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Cephalosporium maydis is a soil borne and wide spread fungus in Egypt causing Late Wilt disease in 
Maize (Zea mays). This study tested methanol extracts of some marine algae such as Jania rubens, 
Corallina elongata, Laurencia obtusa, red algae as Gelidium crinale, green algae as Enteromorpha 
compressa, Ulva fasciata and  cyanobacreria  as Anabaena oryzae against the previous fungus. The 
Plackett-Burman design was used to investigate the most significant BG11 medium components that 
affect as antifungal activities of A. oryzae methanol extracts. The results indicated that metabolic extract 
of U. fasciata gave the best antifungal activates at both concentrations (50 and 100 mg/ml) followed by 
A. oryzae.  The results estimated Plackett-Burman design reported that NaNO3 and k2HPO4 were the 
most significant nutrients caused the C. maydis inhibition, but the other nutrients have nonsignifacnt 
impact. U. fasciata and A. oryzae had highly antifungal activities and the BG11 media components   
enhanced the anti-fungal activities of A. oryzae. 
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INTRODUCTION 

Cephalosporium maydis is a soil borne and 
essentially seed borne fungus, correlated to the 
root-infecting species in the genus 
Gaeumannomyces. It causes significant injuries in 
many countries that cultivate maize (Zea mays as 
a primary host. This pathogen may have other 
hosts, mainly if it originates from Egypt or India. 
Lupinus termis, a cultivated forage legume, has 
been reported as a host in Egypt (Sahab et al. 
1986). This is a late-season disease of common 
incidence and severity in Egypt. It causes 100% 

infection in certain fields (Samra et al. 1962 ; 
Galal et al. 1979). Yield injuries equal to 40% in 
susceptible cultivars were described (El-Shafey 
and Claflin, 1999). Late wilt disease in maize is 
affected by the pathogen C. maydis, which found 
in soil and seeds. It penetrates the plant and 
prevents the water fund to its upper parts. The 
disease, considered to be the most severe maize 
disease in our region, was first discovered in 
Egypt in 1960, where it still continues and causes 
serious loss (Degani, 2018). Cyanobacteria 
produce a varied range of biomedically bioactive 
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compounds. Cyanobacteria determine a unique 
group of oxygenic photosynthetic bacteria and 
populate diverse habitats all over the world. 
Numerous bioactive metabolites produced by 
cyanobacteria such as polysaccharides, 
polyphenolics, antioxidant, peptide, minerals, and 
vitamins (Kim et al. 2014). These secondary 
metabolites determine a useful activity of 
pharmacological effects such as antioxidant, 
antiviral, anti-inflammatory, anticancer, and 
antimicrobial effects (Ozdemir et al. 2006). 
Additional benefit of cyanobacteria is a microbial   
source for medicine discovery lies in the economy 
of their cultivation in comparison with other 
microorganisms. It requires only simple inorganic 
nutrients for growth. So, cyanobacteria have the 
possible for expanded application in medicine 
discovery (Vijayakumar and Menakha, 2015). 
Cyanobacteria and microalgae obtained from soil 
and drain water sources are effective free radical 
scavengers, containing apoptogens able to 
encouraging apoptotic flows and overcoming 
chemo-resistance in cancer therapy. So that,  
these unique secondary metabolites are excellent 
alternate, safe, and economic antioxidant and 
anticancer compounds. The total phenol contents 
were premier in Anabaena oryzae (27.39 mg 
GAE/g). Cyanobacteria isolated in thermal springs 
have strong antibacterial and antifungal activities 
(Sherwani et al. 2015). Ertürk  and Tas (2011) 
reported that marine algae Cladophora glomerata 
and Padina pavonica have bioactive compounds  
and possessed  natural antibiotics, antifungal and 
antibacterial activates. The objective of current 
study is to evaluate the antifungal activities of 
various marine algae and cyanobacteria and 
possess the which nutrient are more effective to 
denote antifungal activities of  Anabeana oryzae 
in related to  Cephalosporium maydis. 
  
MATERIALS AND METHODS 

Algae collection and cultivations 
   This study used brown alga as Padina 

vickersiae, red algae as Jania rubens, Corallina 
elongata and   Gelidium crinale, green algae as 
Enteromorpha compressa and Ulva fasciata. All 
used algae were collected   manually from Abu-
Qir coast, Alexandria, Egypt at July 2016 and the 
red alga, Laurencia obtusa was collected in May, 
2016 from shallow water beside the shore of Red 
Sea, Safaga, Egypt. All algae were washed to 
eliminate debris and left to dry in shadow then 
further dried in oven at 60ºC until constant weight. 
The blue green alga Anabaena oryzae was 

obtained from Department of biotechnology, 
Genetic Engineering and Biotechnology Research 
Institute (GEBRI), University of Sadat, Sadat City, 
Egypt. 

Growth   conditions of Anabaena oryzae 
In 500 ml Erlenmeyer flasks 250 ml culture 

medium was taken, autoclaved and cultured with 
Anabaena oryzae. The flasks were exposed to a 
light/dark rotation of 14/10 h at 25 ± 2°C and left 
to grow. After 2 weeks, the cultures were 
harvested by centrifugation at 1000 rpm for 10 
min., the supernatants collected and kept at 4ºC 
till usage. Culture filtrate of each trial was used in 
antimicrobial assay.  

Plackett-Burman design 
The Plackett-Burman design was used to 

screen and estimate the essential media 
components that effect the production of 
antifungal compounds. Plackett Burman 
experimental design that is created on the linear 
first order regression model offers a good and fast 
screening procedures and offers the effect of 
more than one factor change in single experiment. 
All the experiments were carried in triplicate 
according to designed matrix (Table 1) using the 
equation 1: 

 Y= β0 + Σ βiXi (i = 1, …. k) (Equation 1) 
Where, Y is the estimated target function, β0 

is a constant, β1 is the regression coefficient, X is 
independent variable and k is number of 
variables. Total eight variables from BG-11 were 
screened include NaNO3, K2HPO4, MgSO4.7H2O, 
CaCl2.2H2O, citric acid, ferric ammonium citrate, 
EDTA and Na2CO3. Each independent variable 
was investigated at a high (+1) and a low (-1) level 
which represents two different nutrient 
concentrations as shown in (Table 1). The level of 
micronutrients in all experiments was kept 
constant. From the experimental trials (T1 - T12), 
cell mass was extracted with methanol. Dummy 
variables are used to estimate experimental errors 
in data analysis. The effect of each variable was 
calculated using the following equation. E= (ΣM+ - 
ΣM-) / N 

Where E is the effect of tested variable, M+ 
and M- are responses (antifungal effect) of trials at 
which the parameter was at its higher and lower 
levels respectively and N is half the number of 
trials carried out, SE (Standard error) is calculated 
by using student’s t- test. t- test. Here, only 
P<0.05 were accepted as significant factors, 
which were further optimized. 
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Table 1: The Plackett-Burman experimental design matrix for screening   medium composition of BG-11 for Anabaena oryzae 

Trial Level and concentration of variable (g L-1) 

X1 
NaNO3 gm/L 

X2 K2HPO4 X3 
MgSO4.7 
H2O gm/L 

X4 
CaCl2.2H2O 

X5 
Citric acid 

X6 
 Ferric  

ammonium 
citrate 

X7 EDTA X8 Na2CO3 

T1 +1 2.25 -1 0.02 +1 0.1125 -1 0.018 -1 0.003 -1 0.003 +1 0.0015 +1 0.03 

T2 1 + 2.25 +1 0.06 -1 0.0375 +1 0.054 -1 0.003 -1 0.003 -1 0.0005 +1 0.03 

T3 -1 0.75 +1 0.06 +1 0.1125 -1 0.018 +1 0.009 -1 0.003 -1 0.0005 -1 0.01 

T4 +1 2.25 -1 0.02 +1 0.1125 +1 0.054 -1 0.003 +1 0.009 -1 0.0005 -1 0.01 

T5 +1 2.25 +1 0.06 -1 0.0375 +1 0.054 +1 0.009 -1 0.003 +1 0.0015 -1 0.01 

T6 +1 2.25 +1 0.06 +1 0.1125 -1 0.018 +1 0.009 +1 0.009 -1 0.0005 +1 0.03 

T7 -1 0.75 +1 0.06 +1 0.1125 +1 0.054 -1 0.003 +1 0.009 +1 0.0015 -1 0.01 

T8 -1 0.75 -1 0.02 +1 0.1125 +1 0.054 +1 0.009 -1 0.003 +1 0.0015 +1 0.03 

T9 -1 0.75 -1 0.02 -1 0.0375 +1 0.054 +1 0.009 +1 0.009 -1 0.0005 +1 0.03 

T10 +1 2.25 -1 0.02 -1 0.0375 -1 0.018 +1 0.009 +1 0.009 +1 0.0015 -1 0.01 

T11 -1 0.75 +1 0.06 -1 0.0375 -1 0.018 -1 0.003 +1 0.009 +1 0.0015 +1 0.03 

T12 -1 0.75 -1 0.02 -1 0.0375 -1 0.018 -1 0.003 -1 0.003 -1 0.0005 -1 0.01 
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Preparation of Fungi 
Cephalosporium maydis fungus, the organism 

responsible for the Late wilt disease in maize 
plants were obtained from Faculty of Agriculture 
Menoufyia University. The fungus grew well and 
sporulate on oatmeal and PDA medium producing 
white floccose orbicular mycelial mat that later 
develop a typical pinkish tinge. Hyphae are 
hyaline, septate, branched while conidiophores 
are septate, branched and straight carrying single-
celled oblong conidia (Samra et al., 1963). 

Preparation of marine algae extracts 
Fifty grams of grinded marine algae (P. 

vickersiae, E.compressa, U. fasciata, G.crinale, J. 
rubens and L. obtusa) were mixed with 100 ml of 
methanol solvent, stirred for 4 hours on magnetic 
stirrer and filtered. Filtrate was left for solvent 
dryness in a pre-weighed container.  

Preparation of Anabaena oryzae extracts 
One gram of alga trial was stirred with 20 ml 

methanol and stirred for 15 minutes on magnetic 
stirrer and filtered. All extracts were dried, 
weighed and then dissolved in respective solvent 
to give the concentrations of (50 mg / ml) and 
(100 mg/ml). Extracts were kept in a temperature 

of 4°C till use. 

Antimicrobial assay 
Assay was conducted in 9 cm Petri dishes 

diameter. Ten ml PDA medium was added to 1 ml 
of the algal extract in each dish (50 and 100 
mg/ml) and shake well. Six mm disc of 7 days old 
Cephalosporium maydis culture was put at the 
center of the petri plate. In Control plates, DEMSO 
was used instead of the extract. Negative control 
plates without DEMSO were also cultured. Plates 
were incubated at 30°C±1 and the fungal discs 
diameters were measured when a control plate 
was full of growth. The bioactivity of the basic 
extracts to inhibit the growth diameter of 
Cephalosporium maydis was estimated by 
measuring the diameter of the fungal growth on 
amended agar plates in comparison with the 
control (Fungal growth diameter on un-amended 
agar plates). The suppression percentage (%) 
was calculated as following: (Fungal growth 
diameter on un- amended agar plates in mm - 
fungal growth diameter on amended agar plates in 
mm)/ fungal growth diameter on un-amended agar 
plates in mm *100 (Hadacek and Greger, 2000). 

Statistical analysis 
Obtained data were subjected to analysis of 

variance and the means were compared using the 
“Least Significant Differences (LSD)” test at 0.05 
level as recommended by Snedecor and Cochran 
(1982).The response of the treatments was 
compared by analysis of variance (ANOVA) 
(Sokal and Rohlf, 1995). Significant differences 
between the means of parameters were 
determined using Duncan’s multiple range tests 
(P ≤ 0.05).  
 
RESULTS AND DISCUSSION  

Effect of different algal extracts on growth 
suppression of the phytopathogen 
Cephalosporium maydis 

Methanol extracts of the algae (C. elongata., 
A. oryzae, E. compressa, J. rubens, L.obtusa, U. 
fasciata and G. crinale) were assayed for their 
efficiency to suppress the growth of 
Cephalosporium maydis phytopathogen. 
(Figure1,2).Control plates were full of the fungus 
growth (9 cm) after 8 days from inoculation. Using 
the concentration (50 mg/ml), methanolic extract 
of U. fasciata gave the least fungus diameter on 
plates (2.9 cm). A. oryzae extract gave average 
growth diameter of 3.00 cm while average growth 
diameter of 3.03 cm was obtained with J. rubens 
extract but L. obtusa had the least suppression 
effect (5.2 cm) as shown in table.2. At the 
concentration (100 mg/ml),  A. oryzae,  U. fasciata 
and C. elongata suppressed the fungus 
completely and there was no visible growth on 
plates. While J. rubens, E. compressa, G. crinale 
and L. obtusa suppressed the fungus growth to 
the lowest extent and gave a growth diameter 
(2.25, 2.35. 2.65 and 2.9 cm respectively). Growth 
suppression caused by algal extracts was 
statistically significant in comparison with the (-) 
control and methanol control plates. The results in 
Table (2) showed that the effect of algal extract on 
diameter of inhibition zones increased by the 
concentration increasing. 

Algae extracts used in this study showed 
antifungal properties against the late wilt disease 
caused by Cephalosporium maydis. The 
fungicidal effect may be recognized to the 
hypothesis that microorganisms living in an 
aquatic environment produce secondary 
metabolites as a defense mechanism to stay alive 
in their regular competition against cohabitants.  
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Table2: Effect of different algal extracts on growth suppression of the phytopathogen 
Cephalosporium maydis. 

 

Algal extracts 
Concentration (mg/ml) 

50 (mg/ml) 100 (mg/ml) 

Jaina rubens 3.03d 2.25b 

Corallina elongata 3.20ab 0.60a 

Gelidium crinale 3.16a 2.65bc 

Laurencia obtuse 5.20 c 2.90c 

Enteromorpha compressa 3.80  b 2.35bc 

Ulva fasciata 2.90 ab 0.60a 

Anabaena oryzae 3.00ab 0.60a 

LSD (0.05) 0.000 0.000 

 

 
 

Figure1: Growth suppression of Cephalosporium maydis  by using different algae at the 
concentration (50mg/ml). 

 

 
Figure 2: Growth suppression of Cephalosporium maydis by using different algae at the   

concentration (100mg/ml). 
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Table 3: Plackett-Burman experimental design matrix with the observed response (antifungal 
activity). 

Variable 

 
Trial 

X1 X2 X3 X4 X5 
X6 

 
X7 X8 

Growth 
diameter 

(cm) 

Suppression 
% 

T1 + - + - - - + + 2.73 69.66 

T2 + + - + - - - + 4.00 55.00 

T3 - + + - + - - - 2.40 73.33 

T4 + - + + - + - - 2.90 67.70 

T5 + + - + + - + - 4.66 48.22 

T6 + + + - + + - + 2.83 58.55 

T7 - + + + - + + - 2.66 40.44 

T8 - - + + + - + + 5.03 44.11 

T9 - - - + + + - + 4.23 53.00 

T10 + - - - + + + - 3.93 56.33 

T11 - + - - - + + + 2.96 67.11 

T12 - - - - - - - - 2.50 72.20 

X1-x8 represent different assigned variable the values are placed at different levels of variable sign (+) is 
for high concentrations of variables and (–) is for low concentration of variables 

Table 4: Degree of positive or negative effect independent variables on antifungal activity of 
Anabeana oryzae according to Plackett-Burman experimental design. 

 

Variable  
Medium 

 components 
Effect SE T(Xi) P-value 

Significance 
 level 

X1 NaNO3 +0.211 .17811 9.34 0.010 S 

X2 K2HPO4 -0.3 .17811 3.94 0.029 S 

X3 MgSO4.7H2O -0.62 .17811 1.3 0.569 Ns 

X4 CaCl2.2H2O +0.1.02 .17811 -3.38 0.109 Ns 

X5 Citric acid +0.88 .17811 -0.85 0.371 Ns 

X6 
Ferric  

ammonium citrate  
-0.29 .17811 1.826 0.078 Ns 

X7 EDTA +0.51 .17811 0.986 0.276 Ns 

X8 Na2CO3 +0.45 .17811 1.38 0.152 Ns 

X1-X8 represent different assigned variable, SE is the standard error, t(Xi) is the value of the variables 
determined by student   t-test and i =1-8 

 
Methanol extracts of algae showed a great 

influence against the phytopathogens growth 
(Manilal et al. 2009). Such inhibitory influence 
might be due to the algal products that have 
biologically active compounds (Kulik, 1995). The 
variation in pathogen growth diameter with 
different algal extracts may be recognized to the 
difference in active metabolites present in these 
extracts. 

Effect of methanol extracts of Anabaena 
oryzae grown in BG11 culture medium 
prepared through Blackett-Burman design of 
12 trials 

Plackett-Burman design was used to estimate 
the media components which have effects on the 
antimicrobial activity of Anabaena oryzae. The 
results observed that the methanol extracts of 
Anabaena oryzae grown in different levels of 

BG11 media components that used in this 
research had antifungal activities. The statistical 
design of Blackett- Burman for the degree of 
significance of twelve different trials by using eight 
independent variables of BG11 media 
constituents showed that antifungal effects of the 
methanol extract clearly fluctuate with different 
trial used (Table 3). The t- test and p-value were 
used to identify the effect of each factor on 
antifungal compound production (Table. 4). 
Analysis of variance for the response suggested 
that NaNO3 and k2HPO4 had significant effect on 
antifungal activities of Anabaena oryzae. The 
other components such as (MgSO4.7H2O, 
CaCl2.2H2O, Citric acid, Ferric ammonium citrate, 
EDTA and Na2CO3) were no significant antifungal 
activities. 

Algae, one of the main biological agents that 
used to control the fungi plant pathogens (Hewedy 
et al. 2000). Several species of microalgae have 
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exposed to produce substances with antifungal 
and antimicrobial activities (Borowitzka, 1989). 
Abedin and Taha (2008) tested several 
cyanobacterial species for antifungal agent 
production on many phytopathogenic fungi and 
showed that Anabaena oryzae had the superior 
antifungal activity against the tested pathogen.  
The growth rate and the biomass structure of 
microalgae differ under different media 
composition and growth conditions (Chen, 2011). 
Anabaena oryzae was exposed to Blackett-
Burman design in order to detect the culture 
elements under which they produce the top 
antifungal activity. In relation to statistical analysis 
of the data by Design expert software, the results 
indicated that CaCl2, 2H2O and citric acid had 
assurance levels above 95% (p < 0.05) and 
considered to effect antifungal production 
significantly. The others had effect levels under 
95% and later were affected insignificant. 

Most studies focus on the antifungal activities 
of the biomass extract of blue geen algae. 
However, Anabaena subcylindria, Nostoc 
muscorum and Oscillatoria angusta filtrates were 
effective against the isolated pathogenic fungi 
from the different Faba bean organs (Abo-Shady, 
2007). The  Anabaena oryzae antifungal activity 
has been recognized to plant bioactive 
compounds i.e. total phenolic compounds, total 
saponins and alkaloids in the filtrates of the algal 
culture (Hussien et al. 2009) which are well-known 
as natural defense mechanisms against 
pathogenic bacteria, fungi, pests and viruses (El-
Mahmood and Ameh, 2007). Further researches 
should be made to identify and purify natural 
antifungal products from this cyanobacterium. 
Improving information of the best media 
composition and the cyanobacterium properties 
with respect to antimicrobial compounds and non-
toxic activity would help in efforts for different 
agricultural applications. 

CONCLUSION 
Methanol extracts of Jania rubens, Corallina 

elongata, Laurencia obtusa, Gelidium crinale, 
Enteromorpha compressa, Ulva fasciata and  
cyanobacreria  showed significant antifungal 
activates against C. maydis fungus growth. 
Metabolic extract of U. fasciata gave the best 
antifungal activates at both concentrations (50 
and 100 mg/ml) followed by A. oryzae. Plackett-
Burman design reported that NaNO3 and k2HPO4 
were the most significant nutrients for C. maydis 
inhibition. U. fasciata and A. oryzae had highly 
antifungal activities and the BG11 media 

components   enhanced the anti-fungal activities 
of A. oryzae 
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