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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 

the requirement for the degree of Master of Science 

 

 

BIOCONTROL OF FUSARIUM EAR ROT OF MAIZE USING TRICHODERMA 

SPECIES 

 

 

 

By 

SUHAIDA BINTI SALLEH 

October 2013 

 

Chairman: Nur Ain Izzati binti Mohd Zainudin, PhD 

Faculty: Science 

 

The present study conducted to screen the biocontrol agent of different species of 

Trichoderma against Fusarium ear rot (FER), which examined under in vitro and plant 

house conditions. Seventy-two isolates of Trichoderma were successfully isolated from 

rhizosphere of different crops. All isolates were identified into three species such as T. 

harzianum (51 isolates), T. koningii (20 isolates) and T. hamatum (1 isolate).  

 

Pathogenicity test of six isolates of Fusarium (B84c, C116c, C121c, P175c, P191c and 

P202c) to maize ear (variety Thailand Supersweet) and the symptoms development of 

FER were observed after seven days of pathogens inoculation. The results proved that F. 

proliferatum P202c and F. verticillioides C116c were pathogenic and caused FER. Both 

pathogens were challenged in dual culture test with 72 identified isolates of 

Trichoderma. Trichoderma harzianum T73s gave the highest percentage inhibition of 

73.10% and 79.46% against F. proliferatum P202c and F. verticillioides C116c, 

respectively. The interaction appeared with the formation of clear zone between the 

pathogens and Trichoderma. Trichoderma harzianum T73s was further tested for its 

efficacy to suppress FER disease under plant house condition. 

 

The severity of FER was significantly reduced in the maize plants treated with T. 

harzianum T73s every week, immediately after planting (T1) with percentage of disease 

severity (DS) 10% and 8% against P202c and C116c, respectively. In contrast, the DS of 

positive control (C3) for P202c and C116c were 95% and 94%, respectively. The ears in 

T2 moderately suppressed FER with DS 38% and 34% against P202c and C116c, 

respectively. The ears for negative control that were inoculated with distilled water and 

uninoculated remained intact. The other treatments (T3 and T4) were unable to reduce 

the severity of FER disease. This study reported that T. harzianum T73s can be applied 

as a biocontrol agent and has a potential for further tests in the field and commercial 

scales. 
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KAWALAN BIOLOGI REPUT TONGKOL FUSARIUM PADA JAGUNG 

MENGGUNAKAN TRICHODERMA SPESIS 

 

 

 

Oleh 

SUHAIDA BINTI SALLEH 

Oktober 2013 

 

Pengerusi: Nur Ain Izzati binti Mohd Zainudin, PhD 

Fakulti: Sains  

 

Kajian ini dijalankan untuk menyaring agen kawalan biologi beberapa spesis 

Trichoderma yang berbeza terhadap reput tongkol Fusarium (FER), yang dikaji secara in 

vitro dan di bawah persekitaran rumah tumbuhan. Sejumlah 72 pencilan Trichoderma 

telah berjaya diisolat dari rizosfera pelbagai jenis tanaman. Semua isolat telah 

dikenalpasti kepada tiga spesis iaitu T. harzianum (51 pencilan), T. koningii (20 

pencilan) dan T. hamatum (1 pencilan).  

 

Ujian kepatogenan enam pencilan Fusarium (B84c, C116c, C121c, P175c, P191c dan 

P202c) ke atas tongkol jagung (varieti Thailand Supersweet) dan perkembangan 

simptom FER diperhatikan selepas tujuh hari inokulasi patogen. Keputusan kajian 

membuktikan bahawa F. proliferatum P202c dan F. verticillioides C116c adalah 

patogenik dan menyebabkan penyakit FER. Kedua-dua patogen diuji dalam ujian kultur 

dual dengan 72 isolat Trichoderma yang telah dikenalpasti. Trichoderma harzianum 

T73s memberikan perencatan peratusan yang paling tinggi iaitu masing-masing 73.10% 

dan 79.46%, terhadap F. proliferatum P202c dan F. verticillioides C116c. Interaksi 

kelihatan dengan pembentukan zon jernih di antara patogen-patogen dan Trichoderma. 

Trichoderma harzianum T73s telah diuji selanjutnya untuk kebersanan menahan 

penyakit FER di bawah persekitaran rumah tumbuhan. 

 

Keparahan penyakit FER berkurang secara signifikan pada pokok jagung yang dirawat 

dengan T. harzianum T73s setiap minggu, sejurus selepas ditanam (T1) dengan 

peratusan keparahan penyakit (DS) 10% dan 8%, masing-masing terhadap P202c dan 

C116c. Sebaliknya, DS kontrol positif (C3) bagi P202c dan C116c adalah masing-

masing 95% dan 94%. Tongkol jagung pada T2 menahan FER dengan sederhana dengan 

DS 38% dan 34%, masing-masing terhadap P202c dan C116c. Tongkol jagung bagi 

kontrol negatif yang telah diinokulasi dengan air suling dan tidak diinokulasi kekal utuh. 

Rawatan-rawatan lain (T3 dan T4) gagal mengurangkan keparahan penyakit FER. 

Kajian ini melaporkan bahawa T. harzianum T73s boleh menjadi agen pengawalan 

biologi yang baik dan berpotensi untuk diuji selanjutnya di padang dan skala komersial. 
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CHAPTER ONE 

 

INTRODUCTION 

 

Maize (Zea mays L.) is one of the most important cereals in the world and is used in 

human diet, animal feeds and industrial purposes. According to The Food and 

Agriculture Organization, FAO (2013), the global production of maize is about 800 

million tonnes per year. The United States of America is the major producer of maize 

in the world with total production of 316 million tonnes (37%) in 2010.  

 

The major maize-producing countries in Asia are China with 177 million tonnes per 

year followed by Indonesia, India, Philippines and Vietnam (FAO, 2013). 

Meanwhile, the production of maize is lower in Malaysia as compared to other 

countries with only about 36 thousand tonnes per year. This phenomenon is due to 

the Malaysian smallholders are more attracted to the established crops. The climate 

factor including unpredictable rain during harvesting period, higher labour cost and 

diseases that attacked the maize also contributed to this phenomenon. 

 

Malaysia is relying on its golden crop, oil palms and this represents 93% of total 

crops production (FAO, 2013). Many researches succeeded on maximizing and 

expanding the production of oil palms. However, not many efforts were emphasized 

on production of other crops including maize. Based on target of Third National 

Agriculture Policy (NAP3), Malaysia has to increase the production of crops up to 

2.4% every year (Department of Agriculture, 2012). Therefore, it is required to focus 

on problems associated with food productions in Malaysia in order to increase food 

self-sufficiency and to minimize food import. 

 

From 2006 until 2010, the production of maize in Malaysia decreased by 54% (FAO, 

2013). Beside the damage by weeds, animal pests, climatic conditions and the 

geographical distributions, maize plants are susceptible to plant pathogens. One of 

the most prevalent diseases of maize is Fusarum ear rot (FER) and the pathogens of 

this disease are F. graminearum, F. proliferatum, F. subglutinans and F. 

verticillioides (Goertz et al., 2010).  

 

In Malaysia, FER disease becomes serious and in order to maintain the quantity and 

quality of maize, this disease has to be controlled. Nowadays, most of fungal 

diseases are controlled by using synthetic fungicides. However it leads to 

environmental contamination and developments of fungicide-resistant strains of 

pathogen (Bressan, 2003). As alternative method, biocontrol has extensively been 

studied and one of the most promising biocontrol agents is Trichoderma species.  

 

The objectives of this study are: 

1. To isolate and identify Trichoderma isolates obtained from various soil 

samples. 

2. To screen the antagonist activity of Trichoderma species against pathogens of 

FER disease under in-vitro condition.  

3. To examine efficacy of T. harzianum T73s as a biocontrol agent of FER 

disease under plant house condition.  



© C
OPYRIG

HT U
PM

55 
 

REFERENCES 

 

Abou-Zeid, N., Gado, E. A. M., Mahmoud, N. A., Mosa, A. A. & Ahmed, A. Y. 

(2011). Trichoderma species in Egypt and their biocontrol potential against 

some plant pathogenic fungi. Egyptian Journal of Biological Pest Control, 

21(2), 233-244.  

 

Ahad, I., Bhagat, R. M. & Monobrullah, M. (2011). Incidence and distribution of 

coleopteran insect pests on rainfed maize (Zea mays L.) in upper Himalayas of 

Jammu and Kashmir, India. Journal of Phytology, 3, 09-12.  

 

Ahmad, K., Sijam, K., Hashim, H., Abdu, A. & Rosli, Z. (2011). Assessment of 

citrus susceptibility towards Candidatus Liberibacter Asiaticus-Terengganu 

isolate based on vector and graft transmission tests. Journal of Agricultural 

Science, 3(3), 159-166 

 

Akhtar, J., Kumar Jha, V., Kumar, A. & Lal, H. C. (2009). Occurrence of Banded 

leaf and Sheath blight of maize in Jharkhand with reference to diversity in 

Rhizoctonia solani. Asian Journal of Agricultural Sciences, 1(2), 32-35.  

 

Ali, F., Rahman, H., Durrishahwar, N. F., Munir, M. & Ullah, H. (2011). Genetic 

analysis of maturity and morphological traits under Maydis leaf blight (MLB) 

epiphytotics in maize (Zea mays L.). Journal of Agricultural and Biological 

Science, 6, 13-19.  

 

Anderson, R. (2012). Food price crisis: What crisis? Retrieved January 21, 2013 

from http://www.bbc.co.uk/news/business-19715504  

 

Anem, M. (2010). Anim Agro Technology. Retrieved May 18, 2013 from 

http://animhosnan.blogspot.com/search/label/JAGUNG%20%28Maize%29  

 

Bacon, C. W., Yates, I. E., Hinton, D. M. & Meredith, F. (2001). Biological control 

of Fusarium moniliforme in maize. Environmental Health Perspectives, 109, 

325-332.  

 

Bacon, C. W., Glenn, A. E. & Yates, I. E. (2008). Fusarium verticillioides: 

Managing the endophytic association with maize for reduced fumonisins 

accumulation. Toxin Reviews, 27, 411-446.  

 

Balint-Kurti, P. J. & Johal, G. S. (2009). Maize disease resistance. In J. L. 

Bennetzen, & S. C. Hake. (Eds.) Handbook of maize: its biology (pp. 229-250). 

Berlin: Springer Science. 

 

Barbosa, M., Rehm, K., Menezes, M. & Mariano, R. L. (2001). Antagonism of 

Trichoderma species on Cladosporium herbarum and their enzimatic 

characterization. Brazilian Journal of Microbiology, 32, 98-104. 

 

Basak, A. C. & Basak, S. R. (2011). Biological control of Fusarium solani sp. 

dalbergiae, the wilt pathogen of Dalbergia sissoo, by Trichoderma viride and 

T. harzianum. Journal of Tropical Forest Science, 23(4), 460-466.   

http://www.bbc.co.uk/news/business-19715504
http://animhosnan.blogspot.com/search/label/JAGUNG%20%28Maize%29


© C
OPYRIG

HT U
PM

56 
 

Basandrai, A. K. & Singh, A. (2002). Fungal diseases of maize – Downy mildews. In 

V. K. Gupta. & Y. S. Paul. (Eds.) Diseases of field crops (pp. 102-127). New 

Delhi, India: Indus Publishing Company.  

 

Başay, S., Şeniz, V. & Tezcan, H. (2011). Reactions of selected eggplant cultivars 

and lines to verticillium wilt caused by Verticillium dahliae Kleb. African 

Journal of Biotechnology, 10(18), 3571-3573.  

 

Benítez, T., Rincón, A. M., Limón, M. C. & Codón, A. C. (2004). Biocontrol 

mechanisms of Trichoderma strains. International Microbiology, 7(4), 249-

260. 

  

Blumenthal, C. Z. (2004). Production of toxic metabolites in Aspergillus niger, 

Aspergillus oryzae, and Trichoderma reesei: justification of mycotoxin testing 

in food grade enzyme preparations derived from the three fungi. Regulatory 

Toxicology and Pharmacology, 39, 214-228. 

 

Bressan, W. (2003). Biological control of maize seed pathogenic fungi by use of 

actinomycetes. Biocontrol, 48(2), 233-240. 

 

Brozóvá, J. (2004). Mycoparasitic fungi Trichoderma spp. in plant protection. Plant 

Protection Science, 40, 63-74.  

 

Bush, B. J., Carson, M. L., Cubeta, M. A., Hagler, W. M. & Payne, G. A. (2004). 

Infection and fumonisin production by Fusarium verticillioides in developing 

maize kernels. Phytopathology, 94(1), 88-93. 

 

Cavaglieri, L., Orlando, J., Rodríguez, M. I., Chulze, S. & Etcheverry, M. (2005). 

Biocontrol of Bacillus subtilis against Fusarium verticillioides in vitro and at 

the maize root level. Research in Microbiology, 156(5–6), 748-754. 

 

CFIA. (2013). Canadian food inspection agency. Retrieved February 18, 2013 from 

http://www.inspection.gc.ca/plants/seeds/inspection-procedures/field-

corn/eng/1347286797332/1347330417322  

 

Chaudhary, V., Prasanna, R., Nain, L., Dubey, S. C., Gupta, V., Singh, R. & 

Bhatnagar, A. (2012). Bioefficacy of novel cyanobacteria-amended 

formulations in suppressing damping off disease in tomato seedlings. World 

Journal of Microbiology and Biotechnology, 28(12), 3301-3310. 

 

Chen, J., Harman, G. E., Comis, A. & Cheng, G. (2005). Proteins related to the 

biocontrol of Pythium damping-off in maize with Trichoderma harzianum 

Rifai. Journal of Integrative Plant Biology, 47(8), 988-997. 

 

Clements, M. J., Kleinschmidt, C. E., Maragos, C. M., Pataky, J. K. & White, D. G. 

(2003). Evaluation of inoculation techniques for Fusarium ear rot and 

fumonisin contamination of corn. Plant Disease, 87(2), 147-153.  

http://www.inspection.gc.ca/plants/seeds/inspection-procedures/field-corn/eng/1347286797332/1347330417322
http://www.inspection.gc.ca/plants/seeds/inspection-procedures/field-corn/eng/1347286797332/1347330417322


© C
OPYRIG

HT U
PM

57 
 

da Silva, J. C., Torres, D. B., Lustosa, D. C., de Filippi, M. M. C. & da Silva, G. B. 

(2012). Biocontrol of sheath blight on rice and growth promotion by 

Trichoderma isolates from the Amazon. Amazonian Journal of Agricultural 

and Environmental Sciences, 55(4), 243-250.  

 

Dal Bello, G. M., Mónaco, C. I. & Simón, M. R. (2002). Biological control of 

seedling blight of wheat caused by Fusarium graminearum with beneficial 

rhizosphere microorganisms. World Journal of Microbiology and 

Biotechnology, 18(7), 627-636.  

 

Dalmacio, S. C. Importance of and growing concerns for maize diseases in the Asian 

Region, In Strengthening Hybrid Maize Technology and Public-Private 

Partnership to Accelerate Maize Production in the Asian Region, Proceedings 

of the Seventh Asian Regional Maize Workshop, Los Banos, the Philippines, 

Feb. 23-27, 1998. Vasal, S. K., Ceniceros, F. G. & Xing Ming, F. Eds.; 

CIMMYT/PCARRD; Mexico, 2000.  

 

De Leon, C. & Jeffers, D. (2004). Maize diseases: A guide for field identification. 

Mexico: International Maize and Wheat Improvement Center (CIMMYT).  

 

De Marco, J. L. & Felix, C. R. (2002). Characterization of a protease produced by a 

Trichoderma harzianum isolate which controls cocoa plant witches' broom 

disease. BMC Biochemistry, 3(1), 3-10.  

 

Department of Agriculture. (2012). Kementerian pertanian dan industri asas tani 

malaysia. Retrieved April 16, 2012 from 

http://www.doa.gov.my/web/guest/home;jsessionid=436E9F2686906BCC042

C993DEE846B9D  

 

Devi, S. S., Sreenivasulu, Y., Saritha, S., Kumar, M. R., Kumar, K. P. & Sudhakar, 

P. (2012). Molecular diversity of native Trichoderma isolates against Fusarium 

oxysporum f. sp. lycopersici (Sacc.). A casual agent of Fusarium wilt in tomato 

(Lycopersicon esculentum Mill.). Archives of Phytopathology and Plant 

Protection, 45(6), 686-698. 

 

Diba, K., Kordbacheh, P., Mirhendi, S., Rezaie, S. & Mahmoudi, M. (2007). 

Identification of Aspergillus species using morphological characteristics. 

Pakistan Journal of Medical Science, 23(6), 867-872.  

 

Ding, J., Wang, X., Chander, S., Yan, J. & Li, J. (2008). QTL mapping of resistance 

to Fusarium ear rot using a RIL population in maize. Molecular Breeding, 

22(3), 395-403.  

 

Djonovic, S., Vargas, W. A., Kolomiets, M. V., Horndeski, M., Wiest, A. & 

Kenerley, C. M. (2007). A proteinaceous elicitor Sm1 from the beneficial 

fungus Trichoderma virens is required for induced systemic resistance in 

Maize. Plant Physiology, 145(3), 875-889. 

 
  

http://www.doa.gov.my/web/guest/home;jsessionid=436E9F2686906BCC042C993DEE846B9D
http://www.doa.gov.my/web/guest/home;jsessionid=436E9F2686906BCC042C993DEE846B9D


© C
OPYRIG

HT U
PM

58 
 

Doohan, F. M., Brennan, J. & Cooke, B. M. (2003). Influence of climatic factors on 

Fusarium species pathogenic to cereals. European Journal of Plant Pathology, 

109(7), 755-768. 

 

Duncan, K. E. & Howard, R. J. (2010). Biology of maize kernel infection by 

Fusarium verticillioides. Molecular Plant–Microbe Interactions, 23(1), 6-16. 

 

El-Hasan, A., Walker, F. & Buchenauer, H. (2008). Trichoderma harzianum and its 

metabolite 6-pentyl-alpha-pyrone suppress fusaric acid produced by Fusarium 

moniliforme. Journal of Phytopathology, 156(2), 79-87. 

 

Eziashi, E., Uma, N., Adekunle, A. & Airede, C. (2006). Effect of metabolites 

produced by Trichoderma species against Ceratocystis paradoxa in culture 

medium. African Journal of Biotechnology, 5(9), 703-706.  

 

FAO. (2013). Food and Agricultural Organization. Retrieved February 20, 2013 from 

http://faostat.fao.org/faostat/collections?subset=agriculture  

 

García-Pérez, A., Harrison, M., Grant, B. & Chivers, C. (2013). Microbial analysis 

and chemical composition of maize (Zea mays, L.) growing on a recirculating 

vertical flow constructed wetland treating sewage on-site. Biosystems 

Engineering, 114(3), 351-356.  

 

Glynn, E. F. (2005). Color chart - Stowers Institute for Medical Research. Retrieved 

January 18, 2010 from http://research.stowers-institute.org/efg/R/Color/Chart/  

 

Goertz, A., Zuehlke, S., Spiteller, M., Steiner, U., Dehne, H. W., Waalwijk, C., de 

Vries, I. & Oerke, E. C. (2010). Fusarium species and mycotoxin profiles on 

commercial maize hybrids in Germany. European Journal of Plant Pathology, 

128(1), 101-111. 

 

Gveroska, B. & Ziberoski, J. (2012). Trichoderma harzianum as a biocontrol agent 

against Alternaria alternata on tobacco. Applied Technologies and 

Innovations, 7, 67-76.  

 

Ha, T. N. (2010). Using Trichoderma species for biological control of plant 

pathogens in Vietnam. Journal of ISSAAS, 16, 17-21.  

 

Hajieghrari, B., Torabi-Giglou, M., Mohammadi, M. R. & Davari, M. (2010). 

Biological potantial of some Iranian Trichoderma isolates in the control of soil 

borne plant pathogenic fungi. African Journal of Biotechnology, 7(8), 967-972.  

 

Hamed, E. R., El-Gamal, N. & El-Shami, A. (2012). Efficacy of formulation and 

storage on rice straw waste on the activation of bioagents against root-rot 

diseases of bean plants. Archives of Phytopathology and Plant Protection, 

45(1), 22-32.  

http://faostat.fao.org/faostat/collections?subset=agriculture
http://research.stowers-institute.org/efg/R/Color/Chart/


© C
OPYRIG

HT U
PM

59 
 

Hanada, R. E., Pomella, A. W. V., Soberanis, W., Loguercio, L. L. & Pereira, J. O. 

(2009). Biocontrol potential of Trichoderma martiale against the black-pod 

disease (Phytophthora palmivora) of cacao. Biological Control, 50(2), 143-

149. 

 

Harman, G. E., Petzoldt, R., Comis, A. & Chen, J. (2004). Interactions between 

Trichoderma harzianum strain T22 and maize inbred line Mo17 and effects of 

these interactions on diseases caused by Pythium ultimum and Colletotrichum 

graminicola. Phytopathology, 94(2), 147-153. 

 

Howell, C. R. (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.  

 

Hoyos-Carvajal, L., Orduz, S. & Bissett, J. (2009). Growth stimulation in bean 

(Phaseolus vulgaris L.) by Trichoderma. Biological Control, 51(3), 409-416. 

 

Humblot, C. & Guyot, J. P. (2008). Other fermentations. In L. Cocolin. & D. Ercolini 

(Eds.), Molecular techniques in the microbial ecology of fermented foods (pp. 

208-224). New York: Springer Science + Business Media, LLC.  

 

Ilias, G. N. M. (1999). Trichoderma and its efficacy as a bio-control agent of basal 

stem rot of oil palms. Unpublished doctoral dissertation, Universiti Putra 

Malaysia. 

 

ISTH (2013).International subcommission on Trichoderma and Hypocrea. Retrieved 

March 2012, 2012 from http://www.isth.info/morphology.php  

 

Janick, J. (2011). New world crops: Iconography and history. Acta Horticulturae, 

916, 93-104.  

 

Jestoi, M., Rokka, M., Yli-Mattila, T., Parikka, P., Rizzo, A. & Peltonen, K. (2004). 

Presence and concentrations of the Fusarium-related mycotoxins beauvericin, 

enniatins and moniliformin in Finnish grain samples. Food Additives & 

Contaminants, 21(8), 794-802. 

 

Jestoi, M. (2008). Emerging Fusarium-mycotoxins fusaproliferin, beauvericin, 

enniatins, and moniliformin: a review. Critical Reviews in Food Science and 

Nutrition, 48(1), 21-49. 

Jinantana, J. & Sariah, M. (1998). Potential for biological control of Sclerotium foot 

rot of chilli by Trichoderma spp. Pertanika Journal of Tropical Agricultural 

Science, 21(1), 1-10. 

Jomduang, J. & Sariah, M. (1995). Antagonistic effect of Malaysian isolates of 

Trichoderma harzianum and Gliocladium virens on Sclerotium rolfsii. Pertanika 

Journal of Tropical Agricultural Science, 20(1), 35-41.   

http://www.isth.info/morphology.php


© C
OPYRIG

HT U
PM

60 
 

Katwal, T. B. Gray Leaf Spot and Turcicum Leaf Blight Epidemics in the High 

Altitude Areas of Bhutan, In Maize for Asia - Emerging Trends and 

Technologies, Proceeding of The 10
th

 Asian Regional Maize Workshop, 

Makassar, Indonesia, Oct. 20-23, 2008. Zaidi, P. H., Azrai, M. and Pixley, K. 

Eds.; International Maize and Wheat Improvement Center (CIMMYT): Mexico, 

2008. 

 

Khedekar, S. A. (2009). Investigations on the variability and management of 

Turcicum leaf blight in maize caused by Exserohilum turcicum (Pass.) Leonard 

and Suggs. Published master dissertation, University of Agricultural Sciences, 

Dharwad. 

 

Kumar, P., Misra, A. K., Modi, D. R. & Gupta, V. K. (2012). Biocontrol potential of 

Trichoderma species against mango malformation pathogens. Archives of 

Phytopathology and Plant Protection, 45(10), 1237-1245.  

 

Lemmens-Gruber, R., Rachoy, B., Steininger, E., Kouri, K., Saleh, P., Krska, R., 

Josephs, R. & Lemmens, M.  (2000). The effect of the Fusarium metabolite 

beauvericin on electromechanical and physiological properties in isolated 

smooth and heart muscle preparations of guinea pigs. Mycopathologia, 149(1), 

5-12. 

 

Leslie, C. (2002). “Fighting an unseen enemy”: The infectious paradigm in the 

conquest of pellagra. Journal of Medical Humanities, 23(3-4), 187-202. 

 

Leslie, J. F. & Summerell, B. A. (2006). The Fusarium Laboratory Manual. 

Blackwell Publishing.  

 

Lim, T. K. & Teh, B. K. (1990). Antagonism in vitro of Trichoderma species against 

several basidiomycetous soil-borne pathogens and Sclerotium rolfsii. Journal 

of Plant Diseases and Protection, 97(1), 33-41.  

 

Liu, J., Gilardi, G., Gullino, M. & Garibaldi, A. (2009). Effectiveness of 

Trichoderma spp. obtained from re-used soilless substrates against Pythium 

ultimum on cucumber seedlings. Journal of Plant Diseases and Protection, 

4(116), 156-163.  

 

Löffler, M., Miedaner, T., Kessel, B. & Ouzunova, M. (2010). Mycotoxin 

accumulation and corresponding ear rot rating in three maturity groups of 

European maize inoculated by two Fusarium species. Euphytica, 174(2), 153-

164. 

 

Logrieco, A., Mul`e, G., Moretti, A. & Bottalico, A. (2002). Toxigenic Fusarium 

species and mycotoxins associated with maize ear rot in Europe. European 

Journal of Plant Pathology, 108(7), 597-609. 

 

López-Mondéjar, R., Ros, M. & Pascual, J. A. (2011). Mycoparasitism-related genes 

expression of Trichoderma harzianum isolates to evaluate their efficacy as 

biological control agent. Biological Control, 56(1), 59-66.  



© C
OPYRIG

HT U
PM

61 
 

Lori, G. A., Wolcan, S. M. & Larran, S. (2008). Fusarium yellows of celery caused 

by Fusarium oxysporum f. sp. apii in Argentina. Journal of Plant Pathology, 

90(2), 173-178.  

 

Luongo, L., Galli, M., Corazza, L., Meekes, E., Haas, L. D., Van, D. P. & Köhl, J. 

(2005). Potential of fungal antagonists for biocontrol of Fusarium spp. in 

wheat and maize through competition in crop debris. Biocontrol Science and 

Technology, 15(3), 229-242.  

 

Mahuku, G. Maize Pathology in Asia: Opportunities and Challenges for Breeding 

Disease-Resistant Maize, In Maize for Asia - Emerging Trends and 

Technologies, Proceeding of The 10th Asian Regional Maize Workshop, 

Makassar, Indonesia, Oct. 20-23, 2008. Zaidi, P. H., Azrai, M. & Pixley, K. 

Eds.; International Maize and Wheat Improvement Center (CIMMYT): 

Mexico, 2008  

 

Makizumi, Y., Igarashi, M., Gotoh, K., Murao, K., Yamamoto, M., Udonsri, N., 

Ochiai, H., Thummabenjapone, P. & Kaku, H. (2011). Genetic diversity and 

pathogenicity of cucurbit-associated Acidovorax. Journal of General Plant 

Pathology, 77(1), 24-32. 

 

Marín, P., Moretti, A., Ritieni, A., Jurado, M., Vázquez, C. & González-Jaén, M. T. 

(2012). Phylogenetic analyses and toxigenic profiles of Fusarium equiseti and 

Fusarium acuminatum isolated from cereals from Southern Europe. Food 

Microbiology, 31(2), 229-237. 

 

McFadden, A. G. & Sutton, J. C. (1975). Relationships of populations of 

Trichoderma spp. in soil to disease in maize. Canadian Journal of Plant 

Science, 55(2), 579-586. 

 

Meca, G., Zinedine, A., Blesa, J., Font, G. & Mañes, J. (2010). Further data on the 

presence of Fusarium emerging mycotoxins enniatins, fusaproliferin and 

beauvericin in cereals available on the Spanish markets. Food and Chemical 

Toxicology, 48(5), 1412-1416.   

 

Monte, E. (2001). Understanding Trichoderma: Between biotechnology and 

microbial ecology. International Microbiology, 4(1), 1-4.  

 

Monte, E. & Llobell, A. Trichoderma in organic agriculture. Proceeding of V World 

Avocado Congress, Málaga, Spain, Oct. 19-24, 2003. 

 

Mukherjee, M., Mukherjee, P., Horwitz, B., Zachow, C., Berg, G. & Zeilinger, S. 

(2012). Trichoderma–plant–pathogen interactions: Advances in genetics of 

biological control. Indian Journal of Microbiology, 52(4), 522-529. 

 

Munkvold, G. P. (2003). Epidemiology of Fusarium diseases and their mycotoxins in 

maize ears. European Journal of Plant Pathology, 109(7), 705-713. 

 

  



© C
OPYRIG

HT U
PM

62 
 

Munkvold, G. P., Logrieco, A., Moretti, A., Ferracane, R. & Ritieni, A. (2009). 

Dominance of Group 2 and fusaproliferin production by Fusarium 

subglutinans from Iowa maize. Food Additives & Contaminants: Part A, 26(3), 

388-394. 

 

Murtaza, A., Shafique, S., Anjum, T. & Shafique, S. (2012). In vitro control of 

Alternaria citri using antifungal potentials of Trichoderma species. African 

Journal of Biotechnology, 11(42), 9985-9992.  

 

Naeimi, S., Okhovvat, S. M., Javan-Nikkhah, M., Vagvolgyl, C., Khosravi, V. & 

Kredics, L. (2011). Biological control of Rhizoctonia solani AG1-1A, the 

causal agent of rice sheath blight with Trichoderma strains. Phytopathologia 

Mediterranea, 49(3), 287-300.  

 

Narayanasamy, P. (2011). Detection of fungal pathogens in plants. Microbial Plant 

Pathogens-Detection and Disease Diagnosis (pp. 5-199) Netherlands: Springer 

Science+Business Media B.V.  

 

Niaz, I. & Dawar, S. (2009). Detection of seed borne mycoflora in maize (Zea mays 

L.). Pakistan Journal of Botany, 41(1), 443-451.  

 

Noveriza, R., & Quimio, T. H. (2004). Soil mycoflora of black pepper rhizosphere in 

the Philippines and their in vitro antagonism against Phytophthora capsici L. 

Indo. Journal of Agricultural Science, 5, 1-10.  

 

Nur Ain Izzati, M. Z. & Abdullah, F. (2008). Disease suppression in Ganoderma-

infected oil palm seedlings treated with Trichoderma harzianum. Plant 

Protection Science, 44(3), 101-107. 

 

Nur Ain Izzati, M. Z., Siti Nordahliawate, M. S., Nor Azlina, J., Darnetty, Azmi, A. 

R. & Salleh, B. (2011). Isolation and identification of Fusarium species 

associated with Fusarium ear rot disease of corn. Pertanika Journal of Tropical 

Agricultural Science, 34(2), 325-330.  

 

Nuss, E. T. & Tanumihardjo, S. A. (2010). Maize: A paramount staple crop in the 

context of global nutrition. Comprehensive Reviews in Food Science and Food 

Safety, 9(4), 417-436.  

 

Oerke, E. C. (2006). Crop losses to pest. Journal of Agricultural Science, 144(1), 31-

43.  

 

Okoth, S. A., Roimen, H., Mutsotso, B., Muya, E., Kahindi, J., Owino, J. O. & 

Okoth, P. (2007). Land use systems and distribution of Trichoderma species in 

Embu region, Kenya. Tropical and Subtropical Agroecosystems, 7, 105-122.  

 

Pandya, J. R., Sabalpara, A. N. & Chawda, S. K. (2011). Trichoderma: A particular 

weapon for biological control of phytopathogens. Journal of Agricultural 

Technology, 7(5), 1187-1191.  

  



© C
OPYRIG

HT U
PM

63 
 

Parsons, M. & Munkvold, G. (2012). Effects of planting date and environmental 

factors on Fusarium ear rot symptoms and fumonisin B1 accumulation in 

maize grown in six North American locations. Plant Pathology, 61(6), 1130-

1142.  

 

Pascale, M., Visconti, A. & Chelkowski, J. (2002). Ear rot susceptibility and 

mycotoxin contamination of maize hybrids inoculated with Fusarium species 

under field conditions. European Journal of Plant Pathology, 108(7), 645-651. 

 

Perazzolli, M., Roatti, B., Bozza, E. & Pertot, I. (2011). Trichoderma harzianum T39 

induces resistance against downy mildew by priming for defense without costs 

for grapevine. Biological Control, 58(1), 74-82. 

  

Piperno, D. R., Ranere, A. J., Holst, I., Iriarte, J. & Dickau, R. (2009). Starch grain 

and phytolith evidence for early ninth millennium B.P. maize from the Central 

Balsas River Valley, Mexico. Proceedings of the National Academy of 

Sciences, 106(13), 5019-5024.  

 

Postic, J., Cosic, J., Vrandecic, K., Jurkovic, D., Saleh, A. A. & Leslie, J. F. (2012). 

Diversity of Fusarium species isolated from weeds and plant debris in Croatia. 

Journal of Phytopathology, 160(2), 76-81. 

  

Radwan, G. L., Perumal, R., Isakeit, T., Magill, C. W., Prom, L. K. & Little, C. R. 

(2011). Screening exotic sorghum germplasm, hybrids, and elite lines for 

resistance to a new virulent pathotype (P6) of Peronosclerospora sorghi 

causing downy mildew. Plant Health Progress, 10, 1-16. 

 

Rai, D. (2012). Foliar diseases of maize and their management. International Journal 

of Plant Protection, 5(2), 449-452.  

 

Regliński, T., Rodenburg, N., Taylor, J. T., Northcott, G. L., Ah Chee, A., Spiers, T. 

M. & Hill, R. A. (2012). Trichoderma atroviride promotes growth and 

enhances systemic resistance to Diplodia pinea in radiata pine (Pinus radiata) 

seedlings. Forest Pathology, 42(1), 75-78.  

 

Reigart, J. R. & Roberts, J. R. (1999). Recognition and management of pesticide 

poisonings. Washington, D.C.: US Environmental Protection Agency.  

 

Ruano Rosa, D. & López Herrera, C. J. (2009). Evaluation of Trichoderma spp. as 

biocontrol agents against avocado white root rot. Biological Control, 51(1), 66-

71.  

 

Ruocco, M., Woo, S., Vinale, F., Lanzuise, S. & Lorito, M. (2011). Identified 

difficulties and conditions for field success of biocontrol. 3. economic aspects: 

Cost analysis. In P.C. Nicot (Ed.), Classical and augmentative biological 

control against diseases and pests: Critical status analysis and review of 

factors influencing their success (pp. 45-57) IOBC/WPRS.  

 

  



© C
OPYRIG

HT U
PM

64 
 

Samuels, G. J., Chaverri, P., Farr, D. F. & McCray, E. B. (2010). Trichoderma 

online, systematic mycology and microbiology laboratory, ARS, USDA. 

Retrieved November 16, 2010 from 

/taxadescriptions/keys/TrichodermaIndex.cfm  

 

Schober, T. J. & Bean, S. R. (2008). Sorghum and maize. In E.K. Arendt. & F.D. 

Bello (Eds.), Gluten-free cereal products and beverages (pp. 101-118). 

London: Elsevier Inc.  

 

Sharfuddin, C. & Mohanka, R. (2012). In vitro antagonism of indigenous 

Trichoderma isolates against phytopathogen causing wilt of lentil. 

International Journal of Life Science and Pharma Research, 2, 195-202.  

 

Shoresh, M., Harman, G. E. & Mastouri, F. (2010). Induced systemic resistance and 

plant responses to fungal biocontrol agents. Annual Review of Phytopathology, 

48, 21-43.  

 

Shukla, R. & Cheryan, M. (2001). Zein: The industrial protein from corn. Industrial 

Crops and Products, 13(3), 171-192. 

 

Shultz, S. (2008). Corn. Journal of Agricultural & Food Information, 9(2), 101-114.  

 

Siameto, E., Okoth, S., Amugune, N. & Chege, N. (2010). Antagonism of 

Trichoderma harzianum isolates on soil borne plant pathogenic fungi from 

Embu District, Kenya. Journal of Yeast and Fungal Research, 1(3), 47-54.  

 

Siddiquee, S., Yusuf, U. K., Hossain, K. & Jahan, S. (2009). In vitro studies on the 

potential Trichoderma harzianum for antagonistic properties against 

Ganoderma boninense. Journal of Food, Agriculture and Environment, 7, 970-

976.  

 

Siddiqui, Y., Meon, S., Ismail, M. R. & Ali, A. (2008). Trichoderma-fortified 

compost extracts for the control of Choanephora wet rot in okra production. 

Crop Protection, 27, 385-390.  

 

Simoes, M. L. G., Tauk-Tornisielo, S. M., Niella, G. R. & Tapia, D. M. T. (2011). 

Evaluation of Trichoderma spp. for the biocontrol of Moniliophthora 

perniciosa subgroup 1441. Journal of Biology and Life Science, 3(1), 18-36.  

 

Siti Nordahliawate, M. S., Nur Ain Izzati, M. Z., Azmi, A. R. & Salleh, B. (2008). 

Distribution, morphological characterization and pathogenicity of Fusarium 

sacchari associated with pokkah boeng disease of sugarcane in Peninsular 

Malaysia. Pertanika Journal of Tropical Agricultural Science, 31(2), 279-286.  

 

Smale, M. & Jayne, T. (2003). Maize in eastern and southern africa:" seeds" of 

success in retrospect Environment and Production Technology Division, 

International Food Policy Research Institute.  

 

  



© C
OPYRIG

HT U
PM

65 
 

Sobowale, A. A., Cardwell, K. F., Odebode, A. C., Bandyopadhyay, R. & Jonathan, 

S. G. (2007). Persistence of Trichoderma species within maize stem against 

Fusarium verticillioides. Archives of Phytopathology and Plant Protection, 

40(3), 215-231. 

 

Sobowale, A. A., Odebode, A. C., Cardwell, K. F., Bandyopadhyay, R.,& Jonathan, 

S. G. (2010). Antagonistic potential of Trichoderma longibrachiatum and T. 

hamatum resident on maize (Zea mays) plant against Fusarium verticillioides 

(Nirenberg) isolated from rotting maize stem. Archives of Phytopathology and 

Plant Protection, 43(8), 744-753. 

 

Srivastava, R., Khalid, A., Singh, U. S. & Sharma, A. K. (2010). Evaluation of 

arbuscular mycorrhizal fungus, fluorescent Pseudomonas and Trichoderma 

harzianum formulation against Fusarium oxysporum f. sp. lycopersici for the 

management of tomato wilt. Biological Control, 53(1), 24-31. 

  

Srobarova, A., Moretti, A., Ferracane, R., Ritieni, A. & Logrieco, A. (2002). 

Toxigenic Fusarium species of Liseola section in pre-harvest maize ear rot, and 

associated mycotoxins in Slovakia. European Journal of Plant Pathology, 

108(4), 299-306. 

 

Sun, S. (2010). Chronic exposure to cereal mycotoxin likely citreoviridin may be a 

trigger for Keshan disease mainly through oxidative stress mechanism. Medical 

Hypotheses, 74(5), 841-842.  

 

Thangavelu, R., Palaniswami, A. & Velazhahan, R. (2004). Mass production of 

Trichoderma harzianum for managing Fusarium wilt of banana. Agriculture, 

Ecosystems & Environment, 103(1), 259-263. 

 

Tunku Yahya, T. M. & Sukir, S. (2004). Prospects of feed crops in Malaysia. In 

Prospects of Feed Crops in Southeast Asia: Alternatives to Alleviate Poverty 

through Secondary Crops’ Development, Proceedings of the Regional 

Workshop, Bogor, Indonesia, Sept. 14-15, 2004. Lokollo, E.M. & Hutabarat, 

B. Eds.; United Nation ESCAP-CAPSA. 

 

Uhlig, S., Torp, M. & Heier, B. T. (2006). Beauvericin and enniatins A, A1, B and 

B1 in Norwegian grain: A survey. Food Chemistry, 94(2), 193-201. 

 

van Heerwaarden, J., Doebley, J., Briggs, W. H., Glaubitz, J. C., Goodman, M. M., 

de Jesus Sanchez Gonzalez, J., & Ross-Ibarra, J. (2011). Genetic signals of 

origin, spread, and introgression in a large sample of maize landraces. 

Proceedings of the National Academy of Sciences, 108(3), 1088-1092. 

 

Vinale, F., Marra, R., Scala, F., Ghisalberti, E. L., Lorito, M. & Sivasithamparam, K. 

(2006). Major secondary metabolites produced by two commercial 

Trichoderma strains active against different phytopathogens. Letters in Applied 

Microbiology, 43(2), 143-148.  

  



© C
OPYRIG

HT U
PM

66 
 

Vinale, F., Sivasithamparam, K., Ghisalberti, E. L., Marra, R., Woo, S. L. & Lorito, 

M. (2008). Trichoderma–plant–pathogen interactions. Soil Biology and 

Biochemistry, 40(1), 1-10.  

 

Vincent, P. L. D. (2012). Zea mays (maize, corn). eLS () John Wiley & Sons, Ltd. 

 

Wang, Q. & Xu, L. (2012). Beauvericin, a bioactive compound produced by fungi: A 

short review. Molecules, 17(3), 2367-2377.  

 

Weidenbörner, M. (2001). Foods and fumonisins. European Food Research and 

Technology, 212(3), 262-273.  

Whitney, N. J. & Mortimore, C. G. (1961). Root and stalk rot of field corn in 

southwestern Ontario. II. Development of the disease and isolation of 

organisms. Canadian Journal of Plant Science, 41(4), 854-861. 

Wicklow, D. T., Roth, S., Deyrup, S. T. & Gloer, J. B. (2005). A protective 

endophyte of maize: Acremonium zeae antibiotics inhibitory to Aspergillus 

flavus and Fusarium verticillioides. Mycological Research, 109(5), 610-618. 

 

Yedidia, I., Benhamou, N., Kapulnik, Y. & Chet, I. (2000). Induction and 

accumulation of PR proteins activityduring early stages of root colonizationby 

the mycoparasite Trichoderma harzianum strain T-203. Plant Physiology and 

Biochemistry, 38(11), 863-873. 

 

Yedidia, I., Shoresh, M., Kerem, Z., Benhamou, N., Kapulnik, Y. & Chet, I. (2003). 

Concomitant induction of systemic resistance to Pseudomonas syringae pv. 

lachrymans in cucumber by Trichoderma asperellum (T-203) and 

accumulation of phytoalexins. Applied and Environmental Microbiology, 

69(12), 7343-7353.  

 

Zafari, D., Koushki, M. M. & Bazgir, E. (2008). Biocontrol evaluation of wheat take-

all disease by Trichoderma screened isolates. African Journal of 

Biotechnology, 7(20), 3653-3659.  

 

Zhou, C., Chen, C., Cao, P., Wu, S., Sun, J., Jin, D. & Wang, B. (2007). 

Characterization and fine mapping of RppQ, a resistance gene to Southern corn 

rust in maize. Molecular Genetics and Genomics, 278(6), 723-728. 

 

Zinedine, A., Meca, G., Mañes, J. & Font, G. (2011). Further data on the occurrence 

of Fusarium emerging mycotoxins enniatins (A, A1, B, B1), fusaproliferin and 

beauvericin in raw cereals commercialized in Morocco. Food Control, 22(1), 

1-5. 

 

  


	BIOCONTROL OF FUSARIUM EAR ROT OF MAIZE USING TRICHODERMA SPECIES
	Abstract
	TABLE OF CONTENTS
	CHAPTER ONE
	REFERENCES



