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Figure 1. Microscopic analysis of rice roots inoculated with endophytic fungi P. indica. Darkly pigmented and
thick-walled clamidospores on the root surface presented by an arrow.
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Figure 2. Electrophoretic bands of PCR product of the elongation factor EF-1-alpha (tef) gene of root endophyte
Piriformospora indica. 1. 100 bp DNA size marker, Fermentas, 2. Control plant (non-inoculated, negative
control), 3. P. indica fungus DNA (positive control), 4 and 5. Plants 10 days after inoculation with the P. indica.
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Figure 3. Appearance of disease symptoms in rice plants inoculated with P. indica and infected with
F. Proliferatum. A. Yellowish leaves and non-damaged panicles inoculated with P. indica and infected with
F. proliferatum, B. Dry and yellow leaves, damaged panicles and unfilled grains in plants infected with
F. proliferatum, C. Normal growth and balanced height in plants inoculated with P. indica and infected with
F. proliferatum, D. Abnormal growth and unbalanced height in plants infected with F. proliferatum.
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Figure 4. Interaction between F. proliferatum (F) and P. indica (P). Natural growth of the two fungi mycelium
on the agar seven days after co-cultivation showed that there was no antagonistic effects between them.
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Figure 5. Antioxidant enzymes activity in rice plants under different treatments of two fungi, P. indica and
F. proliferatum. A. Peroxidase activity in rice root, B. Ascorbat peroxidase activity in rice root, C. Catalase
activity in rice root, D. Catalase activity in rice leaf. Mean comparisons were conducted by Tukey’s method at
5% probability level. The treatments are: PyF, (control), P,F, (only inoculated with P. indica), PoF; (only
infected with F. proliferatum) and P,F, (pre-inoculated with P. indica and infected with F. proliferatum).
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Abstract

Fusarium prolifratum is a causal agent of Bakanae disease (root rot and crown rot) in rice (Oryza
sativa L.) which result in sever reduction of plant growth and yield. Morever, it produces mychotoxin
that cause toxication in human and animals. Piriformospora indica is a endophytic fungus that can
induced systemic resistance against different plant pathogens. In the current study, rice plants were
pre-inoculated with P. indica followed by infected with Fusarium prolifratum in order to study the
endophytic effects on plant resistance against Bakane disease as well as possibility of non-chemical
control of the disease. A mild typical symptoms of the Bakane disease were developed in rice plants
pre-inoculated with P. indica and chalenged with the Fusarum. Activity of some antioxidant enzymes
such as Proxidase (POD), Ascorbat proxidase (POD) and catalase (CAT) were measured 4 days after
inoculation with F. prolifratum in root and leaves. The concentration of the three enzymes were
significantly higher in colonized plants with P. indica and challenged with F. prolifratum compare to
non-colonized and control plants in root and leaves. These results suggest that P. indica might protect
rice from necrotrophic pathogens through activating the plant antioxidant enzyme. Therefore, results
of this research showed that the endophytic fungus P. indica can be used as one of the non-chemical
methods for controlling Bakanae disease in rice.

Keywords: Antioxidant enzyms, Ascorbat proxidase, Bakanae disease, Catalase, Endophyte,
Proxidase
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