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ABSTRACT 

A survey on the stalk rot of maize caused by Fusarium moniliforme and Macrophomina phaseolina was 

carried out in 2013 at Ijebu zone of Ogun state, Nigeria to assert the incidence and severity of the disease 

in the various areas surveyed, and effect of fungicides (Apron star, Benlate and Dithane M-45) on the 

control of associated fungi.  It was observed that the disease was prevalent in most of the areas surveyed 

and  the disease varied from one local government to another.  Fusarium moniliforme with average 

incidence of 72.1% was significantly higher (p < 0.05) than M. phaseolina with 52.47%, and was most 

prevalent in all the areas sampled. On the average, there was significantly high (p < 0.05) disease index 

for F. moniliforme (41.95) and M. phaseolina (27.2) at Ijebu north compared to other Local Government 

Areas (LGA0 sampled within the zone. Fungicides significantly (p < 0.05) reduced the growth of F. 

moniliforme and M. phaseolina. It was observed that there was significant reduction in the mycelial 

growth of F. moniliforme at low concentration level of 25 ppm to varying degrees. Benlate and Apron 

Star appeared to be most effective in controlling F. moniliforme while only Apron Star appeared to be 

most effective in controlling M. phaseolina.  Resistance  of F. moniliforme  to the fungicides will not be 

adequate for the control of stalk rot of maize in the zone.  Also, Farmers could seed dress their maize 

grains with Apron Star before sowing to control the stalk rot pathogens.   

 

Key words: Disease, incidence, fungicides, stalk rot, Fusarium moniliforme, Macrophomina phaseolina 

 

 

 

INTRODUCTION  

Maize (Zea mays  L. ) is an important cereal grain crop in terms of production quantity, its 

diverse use as human food and livestock feed, as well as raw materials for food industry (Idowu 

and Osunlaja, 1999). The crop is however, susceptible to a number of diseases, among which are 

stalk rot complex. Stalk rots are serious and wide spread diseases of maize wherever it is grown 

(Osunlaja, 1990). Several fungi have been associated with the disease in different parts of the 

world (Shurtleff, 1980;Carlos De Leon, 1984). In Nigeria, the major causal organism is F. 

moniliforme (Anon, 1986). Stalk rots do not only reduce yield and quality of maize, but also 

cause lodging and premature death of the plant, making harvesting difficult. In addition to 

causing yield losses, Fusarium spp. can reduce grain quality by producing several mycotoxins 

(Carlos De Leon, 1984) that adversely affect mammals (Krska et al., 2007;Kankolongo et al., 

2009 ). 
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Injuries predispose maize plants to infection and development of the disease on whole maize 

plant, and grain yield loss could be higher than 10% if not properly managed (Adegboye and 

Osunlaja, 2006). Therefore, management of the fungi becomes very important not only because 

of large economic losses as a result of yield reduction and poor kernel quality, but also on the 

potential threat to human and animal health. However, the frequency at which the disease is 

encountered in maize growing areas of Nigeria has been a matter of concern to many workers, 

but most control effort is directed at foliar diseases (Idowu et al., 2013). The uncertainty of the 

distribution and incidence of the disease and the lack of knowledge on the effective fungicides 

for the control of the organisms in the area prompted this study. The use of chemical fungicides 

such as b Benlate, Apron star and Dithane M-45 is a quick and effective means of controlling 

fungal diseases in plants (Idowu et al., 2012). The potent activities of fungicides had been 

reported previously by other workers (Alabi et al.,1986). Lim (1980) reported that some mango 

isolates of Glomella cingulata (C. gloesporoides) were extremely sensitive to benzimidazole 

compounds (a group to which benomyl and carbendazim belong). Foliar spraying of fungicides 

is not widely practiced in maize production for a number of reasons, namely, high cost of 

chemicals, most cumbersome and not economically profitable. 

 

Therefore the objectives of the study are to determine the incidence of stalk rot of maize in Ijebu 

zone of Ogun state and to evaluate the efficacies of benomyl (Benlate 50% W.P., Dupont), 

Mancozeb (Dithane M-45, 80% W.P. Dupont) and Thiamethoxam + Metalaxyl-M + 

difenoconazole (Apron Star 42 W.S; Syngenta) fungicides on the mycelial growth of associated 

fungi. It is hoped that the knowledge acquired from the study and those obtained from other 

studies can be utilized in devising an effective/feasible control strategy for the disease on the 

field. 

 

 

MATERIALS AND METHODS 

Survey of stalk rot 

Survey of stalk rot was carried out on experimental farms in Ijebu zone of Ogun State,Nigeria 

and laboratory studies carried out at the Federal University of Agriculture,Abeokuta, Nigeria 

situated on latitude 70N and longitude 3023‘E during the second cropping season (August and 

September) of 2013. Fields were widely distributed within the major maize growing areas in 

Ijebu zone.  A two stage sampling procedure was adopted similar to that described by Osunlaja 

(1982), where four Local Government areas in the zone were selected at random and four farms 

were sampled for the disease in each of the selected Local Government area. At the time of 

survey most of the crops sampled were at growth stage 6 (blister stage) according to the growth  
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stage key described by Hanway (1977).This growth stage was attained about 2 weeks after 

silting, and it was the period  at which the cob, husks and shank were fully developed.  It was 

also the beginning of a rapid increase in grain weight. In each farm the stalk rot incidence was 

determined by randomly selecting and splitting 100 stalks lengthwise, along the four diagonals of 

the farm, and incidence being the number of infected plants as percentage of the total number of 

plants sampled. Disease severity was also taken by using a scale of 0-5; where 0 means no 

infection, 1 means 25% of the first elongated internodes of the stalk above brase root is 

discoloured.  2 means 50% of the first elongated internode of the stalk above the brase root is 

discoloured, 3 means 75% of the first elongated internodes of the stalk above the brase root is 

discoloured,  4 means 100% of the first elongated internode above the brase root is discoloured 

and 5 means the whole of the first elongated internode above the brase root of the stalk infected 

and disease extending to the second internode (Idowu and Osunlaja, 1999). 

 

Infection index was calculated using the method by Wheeler (1969) as modified by Lal and 

Chakravarti (1977) in their work on Physodema. 

 

Infection Index =  

           sum of individual rating   x 100 

             No of plants assessed          5     

 

(where 5 is the maximum disease category).  

 

Corn stalks that were dead and discoloured or that could be easily crushed between thumb and 

fingers were considered diseased. Plant injured by corn borer or other pest were not included in 

these counts.  In all the areas covered by the survey the disease was identified by making 

references to the symptom description of (Osunlaja, 1982). From the survey field, the infected 

stalks were sampled using rotted plants, taken to the laboratory for isolation and further 

investigations.  

 

Preparation of pure culture of the F. moniliforme and M. phaseolina 

Potato dextrose agar (PDA- Oxoid) was prepared according to the Manufacturer’s specifications 

and autoclaved at 121o C and 1.1kg/cm-2 for 15 minutes .The sterilized medium was subsequently 

allowed to cool to 45oC following which 10 ml of the medium to which streptomycin at the rate 

of 25 µg/ml (PDA) had been added  and was poured aseptically into 9cm diameter Petri-dishes, 

covered and allowed to solidify. In the laboratory, samples were surfaced sterilized and washed 

in distilled water, plated on PDA and incubated for 7 days at 24-30oC. Since it has been observed 

that conidia begin to germinate after 36 hours and showed the maximum percentage of 

germination at the end of 72 hours, the conidia were considered to have germinated when the 

conidiophores arose in sporochia form and branches give off best shaped conidia. 
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Thereafter, sub-culturing was done on PDA to get pure culture of the organism from the 

specimens.  The pure cultures were maintained on PDA and sub-cultured after every three 

weeks. Specimen of the already cultured organisms of F. moniliforme and M. phaseolina were 

observed under the microscope to confirm the presence conidia. The concentration of conidia for 

each organism was ascertained prior to other investigations.   

  

 

In-vitro assessment of the sensitivity of F. moniliforme and M. phaseolina to fungicides 

Three fungicides    benomyl (Benlate 50% W.P., Dupont), Thiamethoxam + Metalaxyl-M+ 

difenoconazole (Apron Star 42 W.S; Syngenta) and Mancozeb (Dithane M-45, 80% W.P. 

Dupont)  were tested against the fungal isolate at the recommended dosage concentration of  0.6, 

0.4 and 2.5 kg of commercial products per hectare respectively Response of F. moniliforme and 

M. phaseolina to three fungicides (Benlate, Apron star and Dithane 45) was investigated by 

incorporating into the potato dextrose agar medium (PDA) at varying concentration of 0, 25, 50, 

100, 200, 500 and 1, 000ppm by weight of active ingredient (a.i.) per volume of the culture 

medium (PDA). To prepare PDA-fungicide mixture, the following method was adopted. Active 

ingredient in gramme per 250 ml of various concentration levels of each chemical was dispensed 

into Petri dishes. The whole process was carried out in an aseptic condition. Three Petri-dishes 

were poured for each concentration.  The plates were allowed to set for 24 h. after which 0.6 cm 

(diameter) cork borer was used to transfer the fungus from 7-day old culture on to the centre of 

each plate according to Adegboye and Adeoti (2005) while  control experiment consisted PDA 

plates alone were similarly inoculated..  The plates for different concentrations of the fungicides 

were arranged in completely randomized design (CRD) on the laboratory bench at 24-30oC. 

Fungitoxicity was assessed by measurement of linear (diameter) growth of the fungus after 7 

days. 

RESULTS 

Occurrence of the stalk rot pathogens in maize at the zone 
The stalk rot pathogens, F. moniliforme and M. phaseolina were found to be prevalent in all local 

government area sampled (Table 1).  All the farms sampled in Ijebu zone of Ogun state showed 

the disease but there were no significant differences (p < 0.05) in the occurrence the disease 

across different farms sampled at the zone. 
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Table 1. Occurrences of stalk rot pathogens in maize at Ijebu – zone of Ogun state 
______________________________________________________________________________ 

   Local Government 
 

Area                             Farm Number             Occurrence*                                                                             
                                          Fusarium                     Microphomina 

       morniliforme                   phaseolina  

------------------------------------------------------------------------------------------------ 

   Ijebu North   1        +    + 

    2        +    + 

    3        +    + 

          4        +    +   

  Odegbolu   1        +    + 

    2        +    + 

    3        +    + 

    4        +    +   

  Ijebu – Ode   1        +    + 

    2        +    + 

    3        +    + 

    4        +    +   

  Ikenne                1        +    + 

    2        +    + 

    3        +    + 

    4        +    +  

  %Occurence                                               100%                                    100% 

*+ = Disease was present.  

Incidence of the disease causal organisms 

 Result in table 2 shows that, the incidence of causal organisms also varied from one farm to 

another and one Local Government to another.  However, the pre-dominating causal agent in all 

the areas sampled was F. moniliforme with an average incidence of 72.10%.  This is significantly 

higher (p < 0.05) than that of M. phaseolina with an average incidence of 52.47% in all areas 
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sampled (Table 3).  Statistical analysis (T-test) carried out on the average incidence of causal 

organisms in Ijebu zone of Ogun State results showed that the incidence of M. phaseolina was 

significantly lower than that of F. moniliforme (Table 3).   

         

Disease index 
Result obtained in Table 4 showed that the disease index of causal organism varied from one 

Local Government to another.  However, the pre-dominating causal agent with highest disease 

index in all the areas sampled appeared to be F. moniliforme with an average disease index of 

28.78% which was significantly higher than M. phaseolina whose average disease index was 

17.83% (Table5).   
 

Table 2: Percentage Incidence of F.moniliforme  and  M.phaseolina incidence     

      in Ijebu -zone of Ogun State 

 

 Local government                Mean percentage incidence (%) 

   Area          *Fusarium moniliforme    *Macrophomina phaseolina   

  -----------------------------------------------------------------------------------------                     

  Ijebu North          84.00a   77.75a 

  Odegbolu          60.88b   43.38c   

  Ijebu – Ode          78.75a   64.25b 

  Ikenne           64.75b   24.50d   

  Mean                                  72.10                               52.47 

------------------------------------------------------------------------------------------ 

   * Results is a mean of 4 replicates 

  (Means followed by the same letter in any vertical column are not significantly  

     different   at   P= 0.05 according to Duncan’s Multiple Range Test.) 
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Table 3. Average percentage incidence of stalk rot pathogens in Ogun state 

   ______________________________________________________________________ 

 

   Organisms      Average Incidence (%) 

______________________________________________________________________________ 

  Fusarium moniliforme             72.10a 

 

  Macrophomina phaseolina             52.47b 

   

   LSD (0.05)       2.24  
  

Table 4: Disease index for F. moniliforme  and Macrophomina phoseolina 

  Stalk rot in Ijebu zone of Ogun State. 

    

           

   Local Government               *mean Disease Index 

    Area   F. moniliforme** Macrophomina phoseolina** 

----------------------------------------------------------------------------------------   

Ijebu North   41.95a   27.20a 

Odegbolu             19.97c   13.60c 

Ijebu – Ode   29.75b   20.85b 

Ikenne     23.45bc   9.65c 

Mean       28.78              17.83  

 

 

* = Disease Index = sum of individual ratings   x       100 

          Total No of plants assessed             5 

  

Where, 5 is the maximum disease category 

 

** = Results is a mean of 4 farms 

(Means followed by the same letter in any vertical column are not significantly different at 

  P= 0.05 according to Duncan’s Multiple Range Test.) 
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Table5: Average disease index caused by different organisms in Ijebu zone of Ogun state 

_________________________________________________________________ 

 

         Organisms     Average disease index 

_________________________________________________________________ 

 

    Fusarium   moniliforme      28.78a 

 

    Macrophomina  phaseolina     17.83b 

 LSD (0.05)                  1.04  

--------------------------------------------------------------------------------------------------    

 

Table6. Radial Growth of F. moniliforme on PDA containing three fungicides of seven 

concentration levels 

  Fungicide level                     Mean Growth (cm)       

                         Benlate                   Dithane-M-45         Apron star       

        0      4.80a     5.00a                    5.00a          

       25      3.43e     3.12e          3.16d          

       50      4.50b     3.33d         3.90b          

     100      4.14d     3.70b         3.43c          

     200      4.25c     3.46c          3.16d           

     500      4.42b     3.76b         3.15d          

   1000      0.70f                      3.75b          1.99e           

------------------------------------------------------------------------------------ 

  means exclu-        3.62               5.57            3.97          

  ding control        

 

Effect of fungicides on the growth of Fusarium moniliforme and Macrophomina  phaseolina 

Results showed that the fungicides significantly reduced radial growth of F. moniliforme at low 

concentration level of 25ppm to varying degrees (Table 6).  Benlate and Apron star appeared to 

be the most effective in controlling Fusarium stalk rot.  

 

However, effect of fungicides on M. phoseolina showed that Apron star was most effective in 

controlling the pathogen. 
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Table7. Radial Growth of M. phoseolina on PDA containing three fungicides   

 at seven concentration levels 

 ---------------------------------------------------------------------------- 

    Fungicide level   Mean Growth (cm)   

      Benlate        Di thane-45         Apron star  

 ----------------------------------------------------------------------------            

         0      5.60c       5.40e            7.20a         

       25      6.35a                4.72d  2.95e                

       50      4.12g       4.42e   3.92b          

     100      4.55f       5.44f  3.64c         

     200      4.95e       6.00c  3.61c         

     500      5.05d       6.28b  3.43d         

   1000      5.64b            6.78a  1.44f           

means exclu-       5.11        5.61  3.20        

ding control        

------------------------------------------------------------------------------  

   L. S. D. (0.05) = 0.03 

 

With increase in the concentration of Apon from 50 ppm, there was a concomitant decrease in 

the radial growth of M. phoseolina (Table7) 

 

DISCUSSION 

The observation on the incidence of stalk rot was similar to that of Hooker and White (1976) 

who noted that stalk rots were known to be among the most consistently destructive pathogen in 

maize at the corn belt of the United States of America and other parts of the world. However, in 

this investigation, the survey was more intensive but restricted to Ijebu zone in Ogun state. The 

result of the survey showed that the causal organisms vary in incidence and severity from one 

Local Government area to the other. The high incidence of F. moniliforme was probably due to 

the type of fertilizer applied by farmers in the state. It is an established fact that in agricultural 

soils, higher levels of nitrogen hasten the decomposition of plant residues accompanied by a 

rapid increase in popula-tion of competitive soil micro organisms (Cook et al., 1973). In such a 

situation, an increase in the population of M. phaseolina would be expected to be impeded by 

increased saprophytic competition which could probably lead to an increase in the F. 

moniliforme population. The result of the survey suggested that F. moniliforme is the 

predorminant causal organism of stalk rot in the zone. 

 

Furthermore, increase in nitrogenous fertilizer application to the soil, increases the susceptibility 

of maize to Fusarium stalk rot, because the high level of nitrogenous fertilizer in the soil renders 

maize stalk succulent for F. moniliforme invasion. The high incidence of F. moniliforme could 

also be due to high moisture condition of the areas sampled as this zone falls within high 
 

Nigerian Journal of Mycology Vol.8 (2016)        74 



Hamzat, Lawal & Ogunronbi 

 

rainfall region which provides favourable condition for growth and survival of plant pathogens. 

Observations on the fungicides treatment revealed that Apron star was most effective in 

inhibiting growth of both organisms in the laboratory. The effect of fungicides on mycelial 

growth of stalk rot pathogen has demonstrated that all the fungicides assessed (in-vitro) had 

significant inhibitory effects on mycelial growth of these organisms. The use of fungicide is a 

quick and effective means of controlling fungal pathogens in plants. The potent activities of 

fungicides had been reported previously by other workers. Lim (1980) reported that some mango 

isolates of Glomella cingulata (C. gloeospo-roides) were extremely sensitive to benzimidazole 

compounds (a group to which benomyl and carbendazim belong). Foliar spraying of fungicides 

is not widely practiced in maize production for a number of reasons, namely, high cost of the 

chemicals, most cumbersome and not economically profitable. 

 

The potent fungicidal activities of these chemicals had been reported previously by other 

workers. Alabi et al. (1986) demonstrated that benomyl and carbendazim + Maneb were the most 

effective of eleven fungicides screened against the cowpea brown blotch pathogen, C. capsici. 

The effectiveness may be attributable to the direct close contact between the fungus and the 

fungicides in the agar plate. However, the ineffectiveness of a fungicide in inhibiting mycelial 

growth in- vitro may not necessarily be the same on the field. Apron star contains both systemic 

and broad spectrum fungicides as a mixture of thiamethoxam, metalaxyl-M and difenoconazole, 

which has been employed in the control of sorghum diseases in South West Nigeria (Idowu et 

al., 2012). 

 

CONCLUSION  

It is apparent from this study that F. moniliforme is the predorminant causal organism in the 

surveyed area. However, only Apron star was the best  in its ability to control stalk rot caused by 

F. moniliforme and M. phaseolina in this crop.  However, Agricultural research institutes should 

now focus on developing resistant maize varieties to stalk rot, since research attention for years 

has been directed to foliar diseases as against soil borne diseases. The need for further evaluation 

of Apron star on the experimental field as seed dresser becomes necessary, as foliar spraying of 

fungicides is not widely practiced in maize production. Therefore, maize seed dressing with this 

fungicide should be evaluated on the field to ascertain its efficacy as chemical approach to stalk 

rot management. 
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