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INTRODUCTION 

Roughly more than half of the world population depends 
on rice for their food. The major rice-producing countries 
are China, India,  Japan,  Bangladesh,  Indonesia,  Thailand 
and  Myanmar  (Burma).   The United States Department of 
Agriculture (USDA) estimates that the World Rice Production 
2019-2020 will be 499.31 million metric tons. Since most of the 
world’s population dependent on rice for their food, any kind of 
decrease on production of the crop gives rise to a serious problem. 
A crop failure for any reason poses a real threat of the starvation. 
There are many pathogenic and environmental factors which cause 
different diseases on rice plant. One of the most common as well 
as important disease of rice is blast, caused by Pyricularia oryzae . 
The rice blast disease caused by Pyricularia oryzae strike all aerial 
part of the plant. Most infections occur on the leaves, causing 
diamond shape lesions with a gray or white center to appear, or 
on the panicles, which turn white and die before being filled with 
grains [1]. Pyricularia oryzae is highly specific to the rice plants. 
Blast disease was first reported in Asia more than three centuries 
ago and is now present in over 85 countries. It is highly adaptable 
to the environment. When Pyricularia oryzae infects rice plants 

and produces neck rot or panicle blast, it will either kill the host 
plant or prevent seed development respectively. Fungi need 
about 17 elements to meet their nutritional requirements [2-4]. 
Apart from these elements few elements are present in very 
small quantities, known as trace elements. The previous studies 
conducted by Allaway [5], Lilly [6], Bowen [7], Thind and Mira 
Madan [8] revealed the trace elements Zn, Fe, Mn, Cu, Mo and Ca 
are necessary for the growth of the almost all the fungus. There is 
not much literature available in the subject but some workers have 
worked on role of these metals on pathogenicity of different fungus. 
Metals Zn, Cu, Fe etc. play an important role in development 
of fungal disease [9] More than 400 yeast gene are involved in 
growth under Zn limitation [10]. The present paper deals with the 
requirements of Zn, B, Mg, and Cu on the growth and sporulation 
of Pyricuaria oryzae isolated from the diseased rice plant.

MATERIALS AND METHOD

Glassware

Glassware soaked in a cleaning solution (chromic acid) for a few 
hours and washed in tap water. They were rinsed thoroughly in 
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distilled water and dried before use. Glassware used for culture 
work was sterilized in a hot air oven at 1200C for two hours.

Chemicals

All chemicals used were of analytical grade and dehydrated 
medium of Hi-media grade. Distilled water was used throughout 
the study.

Trace Elements

The following chemicals were used as micronutrients (Table 1).

Preparation of Stock Solution

For the preparation of the stock solution [8], the amount of 
the compound of test nutrients (Zn, B, Mg, Cu) dissolved in 
1 liter of double distilled water was estimated by dividing the 
molecular weight of compound with the molecular weight of 
the trace elements. One hundred ml. The stock solution of 
each compound was prepared (Table 2). This stock solution so 
prepared was of 1000 ppm concentration. 

Amount of Trace Elements

The amount of various trace elements were calculated as per 
standard formula given below:

C1 x V1 =C2 x V2

Where, C1 = Required concentration of test trace elements.
V1 = Required volume of medium.
C2 = Concentration of the trace elements stock solution 

(1000 ppm).
V2 = Required volume of test trace elements.

Preparation of Nutrient Containing Media

Two hundred ml Czapek Dox devoid of Fe (Cz-Fe) was prepared 
for each trace elements. The volume of each trace elements to 
be added was calculated by above formula. The pH of the media 
was adjusted to 7.0and then poured in 250 ml Erlenmeyer flask 
and sterilized.

Inoculation of Media (Czapek Media)

Pre-sterilized Cz-Fe medium containing different concentration 
of the test trace elements were poured in sterile Petri-plates and 
after solidifying each plate was incubated with 5 mm diam. Five 
replication were made for each concentration of the test trace 
elements. The plates were incubated up to 96 hours at 27±10C.

Sterilization

The medium/ distilled water dispensed into Erlenmeyer flask/ 
test tubes as per requirement and plugged with non-absorbent 
cotton wool and sterilized under steam in am autoclave at 1210C 
(15 lb pressure / square inch) for 20 minutes. 

The Pathogen

Pyricularia oryzae the causal organism of blast disease of 
rice isolated from diseased rice plants were used. Sample of 
blast disease infected plants collected from the Rice field 
of Korba, Chhattisgarh. Infected portion of stems were cut 
with a sterile blade into small piece and sterilize with 0.5 % 
Sodium hypochlorite for 1 minute and then the pieces were 
washed with sterile distilled water. Two to three washing were 
done with sterile distilled water to remove excess Sodium 
hypochlorite and then pieces were transferred aseptically 
into Petri plates containing PDA medium. The plates were 
incubated at 27±10C for 96 hours. After growth of the 
fungi the pure culture was further transferred to Cz-Fe and 
incubated as described earlier. Seven days old culture was cut 
into 5 mm diameter disc with the help of sterile cork borer 
and used for different experiments.

Storage of Culture

Pyricularia oryzae culture was maintained on Cz-Fe slopes. The 
tubes were incubated at 27±10C until they attained full growth. 
After full growth these cultures were stored in a refrigerator. 
Transfers were made as and when required by taking a loopful 
of growth, inoculating a fresh PDA medium.

Observation

Radial growth of the fungus was observed at 24,48 and 72 
hours of incubation Simultaneously spore/sclerotia formation 
and its frequency (few, good, very good in numbers) were also 
recorded. Five replicates were made for each treatment and 
proper control i.e. without test trace element was maintained 
in each case.

RESULTS AND DISCUSSION 

Effect of Zinc (Zinc sulphate) on growth and sclerotia 
formation of Pyricularia oryzae

Pre determined quantity of Zinc was supplied in the medium 
as described in the method 0 (control) 2,5,10,20 ppm along 
suitable control was maintained. Table 3 shows that maximum 

Table 1: Trace elements and chemical salt
 Trace elements Salt Used Chemical formula

Zinc (Zn) Zinc Sulphate Zn SO4 . 7 H2O
Boron (B) Boric Acid H3BO3
Magnesium (Mg) Magnesium Sulphate MgSO3.7 H2O
Copper (Cu) Cupric Sulphate CuSO4.5 H2O

Table  2: Stock solution of trace elements of 1000 ppm 
concentration.
Trace elements Amount dissolved in 1000 ml. Distilled water (mg)

Zn SO4 . 7 H2O 252
H3BO3 571
MgSO3.7 H2O 1014
CuSO4.5 H2O 251
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radial growth occurs at 2 ppm concentration which is 24.5, 70.5 
and 82.0 mm at 24, 48 and 72 hours of incubation respectively. 
In other concentrations i.e. 5, 10 and 20 ppm radial growth was 
less than control. It indicates that Zn is required in very minute 
quantity i.e. 2 ppm for the optimum growth of the fungus and 
keeps an adverse effect on growth when provided in more than 2 
ppm. Many workers have found that Zn is an essential nutrient 
required in 0.5 to 1.0 ppm in the medium as an activator for 
most of the enzymes for many fungi [11-18]. 

Effect of Boron (Boric Acid) on growth and sclerotia 
formation of Pyricularia oryzae

Pre determined quantity of Zinc was supplied in the medium 
as described in the method 0 (control) 2,5,10,20 ppm . 
Table 4 shows that maximum radial growth occurs at 2 ppm 
concentration which is 34.5, 78.5 and 80.4 at 24, 48 and 72 
hours of incubation respectively. Maximum sporulation is also 
recorded at 2 ppm concentration of Boron. As we increase the 
concentration of Boron hyphal growth and sporulation both 
decrease. High concentration i.e. 20 ppm has a more adverse 
effect of growth and sporulation (Table 4).

Cresswell et al. [19] have reported that Boron was more 
inhibitory than Cu to mycelia growth of Agaricus biosporus. The 
radial growth of pathogenic fungi Pyricularia oryzae, Fusarium 
oxysporum and Aspergillus niger was reduced by the activity of 
Boron [20]. Chowdhury [21] observed that the use of Boron 
reduced the growth of Macrophomina phaseolina. Many other 
workers have also reported that by increasing concentration of 
Boron we can control the growth of many fungi.

Effect of Magnesium (Magnesium Sulphate) on growth 
and sclerotia formation of Pyricularia oryzae

Table 5 shows how Mg is effecting on the growth of Pyricularia 
oryzae. As we increase the concentration of Mg radial growth 
of fungus increasing slightly on every observation i.e. 24, 
48 and 72 hours. Maximum growth reported on 20 ppm 
concentration but that is not very much significant than 
control (0 ppm). However Mg is essential for the proper 
growth of the fungus. There is a significant increase in radial 
growth from 24 hours to 48 hours but after that growth is 
not very much significant. On the other hand sporulation is 
minimum when no Mg provided, after adding Mg in medium 
sporulation is increased. Mg is critical for spore production 
in the fungus. After adding Mg at every concentration i.e. 
2,5,10 and 20 sporulation is stable this indicates that Mg 
in small quantity is essential for high sporulation. Once 
minute requirement of Mg is fulfiled than increasing Mg 
concentration is not significant (Table 5).

Hasija [22] also reported that the addition of Magnesium 
sulphate in the medium produced best growth and sporulation 
in Curvularia pallescens, Alternaria citri and A. tenuis. Totani 
et al. [23] observed that a small amount of Magnesium sulphate 
was critical for the growth of some fungi.

Effect of Copper (Cupric Sulphate) on growth and 
sclerotia formation of Pyricularia oryzae

Cu is more effective at the concentration of 2 ppm. When 
we increased the amount of Cu from control to 2 ppm radial 
growth and sporulation increased. After that increasing, the 
concentration of Cu decreases the growth as well as sporulation 
(Table  6). Cu is needed in very minute quantity, adding 

Table 3: Effect of Zinc
Concentration
(ppm)

Radial Growth (mm) * Sclerotia formation at 
96 hrs of incubationIncubation time (hour)

24 48 72

0 20.4 65.4 75.2 ++
2 24.5 70.5 82.0 +++
5 18.5 63.4 70.5 ++
10 17.6 60.5 68.4 +
20 16.4 58.0 64.5 +

*Average of 5 replication; one plate constitute one replication,+ Less 
than 5 sclerotia/objective,++ 6-10 sclerotia/objective,+++ More than 10 
sclerotia/objective

Table 4: Effect of Boron
Concentration
(ppm)

Radial Growth (mm) * Sclerotia formation  at 
96 hrs of incubationIncubation time (hour)

24 48 72

0 30.4 75.4 79.4 ++
2 34.5 78.5 80.4 +++
5 28.4 70.6 76.5 ++
10 27.4 68.2 73.5 ++
20 25.4 67.6 70.4 +

*Average of 5 replication; one plate constitute one replication,+ Less 
than 5 sclerotia/objective,++ 6-10 sclerotia/objective,+++ More than 10 
sclerotia/objective

Table 5: Effect of Magnesium
Concentration
(ppm)

Radial Growth (mm) * Sclerotia formation  
at 96 hrs of incubationIncubation time (hour)

24 48 72

0 26.4 74.0 79.0 ++
2 27.5 75.4 80.1 +++
5 28.4 76.5 80.2 +++
10 30.2 77.8 80.3 +++
20 32.4 79.4 80.4 +++

*Average of 5 replication; one plate constitute one replication,+ Less 
than 5 sclerotia/objective,++ 6-10 sclerotia/objective,+++ More than 10 
sclerotia/objective

Table 6: Effect of Copper
Concentration
(ppm)

Radial Growth (mm) * Sclerotia formation  at 96 
hrs of incubationIncubation time (hour)

24 48 72

0 22.0 68.5 79.8 ++
2 24.8 71.0 81.4 +++
5 21.7 64.5 78.5 ++
10 19.2 62.6 75.0 +
20 18.4 58.0 67.6 +

*Average of 5 replication; one plate constitute one replication,+ Less 
than 5 sclerotia/objective,++ 6-10 sclerotia/objective,+++ More than 
10 sclerotia/objective
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more Cu we can control the growth of the fungus. Similar to 
our study, Steinberg [24,25] reported that lack of Cu in the 
medium reduced the growth of a number of fungi, including 
A .niger, F. oxysporum, Cercospora nicotianae, Sclerotium rolfsii, 
Theilaviopsis basicola and Pythium irregular.

CONCLUSIONS 

P. oryzae is one of the most common cause of declining 
productivity of Rice crop. How to limit the growth of various 
pathogenic fungi has always been the primary object of 
agriculture scientists and plant pathologists. The current study 
provides the idea that we can regulate the growth of the P.oryzae 
by manipulating the concentration of the trace elements. Zn, B, 
and Cu are effective on very less quantity i.e. 2 ppm. and inhibit 
growth in higher concentration. Adding a few more quantity of 
these elements is helpful to reduce the spread of the disease. 
Whereas, the presence of Mg is sufficient for luxuriant growth 
and spore production. So, if we completely remove Mg from the 
supply chain of the nutrients is more beneficial to reduce the 
spread of blast. It is an elementary study and provide a platform 
for the future study.

ACKNOWLEDGEMENTS

We thank University Grants Commission, Central Regional 
Office, Bhopal for providing financial assistance.

REFERENCES

1.	 S.C. Scardaci et al. Rice Blast: A New Disease In California, Agronomy 
Fact Sheet Series, Department of Agronomy and Range Science 
University of California, Davis ; 1997.

2.	 Godbold, D.L. and A. Hitterann. Effect of Zinc, Cadmium and 
Mercury on root elongation of Picea abies (Karst.) seedlings and the 
significance of the these metals to forest die-back. Environmental 
pollution. 1985; 38: 375-381

3.	 Breckle, S.W. Growth under Stress: Heavy Metal. In: Plant Roots: 
The Hidden Half, Marcel Dekker, New York, 1991; 351-373.

4.	 Nies, D.H. Microbial Heavy-Metal Resistance. Applied Microbiology 
and Biotechnology, 1999; 51, 730-750.

5.	 Allaway, W.H.,. Th trace elements in biological system. In: Trace 
analysis physical method(Ed. G.H.Morrison) Interscience Publisher, 
John Wiley & Sons, New York;1965.

6.	 Lilly, V.G. The chemical environment fo fungal growth. I. Media 

Macro and Micronutrient. In: The fungi. An Advanced Treatis, Vol I. 
The fungal cell 465-478.(Ed.). Ainsworth, G.C. Sussman, A.S.Acadeic 
Press, New York and London; 1965.

7.	 Bowen, H.J.M.. Trace Elements in Biochemistry. Academic Press, 
London; 1966.

8.	 Thind, K.S. and Mira Madan. Effect of various trace elements on the 
growth and sporulation of four fungi. Proceedings of the National 
Academy of Sciences. 1977; 43 part B, No. 4, 115-124.

9.	 Franziska Gerwien, Volha Skrahina, Lydia Kasper, Bernhard Hube 
and Sascha Brunke. Metals in fungal virulence. FEMS Microbio. 
Reviews.2018: fux050, 42: 1-21

10.	 North M, Steffen J, Loguinov AV et al. Genome-wide functional 
profiling identifies genes and processes important for zinc-limited 
growth of Saccharomyces cerevisiae. PLoS Genet 2012;8:e1002699.

11.	 Tandon, R.N. and R.K. Agarwal. Nutritional studies ofthree species 
of Gloeosporium. Effect of different sources of carbon and some of 
their mixtures. Proc. Nat. Acad. Sci, India , 1956; 26(B):289-294.

12.	 Grewal, J.S. Effect of trace elements on growth and sporulation of 
Alternaria tenuis. Lloydia. 1956; 19: 188-191.

13.	 Saraswati Devi, L. Esswntiality of trace elements to some soil fungi. 
J.Indian Bot.Soc. 1958; 37:509-516.

14.	 Agarwal,G.P. and C.G.Shinkhede. Physiological studies of 
Helminthosporium rostatum . Phyton, 1959; 13 (1): 45-54

15.	 Tandon, R.N. and S.Chandra. The utilization of oligosaccharides 
by some fungi causing leaf spot diseases. Flora oder Allgemeine 
Botanische Zeitung. 1962; 152:241-253.

16.	 Sadasivan, T.S. Ecology of soil borne plant pathogens in :Prelude to 
biological control, K.F.Baker and W.C.Snyder (Eds.), Univ. Of California 
press, 1965; 460-470

17.	 Sadasivan, T.S. Sympogium physiology of fungi. Proceedings of the 
Indian National Science Academy. 1967;35 1-16

18.	 Bilgrami, K.S. and R.N. Verma. Physiology of fungi, Vikas , New 
Delhi;1978.

19.	 Cresswell, G.C.; N.G.Nair and J.C.Evans. Effect of boron and copper 
contaminants in poultry manure on the hrowth of the commom 
mushroom, Agaricus biosporus. Australian Journal of Experimental 
Agriculture. 1990; 30 (5): 707-712.

20.	 Godara, M.,R.Mheshwari, S.Varshney and A.K.Varshney.Synthesis 
and characterization of some new coordination compounds of boron 
with mixed azines. Journal of the Serbian Chemical Society. 2007; 
72 (4) 367-374.

21.	 Chowdhury, A.K. Biocontrol of Macrophomina infection of Jute. 
Environment and Ecology , 1997;16 (1): 44-45.

22.	 Hasija, S.K. Sulphur requirements of Curvularia pallescens Boed., 
Alternaria citri Ell. and Pierce and A.tenuis. Mycopathologia. 1969; 
39 (2): 139-143.

23.	 Totani, Nagaao; Ayako, Yamaguchi; Yawata and Takashi, Ureda. The 
role of morphology during growth of Martierella alpine in Arachidonic 
acid production. Journal of Oleo Science, 2002; 51(8): 531-538.

24.	 Steinberg, R.A. Some effects of heavy metal essential for the nutrition 
of Aspergillus niger. American Journal of Botany. 1936; 23: 227-232.

25.	 Steinberg, R.A. Growth on synthetic nutrient solution of some fungi 
pathogenic to tobacco. American Journal of Botany. 1950; 37:711-714.


