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hizosphere fungi are strongly associated with plant growth and health by providing 
nutrients and antagonizing pathogens. Commercially, fungus has multipurpose 
applications in several sectors including beverages, food items and in medicines. 

Current study aimed to reveal the core fungal community structure of the two leading cereal 
crops that are Zea mays L. and Triticum aestivum L. The rhizosphere fungal community was 
explored via morphology, biochemistry and internal transcribe spacer (ITS) metagenomics. 
On the basis of morphology, the retrieved fungal strains were imprecisely classified into 
Ascomycota and Zygomycota. The species including Yeast, Botyritis californica, Rhizopus stolonifer, 
Alternaria tenuissima, Aspergillus terreus, Aspergillus flavus, Aspergillus nidulans, Aspergillus niger and 
Microsporum canis were identified on the basis of macroscopy and microscope. Moreover, the 
biochemical characterization depicted the role of fungi in promotion of plant growth. Majority 
of the isolates depicted catalase activity, indole production, phosphate solubilization, ammonia 
production, nitrogenase activity and urease activity. Metagenomics using amplicon sequencing 
of ITS region revealed the presence of 805 Operational Taxonomic Units (OTUs) with 647 
OTUs in Zea mays and 620 OTUs in Triticum aestivum. The fungal phyla found in the 
rhizosphere of  Zea mays L. and Triticum aestivum L. were Ascomycota, Basidiomycota, 
Zygomycota, Chytridiomycota, Incertae sedis fungi. Ascomycota accounted for 93% and 95% 
of classified fungi in rhizosphere of Zea mays L. and Triticum aestivum L. respectively. The 
dominant species found in the rhizosphere soil of Zea mays were Gibberella intricans, Curvularia 
lunata, Lepidosphaeria nicotiae, Edenia gomezpompae and Myrothecium verrucaria.  
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INTRODUCTION 
The food produced by plants is highly dependent upon the nutrients taken for growth 

and productivity.  The microbes are effective for usual plant activities and normal growth.  
Estimation of complex rhizophere-microbe plant interactions require an insight of 
rhizosphere and different directions of native microbial communities associated with 
rhizosphere [1]. 

Rhizosphere is an area where soil is surrounded by plant’s roots. This region or zone 
is about 1mm wide, but it has no distinct edge. Rhizosphere is densely populated in which 
roots of one plant compete with lower part (root system) of neighboring plant species and 
with other soil microorganisms for bacterial activity, fungi role and insects interaction with 
plants for place, moisture availability, mineral intake, nutrients availability  [2]. Root exudates 
may play vital role in transferring of message from one place to other as messengers; they are 
helpful in communication and initiation of biological (microorganism and insects) and physical 
interactions or relationship between soil and underground root microorganisms [3][4]. High 
number of microorganisms surrounding the plant roots is due to rhizode position, which have 
25 percent area below or under the ground with allocated amount of carbon or 10% net fixed 
carbon [5]. 

Composition of soil microbial communities is based on soil type and plant roots. Soils 
have different pH, structure of plants, botanical texture, organic material, micro aggregate and 
nutrients [6]. These physiochemical properties help the microorganism to create a niche that 
proves benefits for other types of microbes and also have influence on the root exudates that 
have effects on the microbial activities. For instance, pH of soil, availability of nutrients has 
effect on high population rate of crop pathogenic bacteria, fungi, nematodes and other 
microbes. Plant roots excrete different types of compounds including carbohydrates, amino 
acids as well as organic acids by diffusion or through ion channels or vesicular system [7]. Plant 
excretions can change the soil chemistry and provide nutrients activity to microbes in the soil 
[8].  

Zea mays are part of grass family maize with abundance of vitamin A. The maize has 
special characteristics; it can survive without human activity. It is the next one spring crop 
(Triticum aestivum L) is third most consumed food product in world. The molecular 
characterization shows that this plant was originated from weedy grass host. Soil microbes are 
responsible for major source of nutrients for plants species through the nutrient  [9]. Nitrogen 
cycling system and mineral weathering may have positive or nutritive effect on plant growth 
[10]. Many beneficial symbiotic link is also found between certain plants for the sake of fixation 
of nutrients of bacterial species [11]. Soil microorganisms are one of the basic sources of 
enzymes present in soil. Some fungi cause plant diseases and some can turn off the entire 
agricultural crop. Other fungi contain antagonistic characters towards plant’s pathogens [12]. 
There is large potential of root microbiome that can be source of solutions and assist in 
agricultural crops fertilization productivity. 

The rhizosphere is a nutritional region of soil which are surrounding plant root. There 
exists a plethora of the rhizosphere microbiome that stimulates seed germinating physical 
nutritional health of the seed, progress and up growth of plants, consequently overall 
production is done by its capacity to hold soil and absorption of nutrients[13][14]. In order to 
gain insight into these positive interactions, firstly there is need to know the rhizosphere, its 
structure, complicated and diversity to different directions of native microbial communities’ 
interaction to the rhizosphere. The review focuses on the advances in fungal rhizosphere 
biology. 
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 Microscopy, macroscopy and biochemical tests give pure identification of yeasts and 
molds. Fungal microscopy provides information about type, physical appearance, and color 
scheme of hyphae and fungal concentration. For identification of fungi, main tool is fungal 
strain. Direct microscopy method is pure and easy to identify fungi by using fungal strains 
[15]. Scientist identified the biochemical tests are important for identification of fungi. 
Identification of fungal strains depends on the ability of fungi to grow on substances like 
carbon and nitrogen sources. Urease test and proteolysis was found important for mold 
identification [16]. 
 Berendsen et al., studied microbiome which appear rhizosphere community and plant 
health. The study discussed evidence about pathogens or insect attack and effective activity 
enhances microbial function and to suppress pathogen in rhizosphere [17]. 

The main objective of this study was to examine the molecular characterization of 
Deciphering Fungal, Epidemological analysis of Zea mays L. and Triticum aestivum L. and 
analyzing Structural difference of Zea mays L. and Triticum aestivum L. 
Material and Methodology 

The current study was done to dissect the rhizosphere fungal community of Triticum 
aestivumL. and Zea maysL. Research work was conducted in Microbiology Laboratory at Allama 
Iqbal Open University Islamabad. 
Rhizosphere soil samples 

Soil was dug on land up-to 10 cm, first plants were grown then wheat of (Triticum 
aestivum) and maize (Zea mays) were collected from various locations of same field. These 
samples were dispatched to AIOU laboratory and stored at -80 ºC. 
Isolation and purification of fungi 

One gram of rhizosphere soil was diluted in 10 mL sterilized water. Serial dilutions up 
to 10-3 were used for isolation. The isolation was done on Sabouraud Dextrose Agar (SDA). 
Fungal isolates were obtained after keeping it in incubator at 28 °C for 72 hours. Isolation and 
purification was done by repeated plating. 
Microscopy 

For slide preparation, a drop of lacto-phenol cotton blue was added on slide with the 
help of dropper. The fungal colony was picked with the sterile loop and smear was made on 
the slide containing drop of water. Slide was allowed to dry and observed under microscope 
at different magnifications. The observation recorded included septate/aseptate hyphae and 
conidia shape. 
Catalase test 

All fungal isolates were tested for catalase activity. The isolates were refreshed on 
Sabouraud Dextrose Agar (SDA) media. Catalytic activity was determined by mixing fungal 
culture with a drop of hydrogen peroxide (H2O2) on glass slide. Release of bubbles showed 
the production of oxygen. 
Indole test  

Tryptophan broth was inoculated with fungal colonies. Inoculated media was 
incubated for 24-48 hours at 38 ºC. After incubation one drop of Kovac’s reagent and two 
drops of xylene were added in the test tube. 
Phosphate solubilization test 

All the fungal isolates were tested for phosphate solubilization. Pikovskaya media was 
prepared and autoclaved at 121 ºC for 20 minutes. Petri dishes were placed in incubator at 32 
ºC for three to seven days. Phosphate solubilization by bacterial isolates was indicated by 
formation of halo zone. 
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Ammonia test 
Peptone broth was taken into test tubes and inoculated with fungal colonies.  After 

inoculation culture plates were kept into incubator for 48-72 hours.  
Nitrogenase test 

Nitrogenase activity was detected in fungal isolates using nitrogen fixing bacteria 
(NFB) medium. Spot inoculation was done and petri dishes were placed in incubator at 36-38 
ºC for 72hours.  
Urease test 

Urease test was done under experimental work to detect the capability of bacteria or 
fungi to break urea into ammonia and carbon dioxide. All the fungal strains were culture in a 
media containing urea. The emergence of pink color showed urease positive test for urease 
biochemical test.  
Molecular characterization 
DNA extraction using pure link TM microbiome DNA purification kit 

Good efficient microbial DNA was obtained by Invitrogen, LinkTM Microbiome DNA 
kit. Rhizospherical ground soil was grounded up to 0.2g to clear powder by using pestle and 
mortar. All process was done by kit method.  
Gel electrophoresis 

Gel was prepared using 1.5 g of agarose in 100 mL of 1X Tris Borate Ethylene diamine 
tetra acetic acid (EDTA) buffer (90 mL distilled water and 10 mL 10X TBE buffer). Agarose 
was dissolved by heating in microwave oven for 1 minute and 30 second. 6 micro liter of 
ethidium bromide was added before gel was poured into tray dish of casting. The gel was 
observed cortically and photo was taken by using gel documentation system (Bio Rad). 
PCR reaction cocktail and PCR profile 

Internal Transcribed Spacer region of fungi was amplified by specific primers 
(16SV4/16SV3) with barcode. 25 µL of reaction cocktail included: master mix 12.5 µL, PCR 
water 9.5 µL, forward primer 1 µL, reverse primer 1 µL and subjected DNA template 1 µL. 
PCR amplification was done according to the reaction conditions as described in Table 1.  The 
product size was found between 400-450 bp. 

Table 1. PCR reaction profile for Amplification of ITS region 

Steps Temperature (°C)       Time (Minutes) 

Denaturation 95 5 

1) Denaturation 95 1 

2) Annealing 54 1 

3) Extension 72 1 

4) Go to step 2, Cycles                            40                                     1 
5) Final Extension 72 10 

Library preparation and sequencing 
Work was done on sequencing libraries using (NEB Next Ultra DNA Library PreKit) 

for Illumine, leading production company’s references and index codes with necessary details 
were added.  
Single-end reads  

Single ended reads were being assigned to relevant samples which were based upon 
their unique particular barcode and truncated by dropping off barcode and primer sequence.   
  



                           International Journal of Innovations in Science & Technology 

July 2022 | Vol 4|Issue 3                                                                                      Page | 731  

OTU production   
For all samples the sequences analysis was performed by software (Uparse v7.0.1001) 

[18]. Sequences with more than 97% similarity were attached to same operational taxonomic 
units (OTUs).  
Species annotation    

For all sequences which have to be representative, the Green Gene Database 
(http://greengenes.lbl.gov/cgi- bin/nph-index.cgi) [19]. was used based on Ribosomal 
Database Project classifier (Version 2.2, http://sourceforge.net/projects/rdp-classifier/) 
(Wang et al, 2007) algorithm to over annotate taxonomic information. The Graphlan, 
Taxonomic trees and Korona figures showed the core bacterial community structure 
(Lozupone et al., 2005). 
RESULTS 
Microscopy  

The conidia shape observed were club, oval, calumnious globose and columellate. 
Majority of the isolates revealed club or oval shaped conidia. Few variations were observed 
between the isolates from rhizosphere soil of Triticum aestivum L. and Zea mays L. (Table 2, 3).  
 

Figure 1 Catalase test; A. Catalase positive test, B. Catalase negative test 

 

Figure 2. Positive indole test indicated 
by the formation of pink ring; A. 
Aspergillus nidulans, B. Rhizopus stolonifer, 
C. Aspergillus niger and D. Aspergillus flavus, 
E. Botrytis Californica, F. Microsporum canis, 
G. Aspergillus niger, H. Yeast and I. 
Aspergillus terreus. 

 

Phosphate solubilization  
       To detect phosphate solubilization by formation of halo zone in plates and test tubes 

were used. Approximately, 83% of the fungal strains were found positive for phosphate 
solubilization test and 53% showed strong phosphate solubilization activity (Figure 3).  

 

Figure 3. Solubilization activity indicated 
by; A. Aspergillus nidulans, B. Rhizopus 
stolonifer, C. Aspergillus niger and D. 
Aspergillus flavus, E. Botrytis Californica, F. 
Microsporum canis, G. Aspergillus niger, H. 
Yeast and I. Aspergillus terreus.  
 

  A B 
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Ammonia test 
This test was performed to analyze ability of fungi to produce ammonia. Emergence 

of brown to yellow color by addition of Nesseler’s reagent indicted production of ammonia. 
The results of ammonia were detected in 57% of fungal isolates (Table 1, Figure 4).  
Nitrogenase test 

Nitrogenase testing experiment was performed to check the capability of fungi to fix 
nitrogen. The NFB media was used for nitrogenase test. Approximately, 57% of the fungal 
strains showed nitrogenase activity (Figure 5). 

 

Figure 4. Positive 
ammonium test was indicated 
by dark brown precipitates; 
A. A. nidulans, B. Botrytis 
californica, C. Yeast, D. 
Alternaria tenuissima, E. R. 
While rest of all are negative 
indicated by “X” 
 

 

Figure 5. Blue colour 
produced by fungal isolates 
depicted nitrogenase positive 
test; A. A. nidulans, B. R. 
stolonifer, C A. flavus, D. A. 
niger, E. Yeast, F. A. terreus, 
G. Microsporumcanis, H. 
Botrytis californica and I. 
Alternaria tenuissima. 
 

Urease test 
      Urease experiment was also performed to check ability of fungi to hydrolyze the urea 
rapidly. Approximately, 65% of fungal isolates were positive for urease test (Table 4, Figure 
6). 

 

Figure 6 Development of 
pink colour indicated 
urease positive test, A. 
Aspergillus nidulans, B. 
Yeast, C. Rhizopus 
stolonifer, D. Alternaria 
tenuissima, E.  Botrytis 
californica, F. Aspergillus 
flavus, G. Aspergillus 
terreus, H. Aspergillus 
niger and I. 
Microsporumcanis. 
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Molecular characterization  
Genome DNA isolated from rhizosphere soil of Zea mays L. and Triticum aestivum L. 

using Pure Link™ Microbiome DNA Purification Kit was checked for purity on 1.5% agarose 
gel (Figure 7).

 
Figure 7. Gel electropherosis showing DNA isolated from rhizosphere soil of Zea 

mays L. and Triticum aestivum L.; Lane L: DNA ladder, Lane 1-lane 6: DNA isolated from Zea 
mays L., Lane 7-lane 12: DNA isolated from Triticum aestivum L. 
Internal transcribed spacer (ITS) metagenomics 

The entire fungal community structure of Zea mays L. and Triticum aestivum L. 
rhizosphere was explored using ITS metagenomics. 
Tags statistics  

The Total tags of ITS region gathered from rhizosphere soil of Triticum aestivum L. 
were 70,112 with 55,330 classified tags, 1,501 unclassified tags and 13,281unique tags 
(Figure 8).  
Table 2 Statistical analysis of the sequence reads for ITS region of rhizosphere soil from 

Zea mays L. (ZM.KS) and Triticum aestivum L. (TA.KS). 

 
Figure 8. Comparison of the number of total reads, classified reads, unclassified reads 

and unique reads of ITS Region of rhizosphere soil of Zea mays L. (ZM.KS) and Triticum 
aestivum L. (TA.KS) 
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Table 3 Classified tags for ITS region of rhizosphere soil from Zea mays L. (ZM.KS) and 
Triticum aestivum L. (TA.KS) 

 
Figure 9. Classified tags for ITS region from rhizosphere soil Samples of Zea mays L. 

(ZM.KS) and Triticum aestivum L. (TA.KS) 
Operational Taxonomic Units (OTUs)  

To analyze the species numerous diversity in each sample, all those effective reads 
were separately grouped by 97% DNA sequence which have similarity into OTUs. The fungal 
community of rhizosphere soil of Zea mays L. and Triticum aestivum L. were clustered into 647 
OTUs and 620 OTUs respectively (Table 2).   
Beta Diversity 
         Principle component analysis was performed to expose the variation of fungal species 
abundance between rhizosphere soils of Zea mays L. and Triticum aestivum L. Fungal community 
slightly shows variation between rhizosphere soil from Zea mays L. and Triticum aestivum L. 
(Figure 10). 

 
Figure 10. Principle component analyses depicting the variations in rhizosphere soil from 

Zea mays L. (ZM.KS) and Triticum aestivum L. (TA.KS) 
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DISCUSSION 
        The microorganisms which are associated with plant species are referred to as plant 
microbiome. Plant microbiome regulates with development of plants. It adds and contributes 
its characters in nutrient absorption from ground soil. The tolerance ability against soil borne 
pathogens and modulation of plant immune system depends upon its mineral property. It is 
quite possible to culture only very limited numbers of microorganisms and analysis of them 
for beneficial traits by using cultural methodology. However, techniques like metagenomics 
are very tough in analytical study of whole community interaction and coordination between 
different components of the community and metabolic pathways or genes activity under 
particular to relevant environmental condition with own specificity [20][21]. 
 A pervious study by Yadav and coworkers reported phosphate solubilization by 
Aspergillus niger, Penicillium citrinum and Trichoderm harzianum (Bais et al., 2006) [22]. Mittal et al. 
(2008) also documented phosphate solulibizing capacity of Aspergillus and Penicillium sp. 
after 6 days incubation. A. niger and P. citrinum caused a marked dropped in logarithm pH of 
liquid culture media and solubilized expectaated amounts of phosphate (Alam et al., 
2002). Trichoderma harzianum also showed phosphate solubilization in broth culture and solid 
agar medium of Pikovaskaya (Tarafdar et al., 2003). Firew et al., [23] reported IAA production 
in A. niger, T. harzianum and Penicillium after three days incubation at 30 °C. indole acetic acid 
(IAA) production in Aspergillus niger was experimentally studied for 5-16 days and maximum 
production up to limit 128 gL to 6.8 gL-1 was observed in Czapek-Dox broth media with 
0.1% tryptophan at 6 days of incubation [24]. In similar studies, indole acetic acid (IAA) 
production and development was found to be maximized at 28 °C [25] isolated and 
characterized endophytic fungi associated with wheat. A number of the tested endophytes 
exhibited fairly or poorly good indole acetic acid (IAA) and phosphate solubilizing activities. 
More than 30% isolates gave positive result for siderophore and ammonia tests, whereas all 
exhibited catalase activity. The biochemical test results confirmed the effectiveness of fungal 
strains to be used as bioinoculum [26]. 
Conclusion: 

Current analytical study revealed rhizosphere associated fungal diversity in two major 
and distinct cereal crops i.e. maize and wheat. Biochemical characterization unveiled the 
functions of fungi isolated from maize and wheat rhizosphere. 
Rhizosphere soil of maize and wheat shared dominant groups of bacteria having similar 
character. However, differences among various groups were found in relatively more 
abundance. 
Future recommendation  

The retrieved fungal strains have been found to involve with plant’s growth and 
developing promoting traits can also be entertained as biofertilizers. Further studies under 
field conditions are necessary to evaluate the potential ability of plant growth promoting fungal 
species for commercial applications. The present work can be extended further by using 
metaproteomics and meta-transcriptomics to gain insight into to elucidate the chemical and 
microbial markers that stimulate beneficial (micro) organisms. Metagenomics in rhizosphere 
biology would be very helpful material in understanding the plant and microbe interaction 
under stresses.  
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