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Abstract 

Corn (Zea mays L.) is affected by a number of diseases that lead to yield loss. One of them is brown spot 

caused by the soil-borne fungus Physoderma maydis. In this study, the bioprotective potential of arbuscular 

mycorrhizal fungi (AMF) against this disease was carried out in the nursery and field. In a completely 

randomized block design, two maize varieties namely CMS9015 (V1) and CMS8704 (V2) were used. In the 

field, two mycorrhizal treatments (V1AMF, V2AMF) and two controls (CV1, CV2) were developed. In the 

nursery, the treatments consisted of sterilized and mycorrhized soil with disease inoculation 

(AMF+DI+SS:V1,V2), sterilized soil without mycorrhization with disease inoculation (DI+SS:V1,V2) and non-

sterilized soil (NSS:V1,V2).  Disease incidence and severity, plant height and leaf area, root density, root 

colonization, nitrogen and phosphorus levels were assessed. In the field, the root colonization by the fungus was 

63% as compared to 33% for the mycorrhized plants and the controls. Disease incidence and severity were 

reduced by 33.7% and 35%, respectively, in the mycorrhized plots in the field. The highest levels of phosphorus 

(0.74 mg g-1) and nitrogen (9.2 mg g-1) were obtained in the mycorrhized field treatments. In the nursery, disease 

incidence and severity were 0% in pots containing sterilized soil with or without mycorrhizal fungi. In the 

nursery, the phosphorus level of 1.07 mg g-1 was recorded in the mycorrhizal treatments and the nitrogen level 

of 7 mg g-1 was recorded in the leaves of the pots on unsterilized soil. This study provides that AMF can be used 

for the control of P. maydis in corn. 
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Introduction 
Corn is the most widely grown cereal in the 

world, ahead of wheat (Raounet, 1984; Deffan et al., 

2015). The International Grains Council (IGC) 

estimates its world production at 1510 million tonnes 

compared to 779.6 million tonnes for wheat 

(Erenstein et al., 2022). Corn occupies an important 

place in the world in general and in Africa in 

particular, not only for its energy contribution to the 

population's diet (Akanvou et al., 2006), but also for 

the place it occupies in certain African industries 

(brewery, oil mill, soap factory) as the main raw 

material (Akiyama, 2007). In Cameroon, corn 

production has a deficit of 0.6 million tonnes in high 

production regions such as the Western Region and 

the North of the country (MINADER, 2019). In the 

Far North Region, about one in five households is 

food insecure even though corn is mainly grown for 

subsistence purposes for self-consumption (Nzossie 

et al., 2010). 
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The low level of corn yields and its 

production instability are a constraint to ensuring 

food security for the population (Nuss and 

Tanumihardjo, 2011). These concerns are partly 

linked to climate change, lack of mastery of 

ploughing techniques, soil degradation due to 

erosion and anthropogenic activities (Tsozue et al., 

2015). However, the presence of certain diseases, 

caused by microorganisms, can result in crop losses 

of more than 50%. Fungi are the most formidable 

and abundant microorganisms responsible for crop 

losses (Lepoivre, 2003). Physoderma maydis is a 

telluric fungus that causes brown spot and stalk rot in 

maize (Wise et al., 2018; Ngoh Dooh et al., 2021a). 

The impact of this disease on yield loss in 2013 was 

estimated at nearly 40.7% in the USA and Canada 

(Robertson et al., 2015; Jackson, 2018). In 

Cameroon, the incidence of this disease has been 

estimated at over 50% (Ngoh Dooh et al., 2021a). 

Intensive agriculture focuses on the use of 

chemical pesticides, which are characterized by 

environmental pollution and the appearance of 

resistant pathogens, instead of favoring agro-

ecological practices such as crop rotation, crop 

association or biological control, which can be 

achieved through the use of antagonistic 

microorganisms such as Trichoderma (Khan and 

Javaid, 2020; Khan et al., 2021), Aspergillus (Khan 

and Javaid, 2021), Penicillium (Khan and Javaid, 

2022) and plant growth promoting rhizobacteria 

(Sharf et al., 2021) or plant extracts and biomass 

(Javaid and Khan, 2016; Jabeen et al., 2021) to fight 

diseases and pests. To date, no control method has 

been registered against P. maydis. The use of certain 

bioprotective biological fertilizers such as arbuscular 

mycorrhizal fungi (AMF), which have a specific 

affinity with corn, may be a possible solution 

(Temegne et al., 2017; Muthukumar and Karthik, 

2021). These soil fungi form a symbiotic association 

with nearly 80% of plant species (Javaid and Khan, 

2019; Zhang et al., 2022). Mycorrhizal fungi 

improve water and mineral nutrition (Adamou and 

Ngakou, 2018) and resistance of plants against the 

pathogens (Ngoh Dooh et al., 2021b). The fungus 

takes advantage of carbon resources synthesized by 

the plant via photosynthesis that are essential for its 

metabolism and fruiting (Nwaga et al., 2013). In 

return, the fungal hyphae improve the water and 

mineral nutrition of the host plant through the 

increase in the volume of soil explored and the 

production of various extracellular enzymes 

(proteinases, phosphatases) that can mobilize 

nutrients from complex soil compounds (Strullu, 

1991; Javaid, 2009). Furthermore, AMF have 

already shown their effectiveness against some 

pathogenic fungi such as Fusarium and 

Phytophthora (Adamou and Ngakou, 2018; Djenatou 

et al., 2020). This efficiency translates into improved 

plant growth and increased resistance to many 

stresses (Adamou and Ngakou, 2018). 

P. maydis is a soil-borne fungus that also 

penetrates through the roots. Mycorrhizal fungi can 

colonize the plant roots and could thus reduce the 

penetration of this agent into the plant. The aim of 

this study was to evaluate the bioprotective potential 

of AMF against the brown spot disease caused by P. 

maydis in the field and in the nursery.  

 

Materials and Methods  
 

Procurement of material 

The maize varieties CMS 9015 (white color) 

and CMS8704 (yellow color) used in this study were 

obtained from the Agricultural Research Institute for 

Development (IRAD) in Maroua. The biofertilizers 

used were mycorrhizal fungi consisting of a mixture 

of species from two genera, Glomus and Gigaspora, 

both from the Nkolbisson Biotechnology Centre in 

Yaoundé 1, Cameroon. 

 

Experimental design in nursery and field 

The experimental design used was completely 

randomized block. In the nursery, five blocks with 

six treatments each were constituted: sterilized soil 

associated with mycorrhizal fungi and with each of 

the varieties and infected by P. maydis sporangia 

(SS+AMF+ DI +V1, SS +AMF+ DI +V2), sterilized 

soil without mycorrhizal fungi, with varieties and 

infected by P. maydis sporangia (SS + DI +V1, SS + 

DI +V2), no-sterilized soil with each of the varieties 

(NSSV1, NSSV2). Each treatment was repeated 

three times, for a total of 15 pots per treatment. Each 

pot contained two maize seeds.  The substrate used 

in the nursery was soil from the experimental field 

where maize has been grown for more than 10 years 

in a continuous system and where brown spot disease 

is known to occur (Ngoh Dooh et al., 2021b).  

The field experiment consisted of three 

blocks with four treatments or plots. The plots 

received the mycorrhizal fungi (V1-AMF, V2-AMF) 

and the control plots (CV1, CV2). Each treatment 

was repeated three times. The blocks were separated 

by 1 m and the distance between the plots was 80 

cm. Each plot measured 4.5 m² with 28 pits (hole), 

80×50 row spacing. Each hole contained 2 seeds. 

The field was located in Maroua in the Far North 

Region of Cameroon. The soil of the site is sandy-

clay and maize has been grown for more than 10 

years in a continuous system. 

  

Setting up the trial in the nursery  

In the nursery, two types of substrate were 

used: sterilized soil and non-sterilized soil. This soil 

came from the experimental field. The substrates 

were placed in black polystyrene bags (45 cm long 

and 35 cm wide). The first substrate, no-sterilized 

soil, was placed in the pots with two grains of each 

of the varieties studied. The second substrate is the 

sterilized soil, i.e. heated for 24 h in the autoclave to 

reduce or even eliminate all microorganisms. 
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The diseased maize leaves showing 

symptoms of brown spot were collected and cleaned 

with 70 °C alcohol and rinsed with sterile distilled 

water three times. A longitudinal section of the 

midrib was made and 5 cm sections of the midrib 

were cut with a sterilized scalpel. The inside of each 

piece of vein was scraped with a needle in 5 mL of 

sterile distilled water to release the sporangia. 

Microscopic observation was made to confirm the 

presence of P. maydis sporangia (Fig. 1). Using a 

syringe, the solution was withdrawn and introduced 

into the different pots of the sterilized treatments 

during sowing. 

 

Setting up the field trial 

The field is an area used seasonally for corn 

cultivation. The land was prepared manually with a 

hoe. The ploughing depth is estimated at 10–15 cm. 

Sowing was done in rows, 4 to 6 cm deep with a 

spacing of 80 × 50 cm, i.e. 2 seeds per poquet with a 

density of 56 plants per plot.   

Assessment of AMF impact in growth of corn in 

nursery and field 

Measurements of height and leaf area were 

taken on 14 plants per plot every two weeks. The 

height of the plants was taken every two weeks for 

two months using a tape measure placed along the 

vertical stem of the plant from the collar (ground to 

stem). The leaf area was taken as a function of the 

maximum leaf area (LA max). It was calculated 

conventionally by multiplying the maximum length 

and width by a coefficient of 0.75 (Bonhomme et al., 

1982). 

                   LAmax = (Lmax  Wmax) 0.75 

 

Assessment of root density 

Root density between control and 

mycorrhized plants was observed after two months 

of growth, by extracting the whole plant, in order to 

obtain the whole root system of the plant (Adamou 

and Ngakou, 2018). 

 

Impact of AMF on incidence of disease 

Incidence was assessed every fortnight from 

day 26 after sowing (DAS) in the field and in the 

nursery, according to the formula (Ngoh Dooh et al., 

2021b). 

                       DI (%) = n/N ×100    

 DI: Disease incidence; n: Number of diseased 

plants; N: Total number of plants per plot. 

 

Effect of AMF on disease severity 

In the field as well as in the nursery, the 

degree of disease severity on infected plants was 

assessed by estimating the leaf area occupied by 

brown spot disease symptoms using the following 

formula. 

 

           S (%) = (Ʃ(xi×ni))/Nm ×100 

xi: the disease score i; ni: the number of plants with 

score i; Nm: total number of diseased plants assessed 

per plot. Disease severity was monitored using a 

visual rating scale ranging from 0 to 4, according to 

Masood et al. (2010). 

0 = no symptoms 

1 = 25% : [0–1/4] of infected leaves     
2 = 50% :] 1/4–2/4] of infected leaves 

3 = 75% : [2/4–3/4] of infected leaves  
4 = 100% :] 3/4–4/4] of infected leaves 

 

Assessment of AMF root colonization 

Fine roots from 14 maize plants per plot were 

harvested after 8 weeks to assay the rate of root 

colonization by AMF.  

 
Staining of root fragments 

Roots were stained according to the method 

of Phillips and Hayman (1970) modified by 

Kormanik and McGraw (1982). The staining 

provides contrast for easy visualization of the fungal 

structures (mycelium, vesicles, arbuscular). Washed 

the fine root fragments previously preserved in 70 °C 

alcohol to be stained with large amounts of water 

and placed them in labelled test tubes. Introduce 

10% KOH to immersion and heat in a water bath at 

90 °C for 1 h. Then, remove the potash and wash the 

roots with plenty of water. Introduce 1% 

hydrochloric acid until the roots are immersed and 

leave at room temperature for 1 hour. Remove the 

hydrochloric acid and quickly wash the roots with 

water. Introduce the staining solution (lactic acid-

glycerol-water with 0.05% trypan blue) until the 

roots are immersed and heat in a water bath at 90 °C 

for 1 h. Wash the roots with plenty of water and 

leave to decolorize for 24 hours in the lactic acid-

glycerol-water decolorization solution. The stained 

root fragments were mounted in parallel on slides in 

groups of 10 and observed under the microscope at 

magnification 40 and 60. Three replicates were 

performed. The presence or absence of structures 

characteristic of mycorrhizae (mycelial filaments, 

spores, arbuscules and vesicles) was used to evaluate 

the percentage of root colonization according to the 

formula: 

CR (%) = (n/N) /100 

n: number of root fragments observed with one or 

more mycorrhizal structures 

N: Total number of fragments observed; CR (%): 

Colonisation rate in percentage.   

 

Total phosphorus and nitrogen determination  

The aerial parts of the plants were oven-dried 

and ground in a mill. For mineralization, 0.3 g of dry 

powder from a sample was introduced into a matrass, 

to which 5 mL of H2SO4 and 0.5 g of mineralization 

catalyst were added. The whole was heated on a 

ramp until complete mineralization for 3 h. The 

volume of the mineralization mixture obtained is 
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adjusted to 50 mL with distilled water (Devani et al., 

1989; Okalebo et al., 1993). 

 

Determination of phosphorus 

The reagent is obtained by mixing sulphuric 

acid (5 N), ammonium molybdate 4%, potassium 

antimony tartar 0.27% and ascorbic acid 1.8%. The 

procedure uses 5 mL of the mineralization mixture 

diluted in 20 mL of distilled water, then 10 mL of 

reagent is added and the whole is adjusted to 50 mL 

with distilled water. The mixture is well 

homogenized and left to stand for one hour before 

the optical density is read on a spectrophotometer at 

880 nm. The amount of phosphorus in the sample is 

determined by reference to the calibration curve 

obtained with a 10 mg L-1 potassium hydrogen 

phosphate solution.  

 

Nitrogen determination  

The reagent consists of 37% formaldehyde 

and 7.8% acetyl acetone. For the 0.1 mL test sample 

procedure, 1.2 mL of sodium acetate and 1.6 mL of 

reagent are added. The mixture is heated to 97.5 °C 

for 15 min in a water bath and then reduced to 

approximately 30 °C with a stream of cold water. 

The volume of each mixture is adjusted to 10 mL 

with distilled water. The optical density of the 

yellow complex formed is read at 412 nm with a 

spectrophotometer. The amount of nitrogen in each 

sample is determined against a calibration curve 

obtained from a freshly prepared 0.4 mg L-1 

ammonium sulphate solution. 

 

Statistical analysis 

Analysis of field and nursery data was carried 

out using SPSS 20.0 software. Duncan's test at the 

5% level was used to compare means when the 

difference was significant. 

 

Results  
 

AMF effect on height and leaf area of plants in 

nursery  

At the beginning of the season, the height and 

surface area of the plants in the sterilized and 

mycorrhized soil pots were smaller than those in the 

non-mycorrhized pots (Fig. 2A and B). A significant 

difference (P≤0.001) was recorded between these 

treatments. At the last week, the mycorrhized variety 

CMS9015 recorded the highest height, 1.70 m, 

which was 25.53% higher than the height on 

sterilized soil and 15.38% higher than the height on 

non-sterilized soil (Fig. 2A). The highest leaf area, 

470 cm², was recorded in the mycorrhizal treatment 

(CMS8704), 46.38% compared to the sterilized soil 

treatment and 20.89% compared to the non-sterilized 

soil treatment (Fig. 2B). Height and area, irrespective 

of variety, were higher in sterilized and mycorrhized 

soils followed by non-sterilized soils and sterilized 

and non-mycorrhized soils.    

 

AMF effect on height and leaf area of plants in 

field 

Plant height and leaf area were higher in the 

mycorrhized treatments compared to the controls 

(Fig. 3A and B). At the last week of the growing 

season, a significant difference (P≤0.001) was 

obtained between the different treatments. The 

highest average heights ranged from 2±0.9 to 

1.81±0.2 m and the lowest from 1.67±0.7 to 

1.48±0.4 m respectively for the varieties CMS 9015 

and CMS 8704 in the mycorrhizal treatments (Fig. 

3A). The highest average plant leaf area, 610.3±0.09 

cm², was obtained in the plots mycorrhized with 

CMS8704 and the lowest (396.6±0.44 cm²) in the 

control plots with the variety CMS9015 (Fig. 3B). 

 

Effect of AMF in root density in nursery and field 

champ 

Observation of the root system of the plants 

from the different treatments showed that the 

mycorrhized treatments had a large root area 

compared to the non-mycorrhized plants both in the 

nursery and in the field (Fig. 4). 

The root system of the mycorrhized varieties 

(Fig. 4A) showed increased development of fine and 

secondary roots. However, the non-mycorrhizal 

treatments (Fig. 4B) showed less dense root 

development with less fine roots, or even none at all 

on some secondary roots. 

 

Effect of AMF on incidence and severity of brown 

spot in nurseries 

During the season a significant difference was 

recorded between treatments. Incidence and severity 

were zero (0%) in treatments that received soil with 

or without mycorrhizal fungi (Table 1). On the other 

hand, the disease was present, 100%, in all plants in 

the pots that received the unsterilized soil. The 

variety CMS 8704 showed the highest severity rate 

(75%) in the last week (Table 2). 

 

Effect of AMF on the incidence and severity of 

brown spot in the field:  

The application of mycorrhizal fungi in the 

field significantly (P≤0.001) reduced the incidence 

and severity of the disease throughout the season. At 

the end of the season, week 10, the incidence was 

50.86±0.9 and 62.98±1.2% on the control plants and 

32.55±0.8 and 41.21±1.1%, respectively, for the 

variety CMS9015 and CMS 8704 (Fig. 5A). The 

average severity was 56.9% in uninoculated plants 

compared to 36.88% in treated plants (Fig. 5B).  

 

Root colonization in nursery and in field 

In the nursery, the highest root colonisation 

rate, 43.33%, was obtained with plants from the 

mycorrhizal treatments SS+AMF+DI+V1 followed 

by plants from the SS+AMF+DI+V2 treatment, 

36.66%. The non-sterilised soil treatments (NSSV1 
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and NSSV2) with field soil showed a low root 

colonisation rate, 13.33% and 16.66% respectively 

for CV1 and CV2 (Table 3).  

In the field, the highest colonisation rate was 

obtained in the mycorrhised treatments V1AMF 

(63.33% ) and V2AMF (43.33%). However, the 

colonisation rate of plants from non-inoculated plots 

was 33.33% and 40% respectively for CV1 and CV2 

(Table 4). 

      

Phosphorus and nitrogen rate of corn plants in 

nursery 

A significant difference (P≤0.001) was 

obtained on the phosphorus level between the 

mycorrhizal treatments on sterilized soil 

(SS+AMF+DI) and the treatments on non-sterilized 

soil (NSS). The highest amounts of phosphorus 

1.07±0.2 and 0.79±0.1 mg g-1 were obtained 

respectively with the varieties CMS9015 and 

CMS8704 mg g-1 in the mycorrhizal treatments on 

sterilized soil (Fig. 6).  

On the nitrogen rate, a significant difference 

was also obtained in the mycorrhizal treatment on 

sterilized soil with the highest amount 7.01±0.4 mg 

g-1 (CMS9015) and the non-sterilized soil control 

6.01±0.1 mg g-1 with the lowest amount (CMS8704). 

However, the variety CMS9015 absorbed more 

mineral elements than CMS8704 (Fig. 6). Nitrogen 

was found to be higher than phosphorus in the 

nursery. 

 

Phosphorus and nitrogen rate of corn plants in 

field 

A significant difference (P≤0.001) was 

recorded on the phosphorus rate between the 

mycorrhizal treatments and the controls (Fig. 7). The 

highest phosphorus rates 0.74±1.1 mg g-1 in variety 

CMS8704 and 0.66±0.4 mg g-1 in variety CMS9015 

were obtained in the mycorrhized treatments (Fig. 7). 

In case of nitrogen rate, a significant 

difference was obtained in the mycorrhized 

treatments, with the highest amount 9.2±0.2 mg g-1 

(CMS9015) and the lowest 8.3±0.5 mg g-1 

(CMS8704). Nitrogen level was higher in variety 

CMS9015 compared to variety CMS8704 (Fig. 7). 

Nitrogen was found to be higher than phosphorus in 

the nursery. 

 

Discussion 
The evolution of the height and leaf area of 

the plants in the field showed no significant 

difference between the mycorrhizal treatments and 

their controls at the beginning of the season. 

However, in the last week of growth, a significant 

difference was obtained between the mycorrhizal 

plants and the control plants. The AMF stimulated a 

17.32% increase in the height of the mycorrhizal 

plants in the field. Several authors such as Fortin et 

al. (2015) have shown that the increase in the root 

system's absorption surface due to the presence of 

the AMF hyphal network favours water absorption, 

as the fungi's mycelium allows the plant to draw 

water from small interstices and aggregates in the 

soil that are usually not accessible to plant roots. 

Furthermore, many authors have shown that 

inoculation with mycorrhizal fungi can significantly 

increase the leaf area and root biomass of cowpea 

and lettuce plants in the greenhouse by 30 to 200% 

compared to controls (Cimen et al., 2010); 

Aboubacar et al. 2013). In some pots, the 

mycorrhizal treatments showed a low average at the 

2nd week of growth compared to the non-

mycorrhized controls. This could be explained by the 

fact that in sterilized soil conditions the AMF-plant 

symbiosis was not yet established. 

Results on plant height in the nursery showed 

a significant difference in the early weeks between 

the AMF-sterilized soils with the disease infection 

and the non-sterilized soils. It would appear that the 

unsterilized soils taken from the field may have the 

necessary fertilizers and indigenous mycorrhizal 

fungi which gives an advantage over the sterilized 

soil despite the presence of AMF, at the beginning of 

the season. It is also known that native strains of 

AMF have the great advantage of being well adapted 

to the environment in which they occur (Diaga et al. 

2003); Plenchette et al., 2005; James et al., 2020).  

However, at the final week, no significant difference 

was recorded, but a slight growth advantage of the 

mycorrhized plants was obtained over the controls. 

This result shows that, once the AMF-Plant 

symbiosis is established, plant growth is stimulated 

in sterilized plots with mycorrhizae (Ezawa et al., 

2005; Veresoglou et al., 2021; Zhang et al., 2022).  

Although microorganisms are important for 

plant growth, their absence in sterilized and non-

mycorrhized pots does not prevent the presence of 

minerals (obtained by mineralization through heat 

during soil sterilization). This result corroborates that 

of Groleau-Reneaud et al. (2000) who showed the 

influence of the sterility of the environment and the 

physical support on the morphology of maize. He 

considers that the sterility of the environment does 

not modify the development of the plant (leaf stage 

and root emission). 

Although there is a functional compatibility 

between plant species and AMF determining the 

preferential association between symbionts, field 

trials of inoculating plants with a fungus have not 

always given the expected results, often due to 

competition from native AMF. Indeed, Cornet and 

Diem (1982) considered that the presence of other 

microorganisms in the field (native AMF) could 

influence the growth of mycorrhizal plants by 

inoculation. However, Alguacil et al. (2011) believe 

that mycorrhization by a highly efficient and 

competitive fungus does indeed allow significant 

gains in growth and production compared to 

mycorrhization of native AMF. 

Root density was higher in both field and 
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nursery in mycorrhized plants compared to non- 

mycorrhizal plants. This result is in agreement with 

Garbaye (2013) who showed that the specificity of 

AMF with maize plants best develops their root 

system. Moreover, the maize root system is 

characterized by the presence of adventitious roots 

that allow nutrients to be drawn only from the 

superficial soil horizons. Thus, AMF are involved in 

the extensive development of roots over a wider soil 

surface, through the presence of fine roots while 

developing hyphae so that they can improve the 

uptake of water and mineral elements from the soil.  

In addition, the root density of mycorrhizal 

plants not only allows them to colonise the soil in 

order to better absorb mineral elements that are 

sometimes difficult to access, but above all 

participates in protecting the plant against pathogens 

(Begoude et al., 2016). Temegne et al., 2017, 

Djenatou et al. (2020) believe that the colonization 

of plants by AMF can lead to changes in the plant's 

roots, in this case, greater lignification, which can 

create a physical barrier preventing the pathogen 

from penetrating the plant. 

Disease incidence and severity were reduced 

in the plots that received the AMF in both the 

nursery and the field. Indeed, the AMF treatments 

showed a reduction in disease incidence and severity 

(33.7% and 35%). The levels of mineral elements, 

phosphorus and nitrogen (26.1% and 40.7% in the 

field; 7% and 58.6% in the nursery) in mycorrhizal 

plants could influence the effects of the pathogen. 

This result corroborates that of Gallou et al. (2011) 

who evaluated the bioprotective power of AMF 

associated with a potato seedling against P. 

infestans. They showed that a decrease in the foliar 

infection index (P. infestans) is due to a significant 

supply of minerals when the AMF is associated with 

the plant. In addition, many authors have shown the 

importance of minerals such as phosphorus and 

nitrogen in the resistance of plants to diseases (Olsen 

et al., 2003; Veresoglou et al., 2019). These minerals 

would thus strengthen the structure of the cell wall 

and make it difficult for pathogens to enter. In the 

case of Fusarium head blight in tomato, optimal 

phosphorus nutrition does not reduce the disease 

symptoms. This clearly indicates that other 

protective mechanisms are added to nutrition as a 

protective factor. Varietal genetics could provide an 

answer with the use of fungus-resistant hybrid 

varieties. Genetic resistance to fungal diseases varies 

greatly from one hybrid to another, although none of 

them have complete resistance, some are much less 

susceptible than others (Deffan et al., 2015). In this 

work, the yellow variety, CMS8704, was found to be 

more susceptible to the pathogen P. maydis despite 

the contribution of AMF. This result is in agreement 

with that of Ngoh Dooh et al. (2021b) who showed 

that the yellow maize variety CMS8704 was attacked 

faster in the field (3rd week) by P. maydis with very 

high incidence and severity rates compared to the 

white variety, CMS 9015.  

Analysis of root colonization showed an 

average of 53.33 % for the mycorrhized treatments 

against 36.66% for the field controls, where the low 

percentage of contamination and pathogen evolution 

were observed on the mycorrhized plots. Several 

authors (Dugassa et al., 1996) have shown that 

mycorrhizal colonization predisposes plants to react 

rapidly to pest attacks. Cordier et al. (1996) showed 

that mycorrhizal cells were not contaminated by the 

fungal pathogen. As the pathogen (P. maydis) is 

telluric as well as the mycorrhizae, it would seem 

that the latter are in competition for the colonization 

of the plant, which starts as early as the first weeks 

(7 to 9 days after sowing), during the absorption of 

the first nutrients by the plant (Djenatou, 2020). 

These results are also in agreement with those 

obtained by Johnson et al. (2013) who observed a 

variation in mycorrhization frequency from 45% at 

flowering to 60% at fruiting of cowpea while 

decreasing the influence of the pathogen. 

Muthukumar and Karthik (2021) believe that once 

mycorrhization is functional, the hyphae begin to 

produce and scatter in the surrounding soil molecules 

that repel, suppress and even kill fungal disease 

vectors (Phytophthora, Pythium, Rhizoctonia, 

Fusarium). In addition, specialized fungal cells 

accumulate around the root, building a form of armor 

to hold back any invasion and penetration into the 

plant. 

In the nursery, inoculation of P. maydis 

sporangia on sterilized soil with fungus and sterilized 

soil without fungus did not result in disease 

symptoms, incidence and severity (0%). It seems that 

the sterilized soil is not favorable for the 

development of the pathogen. The pathogen could 

not develop in an environment devoid of other 

microorganisms and other unidentified elements that 

would be necessary for its proliferation. This can be 

justified by the presence of the disease in all maize 

plants (100% incidence), whatever the variety, on 

unsterilized soil taken in the field (NSS), from the 

29th day after sowing. Ngoh Dooh et al. (2021b) 

suggested that the pathogen prefers moist 

environments rich in plant and animal debris. On the 

other hand, Edding (1933) dipped maize seeds in an 

aqueous suspension of sporangia and obtained no 

infection after 5 weeks of culture. It would seem that 

the mode of inoculation could be a very determining 

factor in the expression of this disease (brown spot) 

in nurseries. 

The presence of 24.99% mycorrhiza 

colonization on unsterilized soil is due to pre-

existing indigenous arbuscular mycorrhiza fungi 

(AMF) in the field soil (Cornet and Diem, 1982). 

However, the absence of this mycorrhiza 

colonization on the roots of the plants in the 

sterilized pots showed that the sterilization of the soil 

was effective, thus destroying all pre-existing 

microorganisms in the soil. However, Grünfeld et al. 
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(2022) showed that root colonization depends on the 

spatial distribution of host plants. Thus, Spatial 

distance between host plants may determine the root 

colonization strength. 

 

Conclusion 
The study focused on "The impact of AMF on 

the development of corn brown spot disease caused 

by P. maydis in Maroua in the Far North Region of 

Cameroon in the field and nursery. The mycorrhizal 

plants, both in the nursery and in the field, showed a 

very high rate of root colonization, with high root 

density, higher phosphorus and nitrogen levels than 

the non-mycorrhized plants, resulting in a 33.7% 

decrease in incidence and 35% decrease in severity 

of brown spot. Thus, AMF are an effective means of 

controlling this disease through a symbiosis that sets 

up a defense system and reinforces the plant's root 

walls to best prevent the entry and proliferation of 

the pathogen. 

 

  

 

 

 

Fig. 1: Obtention of sporangia, A: Extraction; B: Sampling of the solution obtained; C: Microscopic view of 

sporangia of Physoderma maydis. 
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Fig. 2: Evolution of height (A) and leaf area (B) of plants in nursery. 

Table 1:   Incidence of brown spot disease due to P. maydis in different treatments in nursery. 

Treat 

Weeks after sowing 

W4 W6 W8 W10 

Variety 

V1 V2 Mean V1 V2 Mean V1 V2 Mean V1 V2 Mean 

T1 0 0 0 0 0 0 0 0 0 0 0 0 

T2 0 0 0 0 0 0 0 0 0 0 0 0 

T3 100 100 100 100 100 100 100 100 100 100 100 100 

V1 = CMS9015; V2 = CMS 8704; Treat = Treatments; T1 = CMA+MI+SS;     T2 = MI+SS ; T3 = SNS 
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Fig. 3: Evolution of height (A) and leaf area (B) of plants in field. 

 
  

 

 

+++++++++++++++++++ ++++++++++++++ ++  

Fig. 4: Effects of AMF on the development of the root system. A: Root of a mycorrhized plant, B: root of a non-

mycorrhized plant in the field. 
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Fig. 5: Incidence (A) and severity (B) in the field. 
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Fig. 6: Phosphorus and nitrogen rate at week 8 in the nursery. The bars with the same letters do not show a 

significant difference at the 5% level according to Duncan's test. 

 

 
Fig.  7: Phosphorus and nitrogen rate at week 8 in field. The bars with the same letters do not show a significant 

difference at the 5% level according to Duncan's test. 

 

Table 2:  Severity of brown spot disease due to P. maydis on different treatments in nursery. 

Treat 

WAS 

W4 W6 W8 W10 

Variety 

V1 V2 Mean V1 V2 Mean V1 V2 Mean V1 V2 Mean 

T1 0 0 0 0 0 0 0 0±0 0 0 0 0 

T2 0 0 0 0 0 0 0 0±0 0 0 0 0 

T3 25 25 25 25 50 37.5 50 75±0 62.5 50 75 62.5 

V1 = CMS9015; V2 = CMS 8704; Treat = Treatments; T1 = CMA+MI+SS;     T2 = MI+SS; T3 = SNS 
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