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Thirty-four roots and rhizospheric soil samples of seven kharif and eight rabi season crops were 
collected from different areas of the university farm. The percent Arbuscular mycorrhizal (AM) fungal 
infection in different crops ranged from 0 to 100%. Maximum AM fungal colonization (100%) was found 
in cowpea, chickpea and pea and minimum in urdbean, soybean, barley and even in chickpea (20 to 
30%). Barley, tomato and few samples of mustard and wheat also did not show any AM fungal infection. 
The number of spores per 50 g of soil ranged from 0 to 925 in kharif season crops and 25 to 1150 in rabi 
season crops. Maximum number of AM fungi spores was found in the rhizospheric soil of sorghum with 
925 spores 50 gm

-1
 of soil and minimum in case of cotton with 25 spores 50 gm

-1
 of soil, while no 

spores were found in case of pigeonpea and urdbean field soils. In case of rabi crops maximum 
numbers of AM fungal spores were found in the rhizospheric soil of mustard and wheat with 1150 
spores 50 gm

-1
 of soil. On the basis of pattern of infection and spore morphology the AM genera 

identified was Glomus in kharif season crops and Glomus, Scutellospora, Acaulospora in rabi season 
crops. In few samples the external hyphae and clusters were identified as Glomus versiforme. The 
predominant genus identified was Glomus in university farm soils. 
 
Key words: Diversity, AM fungi, Glomus, Scutellospora, Acaulospora, Kharif crops, Rabi crops. 

 
 
INTRODUCTION 
 
Among the different types of mycorrhizae, arbuscular 
mycorrhiza is one of the most common and the most 
frequent endomycorrhiza all over the world. Arbuscular 
mycorrhizal (AM) fungi are non-pathogenic obligate 
symbionts. The establishment of symbiotic association of 
AM fungi with plant roots has many similarities to nodule 
formation in legumes by non-pathogenic rhizobia 
(Kawaguchi and Minamisawa, 2010). AM fungi have 
gained much importance in the field of agriculture as this 
play an important role in the capture of nutrients from the 
soil of all ecosystems. The main advantage of mycorrhiza 
is its greater soil exploration and increasing uptake of  
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P,N, K, Zn, Cu, S, Fe, Mg, Ca and Mn and the supply of 
these nutrients to the host roots (Javot et al., 2007; 
Sundar et al., 2010). The AM symbiosis confers 
resistance to the plant against abiotic stresses such as 
drought, salinity, metal toxicity and environmental 
stresses. AM fungal colonization of plant roots has also 
been suggested to increase plants tolerance to 
pathogens thereby acting as a biocontrol agent (Azcon-
Aguilar and Barea, 1996; Chhabra et al., 1992) . The 
AM fungi belong to phylum Glomeromycota which 
includes more than 10 genera namely: Glomus A, 
Glomus B, Gigaspora, Acaulospora, Sclerocystis, 
Scutellospora, Enthrophospora, Archaeospora, 
Diversispora, Paraglomus, Pacispora (Robinson-Boyer et 
al., 2009). 
   AM fungi are worldwide in distribution. Agricultural 
management practices,  environmental  conditions  might  



4558         Afr. J. Microbiol. Res. 
 
 
 
affect AM fungal communities both qualitatively and 
quantitatively (Miller et al., 1995; Sieverding, 1990). The 
practices such that crop rotation, fertilization, and tillage 
affect the composition and diversity of AM fungal 
communities as well as spore and mycelium densities 
and extent of infection in roots in temperate and tropical 
agroecosystems (Jansa et al., 2002; Oehl et al., 2003; 
Sieverding, 1990). The natural occurrence of AM fungi 
in the soils is affected by soil ecological and 
environmental factors and its distribution is more closely 
related to host plant, soil structure and environmental 
conditions than to the competition by other AM fungal 
species. AM fungi are practically present in all soils and 
associated with a great variety of plants of different 
taxonomic groups. Originally medicinal plants and plants 
belonging to family Crucifereae were reported to be non-
mycorrhizal due to the presence of various secondary 
metabolites However, AM fungal colonization of these 
plant roots are now reported (Facelli et al., 2009; Mohan 
et al., 2005). 
    It is possible to identify individual Glomeromycotan 
fungi by recognising characteristic root morphology 
patterns in roots (Abbott, 1982). Identification of 
endophytes within roots is important for the development 
of AM fungal inoculants of the most prevalent AM fungus 
identified. It is also possible to identify Glomeromycotan 
fungi by colonization patterns in roots, but it is difficult to 
separate species. Morphological features that are 
important include variations in vesicles (size, shape, wall 
thickness, wall layers, position and abundance), hyphal 
branching patterns, the diameter and structure of hyphae 
(especially near entry points). Another method commonly 
used to identify the AM fungus is based on the spore 
morphology, after retrieving the spores from soil (Abbott 
and Robson, 1991). Though molecular methods are also 
now available. Therefore for developing better inoculants 
of AM fungi, a better understanding of its distribution and 
characterization in agronomic crops is needed. Hence the 
present investigation was undertaken to study the 
distribution of AM fungi in different crops being grown in 
CCS Haryana Agricultural University farm soils during the 
different cropping seasons. 
 
 
MATERIALS AND METHODS 
 
Site description  
 
The CCS Haryana Agricultural University Hisar India, has an 
experimental farm of 994 ha and is located at a height of 200 m 
above sea level at a latitude 29°1’ N and at a longitude of 75° 46’ E. 
The soil is sandy loam with average soil pH 8.0 to 8.3 (H2O 1:2); 
organic C 0.36 to 0.39%; electrical conductivity 0.4 to 0.6 dS m–1 
(H2O 1:2); total N 0.052 to 0.59% and phosphorus (Olsen) 8 to 12 
ppm. Three distinct seasons are recognized in a year are summer 
(March to June) is hot and dry, rainy season(June to September) is 
warm and wet and winter(October to February) is cool and dry. The 
area receives annual rainfall less than 500 mm mostly during 
monsoon period (June to September). The summer temperature 
ranges between 25 to 48°C  and  winter  temperatures  from-  02  to  

 
 
 
 
30°C. 
 
 
Collection of roots and rhizospheric soil samples from 
university farm 
   
Roots and rhizospheric soil samples were collected from six 
different squares of the university farm where kharif season crops 
namely: cowpea (Vigna sinensis), pigeonpea (Cajanus cajan), 
urdbean (Phaseolus mungo), cotton (Gossypium hirsutem and G. 
arboreum), soybean (Glycine max), sesame (Sesamum indicum), 
castor (Ricinus communis), sorghum (Sorghum bicolor) were 
growing, during rabi season crops namely: wheat (Triticum, 
aestivum), mustard (Brassica juncea), chickpea (Cicer arietinum), 
barley (Hordeum vulgare), tomato (Lycopersicon esculentum), oat 
(Avena sativa), methi (Trigonella foenum-graecum L.), pea (Pisum 
sativam) were growing in different areas of the university farm.  
 
 
Assessment and identification of AM fungal infection in roots 
      
Improved procedure (Phillips and Hayman, 1970) for clearing root 
and staining AM fungi for rapid assessment of infection was 
adopted. For this the root system was cut into 1cm segments, 
heated at 90°C for 10 min in 10% KOH. The contents were cooled 
and KOH was neutralized by addition of 1% HCl. After washing the 
roots with tap water, roots were stained with 0.5% trypan blue in 
lacto glycerol (lactic acid: glycerol: distilled water 40:40:20) solution 
for 30 min. After decanting the dye, roots were distained by the 
addition of lacto glycerol solution without dye. Roots segments were 
mounted on slides for microscopic examination (100 × 
magnification) and a minimum of 10 segments were observed for 
each treatment. Then percentage of infected segments was 
calculated. 
 

 
 
Quantification and identification of AM fungal spores in soil 
 
Mycorrhizal spores were obtained by wet sieving and decanting 
technique (Gerdemann and Nicolson, 1963). For quantification of 
spores 50 g of soil was added to 300 ml of water and supernatant 
was decanted through a set of sieves and mycorrhizal spores were 
retained on the finest sieve. The material on the finest sieve was 
washed with water and spore suspension was then taken on a slide 
in 1cm area and examined under 100 × magnification of 
microscope to study spore morphology and their colour. Using 
morphology and colouration of the spores, different AM fungal 
genera in the present study were identified up to generic level using 
the taxonomic keys of http://invam.caf.wvu.edu and Schenck and 
Perez (1990). 

 
 
RESULTS 
 
Ten samples from seven kharif crops from six different 
squares of the university farm were collected and were 
studied for the assessment of presence of native AM 
fungi in roots. Ten stained root segments were picked 
and a total of 50 observations for each sample were 
taken. On this basis the per cent AM fungal colonization 
was calculated. The per cent AM fungal colonization 
ranged from 20 to 100% in kharif season crops (Table 1).  

                        No. of mycorrhizal infected root segments 

Percent mycorrhizal infection = ––––––––––––––––––––––––––––––––––  × 100 

         Total no. of root segments scored 

http://www.springerlink.com/content/?Author=Evelina+Facelli
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Table 1.Diversity of AM fungi in the rhizosphere and roots of Kharif crops being grown in the university farm. 
 

Square and field number Crop  
Percent AM fungal 

colonization 

AM fungal spore Identification of AM fungal genera based on 

Colouration Number 50 g-1 soil Infection in root Spore morphology 

56/2 Urdbean (Phaseolus mungo)  80 - 0 Glomus ----- 

       

56/3 Cotton Desi (Gossypium hirsutem)  80 

Light brown 225 

Glomus Glomus Black 600 

White 100 

       

56/3 Narma (Gossypium .arboreum)  70 
Black 25 

Glomus Glomus 
White 650 

       

58/11 Castor (Ricinus communis)  50 
Light brown 325 

Glomus Glomus 
Black 625 

       

81/12 Sesamum(Sesamum indicum)  70 

Light brown 425 

Glomus Glomus Black 475 

White 525 

       

91/1 Pigeonpea (Cajanus cajan)  50 - 0 Glomus ----- 

       

91/6 Soybean (Glycine max)  30 
Light brown 550 

Glomus Glomus 
Black 350 

       

92/8 Urdbean   20 
Black 875 

Glomus Glomus 
Light brown 775 

       

104/1 Cowpea(Vigna sinensis)  100 
Black 50 

Glomus Glomus 
Light brown 50 

       

104/2 Sorghum (Sorghum bicolor)  70 Light brown 750 Glomus Glomus 

 
 
 
Maximum AM fungal colonization was found in 
cowpea (100%) followed by urdbean and cotton 
(80%). The minimum AM fungal colonization in 
roots was found in urdbean when sampled from 
another   square   of   the   university    farm    and 

soybean with 20 and 30% respectively. 
The type of native AM fungal infection in roots of 

kharif  crops was observed and patterns of 
infection was assessed to identify the AM fungal 
genera distributed in the soils. Glomus type of AM 

fungal infection pattern was observed in all the 
samples from kharif season crops(Table 1). 
Although different AM fungal infection patterns 
were observed in case of Glomus. In case of 
castor and urdbean, the  AM  fungal  hyphae  after
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Figure 1. The colonization of roots by arbuscular mycorrhizal fungi with infection similar to Glomus type (a) 
Intercellular hyphae and arbuscules in the cortical cells of root. (b) A fungal hyphae penetrates a root forming hyphae 
and oval vesicles. (c) External hyphae growing in the vicinity of a root. 

 
 
 
entering into the roots formed highly branched structure 
known as arbuscules within the cortical cells (Figure 1a) 
and in case of cowpea, sesame and sorghum the AM 
fungal hyphae after entering into the roots formed oval 
shaped vesicles (Figure 1b) while in rest of the samples 
the external cluster of AM fungal hyphae was observed in 
vicinity of roots and was identified as Glomus versiforme 
(Figure 1c). 

The rhizospheric soil samples from all kharif crops 
(except urdbean and pigeonpea) contained AM fungal 
spores. The number of AM fungal spores ranged from 0 
to 925 spores 50 gm-1 of soil in kharif season crops 
(Table 1). Maximum number of AM fungi spores was 
found in the rhizospheric soil of sorghum with 925 spores 
50 gm-1 of soil and minimum in case of cotton with 25 
spores 50 gm-1 of soil, while no spores were found in 
case of pigeonpea and urdbean field soils. The 
colouration of AM fungal spores observed was light 
brown, black and white in rhizospheric soil samples from 
kharif crops (Table 1). 

The per cent AM fungal colonization in roots of rabi 
season crops ranged from 0 to 100% (Table 2). In 
chickpea colonization varied from 20 to 100%, while in 
wheat 0 to 80%, in mustard 0 to 70%, in barley 0 to 30%, 
in oat 40%, in pea 100% and in methi 50%. While no AM 
fungal colonization was observed in case of tomato. 

Along with the different patterns of infection by Glomus 
(Figure 1), very thick hyphal threads and lobulated 
vesicles with very fine hyphal threads were also observed 
in samples from rabi season crops. Very thick hyphal 
threads have been reported in Scutellospora (Figure 2a) 
and lobulated vesicles with very fine hyphal threads have 
been reported in Acaulospora (Figure 2b) type. So three 
AM fungal genera Glomus, Scutellospora and 
Acaulospora were observed in samples from rabi season 
crops (Table 2). 

However, AM fungal genera Scutellospora were 
observed in wheat, mustard, chickpea and oat and 
Acaulospora in barley only. While in rest of the  AM  fungi 

infected roots of rabi crops, AM fungal genus Glomus 
type infection pattern was observed. In case of wheat and 
in all samples of mustard (except two samples) no AM 
fungal infection was observed (Figure 2c). 

The number of AM fungal spores ranged from 25 to 
1150 spores 50 gm-1 of soil in rabi season crops (Table 
2). Maximum numbers of AM fungal spores were found in 
the rhizospheric soil of mustard and wheat with 1150 
spores 50 gm-1 of soil and minimum in case of mustard 
with 25 spores 50 gm-1 of soil. The colouration of AM 
fungal spores observed was light brown, dark brown, 
black and white in rhizospheric soil samples from rabi 
season crops (Table 2). 

Again, based on spore’s morphology three AM fungal 
genera spores Glomus, Scutellospora and Acaulospora 
were identified in rhizosphere of rabi season crops 
(Figure 3 and 4). However, Glomus was found to be 
predominant genus in the rhizospheric soil of rabi season 
crops. 
 
 
DISCUSSION 
 
Most of the kharif and rabi season crops have shown the 
colonization of AM fungi. However, the percentage of AM 
fungal colonization of plant roots differed significantly in 
kharif and rabi season crops, within a field. AM fungal 
root colonization varied from crop to crop, season to 
season and field to field. Such type of variation in root 
colonization has been reported elsewhere by other 
workers in different crops like five crop species belonging 
to Family Gramineae (Yeasmin et al., 2007), in 
Eucalyptus camaldulensis in a semi arid part of Brazil 
(Pagano and Scotti, 2008) and in mungbean and 
soybean (Hindumathi and Reddy, 2011), in medicinal 
plants (Sundar et al., 2011) and in rice cultivars 
(Bhattacharjee and Sharma, 2011; Dubey et al., 2008). 
Soil factors may be responsible for the different 
colonization rate between sites since  it  was  reported  to  

 

    

                a                                       b                             c 
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Table 2. Diversity of AM fungi in the rhizosphere and roots of Rabi crops being grown in the university farm. 
 

Field number Crop  
Percent AM 

fungal infection 

AM fungal spore Identification of AM fungal genera based on 

Colouration Number 50 g-1 soil Infection in root Spore morphology 

45/9 Mustard(Brassica juncea) 0 
Light brown 75 

----- 
Glomus 

Black 550 Scutellospora 

       

45/10 Wheat(Triticum, aestivum) 50 
Light brown 200 

Scutellospora 
Glomus 

Black 800 Scutellospora 

       

50/2 Tomato (Lycopersicon esculentum) 0 

Light brown 300 

---- 
 

Glomus 
Black 600 

White 375 

       

50/22 

 
Methi (Trigonella foenum-graecum L.) 50 

Light brown 75 
Glomus 

Glomus 

Black 175 Scutellospora 

       

59/6-1 Mustard 0 
Light brown 75 

---- Glomus 
Black 475 

       

59/6-2 Mustard 0 
Light brown 25 

---- 
Glomus 

 Black 175 

       

59/7-1 Mustard 0 

Light brown 475 

---- 

 

Glomus 

 

Black 225 

White 1150 

       

59/7-2 Mustard 0 
Light brown 825 

---- 
Glomus 

 Black 1125 

       

70/5 Mustard 0 
Dark brown 100 

----- 
Glomus 

Black 25 Scutellospora 

       

70/8 Barley(Hordeum vulgare) 30 
Light brown 100 

Acaulospora 
Glomus 

Black 825 Acaulospora 

70/10 Wheat 0 

Light brown 775 

----- 

Glomus 

Black 1150 
Scutellospora 

White 725 
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77/4B Barley  0 

Light brown 425 

---- 

Glomus 

Acaulospora Black 225 

White 650  

       

77/5A Wheat 80 
Light brown 125 

Glomus 
Glomus 

Acaulospora Dark brown 100 

       

77/6A Wheat 60 
Light brown 50 

Glomus 
Glomus 

Acaulospora Dark brown 50 

       

81/6-1 Mustard  60 Black 100 Scutellospora Scutellospora 

       

81/6-2 Mustard  70 

Light brown 450 

Glomus 
Glomus 

Scutellospora 
Black 

White 

525 

275 

       

90/10 Oat (Avena sativa) 40 
Light brown 250 

Scutellospora 
Glomus  

Scutellospora  Black 225 

       

92/1 Pea (Pisum sativam)  100 
Light brown 725 

Glomus Glomus 
Black 925 

92/2-1 Chickpea (Cicer arietinum) 90 
Light brown 575 

Glomus Glomus 
Dark brown 775 

       

92/2-2 Chickpea  100 
Light brown 675 

Glomus Glomus 
Dark brown 900 

       

92/2-3 Chickpea  20 
Light brown 625 

Glomus Glomus 
Dark brown 525 

       

92/2-4 Chickpea  80 Black 275 Glomus Glomus 

       

92/2-5 Chickpea  60 
Light brown 350 

Glomus 
Glomus 

Scutellospora Black 600 

       

92/2-6 Chickpea  50 Light brown 25 Scutellospora Glomus 
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   Black 175  Scutellospora 

       

105/6 Mustard  0 
Light brown 675 

----- 
Glomus 

Black 350 Scutellospora 

 
 
 

 
 

Figure 2. The colonization of a root by arbuscular mycorrhizal fungi with infection similar to 
Scutellospora type (a) and similar to Acaulospora type (b) and root without arbuscular 
mycorrhizal fungal infection/ colonization (c). 

 
 
 

 
 

Figure 3. AM fungal spores isolated from different soil samples by wet sieving procedure which is of Glomus type. 

 
 
 
be a likely factor that affects root colonization 
(Brundrett, 2002). Agricultural practices are also 
known to  affect  AM  fungal  community  structure 

and as such low spore densities and 
mycorrhization have been reported (Nehl et al., 
1998). It is quite possible that the use of chemical 

inputs such as pesticides effect of low oxygen 
levels and high salinities can be possible reasons 
for the apparent lack of AM fungi in few soils.  

 

   

  a        b         c 
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Figure 4. AM fungal spores isolated from different soil samples by wet sieving procedure which is of Acaulospora type (a and b) 
and of Scutellospora type (c). 

 
 
 

Further, in the present study AM fungal colonization in 
two samples of mustard with 60 and 70% of root 
colonization was observed whereas in other mustard 
samples no AM fungal colonization was observed. This 
may be because some species of non host plants 
belonging to families Chenopodiaceae and Brassicaeae 
can become minimally colonized by AM fungi in presence 
of host plants (Douds and Millner, 1999; Facelli et al., 
2009; Mohan et al., 2005; Nielson et al., 1998). Though 
highest AM fungal spore population was reported in the 
rhizosphere of Brassicaeae but attempts to observe root 
infection were not made in the soils of Haryana 
(Bhardwaj and Dudeja, 1998). 

AM fungal population studies are usually limited to 
determination of spore density in a given soil. Spore 
separation using a wet sieving method is one of the 
easiest and most frequently used procedures to examine 
the presence of AM fungi in soil. Results from the spore 
enumeration analysis revealed variations in spore 
density. The number of AM fungal spores ranged from 0 
to 925 and 25 to 1150 spores 50 gm-1 of soil in kharif 
and rabi season crops respectively apparently no 
difference in number of spores in two seasons was 
observed. Contrary to this, the number of AM fungal 
spores or propagules has been reported to be more in 
spring and kharif crops as compared to winter or rabi 
crops (Hindumathi and Reddy, 2011; Miller and Jackson, 
1998). The high variability in spore density between the 
different crops may be as a result of different ecological 
factors, which include soil fertility and plant species (Kurle 
and Pfleger, 1994; Miller and Jackson, 1998). De Oliveira 
and De Oliveira (2005) concluded that AM fungi 
sporulation is seasonal, dependent on soil moisture and 
other soil factors.  

No correlation between the numbers of AM fungi spore 
in university farm soils was observed with the percentage 
root colonization in crops. Similarly other workers were 

also unable to get positive correlation of spore number 
with per cent AM fungal colonization (Kurle and Pfleger, 
1994; Oehl and Sieverding, 2004).  

All type of AM fungal genera were not detected in the 
rhizosphere of kharif and rabi season crops in the 
University farm soils. Based on the pattern of AM fungal 
infection in stained roots and on basis of spore 
morphology three AM fungal genera were identified. Only 
one AM fungal genus Glomus was present in kharif and 
three genera Glomus, Acaulospora and Scutellospora 
were present in rabi season crops being grown in the 
University farm soil. Elsewhere the study of AM fungi 
distribution in the rhizosphere of different crops showed 
the presence of 3 to 4 genera of AM fungi (Bhattacharjee 
and Sharma, 2011; Bhattacharya and Bagyaraj, 2002; 
Dubey et al., 2008; Facelli et al., 2009; Mohan et al., 
2005; Monoharachary et al., 2005; Muthukumar and 
Udaiyan, 2000; Sundar et al., 2011). In the present study 
Glomus was found to be the predominant genus in the 
University farm soils. This finding is supported by other 
workers also. Glomus was the most abundant genus in 
soybean rhizosphere (Hindumathi and Reddy, 2011; 
Khalil et al., 1992), mungbean (Hindumathi and Reddy, 
2011), and in the rhizosphere of grape vine and apple 
tree and in other crops (Binet et al., 2011; Facelli et al., 
2009; Ferrer et al, 1987; Kim and Kim, 1992; Sannazzaro 
et al., 2004). Similarly, Gupta and Ali (1990) found that 
species of Glomus were most abundant in soils of Raipur 
in the rhizosphere of plants belonging to family 
leguminoseae. The reports of earlier workers also 
revealed that Glomus is the dominant genus occurring in 
Indian soil (Bhattacharya and Bagyaraj, 2002; 
Muthukumar and Udaiyan, 2000). Monoharachary et al. 
(2005) reviewed the diversity of VAM fungi in India and 
stated that genus Glomus is ubiquitous in various 
ecosystems in India. The observations made by the 
earlier workers support our present findings. 

   

  a     b    c 



 
 
 
 

Glomus was observed to be predominant whereas 
Acaulospora was present only in few. One of the factors 
responsible for this may be pH of the soil. pH of Haryana 
Agricultural University soils ranged between 7.5 to 8.5 
and it is reported that soil pH affects vitality (Zhao et al., 
1990) and predominance of mycorrhiza (Schenck and 
Perez, 1990). Above pH 7.0 Glomus and below pH 5.0 
Acaulospora was the most predominant genera and 
occurrence of Acaulospora was very less at pH above 
7.0. The genus Glomus was present in all pH ranges of 
soil.  

The studies indicated vide AM fungal diversity in the 
rhizosphere of different crops being grown in the 
university farm during kharif and rabi season. Selection of 
Glomus genera, which was found to be predominant and 
present in all types of soils, in different season crops, 
could be a better inoculant for mass multiplication. Such 
inoculants will definitely prove much better then normally 
selected strains of AM fungi. 
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