti MM, Mele F, Russo A, Pedata PA, Ruocco M. 2022. Volatile
organic compound (VOC) profiles of different Trichoderma species and
their potential application. Journal of Fungi. 8(10): 989. doi:
https://doi.org/10.3390/j0f8100989.

Hermann VE, Lecomte C. 2019. Current status of Fusarium oxysporum formae
speciales and races. Phytopathology. 109(4): 512-530. doi:
10.1094/PHYTO-08-18-0320-RVW.

Harahap MR. 2018. Elektroforesis: analisis elektronika terhadap biokimia genetika.
CIRCUIT:  Jurnal Illmiah  Pendidikan  Teknik  Elektro. doi:
https://doi.org/10.22373/crc.v2i1.3248.

Hidayat N, Rajab A, La M. 2021. Uji in vitro daya hambat cendawan endofit asal
tumbuhan rambusa (Passiflora foetida) sebagai agens pengendali hayati
penyakit layu Fusarium. Jurnal Agrotech. 11(2): 64-70.

Hakim L, Mujoko T, Widajati W. 2025. Uji potensi Streptomyces spp. isolat malang
untuk menekan pertumbuhan Fusarium sp. pada tanaman cabai rawit
(Capsicum frutescens L) secara in vitro. Jurnal Agrotropika. 24(1): 31-39.

Hafizi R, Salleh B, Latiffah Z. 2013. Morphological and molecular characterization
of Fusarium solani and F. oxysporum associated with crown disease of oil
palm. Brazilian Journal of Microbiology. 44(3): 959-968. doi:
https://doi.org/10.1590/S1517-83822013000300047.

Hu G, Zhao Z, Wei Y, Hu J, Zhou Y, Li J, Yang H. 2025. Trichoderma asperellum
22043: Inoculation promotes salt tolerance of tomato seedlings through
activating the antioxidant system and regulating stress-resistant genes.
Journal of Fungi. 11(4): 253. doi: https://doi.org/ 10.3390/j0f11040253.

Hannum S, Pazsa ND, Silalahi GD, Rahayu S, Sinaga R. 2025. Isolation of the Pil
gene as a pathogen resistance gene from siporang rice of North Sumatra.
Ikonart ke-7 tahun 2025. November; In IOP Conference Series: Earth and
Environmental Science. November: I0P Publishing. HIm 1-9.

Hernandez-Melchor DJ, Guerrero-Chavez AC, Ferrera-Rodriguez MR, Ferrera-
Cerrato R, Larsen J, Alarcon A. 2023. Cellulase and chitinase activities and
antagonism against Fusarium oxysporum f. sp. cubense race 1 of six
Trichoderma strains isolated from Mexican maize cropping. Biotechnology
Letters. 45(3): 387-400.

Howell CR. 2003. Mechanisms employed by Trichoderma species in the biological
control of plant diseases: the history and evolution of current concepts.
Plant disease. 87(1): 4-10. doi: https://doi.org/10.1094/PDIS.2003.87.1.4.

45


https://doi.org/10.1016/j.biteb.2025.102453
https://doi.org/10.3390/plants12030432
https://doi.org/10.3390/jof8100989
https://doi.org/10.1094/phyto-08-18-0320-rvw
https://doi.org/10.22373/crc.v2i1.3248
https://doi.org/10.1590/S1517-83822013000300047
https://doi.org/10.1094/PDIS.2003.87.1.4

Hiba A, Laid D, Omrane Z, Ahmed S, Philippe T. 2019. Production of Trichoderma
harzianum (127a and 127b) spores by fermentation (LF and SSF).
International Journal of Innovative Approaches in Agricultural Research.
3(3): 376-384. doi: https://doi.org/10.29329/ijiaar.2019.206.3.

Isnaini JLS, Muliani S, Nildayanti. 2019. Pertumbuhan dan produksi lima varietas
jagung pulut lokal (waxy corn) Sulawesi Selatan pada pemberian
Trichokompos. Jurnal Agroplantae. 8(2): 7 — 15.

Ikram AM. 2019. Optimalisasi metode PCR (polymerase chain reaction) pada
bakteri indigen pendegradasi xilan dari limbah vinasse [skripsi].
Yogyakarta: Universitas Islam Sunan Kalijaga Yogyakarta.

Inglis PW, Pappas MDCR, Resende LV, Grattapaglia D. 2018. Fast and
inexpensive protocols for consistent extraction of high quality DNA and
RNA from challenging plant and fungal samples for high-throughput SNP
genotyping and sequencing applications. PloS one. 13(10). doi:
https://doi.org/10.1371/journal. pone.0206085.

Inglis PW, Mello SCM, Martins I, Silva JBT, Macédo K, Sifuentes DN, Valadares-
Inglis MC. 2020. Trichoderma from Brazilian garlic and onion crop soils
and description of two new species: Trichoderma azevedoi and
Trichoderma  peberdyi. PLoS ONE. 15(3): 1-23. doi:
https://doi.org/10.1371/journal.pone.0228485.

Inamdar AA, Morath S, Bennett JW. 2020. Fungal volatile organic compounds:
more than just a funky smell?. Annual review of microbiology. 74(1): 101-
116.

Igbal S, Ashfag M, Rao MJ, Khan KS, Malik AH, Mehmood MA, Fawaz MS,
Abbas A, Shakeel MT, Navqgi SAH, Alrefaei AF, Duan M. 2024.
Trichoderma viride: an eco-friendly biocontrol solution against soil-borne
pathogens invegetables under different soil conditions. Horticulturae.
10(12): 1277. doi: https://doi.org/10.3390/horticulturae10121277.

Intana W, Kheawleng S, Sunpapao A. 2021. Trichoderma asperellum T76-14
released volatile organic compounds against postharvest fruit rot in
muskmelons (Cucumis melo) caused by Fusarium incarnatum. Journal of
Fungi. 7(1): 46. doi: 10.3390/jof7010046.

Jumadi O, Junda M, Caronge WM, Syafruddin. 2021. Trichoderma dan
pemanfaatan. Makassar (ID): Jurusan Biologi Fakultas Matematika dan
IImu Pengetahuan Alam.

Juariyah S, Tondok ET, Sinaga MS. 2018. Trichoderma dan Gliocladium untuk
mengendalikan penyakit busuk akar Fusarium pada bibit kelapa sawit.
Jurnal Fitopatologi Indonesia. 14(6): 196-196.

Jamaluddin SN, Fitriana SA. 2024. Molecular identification of endophytic fungi
isolated from bidara root (Ziziphus mauritiana Lam.) using polymerase
chain reaction (PCR). Journal Microbiology Science. 4(1): 11-21.

Jati WW, Kiristini A, Mulyatni AS, Abadi AL. 2023. Identifikasi molekuler
Trichoderma sp., isolat T10 ISRI sebagai agen hayati penyakit busuk akar
dan pangkal batang Xylaria. Indonesian Sugar Research Journal. 3(1): 25-
32.

46


https://doi.org/10.29329/ijiaar.2019.206.3
https://doi.org/10.1371/journal.%20pone.0206085
https://doi.org/10.1371/journal.pone.0228485
https://doi.org/10.3390/horticulturae10121277
https://doi.org/10.3390/jof7010046

Jambhulkar PP, Singh B, Raja M, Ismaiel A, Lakshman DK, Tomar M, Sharma P.
2024. Genetic diversity and antagonistic properties of Trichoderma strains
from the crop rhizospheres in southern Rajasthan, India. Scientific Reports.
14(1): 8610. doi: https://doi.org/10.1038/s41598-024-58302-5.

Khoir MS. 2018. Identifikasi molekuler jamur isolat batu bara berdasarkan sekuen
daerah Internal Transcribe Spacer (IS) [skripsi]. Malang: Universitas Islam
Negeri Maulana Malik Ibrahim.

Kumalasari AS, Jahuddin R, Anggun A. 2021. Uji antagonis Trichoderma sp.
terhadap penyebab penyakit layu Fusarium sp. pada tanaman tomat
(Lycopersicum esculantum Mill). Tarjih Agriculture System Journal. 1(1):
16-22.

Kinge RT, Zemenjuh LM, Bi EM, Ntsefong GN, Annih GM, Bechem EET. 2023.
Molecular phylogeny and pathogenicity of Fusarium oxysporum f. sp.
elaeidis isolates from oil palm plantations in Cameroon. Journal of Plant
Protection Research. 63(1): 122-136.

Kalay AM, Talahaturuson A, Rumahlewang W. 2018. Uji antagonisme
Trichoderma harzianum dan Azotobacter chroococcum terhadap
Rhyzoctonia solani, Sclerotium rolfsii dan Fusarium oxysporum secara in-
vitro. Agrologia. 7(2): 71-78.

Kheyrodin H, Rajabi L, Kianian MK. 2018. Study of potato dextrose agar (PDA).
Journal of Bio Innovation. 7(4): 511-520.

Kimaru SK, Monda E, Cheruiyot RC, Mbaka J, Alakonya A. Morphological and
molecular identification of the causal agent of anthracnose disease of
avocado in Kenya. International Journal of Microbiology. (1): 1-10. doi:
https://doi.org/10.1155/2018/4568520.

Kong WL, Rui L, Ni H, Wu XQ. 2020. Antifungal effects of volatile organic
compounds produced by Rahnella aquatilis JZ-GX1 against Colletotrichum
gloeosporioides in Liriodendron chinense x tulipifera. Frontiers in
Microbiology. 11: 1114. doi:10.3389/fmicb.2020.01114.

Kalman B, Abraham D, Graph S, Rafael PT, Harel YM, Degani O. 2020. Isolation
and identification of Fusarium spp., the causal agents of onion (Allium cepa)
basal rot in Northeastern Israel. Biology. 9(4): 69. doi:
10.3390/biology904006 9.

Kangjam V, Pongener N, Singh R, Banik S, Daiho L, Ao NT. 2023. In vitro
screening for potential antagonistic activity of Trichoderma isolates against
Sclerotium rolfsii causing collar rot of French bean. Environment and
Ecology. 41(1): 623-632.

Kumari R, Kumar V, Arukha AP, Rabbee MF, Ameen F, Koul B. 2024. Screening
of the biocontrol efficacy of potent Trichoderma strains against Fusarium
oxysporum f. sp. ciceri and Scelrotium rolfsii causing wilt and collar rot in
chickpea. Microorganisms. 12(7): 1280. doi:
https://doi.org/10.3390/microorganisms12071280.

Khuong NQ, Trang CTT, Xuan DT, Quang LT, Huu TN, Xuan LNT, Sakagami JI,
Thuc LV. 2023. Evaluation of the antagonistic potential of Trichoderma
spp. against Fusarium oxysporum F. 28.1 A. Journal of Plant Protection
Research. 63(1): 13-26. doi: 10.24425/jppr.2023.144502.

47


https://doi.org/10.1038/s41598-024-58302-5
https://doi.org/10.1155/2018/4568520
https://doi.org/10.3390/microorganisms12071280

Karlsson M, Atanasova L, Jensen DF, Zeilinger S. 2017. Necrotrophic
mycoparasites and their genomes. Microbiology Spectrum. 5(2): 10-1128.
doi: https://doi.org/10.1128/microbiolspec.funk-0016-2016.

Kowsari M, Jabbari L, Nikrad M. 2025. Biopriming with Trichoderma: an effective
method for modifying root architecture and expanding the root system of
rice. Journal of Crop Breeding. 17(3): 16-29. doi: 10.61882/jcb.2024.1569.

Kumar J, Kumar M, Tomar A, Kumar P, Chand P. 2021. Morphological and
molecular characterization of Trichoderma spp. from rhizosphere soil and
their antagonistic activity against Fusarium spp. International Journal of
Plant & Soil Science. 33(19): 100-112. doi:
10.9734/1JPSS/2021/v33i1930605.

LuH, Guo S, Yang Y, Zhao Z, Xie Q, Wu Q, Sun C, Luo H, An B, Wang Q. 2025.
Bikaverin as a molecular weapon: enhancing Fusarium oxysporum
pathogenicity in bananas via rhizosphere microbiome
manipulation. Microbiome. 13(1):107.

Lal D, Dev D, Kumari S, Pandey S, Aparna, Sharma N, Nandni S, Jha RK, Singh
A. 2024. Fusarium wilt pandemic: current understanding and molecular
perspectives. Functional & Integrative Genomics. 24(2): 41. doi:
https://doi.org/10.1007/s10142-024- 01319-w.

Lee J, Huh N, Hong JH, Kim BS, Kim GH, Kim JJ. 2012. The antagonistic
properties of Trichoderma spp. inhabiting woods for potential biological
control of wood-damaging fungi. Holzforschung: International Journal of
the Biology, Chemistry, Physics, & Technology of Wood. 66(7): 883-887.
doi: 10.1515/HF.2011.187.

Lavrishchev A, Litvinovich A, Abakumov E, Kimeklis A, Gladkov G, Andronov
E, Polyakov V. 2024. Soil microbiome of abandoned plaggic podzol of
different-aged fallow lands and native podzol in south taiga (Leningrad
region). Agronomy. 14(3): 429. doi:
https://doi.org/10.3390/agronomy14030429.

Muhorakeye MC, Namikoye ES, Khamis FM, Wanjohi W, Akutse KS. 2024.
Biostimulant and antagonistic potential of endophytic fungi against
Fusarium wilt pathogen of tomato Fusarium oxysporum f. sp. lycopersici.
Scientific Reports. 14(1): 15365.

Mendoza L, Gunawardhana T, Batchelor W, Garnier G. 2019. Nanocellulose for
gel electrophoresis. Journal of Colloid and Interface Science. 540: 148-154.
doi:10.1016/}.jcis.2019.01.017.

Modrzewska M, Blaszczyk L, Stepien L., Urbaniak M, Waskiewicz A, Yoshinari T,
Bryta M. 2022. Trichoderma versus Fusarium inhibition of pathogen
growth and mycotoxin biosynthesis. Molecules. 27(23): 8146.

Matsuoka S, Sugiyama Y, Nagano M, Doi H. 2022. Influence of DNA extraction
kits on freshwater fungal DNA metabarcoding. PeerJ. 10: 1-15. doi:
10.7717/peer).13477.

Marta M, Dominik P, Lidia B, Lukasz S, Agnieszka W, Moniak U, Marcin B. 2025.
Interfungal antagonism between Trichoderma and Fusarium proliferatum
metabolomic and DNA-based analyses. Journal of Applied Genetics. 66(4):
1079-1095. doi: https://doi.org/10.1007/s13353-025-01014-X.

48


https://doi.org/10.1128/microbiolspec.funk-0016-2016
https://doi.org/10.61882/jcb.2024.1569
https://doi.org/10.9734/IJPSS/2021/v33i1930605
https://doi.org/10.1016/j.jcis.2019.01.017
https://doi.org/10.1007/s13353-025-01014-x

Midzi J, Jeffery DW, Baumann U, Rogiers S, Tyerman SD, Pagay V. 2022. Stress-
induced volatile emissions and signalling in inter-plant communication.
Plants. 11(19):2566. doi: https://doi.org/10.3390/plants11192566.

Mahmood A, Kataoka R. 2018. Potential of biopriming in enhancing crop
productivity —and  stress  tolerance.  Springer. 127-145.  doi:
https://doi.org/10.1007/978-981-13-0032-5_9.

Manalu SP, Sari YA, Nadhira AC. 2025. Histosol soil respiration rate study:
measurement and implications in Humbang Hasundutan Regency. In IOP
Conference Series: Earth and Environmental Science. 1445(1). IOP
Publishing.

Nisa C. 2018. Pengujian formulasi Trichoderma sp. terhadap pencegahan patogen
Fusarium oxysporum penyebab penyakit layu pada cabai rawit (Capsicum
frutescens) secara in vivo [skripsi]. Malang: Universitas Islam Negeri
Maulana Malik Ibrahim Malang.

Naser GA. 2022. Deteksi gen fimH pada Klebsiella pneumoniae dari urine pasien
infeksi saluran kemih (ISK) [skripsi]. Makassar: Universitas Megarezky.

Nurjannah N. 2020. Pengaruh pemberian Trichoderma dosis yang berbeda terhadap
pengendalian penyakit layu Fusarium pada tanaman cabai Kkeriting
(Capsicum annum L.) varietas TM 99. Jurnal Life Science: Jurnal
Pendidikan dan Ilmu Pengetahuan Alam. 2(2): 47-56.

Nurliana, Anggraini N. 2018. Eksplorasi dan identifikasi Trichoderma sp. lokal dari
rizosfer bambu dengan metode perangkap media nasi. Jurnal Agrohita.
2(2): 41-44. doi: http://dx.doi.org/10.31604/jap.v2i2.516.

Nikmah BM. 2017. Uji efektivitas berbagai media selektif untuk isolasi
Trichoderma spp. dari tanah pada berbagai lahan yang berbeda [skripsi].
Malang: Universitas Brawijaya.

Nykiel-Szymanska J, Bernat P, Sltaba M. 2020. Biotransformation and
detoxification of chloroacetanilide herbicides by Trichoderma spp. with
plant growth-promoting activities. Pesticide Biochemistry and Physiology.
163: 216-226.

Nayak N, Sar K, Sahoo BK, Mahapatra P. 2020. Beneficial effect of effective
microorganism on crop and soil—A review. Res. Rev. Journal of
Pharmacogn and Phytochemistry. 9: 3070-3074.

Nugraha DA, Alif MF, Sitinjak NO, Sartika R, Manullang S, Fadilah PM. 2024.
Pengujian pertumbuhan bibit anggur melalui pemberian pupuk
menggunakan rancangan acak lengkap. Interdisciplinary Explorations in
Research Journal. 2(3): 1626-1639.

Nurmiati N, Periadnadi P, Kartiwan K, Edelwis TW. 2024. Characterization and
utilization of Trichoderma sp. for efficient management of oil palm empty
fruit bunch waste in plantations. Global Journal of Environmental Science
& Management (GJESM). 10(4): 1719. doi: 10.22034/gjesm.2024.04.14.

Novita N, Mahdiyah D, Audina M, Darsono PV. 2023. Aktivitas antibakteri dari
bakteri tanah gambut terhadap Streptococcus pneumoniae. Innovative:
Journal Of Social Science Research. 3(6): 8129-8141.

Ohorella Z, Soekamto MH, Wahyudi, Hariati DM. 2022. Antagonist test of
Trichoderma harzianum to Fusarium oxysporum as causes of withering
disease in plants tomato (Lycopersicum esculentum) in vitro. Median :
Jurnal llmu Ilmu Eksakta. 14(1). doi: http://doi.org/md.v14i1.481.

49


https://doi.org/10.3390/plants11192566
https://doi.org/10.1007/978-981-13-0032-5_9
http://dx.doi.org/10.31604/jap.v2i2.516
http://doi.org/md.v14i1.481

Osorno-Suarez MDP, Hernandez-Soto |, Aquino-Torres E, Reyes-Santamaria Ml,
Madariaga-Navarrete A, Sanchez-Rangel D, Saucedo-Garcia M. 2025.
Trichoderma asperellum enhances low-temperature tolerance of tomato
plants by regulating oxidative stress, osmolyte accumulation, and stomatal
traits. Horticulturae. 11(12): 1502. doi:
https://doi.org/10.3390/horticulturae11121502.

Ohiwal M. 2017. Populasi mikrob fungsional pada rhizosfer kelapa sawit di lahan
gambut Riau. Jurnal IImu Tanah Dan Lingkungan. 19(2): 74-80.

Orlova OV, Kichko AA, Chirak EL, Zverev AO, Lisina TO, Andronov EE. 2023.
Soil bacterial community during straw decomposition depending on the
amount of available organic matter. Eurasian Soil Sci. 5: 626-639.

Vinale F, Ghisalberti EL, Sivasithamparam K, Marra R, Ritieni A, Ferracane R,
Woo S, Lorito M. 2009. Factors affecting the production of Trichoderma
harzianum secondary metabolites during the interaction with different plant
pathogens. Letters in applied microbiology. 48(6): 705-711. doi:
https://doi.org/10.1111/j.1472-765X.2009.02599.x.

Vu D, Groenewald M, de Vries M, Gehrmann T, Stielow B, Eberhardt U, Al-Hatmi
A, Groenewald JZ, Cardinali G, Houbraken J, Boekhout T, Crous PW,
Robert V, Verkley GIJM. 2019. Large-scale generation and analysis of
filamentous fungal dna barcodes boosts coverage for kingdom fungi and
reveals thresholds for fungal species and higher taxon delimitation. Studies
in Mycology. 92(1): 135-154. doi:
https://doi.org/10.1016/j.simyco0.2018.05.001.

Pandawani NP, Widnyana IK, Sumantra IK. 2020. Efektivitas isolat Trichoderma
spp. dalam pengendalian penyakit akar gada (Plasmodiaphora brassicae
wor.) pada sawi hijau (Brassica rapa). Agro Bali: Agriculturan Journal.
3(1): 38-51.

Pulungan VH. 2018. Eksplorasi jamur Trichoderma spp. pada beberapa lahan
perkebunan dan potensinya dalam mengendalikan penyakit Fusicoccum sp.
[skripsi]. Medan: Universitas Muhammadiyah Sumatera Utara.

Putri OR. 2025. Validasi metode polymerase chain reaction (PCR) untuk deteksi
decapod iridescent virus 1 (divl) pada udang vaname (Litopenaeus
vannamei) [skripsi]. Lampung: Universitas Lampung.

Probowati W, Nugraheni 1A, Aryani T. 2021. Efektivitas pupuk cair Pseudomonas
fluorescens agensia pengendali hayati terhadap penyakit mosaik tanaman
kakao. Bioeksperimen: Jurnal Penelitian Biologi. 7(1): 42-49.

Pakaya MS, Uno WZ, Papeo DRP, Moo DR. 2022. Isolasi dan karakterisasi jamur
endofit lamun (Thalassia hemprichii) dari kawasan Teluk Tomini. Journal
Syifa Sciences and Clinical Research. 4(3).

Putri AY. 2018. Uji aktivitas antifungi dan fitokimia metabolit sekunder kapang
endofit Trichoderma sp. terhadap kapang patogen Colletotrichum sp. dan
Fusarium oxisporum pada tanaman cabai [skripsi]: Malang: UIN Maulana
Malik 1brahim Malang.

Putri RK, Firmansyah H, Jannah RM. 2024. Induksi organogenesis eksplan
Cauliflower pada media cair dengan beberapa perlakuan sterilisasi.
Agriculture and Biological Technology. 1(2): 65-70.

50


https://doi.org/10.3390/horticulturae11121502
https://doi.org/10.1111/j.1472-765X.2009.02599.x
https://doi.org/10.1016/j.simyco.2018.05.001

Patel K, Devi RKT, Singh AR, Ningthoujam K, Kadam V, Thokchom S. 2022.
Efficacy of fungicides and endophytic bacteria against Fusarium wilt of
chickpea caused by Fusarium oxysporum f. sp. ciceris under in vitro
conditions. Kavaka. 58(4): 36 — 39.

Phoka N, Suwannarach N, Lumyong S, Ito SI, Matsui K, Arikit S, Sunpapao A.
2020. Role of volatiles from the endophytic fungus Trichoderma
asperelloides PSU-P1 in biocontrol potential and in promoting the plant
growth of Arabidopsis thaliana. Journal of Fungi. 6(4): 341.

PalmElit. 2021. Technical Brief: Fusarium oxysporum f. sp. elaeidis (Foe). France
(FR): PalmElit SAS.

Portela ND, Mena C, Martin MG, Burstein VL, Chiapello LS, Pesoa SA. 2025.
Effect of DNA extraction method in gut fungal community assessment.
Revista Argentina de Microbiologia.57: 309-317. doi:
https://doi.org/10.1016/j.ram.2024.12.005.

Purwantisari S, Arifah VN, Kirana AB, Haya RN. 2026. Comparison of inhibitory
activity of Trichoderma sp. and fungicide against rice pathogenic fungus in
vitro. Jurnal Agrotek Tropika. 14(1): 34-47.

Pradhan DA, Bagagoni P, Makandar R. 2023. Assessing rhizosphere Trichoderma
asperellum strains for root colonizing and antagonistic competencies
against Fusarium wilt through molecular and biochemical responses in
castor. Biological Control. 184: 105280. doi:
https://doi.org/10.1016/j.biocontrol.2023.105280.

Putra AM. 2026. Trichoderma-based biocontrol strategies against Fusarium Wilt: a
bibliometric analysis and literature review. Biota: Jurnal lImiah limu-limu
Hayati. 11(1): 94-108. doi: 10.24002/biota.v11i1.12938.

Pandian RTP, Raja M, Kumar A, Sharma P. 2016. Morphological and molecular
characterization of Trichoderma asperellum strain Tal3. Indian
Phytopathol. 69(3): 297-303.

Peng Y, Li SJ, Yan J, Tang Y, Cheng JP, Gao AJ, Yao X, Ruan JJ, Xu BL. 2021.
Research progress on phytopathogenic fungi and their role as biocontrol
agents. Frontiers in Microbiology. 12: 670135. doi: https://doi.
0rg/10.3389/fmich.2021.670135.

Purba DKT, Mukhlis, Supriadi. 2017. Klasifikasi tanah gambut di dataran tinggi
toba: classification of peat soil at Toba highland. Jurnal
Agroteknologi. 5(1): 103-112.

Pratiwi E, Satwika TD, Agus F. 2018. Keanekaragaman mikrob tanah gambut di
bawah hutan dan di bawah perkebunan sawit di Provinsi Jambi. Jurnal
Tanah dan Iklim. 42(1): 69-78.

Patrmanova T, BureSova-Faitova A, Tejnecky V, Omelka M, Drabek O, Pavlu L,
Thai S, Kopecky J, Sagova-Mareckova M. 2026. Tree species influence soil
carbon quality but not total storage across horizons: European beech on
Dystric Cambisol and Norway spruce on Entic Podzol. PLoS One. 21(6):
e0350656. doi: https://doi.org/10.1371/journal.pone.0350656.

Risthayeni P. 2017. Uji efektifitas jamur antagonis Trichoderma sp. dan
Gliocladium sp. mengendalikan penyakit pokahbung (Fusarium
moniliforme) pada tanaman tebu (Saccharum officinarum) [skripsi]. Medan:
Universitas Sumatera Utara.

51


https://doi.org/10.1016/j.ram.2024.12.005
https://doi.org/10.1016/j.biocontrol.2023.105280
https://doi.org/10.1371/journal.pone.0350656

Rizal FA. 2021. Pengaruh Trichoderma sp. dan pupuk NPK organik terhadap
pertumbuhan serta produksi tanaman terung ungu (Solanum melongena L.)
[skripsi]. Riau: Universitas Islam Riau Pekanbaru.

Ruchi W, Putri DH, Anhar A, Farma SA. 2018. Comparison of three different DNA
isolation methods to degradate the Trichoderma fungi cell wall. Bioscience.
2(1): 50-59.

Rusli MH, Wheals AE, Sharma S, Seman IA, Cooper RM. 2017. Disease
epidemiology and genetic diversity of Fusarium oxysporum f. sp. elaeidis,
cause of Fusarium wilt of oil palm (Elaeis guineensis Jacqg.). Journal of Qil
Palm Research. 29(4). 548-561. doi:
https://doi.org/10.21894/jopr.2017.0007.

Rahmawati AS, Erina R. 2020. Rancangan acak lengkap (RAL) dengan uji
ANOVA dua jalur. Jurnal Pendidikan Fisika. 4(1): 54-62.

Rahman SSMSA, Zainudin NAIM, Aris A, Aziz NAA. 2021. Morphological and
molecular characterization of Trichoderma species isolated from
rhizosphere soils in Malaysia. Malaysian Journal of Microbiology. 17(1):
80-89. doi: http://dx.doi.org/10.21161/mjm.200893.

Rajani P, Rajasekaran C, Vasanthakumari MM, Olsson SB, Ravikanth G, Shaanker
RU. 2021. Inhibition of plant pathogenic fungi by endophytic Trichoderma
spp. through mycoparasitism and volatile  organic compounds.
Microbiological Research. 242: 126595.

Ronauli R. 2021. Penetapan kadar kloramfenikol dalam sediaan kapsul secara
spektrofotometri infra merah. Herbal Medicine Journal. 4(2): 52-58.

Ren X, Fan L, Li G, Lyagin IV, Zhang B, Ning M, Yan M, Gao J, Wang F, Guo C,
Logrieco AF. 2025. Interaction of Trichoderma species with Fusarium
graminearum growth and its trichothecene biosynthesis as further
contribution in selection of potential biocontrol agents. Journal of Fungi.
11(7): 521). doi: https://doi.org/10.3390/jof11070521.

Rao Y, Zeng L, Jiang H, Mei L and Wang Y. 2022. Trichoderma atroviride LZ42
releases volatile organic compounds promoting plant growth and
suppressing Fusarium wilt disease in tomato seedlings. BMC Microbiol.
22(88):1-12. doi: https://doi.org/10.1186/s12866-022-02511-3.

Rosmana A, Sakrabani R, Sjam S, Nasaruddin N, Asman A, Pandin BYS. 2019.
Plant residue based-composts applied in combination with Trichoderma
asperellum improve cacao seedling growth in soil derived from nickel mine
area. The Journal of Animal and Plant Sciences. 29(1): 291-298.

Rizka S, Muchlisin ZA, Akyun Q, Fadli N, Dewiyanti I, Halim 1. 2016. Komunitas
makrozoobentos di perairan estuaria rawa gambut tripa Provinsi Aceh.
Jurnal Ilmiah Mahasiswa Kelautan dan Perikanan Unsyiah. Banda Aceh.
1(1):134-145.

Setyadi IMD, Artha IN, Wirya GNAS. 2017. Efektifitas pemberian kompos
Trichoderma sp. terhadap pertumbuhan tanaman cabai (Capsicum annum
L.). Jurnal Agroekoteknologi Tropika. 6(1): 21 — 30.

Shamim M, Kumar P, Kumar RR, Kumar M, Kumar RR, Singh KN. 2017.
Assessing fungal biodiversity using molecular markers. Cham: Springer
International Publishing. 305-333. doi: https://doi.org/10.1007/978-3-319-
34106- 4_15.

52


https://doi.org/10.21894/jopr.2017.0007
http://dx.doi.org/10.21161/mjm.200893
https://doi.org/10.3390/jof11070521
https://doi.org/10.1186/s12866-022-02511-3
https://doi.org/10.1007/978-3-319-34106-%204_15
https://doi.org/10.1007/978-3-319-34106-%204_15

Sinaga A, Putri LAP, Bangun. 2017. Analisis pola pita andaliman (Zanthoxylum
Acanthopodium D.C) berdasarkan primer OPD 03, OPD 20, OPC 07, OPM
20, OPN 09. Jurnal Agroteknologi FP USU. 5(1): 55-64.

Snyder WC, Hansen HN. 1940. The species concept in Fusarium. Am. J. Bot. 27(2):
64-67.

Sanothan A, Montong VB, Lengkong M. 2023. Uji antagonis jamur Trichoderma
sp. terhadap penyakit antraknosa Colletotrichum sp. pada tanaman cabai
keriting Capsicum annuum L. di Laboratorium. Jurnal Enfit: Entomologi
dan Fitopatologi. 3(1): 15-23.

Schulz-Bohm K, Geisen S, Wubs EJ, Song C, de Boer W, Garbeva P. 2017. The
prey’s scent-volatile organic compound mediated interactions between soil
bacteria and their protist predators. The ISME journal. 11(3): 817-820. doi:
https://doi.org/10.1038/ismej.2016.144.

Sefer O, Ozsoy E, Yorik E, Ozkale E. 2023. Determining the biocontrol capacities
of Trichoderma spp. originating from Turkey on Fusarium culmorum by
transcriptional and antagonistic analyses. Frontiers in Fungal Biology. 4.
1278525. doi: https://doi.org/10.3389/ffunb.2023.1278525.

Suparti S, Agustina L, Agustina P, Rahmawati R. 2019. The potential of breadfruit
seed and jackfruit seed as alternative replacement medium of potato
dextrose agar (PDA) with seedling FO mushrooms. Biogenesis: Jurnal
IlImiah Biologi. 7(1): 67-72. doi: https://doi.org/10.24252/bio.v7i1.6102.

Stracquadanio C, Quiles JM, Meca G, Cacciola SO. 2020. Antifungal activity of
bioactive metabolites produced by Trichoderma asperellum and
Trichoderma atroviride in liquid medium. Journal of Fungi. 6(4): 263. doi:
https://doi.org/10.3390/jof6040263.

Selva AA, Parthiban VK, Sudha A, Gopalakrishnan C, Swarnakumari N,
Anandham R. 2026. Antifungal and plant-growth promoting potency of
Trichoderma asperellum against Fusarium wilt on tomato. Journal of Plant
Pathology. 108(1): 111-123.

Samuels GJ, Lieckfeldt E, Nirenberg HI. 1999. Trichoderma asperellum, a new
species with warted conidia, and redescription of T. viride. Sydowia. 51:71-
88.

Siddique AB, Albrectsen BR, Ilbi H, Siddique AB. 2022. Optimization of protocol
for construction of fungal ITS amplicon library for high-throughput illumina
sequencing to study the mycobiome of aspen leaves. Applied Sciences.
12(3): 1136. doi: https://doi.org/10.3390/app12031136.

Sunpapao A, Chairin T, Ito SI. 2018. The biocontrol by Streptomyces and
Trichoderma of leaf spot disease caused by Curvularia oryzae in oil palm
seedlings. Biological Control. 123: 36-42. doi:
10.1016/j.biocontrol.2018.04.017.

Surma S, Sumaira H, Misbah M, Dar MS, Padder BA, Khan |, Mushtaq K, Maheem
M, Sehla K, Nabi A, Lone MA, Mir SS, Callis O, Shah MD. 2025. Morpho-
cultural and molecular characterization of Trichoderma species from the
northwestern himalayan apple rhizosphere of India. Scientific Reports.
15(1): 26320. doi: https://doi.org/10.1038/s41598-025-12086-4.

53


https://doi.org/10.1038/ismej.2016.144
https://doi.org/10.3389/ffunb.2023.1278525
https://doi.org/10.24252/bio.v7i1.6102
https://doi.org/10.3390/jof6040263
https://doi.org/10.3390/app12031136
https://doi.org/10.1016/j.biocontrol.2018.04.017
https://doi.org/10.1038/s41598-025-12086-4

Saravanakumar K, Yu C, Dou K, Wang M, Li Y, Chen J. 2016. Synergistic effect
of Trichoderma-derived antifungal metabolites and cell wall degrading
enzymes on enhanced biocontrol of Fusarium oxysporum f. sp.
cucumerinum. Biological control. 94: 37-46. doi:
10.1016/j.biocontrol.2015.12.001.

Sehim AE, Hewedy OA, Altammar KA, Alhumaidi MS, Abd Elghaffar RY. 2023.
Trichoderma asperellum empowers tomato plants and suppresses Fusarium
oxysporum through priming responses. Frontiers in microbiology. 14:
1140378. doi: https://doi.org/10.3389/fmicb.2023.1140378.

Sarrocco S. 2023. Biological disease control by beneficial (micro) organisms:
Selected breakthroughs in the past 50 years. Phytopathology®. 113(4): 732-
740. doi: https://doi.org/10.1094/PHYTO-11-22-0405-KD.

Saravanakumar K, Li Y, Yu C, Wang QQ, Wang M, Sun J, Gao JX, Chen J. 2017.
Effect of Trichoderma harzianum on maize rhizosphere microbiome and
biocontrol of Fusarium stalk rot. Scientific Reports. 7(1): 1771.
https://doi.org/10.1038/s41598-017-01680-w.

Sood M, Kapoor D, Kumar V, Sheteiwy MS, Ramakrishnan M, Landi M, Araniti
F, Sharma A. 2020. Trichoderma: The “Secrets” of a multitalented
biocontrol agent. Plants. 9(6): 762. doi: https://doi.org/10.3390/
plants9060762.

Sukarman, Saidy AR, Rusmayadi G, Adriani DE, Primananda S, Suwardi,
Wirianata H, Fitriana CDA. 2022. Effect of water deficit of Ultisols,
Entisols, Spodosols, and Histosols on oil palm productivity in Central
Kalimantan. SAINS TANAH — Journal of Soil Science and Agroclimatology.
19(2): 180-191.

Surianto, Rauf A, Sabrina T, Sutarta ES. 2015. Karakteristik tanah dan
perbandingan produksi kelapa sawit (Elaeis guineensis Jacg.) dengan
metode tanam lubang besar dan parit drainase 2: 1 pada lahan Spodosol di
Kabupaten Barito Timur Propinsi Kalimantan Tengah-Indonesia. Pertanian
Tropik. 2(2):148-158.

Syarovy M, Ginting EN, Wiratmoko D, Santoso H. 2015. Optimalisasi
pertumbuhan tanaman kelapa sawit di tanah Spodosol. Jurnal Online
Pertanian Tropik. 2(3): 340-347.

Setyawan B. 2018. Kajian berbagai tanaman penutup tanah terhadap sifat kimia
tanah pada inceptisol dan Spodosol di perkebunan kelapa sawit PT.
Bumitama gunajaya agro [skripsi]. Malang: Universitas Brawijaya.

Supriati L, Melhanah M, Oemar O, Milenia S. 2023. Eksplorasi jamur agens hayati
dari  rhizosfir di lahan gambut dengan pola tanam yang
berbeda. AgriPeat. 24(2): 31-39. doi:10.36873/agp.v24i2.8658.

Trisnasari D. 2020. Desain primer gen a -amilase secara insilico pada penicillium
sp. dari batubara [skripsi]. Malang: Universitas Islam Negeri Maulana
Malik 1brahim.

Triana VA. 2017. Analisis cemaran daging babi pada produk sosis sapi yang
beredar di wilayah Bumi Serpong Damai menggunakan metode real time
polymerase chain reaction (RT-PCR) [skripsi]. Jakarta: Universitas Islam
Negeri Hidayatullah Jakarta.

54


https://doi.org/10.1016/j.biocontrol.2015.12.001
https://doi.org/10.3389/fmicb.2023.1140378
https://doi.org/10.1094/PHYTO-11-22-0405-KD
https://doi.org/10.1038/s41598-017-01680-w
https://doi.org/10.36873/agp.v24i2.8658

Tabi OT, Monah NL, Enow EA. 2024. Reactions of oil palm (Elaeis guineensis
Jacq) progenies to Fusarium wilt disease caused by Fusarium oxysporum f.
sp. elaeidis under natural infection. American Journal of Plant Sciences.
15(10): 968-987.

Thambugala KM, Daranagama DA, Phillips AJL, Kannangara SD, Promputtha I.
2020. Fungi vs. fungi in biocontrol: An overview of fungal antagonists
applied against fungal plant pathogens. Frontiers in Cellular and Infection
Microbiology. 10(604923): 1-19. doi: https://
doi.org/10.3389/fcimb.2020.604923.

Uruilal C, Talahaturuson A, Rumahlewang W, Patty J. 2017. Isolasi Trichoderma
spp. dan daya antagonismenya terhadap Sclerotium rolfsii Sacc. penyebab
penyakit layu pada tanaman cabai (Capsicum anuum) secara in-vitro. Jurnal
Budidaya Pertanian. 13(2): 64-67.

Uddin SA, Hossain I, Mahmud H, Monjil MS, Hossain MD. 2024. Isolation,
morpho-physiological and molecular characterization, phylogenetic
analysis of Trichoderma asperellum in Bangladesh. Brazilian Journal of
Biology. 84: €282954. doi: https://doi.org/10.1590/1519-6984.282954er.

Widodo WT. 2025. Komponen, tahapan dan variasi Polimerase Chain Reaction
- artikel review. Jurnal Kesehatan Tambusai. 6(1).

Wulandari AP, Triani E, Sari K, Prasetyani M, Nurzaman M, Purwati RD, Ermawar
RA, Nuraini A. 2022. Endophytic microbiome of boehmeria nivea and their
antagonism against latent fungal pathogens in plants. Jurnal MC
Microbiology. 22(1): 1-16. doi: https://doi.org/10.1186/s12866-022-
027371.

Weikl F, Ghirardo A, Schnitzler JP, Pritsch K. 2016. Sesquiterpene emissions from
Alternaria alternata and Fusarium oxysporum: Effects of age, nutrient
availability and co-cultivation. Scientific reports. 6(1): 22152. doi:
10.1038/srep22152.

Wasdili FAQ, Putri AS, Romlah S. 2022. Optimasi Isolasi DNA Genom Candida
albicans dengan metode Litium Karbonat. Anakes: Jurnal llmiah Analis
Kesehatan. 8(2): 160-168.

Woo SL, Hermosa R, Lorito M, Monte E. 2023. Trichoderma: A multipurpose,
plant-beneficial microorganism for eco-sustainable agriculture. Nat. Rev.
Microbiol. 21. 312-326. doi: https://doi.org/10.1038/s41579-022-00819-5.

Wood J, Ashby B. 2023. Hyperparasitism and the evolution of parasite
virulence. Evolution. 77(12): 2631-2641. doi:
https://doi.org/10.1093/evolut/qpad178.

Weisskopf L, Schulz S, Garbeva P. 2021. Microbial volatile organic compounds in
intra-kingdom and inter-kingdom interactions. Nature Reviews
Microbiology. 19(6): 391-404.

Wang E, Liu X, Si Z, Li X, Bi J, Dong W, Chen M, Wang S, Zhang J, Song A, Fan
F. 2021. Volatile organic compounds from rice rhizosphere bacteria inhibit
growth of the pathogen Rhizoctonia solani. Agriculture. 11(4): 368. doi:
https://doi.org/10.3390/agriculture11040368.

Wang S, Li SC, Cheng FS, Ren T, Mei DH, Gao K, Song QY. 2022. Antifungal,
repellency, and insecticidal activities of Cymbopogon distans and Ruta
graveolens essential oils and their main chemical constituents. Chemistry &
Biodiversity. 19(10): e202200351. doi: doi.org/10.1002/cbdv.202200351.

55


https://doi.org/10.1590/1519-6984.282954er
https://doi.org/10.1186/s12866-022-027371
https://doi.org/10.1186/s12866-022-027371
https://doi.org/10.1038/s41579-022-00819-5
https://doi.org/10.1093/evolut/qpad178
https://doi.org/10.3390/agriculture11040368

Wijaya |, Arabia T, Basri H. 2022. Pengaruh pengelolaan drainase terhadap
beberapa sifat kimia tanah Histosol di rawa gambut tripa Kabupaten Aceh
Barat Daya. Jurnal Ilmiah Mahasiswa Pertanian. 7(3): 381-392.

Xu, J. 2016. Fungal DNA barcoding. Genome. 59(11): 913-932.

Xu X, Lei H, Ma X, Lai T, Song H, Shi X, Li J. 2017. Antifungal activity of 1-
methylcyclopropene (1-MCP) against anthracnose (Colletotrichum
gloeosporioides) in postharvest mango fruit and its possible mechanisms of
action. International Journal Food Microbiol. 241: 1-6. doi: 10.1016/j.
ijfoodmicro.2016.10.002.

Xu X, Yang C, Xu Z, Jiao C, Yang X, Wang Y, Ma S, Xiang W, Wang X, Zhao J.
2025. Trichoderma asperellum 2-X-3-3 as a sustainable biocontrol
alternative to fungicides for postharvest pear diseases. Food Microbiology.
134: 104934. doi: https://doi.org/10.1016/j.fm.2025.104934.

Xue Y, Yan Q, Li X, Jiang Z. 2024. Characterization of a novel aspartic protease
from Trichoderma asperellum for the preparation of duck blood peptides.
Applied  Microbiology and Biotechnology. 108(1): 131. doi:
https://doi.org/10.1007/s00253-023-12848-y.

Xie R, Gao X, Liu K, Yu D, Li Q, Yang G, Bi F. 2025. Phenylethyl alcohol-based
polymeric nanogels obtained through polymerization-induced self-
assembly toward achieving broad-spectrum antibacterial activity.
Gels. 11(9): 690. doi: https://doi.org/10.3390/ gels11090690.

Yanti AY, Frianos MAL. 2018. Eksplorasi dan identifikasi Trichoderma spp. di
Universitas Teuku Umar exploration. Jurnal Agrotek Lestari. 5(1): 86-90.
doi: https://doi.org/10.35308/jal.v4i1.637.

Yusuf Al, Aini F, Maritsa HU, Riany H. 2024. Aktivitas kitinase dari aktinobakteri
sebagai biokontrol Ganoderma boninense. Berita Biologi. 23(2): 227-234.

Yao X, Guo H, Zhang K, Zhao M, Ruan J, Chen J. 2023. Trichoderma and its role
in biological control of plant fungal and nematode disease. Frontiers in
microbiology. 14: 1160551. doi:
https://doi.org/10.3389/fmich.2023.1160551.

Zhu Q, Liu W, Song L, Guo Z, Bian Z, Han Y, Cai H, Yang P, Meng K. 2025. The
potential of Trichoderma asperellum for degrading wheat straw and its key
genes in lignocellulose degradation. Frontiers in Microbiology. 16:
1550495. doi: https://doi.org/10.3389/fmicb.2025.1550495.

Zakaria L. 2023. Basal stem rot of oil palm: The pathogen, disease incidence, and
control methods. Plant Disease. 107(3): 603-615.

Zhang Y, Wu L, LuY, Li B, Jin Z, Wang J, Bai R, Wu Q, Fan Q, Tang JH, Yin F,
He Y. 2025. Biocontrol activity and antifungal mechanisms of volatile
organic compounds produced by Trichoderma asperellum XY101 against
pear Valsa canker. Pest Management Science. 81(8): 4742-4757. doi:
10.1002/ps.8837.

Zapata-Sarmiento DH, Palacios-Pala EF, Rodriguez-Hernandez AA, Melchor DL
M, Rodriguez-Monroy M, Sepulveda-Jimenez G. 2020. Trichoderma
asperellum, a potential biological control agent of Stemphylium vesicarium,
on onion (Allium cepa L.). Biological Control. 140: 104105. doi:
10.1016/j.biocontrol.2019.104105.

56


https://doi.org/10.1016/j.fm.2025.104934
https://doi.org/10.1007/s00253-023-12848-y
https://doi.org/10.35308/jal.v4i1.637
https://doi.org/10.3389/fmicb.2023.1160551
https://doi.org/10.3389/fmicb.2025.1550495
https://doi.org/10.1002/ps.8837
https://doi.org/10.1016/j.biocontrol.2019.104105

Zin NA, Badaluddin NA. 2020. Biological functions of Trichoderma spp. for
agriculture applications. Annals of Agricultural Sciences. 65(2): 168-178.
doi: https://doi. org/10.1016/j.a0as.2020.09.003.

57



