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INTRODUCTION 

(Lorenz Hiltner, 1904) coined the term “Rhizosphere” 
to denote the area of inter microbiological activity that 

extends several millimetre from the root system of the 
growing plant. The term “Rhizosphere Soil” refers to the 
thin layer adhering to a root after the loose soil clump 
have been removed by shaking. The growth of many 
microorganisms in the rhizospheric region depends on 
the root exudates released by the plants. 

 
Fungi in rhizosphere soil are present as mycelial bits, 
rhizomorph or as different spores. Their number varies 
from a few thousand to a few million per gram of soil. 
Certain genera, like Aspergillus, Penicillium, Fusarium, 
Trichoderma, Rhizopus and Mucor are the most frequent 

in the rhizosphere (Alexander, 1997). These mycoflora 
are known as Plant Growth Promoter Fungi (PGPF). 
PGPF belongs to genera Penicillium, Fusarium, 
Aspergillus, Trichoderma and Phloma. Some 
filamentous fungi present in the rhizosphere widely used 
as producer of organic acids particularly Aspergillus and 

some species of Penicillium (Saraf, 2010). 
 
Mycoflora perform important function within the soil in 
relation to transport, storage and recycling of nutrients, 
disease suppression and water dynamics all of which 
help plants become healthier and regenerates soil 

fertility. In 1991, Hawksworth a mycologist estimated 

the worlds fungal diversity at 1.5 million species. Any 
deterioration in fungal population and diversity can 

therefore have a considerable impact on ecosystem 
health. 
 

MATERIALS AND METHODS 

The rhizospheric soil sample was taken from mustard. 
The present study was carried out in the winter season 
from January to March 2012.  
 
(i) Isolation and enumeration of rhizospheric 

mycoflora 

Soil dilution plate method of Waksman and Fred 

(1922) was used to isolate fungi from rhizosphere of 
mustard. One gram of soil suspension was suspended in 
9 ml of sterilised distilled water which gave a dilution of 
1:10 from which the dilution of 1:100, 1:1000, 1:10000 

were prepared. One ml of each dilution was transferred 
aseptically into sterilized Petri plates and poured with 
10-15 ml of melted Potato dextrose agar medium 
supplemented with ciprofloxacin. The plates were rotated 
by hand in a broad and slow swirling motion to disperse 
the soil suspension. Three Petri plates were provided for 

each dilution. Plates were incubated at 25 ± 1ºc for 5 
days. 
 
(ii) Morphological characterization of fungal isolates 

Fungi growing on plates were identified by observing its 
macroscopic (colour, texture, appearance and diameter of 

colonies) and microscopic (microstructures) 
characteristics by fungal staining (K.R. Aneja, 1993). 
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(iii) Measurement of growth rate of fungal isolates by 

colony diameter method 

Melted Potato dextrose agar media supplemented with 
ciprofloxacin was poured in sterile Petri plates. Agar 

discs of pure culture of each fungal isolate was 
inoculated aseptically at the center of solidified Petri 
plates. Three replicates of each observation were 
prepared. The plates were incubated at 25 ± 1ºc in an 
inverted position for 5 days. 
 

(iv) Measurement of growth rate of fungal isolates by 

dry mycelial weight method 

Potato dextrose broth supplemented with ciprofloxacin 
was prepared. Agar discs of pure culture of each fungal 
isolate was inoculated aseptically into flasks containing 
broth then were incubated into shaker at 25 ± 1ºc for 10 

days. Three replicates of each observation was prepared. 
After 10 days of incubation mycelial mat of each isolate 
was filtered through a pre-weighed Whattman No.1 filter 
paper which were dried at 80ºc for 24 hours and were re-
weighed. 
 

(v) Effects of temperature on growth of fungal 

isolates 

Melted Potato dextrose agar media supplemented with 
ciprofloxacin was poured in sterile Petri plates. Agar 
discs of pure culture of each fungal isolate was 
inoculated at the center of each solidified plate and then 

the plates were incubated at different temperature ranges 
(0, 5, 15, 25 and 35°c) for 5 days. 
 
(vi) Effects of pH on growth of fungal isolates 

Melted Potato dextrose agar media supplemented with 
ciprofloxacin was adjusted with different pH ranges (2, 

4, 6, 8 and 10) and was poured in sterile Petri plates. 
Agar discs of pure culture of each fungal isolate was 
inoculated at the center of each solidified plate of 
particular pH and then the plates were incubated at 25 ± 

1ºc for 5 days. 
 
(vii) Analysis of phosphate solubilization by fungal 

isolates 
Melted Pikovskaya's medium was poured in sterile Petri 
plates. Agar discs of pure culture of each fungal isolates 

was inoculated at the center of each solidified plate and 
then the plates were incubated at 25 ± 1ºc for 5 days. 
 
(viii) Antifungal sensitivity of fungal isolates 
Antifungal sensitivity was performed by Poisoned Food 
Technique (Nene and Thapliyal 1993). 0.05% solution 

of each commercially available antifungal drug (nystatin, 
griseofulvin, ketocip and fluconazole) was prepared. 
Melted Potato dextrose medium supplemented with 
ciprofloxacin was mixed separately with 100μl of each 
antifungal solution and was poured in sterile Petri plates. 
A disc of each fungal isolate was aseptically inoculated 

at the center of solidified plates of each antifungal drug. 
The plates were incubated at 25 ± 1ºc for about 5 days. 
PDA plates supplemented with ciprofloxacin inoculated 
with each isolate were used as control. 
 

RESULTS 

(i) Isolation and enumeration of rhizospheric 

mycoflora 

Total fungal colonies were observed and enumerated 
after 5 days of incubation from mustard rhizosphere soil 
sample. Number of colonies decreases as dilution 
increases (Table:1). 

 

Table 1: Enumeration of rhizosphere mycoflora from mustard. 

S.No. Sample Dilution 
Dilution 

factor 
Mean  S.E. 

Colony 

Forming Unit 

1. 

Mustard 
rhizosphere 

10
-1

 10
1
 33  0.471 33×10

1
 

2. 10
-2

 10
2
 25  1.699 25×10

2
 

3. 10
-3

 10
3
 9  1.413 9×10

3
 

4. 10
-4

 10
4
 3  0.471 3×10

4
 

 Each result is the mean of 3 replicates  the standard error. 

 

(ii) Morphological Characterization 

All isolates were identified and characterized on the 
basis of Fungal stain (Lactophenol Cotton Blue). In this 

study it was found that Trichoderma and Aspergillus and 
was dominant in mustard rhizosphere. (Table:2). 

 
Table 2: Morphological characteristics of fungal isolates from mustard rhizosphere. 

S.No.  Fungi 
 Morphological characteristics 

 Colour  Shape Mycelium  Fruiting body shape 

1. Trichoderma 
White to green 
colonies 

Phialides shape 
Non-
septate 

Conidia in balls 

2. Aspergillus 

Greenish blue, 

black or green 
colonies 

Conidiophore 

arising from a foot 
cell 

Septate 

Basipetal conidia on 

phialides and 1 or 2 
series on vesicles 
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(iii) Measurement of growth rate of fungal isolates by 

colony diameter method 

Growth of fungal isolates was measured as per day 
growth in their colony. After 5 days of incubation, it was 

observed that Trichoderma grew at faster rate than 
Aspergillus (Table:3) and (Fig: 1). 

 
Table 3: Measurement of growth rate of fungal isolates by colony diameter method. 

S.No. Fungi 

Colony Diameter (mm) 

Days of incubation 

Growth rate 

(mm/day) 

(Mean ± S.E.) 1 2 3 4 5 

1. Trichoderma 18 27 35 43 50 34.6 ± 6.54 

2. Aspergillus 11 12 15 19 22 15.8 ± 2.41 

 

 
Fig. 1: Graph showing growth rate (mm/day) of fungal isolates by colony diameter method. 

 
(iv) Measurement of growth rate of fungal isolates by 

dry mycelial weight method 

Dry mycelial weight of fungal isolates was measured 
after 10 days of incubation. Maximum growth rate was 
observed in Trichoderma (Table:4) and (Fig:2). 

 

 

 

Table 4: Measurement of growth rate of fungal isolates by dry mycelial weight method. 

S.No. Fungi 
Dry mycelial weight(g) 

(Mean ± S.E.) 

Growth rate 

(g/day) 

1. Trichoderma 0.569 ± 0.038 0.0569 

2. Aspergillus 0.388 ± 0.011 0.0388 

 Each result is the mean of 3 replicates  the standard error. 

 

 
Fig 2: Graph showing growth rate (g/day) of fungal isolates by dry mycelial weight method. 
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(v) Effect of temperature on growth of fungal isolates 

It was observed that all the isolates were able to grow at 
extreme temperatures (35ºC). Hence, they are 

Mesophiles. Maximum growth of Trichoderma and 
Aspergillus was observed at 25ºC (Fig.:3). 

 

 
Fig. 3: Graph showing effect of temperature on growth of fungal isolates . 

 
(vi) Effect of pH on growth of fungal isolates 

Maximum growth of Trichoderma and Aspergillus was 
observed at 4and 10 pH, hence they are Acidophiles and 

Alkalophiles respectively(Fig.: 4). 

 
 

 

 
Fig. 4: Graph showing effect of pH on growth of fungal isolates. 

 
(vii) Analysis of phosphate solubilization by fungal 

isolates 

Clear zones were observed only around the Trichoderma 

and Aspergillus. Hence they are able to solubilize 
phosphate (Table:5). 

 

 

 

Table 5: Analysis of phosphate solubilization by fungal isolates. 

S.No. Fungi Phosphate solubilisation 

1. Trichoderma + 

2. Aspergillus + 

(-) = Nil. 
 

(viii) Antifungal sensitivity of fungal isolates 

During the study of antifungal sensitivity of isolates, it 
was observed that maximum inhibition of isolates was 
obtained with nystatin (Table:6 and Fig.: 5). 
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Table 6: Antifungal sensitivity of fungal isolates. 

S.No. Fungi 
% Mycelial growth inhibition 

Nystatin Fluconazole Griseofulvin Ketocip 

1. Trichoderma 100 50.8 48.5 57.8 

2. Aspergillus 100 46.8 100 100 

 Each reading is an average growth of 5 days. 
 

 
Fig. 5: Graph showing antifungal  sensitivity of fungal isolates. 

 
DISCUSSION 

Soil can be defined as a natural medium for plant growth 
composed of minerals, organic materials and living 
organisms. The present study describes mycoflora of 
rhizosphere of mustard (Brassica sp.).  

 
Shivpuri and Mali (2009) isolated five Trichoderma 
spp. from rhizospheric soil of mustard. Similarly in 
present study Trichoderma and Aspergillus were 
abundant in Mustard rhizosphere. Temperature is a vital 
factor to manipulate the fungal growth (Woo et al., 

2006). Therefore, effect of temperature on the growth of 
fungal isolates was evaluated in order to determine the 
most suitable temperature for their growth. In the present 
study, maximum mycelial growth of Trichoderma and 
Aspergillus was observed at 25°c. Similarly Pandey et 

al., (2001) observed that Trichoderma species prefer a 

mesophilic temperature range (15 to 35°c). The optimum 

temperature for growth differs among the Trichoderma 
isolates; although most Trichoderma strains are 
mesophilic (Kredics et al., 2003). Aspergillus species 

showed good growth at higher temperature (41°c) and 
was categorized in xerophilic fungi (Cabrera et al., 

2005). Kapri and Tewari (2010) isolated 14 strains of 

Trichoderma spp. which were able to solubilize 
tricalcium phosphate with varying potential. Similarly in 
present study it was observed that Trichoderma and 
Aspergillus were able to solubilize insoluble phosphate.  
 

CONCLUSION 

Rhizosphere contains lots of organic substrates which 
harbours a high count of microorganisms. The loss of 
organic materials from roots provides the energy for the 
development of active fungal population in the 
rhizosphere around the root. From the present study it 

was concluded that Trichoderma and Aspergillus are 
dominant in mustard (Brassica sp.) rhizosphere. It was 
observed that Trichoderma and Aspergillus are able to 
solubilize phosphate, hence they are beneficial for plants.  
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