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ABSTRACT 

 

Rice (Oryza sativa L.) from family Poaceae is the most important grain crop in 

Malaysia. Blast disease caused by the fungus Pyricularia oryzae is an important disease 

that affects rice production. Chitosan is a nontoxic biopolymer derived by deacetylation 

of chitin that shows antifungal effect against several pathogens hence, was successful in 

controlling diseases of several plants. However, chitosan is not known to suppress blast 

disease on MR 219 rice variety. Thus, this study was conducted, 1) to determine the 

effect of chitosan on mycelial growth of P. oryzae in vitro and 2) to assess the effect of 

different chitosan concentrations on disease development. Poison Agar Assay was used 

to test four chitosan concentrations (1, 2, 3 and 4%) and control in vitro. The radial 

growth was measured in the 14 days after inoculation resulted a highly significant 

difference among percent inhibition between all treatments. P. oryzae growth was 

totally inhibited at 4% concentration, however, the inhibiting effect was relatively low 

at 2 and 1% concentrations. The result showed a highly significant difference between 

all treatments where chitosan at 4% concentration caused a 19.40% disease incidence 

(DI) while 10.95% disease severity (DS) on rice plants compared to 84.08% DI and 

71.15% DS in the control plants. Present results inferred that chitosan could act as an 

alternative natural compound in controlling blast disease on MR 219 rice variety.  
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ABSTRAK 

 

Padi (Oryza sativa L.) dari keluarga Poaceae adalah tanaman bijirin yang paling penting 

di Malaysia. Penyakit karah disebabkan oleh kulat Pyricularia oryzae adalah penyakit 

penting yang menjejaskan pengeluaran padi. Kitosan adalah biopolimer bukan toksik 

yang diperolehi oleh proses diasetil kitin yang menunjukkan kesan antikulat terhadap 

beberapa patogen oleh sebab itu ia telah berjaya mengawal penyakit pada beberapa 

tanaman. Namun begitu, tidak diketahui sama ada kitosan boleh menyekat penyakit 

karah pada varieti padi MR 219. Oleh itu, kajian ini dijalankan, 1) untuk menentukan 

kesan kitosan terhadap pertumbuhan miselium P. oryzae in vitro dan 2) untuk menilai 

kesan kepekatan kitosan yang berbeza terhadap perkembangan penyakit. Ujian Agar 

Racun telah digunakan untuk menguji empat kepekatan kitosan (1, 2, 3 dan 4%) dan 0% 

sebagai kawalan secara in vitro. Pertumbuhan radius miselium diukur dalam masa 14 

hari selepas inokulasi dan keputusan menunjukkan perbezaan yang amat ketara bagi 

peratus perencatan antara semua rawatan. Pertumbuhan P. oryzae terencat sepenuhnya 

pada kepekatan 4%, walaubagaimanapun, kesan merencat adalah lebih rendah pada 

kepekatan 2 dan 1%. Keputusan menunjukkan perbezaan yang amat ketara antara semua 

rawatan yang mana kitosan pada kepekatan 4% menyebabkan 19.40% kejadian penyakit 

manakala 10.95% keterukan penyakit pada tanaman padi MR 219 berbanding dengan 

84.08% kejadian penyakit and 71.15% keterukan penyakit pada tanaman kawalan. 

Keputusan kajian meyimpulkan bahawa kitosan boleh bertindak sebagai alternatif 

sebatian semula jadi untuk mengawal penyakit karah pada varieti padi MR 219. 
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CHAPTER 1 

INTRODUCTION 

 

Oryza sativa L. from family Poaceae is the most important grain crop in 

Malaysia. Rice becomes carbohydrate and protein source for people, especially in 

developing countries (FOA, 2004). According to the statistics published by the Sub-

Sector Food Crop, Malaysia’s rice cultivation area in 2013 is 688,207 hectares, while 

the rice yield is 3,817 kg/ha (DOA, 2013). Fasahat et al. (2012) claimed that more than 

90% of the rice cultivation area in Malaysia was grown with MR 219 due to their high 

yield potential.  

 

Malaysian Indica variety, MR 219 resulted from a cross between MR 137 and 

MR 151 released by Malaysian Agricultural Research and Development Institute 

(MARDI), in January 2001 (Alias, 2002). MR 219 was moderately resistance against 

blast disease when it was first developed. However, new blast pathotypes have been 

developed after a long period cultivation, seeds regeneration as well as environmental 

factors that lead to the blast disease susceptibility (Miah et al., 2014).  

 

Blast disease caused by fungus Pyricularia oryzae is one of the important 

disease that affecting rice production in Malaysia. The existence of this serious disease 

is threatening the rice industry, because of its large distribution and high incidence 

under favorable conditions (Ou, 1985). Koutroubas et al. (2009) claimed this disease 
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caused about 10-20% yield reduction in susceptible varieties, but the loss may be up to 

80% in severe situations. 

 

Therefore, various commercial fungicides which provide superior disease 

suppression and greater user convenience have been used to control rice blast disease 

since the early part of the century (Froyd and Froeliger, 1994). Despite of that, Kuyek et 

al. (2000) stated most fungicides offerings the best disease management is expensive for 

the resource poor farmers of Asia. Moreover, the proportion of the fungicide that is not 

absorbed by the plants will be moved and transferred to the environment through wind, 

water and soil (Ahmad et al., 2014).  

 

According to US EPA (2012) Fuji-one contains Isoprothiolane 40% EC is 

classified as “moderately toxic” in terms of fish toxicity while Score contains 

Difenoconazole 25% EC is categorized as “moderately toxic” in terms of algae eco-

toxicity (Ahmad et al., 2014). The latest fungicide, Filia contains Tricyclazole and 

Propiconazole launched by Syngenta Malaysia in Pendang, Kedah for the control of 

neck blast. Snelder et al. (2008) claimed the increment of fungicide use will raise the 

risks to human health and the environment in the near future. 

 

The usage of natural compound is encouraged for blast disease management to 

meet economic viability and safety requirement for environment. Chitosan is nontoxic 

polymer and partially deacetylated polymer of N-acetyl glucosamine (GlcNAc) has 

been widely proposed for its potential in various areas including food (Shahidi and 

Synowiecki, 1991), agriculture (Yamada et al., 1993), cosmetics (Majeti and Kumar 
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2000) and pharmaceutical (Kato et al., 2003). Bio-waste of aquatic organisms was used 

for chitosan production commercially and terrestrial crustaceans, terrestrial organisms 

while mushrooms introduced as alternative sources (Nwe et al., 2004). 

 

Li et al. (2009) reported that chitosan successfully inhibited Fusarium 

sulphureum growth and controlled potato tuber dry rot disease. In addition, chitosan 

showed a strong antifungal effect against Rhizoctonia solani as well as reduced the 

sheath blight severity of rice seedlings irrespective to the mode of application in a 

greenhouse (He et al., 2012). On the other hand, Algam and Elwagia (2015) stated that 

early blight disease was well controlled by using chitosan and increased growth 

parameter of tomato. 

 

The opportunity for using organic compounds to control blast disease should be 

developed as an alternative approach because the chemical application for rice blast 

control give rise to environmental concerns after a long practice which also lead to the 

health issue. Up to now, much information about the antifungal activity of chitosan on 

P. oryzae have been generated from previous studies (Rodrı´guez et al., 2007; Suprapta 

et al., 2014), however, chitosan is not known whether it can suppress blast disease on 

rice, particularly MR 219 rice variety.  

 

Thus, the objectives of this study were, 1) to determine the effect of chitosan on 

mycelial growth of P. oryzae in vitro and 2) to assess the effect of different chitosan 

concentrations on disease development. 



© C
OPYRIG

HT U
PM

 

26 
 

REFERENCES 

 

Abd-Elkareem, F., Elmougi, S. N., Elgamal, N. G. and Fatouhy, Y.O. 2006. Use of

 chitin and chitosan against tomato root rot disease under greenhouse condition.

 Res. J. Agri. and Biol. Sci. 2:147-152. 

 

Abd Razak, A., Mohd Zainudin, N.A.I., Mohd Sidiqe, S.N., Ismail, N.A., Nik

 Mohamad, N.M.I. and Salleh, B. 2009. Sheath brown rot disease of rice caused

 by Pseudomonas fuscovaginae in the peninsular Malaysia. J. Plant Protect. Res.

 49:245-249. 

 

Ainu Shahirah, M.T., Zainal Abidin, M.A. and Mui-Yun, W. 2016. First report of

 Exserohilum rostratum as pathogen of rice brown spot disease in Malaysia. Plant

 Disease. Vol. 100. 1:226. 

 

Ahmad, M.I., Ahmad, N.A., Muhammad, S.A., Norizan, E. 2014. A survey on use,

 hazards and potential risks of rice farming pesticides in Permatang

 Keriang, Pulau Pinang (Malaysia). International J. Sci. and Res. Vol. 4.  

 

Al-Amin, A.Q., Leal W., De la Trinxeria J.M., Jaafar A.H. and Ghani A.Z. 2011.

 Assessing the impacts of climate change in the Malaysia agriculture sector and

 its influences in investment decision. Middle East J. Sci. Res. 7:225-234. 

 

Algam, S.A.E. and Elwagia, M.E.A. 2015. Evaluation of chitosan efficacy on tomato

 growth and control of early blight disease. Jordan J. Agri. Sci.11: 27-35. 



© C
OPYRIG

HT U
PM

 

27 
 

Algam, S.A.E., Xie, G., Li, B., Yu, S., Su. T. and Lersen, J. 2010. Effect of

 Paenibacillus strains and chitosan on growth promotion and control of

 Ralstonia wilt in tomato. J. Plant Pathol. 92:593-600. 

 

Alias, I. (2002). MR219, a new high-yielding rice variety with yields of more than 10

 mt/ha. MARDI, Malaysia. FFTC: An international information center for small

 scale farmers in the Asian and Pacific region. 

 

Azmi, M., Azlan, S. Yim, K.M., George, T.V. and Chew, S.E. 2012. Control of weedy

 rice in direct-seeded rice using the clearfield production system in Malaysia.

 Pak. J. Weed Sci. Res. 18: 49-53. 

 

Banniza, S. and Holderness, M. 2001. Rice sheath blight – pathogen biology and

 diversity. Major Fungal Diseases of Rice: Recent Advances, pp. 201-211. 

 

Barr, M.E., 1977. Magnaporthe, Telimenella and Hyponectria (Physosporellaceae).

 Mycologia. 69: 952-966. 

 

Bastiaans, L. 1993. Effects of leaf blast on photosynthesis of rice. J. Plant  Pathol.

 99:197–203. 

 

Bautista-Banos, S., Hernandez-Lopez, M., Bosquez-Molina, E. and Wilson, C.L. 2003.

 Effects of chitosan and plant extracts on growth of Colletotrichu gloeosporioides

 anthracnose levels and quality of papaya fruit. J. Crop Protect. 22:1087-1092. 

 



© C
OPYRIG

HT U
PM

 

28 
 

Boonreung, C. and Boonlertnirun, S. 2013. Efficiency of chitosan for controlling dirty

 panicle disease in rice plants. J. Agri. and Biol. Sci.  8:380-384. 

 

Boonlertnirun, S., Boonraung, C. and Suvanasara, R. 2008. Application of

 chitosan in rice production. J. Metals, Materials and Minerals. 18:47-52. 

 

Cavara, F. 1891. Fungi Long Bardiae Exsiccati sive Mycetum specimina in

 Longobardia collecta, exsiccata et speciebus novis vel criticis, iconibus

 illustrate, No. 49 (cited by Padwick, 1950).  

 

Department of Agriculture Peninsular Malaysia. Statistic of Sub-Sector Food Crop.

 2013. Statistics Unit Planning, Information and Communication Technology.  

 

El- Hadrami, Ab., Adam, L.R., El- Hadrami, I. and Daayf, F. 2010. Chitosan in plant

 protection. J. Mar. Drugs. 4: 968–987. 

 

El-Mougy, N.S., El-Gamal, N.G., Fotouh, Y.O., and Abd-El-Kareem, F. 2006.

 Evaluation of different application methods of chitin and chitosan for

 controlling tomato root rot disease under greenhouse and field conditions. Res. J.

 Agric. Biol. Sci. 2: 190-195. 

 

El-Mohamedy, R.S.R., Abdel-Kareem, F., Jabnoun-Khiareddine, H., and Daami 

Remadi, M. 2014. Chitosan and Trichoderma harzianum as fungicide 

alternatives for controlling fusarium crown and root rot of tomato. Tunisian J. 

Plant Protect. 9: 31-43. 



© C
OPYRIG

HT U
PM

 

29 
 

Food and Agricultural Organization. 2015. Global Information And Early Warning

 System On Food And Agriculture. GIEWS Country Brief: Malaysia. 

 

Food and Agricultural Organization of the United Nations. 2004. Rice is life.

 Retrieved on 2 November 2015 from http://www.fao.org/rice2004/en/f

 sheet/factsheet3.pdf 

 

Froyd, J.D. and Froeliger, E.H. 1994. Strategies for the discovery of rice blast

 fungicides. In Rice blast disease, ed. Zeigler, R.S., Leong, S.A. and Teng, P.S.,

 pp. 501–520. Wallingford: CAB International. 

 

Fasahat, P., Kharidah, M., Aminah, A. and Ratnam, W. 2012. Proximate nutritional

 composition and antioxidant properties of Oryza rufipogon, a wild rice collected

 from Malaysia compared to cultivated rice, MR 219. Australasian J. Crop Sci.

 6:1502-1507. 

 

Hashim, M.M., Yusop, M.K., Othman, R. and Abdul Wah, S. 2015.

 Characterization of nitrogen uptake pattern in Malaysian rice MR 219 at

 different growth stages using 
15

N isotope. Rice Sci. 22:250-254. 

 

Hassan, Z.A. 2014. Issues and challenges - strategies to sustain rice industry through

 R&D. Retrieved on 19 November 2015 from http://www.ipicex.com/docs/2014/

 oral/Slide%20Presentation%20IPiCX2014%0%20Isues%0and%20Challenges%

 0%20Strategies%20to20sustain%20rice%2 industry%20through%20R&D.pdf 

 

http://www.fao.org/rice2004/en/f%09sheet/factsheet3.pdf
http://www.fao.org/rice2004/en/f%09sheet/factsheet3.pdf
http://www.ipicex.com/docs/2014/%09oral/Slide%20Presentation%20IPiCX2014%250%20Isues%0and%20Challenges%25%090%20Strategies%20to20sustain%20rice%252%09industry%20through%20R&D.pdf
http://www.ipicex.com/docs/2014/%09oral/Slide%20Presentation%20IPiCX2014%250%20Isues%0and%20Challenges%25%090%20Strategies%20to20sustain%20rice%252%09industry%20through%20R&D.pdf
http://www.ipicex.com/docs/2014/%09oral/Slide%20Presentation%20IPiCX2014%250%20Isues%0and%20Challenges%25%090%20Strategies%20to20sustain%20rice%252%09industry%20through%20R&D.pdf


© C
OPYRIG

HT U
PM

 

30 
 

He, L., Wenxiao, T., Bin, L., Guoxing, W., Ibrahim, M., Zhongyun, T., Yangli, W.,

 Guanlin, X., Hongye, L. and Guochang, S. 2012. Antifungal effect and

 mechanism of chitosan against the rice sheath blight pathogen, Rhizoctonia

 solani. J. Biotechnol Lett. 34:2291–2298. 

 

Hei, L. and Zhixin. S. 1994. Genetic regulation of sporulation in the rice blast fungus. In

 Rice Blast Disease, ed. Zeigler, R.S., Leong, S.A. and Teng, P.S., pp. 35.

 Wallingford: CAB International. 

 

Huang, X., Kurata, N., Wei, X., Wang, Z.X., Wang, A., Zhao, Q., Zhao, Y., and Liu, K.,

 Lu, H., Li, W., Guo, Y., Lu, Y., Zhou, C., Fan, D., Weng, Q., Zhu, C., Huang,

 T., Zhang, L., Wang, Y., Feng, L., Furuumi, H., Kubo, T., Miyabayashi, T.,

 Yuan, X., Xu, Q., Dong, G., Zhan, Q., Li, C., Fujiyama, A., Toyoda, A., Lu, T.,

 Feng, Q., Qian, Q., Li, J. and Han, B. 2012. A map of rice genome variation

 reveals the origin of cultivated rice. J. Nature. 490:497–501.  

 

International Rice Institute. 2002. Standard Evaluation System for Rice 2002. IRRI, Los

 Banos, Philippines, pp. 56. 

 

International Rice Research Institute. 1996. Standard Evaluation System of Rice. 4
th

 Edition. IRRI, Los Banos, Philippines. 

 

Kato, H. 2001. Rice blast disease. Pesticide outlook. 12:23–25. 

 

Kato, Y., Onishi, H. and Machida, Y. 2003. Application of chitin and chitosan

 deriatives in the pharmaceutical field. Curr. Pharm. J. Biotechnol. 4:303-309. 



© C
OPYRIG

HT U
PM

 

31 
 

Koutroubas, S.D., Katsantonis, D., Ntanos, D.A. and Lupotto, E. 2009. Blast disease

 influence on agronomic and quality traits of rice varieties under Mediterranean

 conditions. Turkish J. Agri. 33:487–494. 

 

Kuyek, D., Quijano, R. and Zamora, O.B. 2000. Blast, biotech and big business:

 Implications of corporate strategies on rice research in Asia. Retrieved on 18

 November 2015 from https://www.grain.org/article/entries/36-blast-biotech-and

 big-businessimplications-ofcorporatestrategies-on-rice-research-in-asia 

 

Li, B., Liu, B.P., Yu, R.R., Lou, M.M., Wang, Y.L., Xie, G.L., Li, H.Y. and Sun, G.C.

 2011. Phenotypic and molecular characterization of rhizobacterium

 Burkholderia sp. strain R456 antagonistic to Rhizoctonia solani, sheath blight of

 rice. World J. Microb. Biotechnol. 27:2305–2313. 

 

Li, Y.C., Sun, X.J., Bi, Y., Ge, Y.H. and Wang, Y. 2009. Antifungal activity of

 chitosan on Fusarium sulphureum in relation to dry rot of potato tuber. J. Agri.

 Sci. in China. 8:597-604.  

 

Liu, B., Tian, W., Li, B., Wu, G.,  Ibrahim, M., Tao, Z., Wang, Y., Xie, Z., Li, H. and

 Sun, G. 2012. Antifungal effect and mechanism of chitosan against the rice

 sheath blight pathogen, Rhizoctonia solani. J. Biotechnol Lett. 34:2291–2298. 

 

Majeti, N.V. and Kumar, R. 2000. A review of chition and chitosan. React. Funct. J.

 Polym. 46:1-27. 

 

https://www.grain.org/article/entries/36-blast-biotech-and%09big-businessimplications-ofcorporatestrategies-on-rice-research-in-asia
https://www.grain.org/article/entries/36-blast-biotech-and%09big-businessimplications-ofcorporatestrategies-on-rice-research-in-asia


© C
OPYRIG

HT U
PM

 

32 
 

Marzukhi H., Ali A.H., Hassan S. 1991. Kehadiran penyakit baru padi di estet padi

 Seberang Perak. Teknologi Padi. 7:49–52. (in Malay with English abstract). 

 

Ministry of Agriculture. National Agro-Food Policy 2011-2020. Division of

 International and Strategic Planning, Putrajaya, Malaysia, 2011. 

 

Miah, G., Rafii, M.Y., Ismail, M.R., Puteh, A.B., Rahim, H.A. and Latif, M.A. 2014.

 Improvement of MR219-rice variety for blast resistance through marker-assisted

 backcross breeding. Retrieved on 26 October 2015 from

 www.iac2014.upm.edu.my/iac/reg/file/doc949505495.docx 

 

Miao, Q., Chu, W., Gerui, R., Xinle, L., Xiangyang, W. and Jianying, H. 2014. Effect of

 chitosan and its derivatives as antifungal and preservative agents on postharvest

 green asparagus. J. Food Chem. 155:105-111. 

 

Mohd Zainudin, N.A.I., Abd. Razak, A. and Salleh, B. 2008. Bakanae disease of rice in

 Malaysia and Indonesia: Etiology of the causal agent based on morphological,

 physiological and pathogenicity characteristics. J. Plant Protect. Res. 48:476

 485. 

 

Molina, J., Sikora, M., Garud, N., Flowers, J.M., Rubinstein, S., Reynolds, A., Huang,

 P., Jackson, S., Schaal, B.A., Bustamante, C.D., Boyko, A.R. and Purugganan,

 M.D. 2011. Molecular evidence for a single evolutionary origin of domesticated

 rice. Proceeding National Aca. Of Sci. 108:8351–8356. 

 

http://www.iac2014.upm.edu.my/iac/reg/file/doc949505495.docx


© C
OPYRIG

HT U
PM

 

33 
 

Nwe, N., Furuike, T. and Tamura, H. 2004. Chitin and chitosan from terrestrial

 organisms. In Chitin, Chitosan, Oligosaccharides and Their Derivatives, ed.

 Kim, S.K, pp. 3. New York: CRC Press. 

 

Ou, S.H. (1985). Rice disease. 2nd Ed. Kew, Surrey, England: Commonwealth

 Mycological Institute. 

 

Plant Health Australia, Rice Industry Biosecurity Plan. 2009. Retrieved on 20 October

 2015 from www.planthealthaustralia.com.au/wpcontent/uploads/2013/03/

 Riceblast- CP2008.pdf+symptoms+of+blast+disease+of+rice 

 

Qifa, Z., Saghai Maroof, M.A., Lu, T.Y. and Shen, B.Z. 1992. Genetic diversity and

 differentiation of Indica and Japonica rice detected by RFLP analysis. J. Theor.

 Appl. Gen. 83:495-499. 

 

Rabea, E.I.,  El- Badawy, M., Stevens, C.V., Smagghe, G. and Steurbaut, W. 2003.

 Chitosan as antimicrobial agent: applications and mode of action. Biomacromol.

 6:1458 – 1464. 

 

Ribot, C., Hirsch, J., Balzergue, S., Tharreau, D., Nottéghem, J.L., Lebrun, M.H. and

 Morel, J.B. 2008. Susceptibility of rice to the blast fungus, Magnaporthe grisea.

 J. Plant Physiol. 165:114–124. 

 

Rice Knowledge Bank, International Rice Research Institute. Blast (leaf and collar).

 Retrieved on 20 October 2015 from http://www.knowledgebank.

 irri.org/training/factsheets/pestmanagement/diseasesitem/blast-leaf-collar 

http://www.planthealthaustralia.com.au/wpcontent/uploads/2013/03/%09Riceblast-%20CP2008.pdf+symptoms+of+blast+disease+of+rice
http://www.planthealthaustralia.com.au/wpcontent/uploads/2013/03/%09Riceblast-%20CP2008.pdf+symptoms+of+blast+disease+of+rice


© C
OPYRIG

HT U
PM

 

34 
 

Rice Knowledge Bank, International Rice Research Institute. Blast (node and neck).

 Retrieved on 20 October 2015 from http://www.knowledgebank.irri.org/training/

 factsheets/pestmanagement/diseases item/blast-node-neck 

 

Rodrı´guez, A.T., Ramı´rez, M.A., Ca´rdenas, R.M. Herna´ndez, A.N., Vela´zquez,

 M.G. and Bautista, S. 2007. Induction of defense response of Oryza sativa L.

 against Pyricularia grisea (Cooke) Sacc. by treating seeds with chitosan and

 hydrolyzed chitosan. J. Pesticide Biochem. and Physio. 89:206–215. 

 

Saad, A. 1990. Screening as evaluation for resistance to blast, bacterial blight and

 sheath blight of rice in Malaysia. Paper presented at International Network for

 Genetic evaluation of rice disease resistance seminar. Organiser: IRRI. 

 

Saidon, S.A., Mohd. Yusob, S., Jack, A., Masaruddin, M.F., Hussain, P.M.D., Che

 Haron, I., Omar, O. and Shamsudin, N. 2014. Penilaian prestasi dan komponen

 varieti padi terpilih di Seberang Perai. J. Techno. 70:79-83. (in Malay with

 English abstract). 

 

Shafaullah, M.A.K., Khan, N.A. and Mahmood, Y. 2011. Effect of

 epidemiological factors on the incidence of paddy blast (Pyricularia oryzae)

 disease. J. Phytopathol. 23:108–111. 

 

Shahidi, F. and Synowiecki, J. 1991. Isolation and characterization of nutrients and

 value-added products from snow crab (Chionoecetes opilio) and shrimp

 (Pandalus borealis) processing discards. J. Agri. Food Chem. 39:1527-1532. 

http://www.knowledgebank.irri.org/training/%09factsheets/pestmanagement/diseases%09item/blast-node-neck
http://www.knowledgebank.irri.org/training/%09factsheets/pestmanagement/diseases%09item/blast-node-neck


© C
OPYRIG

HT U
PM

 

35 
 

Srivastava, D., Shamim, Md., Kumar, D., Pandey, P., Khan, N. A. and Singh, K. N.

 2014. Morphological and molecular characterization of Pyricularia oryzae

 causing blast disease in rice (Oryza sativa) from North India. J. Sci. and Res.

 Pub. 7:1-9. 

 

Sudarshan, N.R., Hoover, D.G. and Knorr, D. 1992. Antibacterial action of chitosan.

 Food Biotechnol 6:257–272. 

 

Suprapta, D.N., Quintao, V. and Khalimi, K. 2014. Effectiveness of rhizobacteria to

 reduce rice blast disease intensity. J. Bio., Agri. and Healthcare. 4:35-41.  

 

Snelder, D.J., Masipiqueña, M.D. and De Snoo, G.R. 2008. Risk assessment of

 pesticide usage by smallholder farmers in the Cagayan Valley (Philippines). J.

 Crop Protect. 27:747-762. 

 

Subramanian, C.V. 1968. Pyricularia oryzae. CMI Descriptions of pathogenic fungi and

 bacteria. 169:1-2 

 

Sukanya, S.L., Yamini, D. and Fathima, S.K. 2011. Eco-friendly management of

 Pyricularia oryzae: The causal agent of blast of paddy. J. Curr Bot. 2:46–49. 

 

Supaad, M.A. 1980. Control of some rice diseases, with special reference to rice blast in

 peninsular Malaysia. Research for the Rice Farmer: Proceedings of the National

 Rice Conference 1980. MARDI, pp. 230-231. 

 



© C
OPYRIG

HT U
PM

 

36 
 

TeBeest, D.O., Guerber, C. and Ditmore, M. 2007. Rice blast. The Plant Health

 Instructor. DOI: 10.1094/PHI-I-2007-0313-07. Retrieved on 31 May 2016 from

 http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Pages/RiceB

 ast.aspx 

 

Tosa, Y., Hirata, K., Tamba, H., Nakagawa, S., Chuma, I., Isobe, C., Osue, J.,

 Urashima, A.S., Don, L.D., Kusaba, M., Nakayashiki, H., Tanaka, A., Tani, T.,

 Mori, N. and Mayama, S. 2004.  Genetic constitution and pathogenicity of

 Lolium isolates of Magnaporthe oryzae in comparison with host species-specific

 pathotypes of the blast fungus. J. Phytopathol. 94:454-462. 

 

Tuhina-Khatun, M., Hanafi, M.M., Mui-Yun, W. and Rafii, M.Y. 2015. Reactions and

 diversity analysis of upland rice genotypes against blast disease of rice (Oryza

 sativa L.). J. Austra. Plant Pathol. 44:405-412.  

 

U.S. EPA. 2012. Pesticides: Environmental Effects. Retrieved 18 November 2015 from

 http://www.epa.gov/oppefed1/ecorisk_ders/toera_analysiseco.html 

 

Yamada, A., Shibbuya, N., Komada, O. and Akatsuka, T. 1993. Induction of

 phytoalexin formation in suspension-cultured rice cells by N

 acetylchitooligosaccharides. J. Biosci. Biotechnol. Biochem. Acta 129:5-15.  

 

 

 

 

http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Pages/RiceB%09ast.aspx
http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Pages/RiceB%09ast.aspx
http://www.epa.gov/oppefed1/ecorisk_ders/toera_analysiseco.html



