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contral can be achieved without the use of synthetic pesticides through the ntlization of
antagonist:c mictobes /Lahlali et al, 2022). Funga! biological contral agents have ganed
significant traction in their prospective applicadon against plant ‘nfections due to their
specialized targets, short generation durations, and rghatively high rates of both sexual and
asexual reproduction. Furthermore, they can persist in the environment without a host by
switching from parasitism to saprotrgghism, which presetves sustainability. According to
Thambugala ct al,, (2020), a varicty of fungal species possess defense mechanisms that allow
them tn effectively shield plants fram diseases hrnught nn hy plant pathngenic fungi. Tt has
been demonstrated that antagonistic microorganisms, which may be obtained from a variety
of setlings, are more effective than synthelc pest'cides at nanaging plant diseases (Droly et
al,, 2022).

Antagonism berween antagonistic and pathogenic molds is a phenomenon in which
cerrain molds compete in the same environmeni, with the effect of inhibiting each other's
growth or activity (Mazaro ct al., 2022). Microorganisms with the capacity to prevent or
regulate the growth of harmful mnlds are referred to in this context as antagonistic molds.
By sumulating increased plant growth and systemic resistance, antagnnistic fungi pggvent the
growth of pathogenic fungi. They also compete with other harmful microbes and produce 4
vatiety of secondary metaboliles (lipopeptides, antiziotics, and enzymes) through
colonization {(Akram et al, 2023). Antagonism between antagonistic malds and pathogenic
molds needs to be well studied, so that its properties can be known (Rabmawatd e al., 2018).

In this study, the pathogenic fung used were Faxysporum and Capnodium sp. These
rwo fungi are pathogenic fung that attack plants. Fooxysporasm causes wilt disease in plants
characterized by decay of ronts and tubers. F.oxyspomsz usual'y attacks tomato, chili and other
agricultural production plants (Michclse & Rep, 2009). In addition, Capreditm is a mold that
attacks leaves, characrerized by snnty dew nn the leaves. The symptam nf this diseage is that
on the surface of the leaves and stems there :s an evenly distributed black layer that is easily
peeled off the leaves Hut the leaf dssue underncath remaing green. Although Capaodinm p. is
not a parasite beeause it oniy covers the surface of the leaves, it is still dangerous for plants
because it can inhibit metabolism, especially the photosynthesis process (Nurfalinda, 2023)

A significant portion of their pans are assimilated Sy fungi in a systematic and
bit@ical manner to prevent the cstablishment of other pathogenic fungi that are demrimenial
to the growth and development of plants. The creation of fungal strains as biocontrol agents
for nlant diseases has received a lot of arrention. The members oft the genus Trichoderma
have Seen the subject of the greatest ‘nvestigation (Tariq et al, 2020). It has been
dncumented thar Trichnderma Fun:ﬁwe antagonistic. actinn against a numhber nf plant
fungal diseases, such as Bosrytis, .Alternaria, Pyibiam, Aspergitlys, Pusarism, Rhigvitonia,
Piytophthore, and Gaetimannowyier (Pal and Gardener 2006). Trichoderma is a crucial

bincontral agent that helps manage another fungus thal causes phylopathics. In field or













power af 2 isolates of T. bargganum mold. T. barygansim maold has significant antagonism
against both pathogenic molds tested. T. hargiannm antagonism against F. oxysporum was 80%
while against Capsiodian: sp. was 67% (Table 1).

T. harzianum is a type of fungus known 10 be cffeciive as a biologi-mconttol agent
against vatious plant pathogens, including F. sxysporsm. The effectiveness of Trichoderma
harzianum against F  exyperss is  anributed to several mechan'sms, incluling:
Mycoparasitism: T. bargdansnz can attack and destroy hyphae of F oxpporse. Produciion of
Ant'fungal Enzymes and Compounds: T2 bargianum prnduces varinus lys'ng enzymes and
volatile organic gegmpounds that have antifungal activity. Enhaneement of Plant Resistance:
T. bargientie can increase the systemic resistance of plans 10 F. exygporer (Chen el al., 2019;
Lakhdari ctal., 2018; Meddad-Hamza et al., 2023). However, the effecivencss of T, bargdannm
against Caprodinsm fungi may differ and depends on several factors, such as the swain of T.
hargianus used, environmenta' condidons, and the specific interaction between T. harzianum
and Capnodium fungi. Although T faersdanum is generally cffective in controlling various
fungal diseases, it may not be effective against all types of fung’ or under all conditinns.
Therefore, it is possible that T. fargdensm may not be effective in ki'ling Caprodizm fungi
under certain condtions (Sharma & Sharma, 2020).

The difference in antagonism power can he caused 5y the characteristics of each
mold, the type of antibiotic compounds produced and also the antagnnistic mechanism of
each species of T. bergianun mold. The mechanism of antagonism berween T. hargdanun and
Capnodinm sp. can involve various factors, such as competiton for nutrients, production of
antimicrobia! compounds, and physical interactions between the hyphae of the molds
{Rahmawad et al,, 2018). The T. hargianun mold can inkibit the growth of pathogenic mokls,
this can be scen in the results of macroscopic observations showing the existence of a
mycnparasitic mechanism, namely the hyphae nf the T. fargdansmm mnld entangle, penetrate
the hyphae of pathogenic molds or grow attached along the hyphae of pathogenic mnlds
{Figurc 5 and Figure 0).

Trichoderma molds artack pathogenic molds through vatious complex mechanisms.
Some of these are: 1) Mycoparasitsm, Trichoderswe direcily parasitizes and attacks pathogenic
molds, copygering for nuirents and space. 2) pathogen cell wal' degradagian, Trichodirma
produces enzymes that degrade the cell wall of pathogenic molds. }) competition for
nuttients and space, Trichoderma competes with pathogenic molds for resources. 4) induction
of plant resistance, Trichoderme induces systemic resistance in plants to panhogeg molds. 5)
production of antimicrobial compounds (Antidiosis), Trchodeme sceretes antmicrobial
C.nmpmlas that inhibit pathngen grnwth. These technicues ajlenntribute 10 Trichndarma's
etficacy as a biological contro! agent for nlant Jiseases (IPedro et al, 2016; Saldafia-Mendoza
eral, 2023; Tyikewice er al, 2023).

The findings of this study suggest that Trichoderma molds have the capacity to
inhidit the growth of harmful molds on plants. Antagonistic molds have the capacity to







Monoculiure System. Frontiers in Microbiclogy, 72(March), 1-12.
hirps:/ /doiorg/10.3389/ fmich.2021.579920)

Chen, S. C., Ren, 1. 1., Zhao, H. ]., Wang, X. L., Wang, T. H., Jin, 5. Da, Wang, Z. H.,Li, C.
vang, Liu, A, R, Lin, X. M., & Ahammed, G. ]. 2019). Trichoderma harzianum
improves defense against fusarium oxysporum by regalaing ROS and RNS
metabolism, redox balance, and energy flow in cucumber roots. Pivspatholsy, 109(6),
972982, hitps:/ /doi.org/10.1094/PHY'TC-(9-18-(342-R

Divya, K. 5., Murthy, 8 M., & Jogaiah, 8. (2021). 27 - Eielgical riudies of fungal biodiversity in
Sreshwater and their broad-spectram applications (5. B. T.-B. A. and 5. M. Jogaah {ed); pp.
631-648). Woodhead Pullishing. bups:/ /doi.org/hups://doi.org/10.1016/B978-0-
12-822919-4.00027-2

Droby, 5., Gonzalez-Estrada, R. R, Avila-Quezada, G, Durin, P, Manzo-Sdnchez, G, &
Hernundez-Mondel, L. G. (2022). Micrvbial Antagonises jrom Diffarent Envirorments Used in
the Bivcontro!l of Plant Pathogens BT - Miwokial Biviontrol: Food Sewurity and Post Harvest
Management: Volume 2 (A. Kumar {ed.); pp. 227-244). Springer Internalional Publishing.
hups:/ /doi.org/10.1007/978-3-030-87289-2_9

Jogaiah, 5., Abdelrahman, M., Tran, L. 5. P, & [to, 5. L. (2018). Different mechanisms of
Trichoderma virens-mediated resistance in tomato against Fusarium will involve the
jasmonic and salicylic acid pathways. Moleavlar Plant Pathohgy, 19(#%), §70-882.
hrrps:/ /dolorg/10.1111/mpp.12571

Lah'ali, R., Lzrati, 5., Radouane, N., Kenfaoui, |, Esmaeel, ()., El Tlamss, I1., Belabess, Z.,
& Barka, E. A. (2022). B.ological Control of Plant Pathogens: A Global Perspective. In
Micrsorganisms (Vol. 10, Issuc 3). htps:/ /doiorg/10.3390 /microorganisms1003059¢

Lakhdari, W., Dehliz, A, Mlik, R., Hammi, H., Benlamoudi, W., Acheuk, F., & Doumandji-
Mitiche, B. (2D18). Inkibitory effect of Trichoderma harzianum on mycelial growth of
Fusatium oxysporum f. sp. radicis-lycopersici and Alternatia solani. Osgesic Agricalture,
&(3), 225-230. hurps:/ /doi.org/10.1007 /51316 5-017-0186-6

Mardn-Sanchez, P. M., Nunez, M., Estensmo, E. L. F., Skrede, [, & Kauserud, H. (2022).
Comparison of Mcthods to Identify and Monitor Mold Damages in Buildings. . pplied
Sciences (Swiizeriand), 12(18). https:/ /doi.org/10.2390/app12189372

Mazarm, 5. M., Meyer, M. (C, Dias-Arieira, (.. R, dns Reis, E. F, & Berinl, W. (2022).
Antagonistic Fungi Against Plani Pathogens for Sustainable. In V. R. Rajpal, L. Singh,
& 5. 8. Navi (Eds.), Fangal diversity, viciogy and wntrl managesent ‘pp. 007-037). Springer
Nature Singapore_ htips:/ /doi org /10,1007 /978-981-16-8877-5_29

Meddad-Hamza, A, Benzina, F., Meddad, C, Hamza, N., Reghmit, A., Ziane, H., &
Ksentini, H. (2023). Biological control of arbuscular mycorrhizal fungl and
Trichoderma harzlanum against Fusarium oxysporum and Verlicillium dahliac induced
wilt in tomato plants  Egpdan  Joamel  of Biclagical Pest  Conrol,  33(1).
hrrps:/ /dolorg/10.1186/s41938-023-00737-5

Michielsc, C. B., & Rep, M. (2009). Pathogen profile update: Fusarium oxysporum. Molelar
Plant Pathology, 10(3), 311-324. hitps:/ /doi.org/10.1111 /j.1364-3703.2009.00538.x

Pandit, M. A Kumar, ], Gulari, 5 Bhandari, N, Mehta, P, Katyal, R Rawat, C. D Mishra,
V., & Kaur, J. (2022). Major Biologica! Control Strategies for Plani Pathogens. Patbagens,
17(2), 1-21. hrps:/ /doi.org/10.3390/pathogens 11020273

Patra, 1. K, & Baek, K-H. Q014). Green Nasokiotechnology: Fadors Affecting Syntheris and
Charaterization Technignes [Research ardcle]. Journa! of Nanormalerials.

Pedro, |, Barros, A, Sediyama, T., Chailes, F., Ferteira, A, Ricardo, A, Bezera, G, Rosa,
D. P, Sanios, A., Santns, D., Pedro, |, & Barros, A. 2016). ans #er 1883, 1-G.
hurps:/ /dol.org/10.3923/7a.2016.Estimates




Rahmawali, D, Yanuarsih, N, & Hastuti, [T. 5. 2018). Kajian Daya Antagonisme Kapang
Trichodermuspp. ierhadap Colletotrichum capsieidan Lrysiphe cichoracearumSecara In
Vitra. Proceeding Biology Education Conference, 15(1), 848-852.

Rai, P. K. {2016). Impacts of particulate matter polludon on plants: Implicatons for
environmental biomonitoring. Ecotmdiokgy end Environmental Safery, 129, 120—130.
hrtps:/ /dolorg/hips:/ /dolorg/10.1016 fj.ecoeny.2016.03.012

Saldafia-Mcndoza, 5. A, Pacios-Michelena, §., Palacios-Ponce, AL 5., Chaves-Gonzalez, M.
L, & Aguilar, C. N. (2023). Trichoderma as a biolngical contral agent: mechanisms of!
action, denefits for crops and development of formulations. Woerld Jonmal of Microbiology
and Bivtzohnelogy, 39(10), 209. hups:/ /dol.org/ 10,1007 /511274-023-03695-D

Sharma, |. P, & Sharma, A. K. QU20). | richoderma—usariton Interacions: A Biviontrol Strategy to
Manage Wikt BT - Trickoderma Host Pathogen Interactions and Applications (A, K_Sharma &
P. Sharma (eds.); pp. 167—185). Sprnger Singapore. hups://dolorg/ 10.1007/978-981-
13-3321-1_9

Singh, 1., & Gir, B. 2017\ Arbusuilar Mycorvhiza Mediated Control of Plant Pathegens BT -
Mycorrhiza - Nuvient Uptaks, Bisconsrod, Ecorestorarion (A. Varma, R Prasad, & N. Tuteja
{eds.); pp. 131-160). Springer Intemnational Publishing. htips://dolorg/10.1007 /978-
3-319-08867-1_7

Sid Nurfalinda, Fadila Simwad, L. A. 2023). ISOLASI JAMUR CAPNODIUM SP.
PENYEBAB PENYAKIT EMBUN JELAGA PADA TANAMAN JAMBU AIR
SYZYGIUM AQUEUM). Biv Sains Jurmal Hmdah Bivlog, 2(2), 62—-06.

‘larig, M., Khan, A, Asif, M., Khan, F., Ansari, ‘I., Sharig, M., & Siddiqui, M. A. (2020).
Biclogical control: a sustainable and praciical approach lor plant discase management.
Asta  Agricalinrae Scandiiaviva  Seaion  B: Seid and  Plomt Scence,  507-324.
hrps:/ /doLorg/10.1080/09064710.2020.1784262

Thambugala, K. M., Daranagama, D. A., Phillips, A. ]. L, Kannangara, 5. D., & Prompuitha,
1. {2020}). Fungi vs. Funyi in Biocontrok An Overview of Fungal Aniagonists Applied
Against Fungal Plant Pathogens. Fronters in Cellalar and Infection  Microbislogy,
1G(November), 1-19. https:/ / dolorg/10.3289/ fcimb. 2020.604923

Tyékiew:cz, R, Nowak, A., Ozimek, E., & Jarnszuk-§ciset, ]. (2022). Ttchoderma: estado
actua' de su aplicacion en la agricalnira para el biocontra! de hangos fitopatogenns y la
estimulacion de! crecimiento vegeial. Revdiw Internaciond de Ciensias Mokisilares, 23(4),
2329, https:/ /www.ndpi.com/1422-
(067 /23/4/2320 /hm%0A htips:/ /www.mdpi.com /14220067 /23/4/2329

Zin, N. A, & Badaluddin, N. A. {2020). Binlogical functions of Trichoderma spp. for
agricwlture  applcations. _Awmmals  of Awrienltural  Sciences,  65(2), 168-178.
htrps:/ /doiorg/10.1016/).a0a5.2020.09.003




Antagonism and mycoparasitism mechanism of T. harzianum

against pathogenic fungus species of F. oxsysporum and

Capnodium sp.

ORIGINALITY REPORT

15, 106 12+ 2w

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

.

www.mdpi.com

Internet Source

3%

=)

Narasimhamurthy Konappa, Nirmaladevi
Dhamodaran, Soumya Satyanand Shanbhag,
Manjunatha Amitiganahalli Sampangi et al.
"Trichoderma", Elsevier BV, 2022

Publication

(K

e

discovery.researcherlife

Internet Source

(K

-~

www.preprints.org

Internet Source

(K

e

mycokeys.pensoft.net

Internet Source

(K

Submitted to Middlesex University

Student Paper

(K

=

Weni Sartika, Sari Rahayu Rahman, M. Irfan.
"Empowering students' critical thinking skills

(K



using problem-based learning", Inornatus:
Biology Education Journal, 2023

Publication

Kasun M. Thambugala, Dinushani A. 1 o
Daranagama, Alan J. L. Phillips, Sagarika D. ’
Kannangara, Itthayakorn Promputtha. "Fungi

vs. Fungi in Biocontrol: An Overview of Fungal
Antagonists Applied Against Fungal Plant

Pathogens", Frontiers in Cellular and Infection
Microbiology, 2020

Publication

S Susanna, M. Sayuthi, L. Salsabila, Basri. <1 o
"Test antagonism of several Trichoderma ’
species in suppressing the growth of

Alternaria sp. in vitro", IOP Conference Series:

Earth and Environmental Science, 2024

Publication

Wassima Lakhdari, Abderrahmene Dehliz,

2 . . o <1y
anda Mlik, Hamida Hammi, Wiam

Benlamoudi, Fatma Acheuk, Bahia

Doumandji-Mitiche. "Inhibitory effect of

Trichoderma harzianum on mycelial growth

of Fusarium oxysporum f. sp. radicis-

lycopersici and Alternaria solani", Organic

Agriculture, 2017

Publication

WWwWWw.researchgate.net
J <1 %

Internet Source




Salvador A. Saldana-Mendoza, Sandra Pacios- <1 o
Michelena, Arturo S. Palacios-Ponce, Mdnica °
L. Chavez-Gonzalez et al. "Trichoderma as a
biological control agent: mechanisms of
action, benefits for crops and development of
formulations", World Journal of Microbiology
and Biotechnology, 2023
Publication
openprairie.sdstate.edu
IntErnet Eource <1 %
imi.mikoina.or.id
{nternet Source <1 %
"Biofertilizers for Sustainable Agriculture and <1 o
Environment", Springer Science and Business ’
Media LLC, 2019
Publication
repository.ub.ac.id
Interr)net Sourczy <1 %
repository.upp.ac.id
Inteﬁwet Sourcey pp <1 %
www.frontiersin.or
Internet Source g <1 %
Qiao Wen, Ruizhe Liu, Zhenxiao Ouyang, <1 y
0

Tianliang He, Weini Zhang, Xinhua Chen.
"Identification of a New Antifungal Peptide
W1 From a Marine Bacillus amyloliquefaciens



Reveals Its Potential in Controlling Fungal
Plant Diseases", Frontiers in Microbiology,
2022

Publication

docobook.com

Internet Source <1 %
ebin.pub

Internet[S:)ource <1 %
link.springer.com

Internet g)urceg <1 %
studenttheses.uu.nl

Internet Source <1 %

worldwidescience.org <1
Internet Source %
WWW.Sscience.qov

Internet Source g <1 %

Trlchoderma , Springer Science and Business <1 o
Media LLC, 2020
Publication

"Advancements in Microbial Biotechnology for <1 o
Soil Health", Springer Science and Business ’
Media LLC, 2024
Publication

Fungal diversity, ecology and control <1 o

management", Springer Science and Business
Media LLC, 2022



Publication

Arshi Jamil, Nasreen Musheer, Shabbir Ashraf.
"Antagonistic potential of Trichoderma
harzianum and Azadirachta indica against
Fusarium oxysporum f. sp. capsici for the
management of chilli wilt", Journal of Plant
Diseases and Protection, 2020

Publication

<1%

Hassan Etesami, Hossein Ali Alikhani, Hossein <1

M o : %
irseyed Hosseini. "Root bacterial

endophytes as potential biological control

agents against fungal rice pathogens",

Archives of Phytopathology and Plant

Protection, 2019

Publication

Jun Chen, Liuting Zhou, Israr Ud Din, Yasir <1 o
Arafat et al. "Antagonistic Activity of ’
Trichoderma spp. Against Fusarium

oxysporum in Rhizosphere of Radix

pseudostellariae Triggers the Expression of

Host Defense Genes and Improves Its Growth

Under Long-Term Monoculture System",

Frontiers in Microbiology, 2021

Publication

Submitted to Scotland's Rural College
Student Paper g <1 %
Shazia Akram, Ayesha Ahmed, Pengfei He, <1 0%

Pengbo He, Yinglong Liu, Yixin Wu, Shahzad



Munir, Yueqiu He. "Uniting the Role of
Endophytic Fungi against Plant Pathogens
and Their Interaction"”, Journal of Fungi, 2023

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography On



Antagonism and mycoparasitism mechanism of T. harzianum
against pathogenic fungus species of F. oxsysporum and
Capnodium sp.

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/0

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8

PAGE 9




