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Flowering plants are found in all habitats around the world and 

comprise of about 80-90% of all plant species. Ornamental flowering plants 

are grown for their decorative flowers, or as house plants, for cut flowers and 

most commonly for display of their flowers. Flowers have a prominent place in 

our daily life as they are used in almost every occasion right from birth to 

death, social functions, gatherings, etc. They are seen in myriad of colours, 

shapes and sizes and add beauty to the garden. The cultivation of these 

plants i.e. floriculture forms a major branch of horticulture. Floriculture in the 

form of cut flowers and bouquets is getting more and more attention.  

 

India is an agricultural country and therefore floriculture as an industry 

can offer lot of opportunities for sustainable employment and economic 

growth in our country. In case of agriculture and floriculture in particular, India 

has favourable cultivable land available as vast and huge infrastructure with 

suitable climatic conditions and large manpower. In earlier days floriculture 

had only aesthetic value but now it has made its place in the market and is 

known as commercial floriculture. World floriculture market has developed 

many folds and has reached to the level of billions of dollars in last few 

decades and is growing. As on 2004, 74,000 hectares of land was under 

floriculture and annual production of loose flowers was estimated at 4.6 lakh 

tonnes and cut flowers were 11 crores in number. Presently world flower 

market is $ 4 billion. The world trade data of flowers shows that the 

developing countries produce more than 20% whereas Indian contribution in 

floriculture is not been more than 0.5% of the world transaction 

(http://www.iiem.com/em/floriculture/chapter2.html). Floriculture is considered 

http://www.iiem.com/em/floriculture/chapter2.html


 

19 
 

as the latest addition to the commercial economy of the agriculture sector and 

is developing with its entire potential world over and also in India. Proper 

planning can help the floriculture sector to become the biggest contributor for 

agro based economy of our country. It can contribute a lot in creating job 

opportunities for our qualified human resource and become a very popular 

commercial activity in the coming years. Therefore, besides plant growers or 

farmers, floriculture has attracted attention of several researchers. Realizing 

the potential of floriculture industry in the coming years, large investment in 

this sector has been done in India. It is essential to improve floriculture 

production technology and infrastructure with modern and latest technical 

practices. Biotechnological methods can significantly help farmers to improve 

quality, widen the assortment and decrease the price of cultivated flowering 

plants. 

 

In nature great diversity of fungi form associations among which 

Arbuscular Mycorrhizal (AM) fungi of the phylum Glomeromycota are the 

important symbiotic organisms of most terrestrial plants with respect to 

agriculture and plant productivity (Parniske, 2008; SchŤɓler et al., 2001). In 

natural habitats and in an ecologically meaningful time span these 

associations have evolved to improve the fitness of both plant and fungal 

symbionts (Johnson et al., 1997). The AM fungi are an important component 

of the soil microbial biomass. The mutualistic relationship between AM fungi 

and host plants has traditionally been studied in terms of the benefits to 

individual plants and fungi (Francis and Read, 1995; Smith and Smith, 1996). 

These fungi aid the host plant in obtaining certain nutrients from the soil, and 
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are in turn provided with carbon and energy in the form of carbohydrates by 

the plant. These interactions depend on a fungal species successfully 

colonizing and living in or on the roots of a plant. The beneficial effects of AM 

fungal association are attributed to the growth promoting aspects in many 

situations particularly in infertile soils, where mycorrhizal plants grow better 

than non-mycorrhizal plants (Gerdeman, 1968; Mosse, 1973). When the soil 

conditions are suitable, the fungal spores germinate and through some signal 

communications which are somewhat similar to the signal exchange process 

between the rhizobia and legumes (Miransari and Smith, 2007, 2008, 2009) 

begin their symbiosis with the host plant (Boglárka et al., 2005) by entering 

the root tissue and forming special structures called vesicles and arbuscules. 

Due to their extramatrical hyphae, mycorrhizal roots can explore more soil 

volume than non-mycorrhizal roots (Malcova et al., 2003; Sawaki and Saito, 

2001). These fungi play a significant role in improving absorption and 

translocation of nutrients, and therefore aids in increasing the supply of slowly 

diffusing ions such as phosphate (P) to the plant (Valentine et al., 2001; 

Ortas, 2003; Smith and Read, 2008). Though P uptake usually dominates 

consideration of the AM association, they also help in the uptake of other 

nutrients by the host plant. Zinc (Zn) nutrition is most commonly reported as 

being influenced by the AM association, though uptake of copper (Cu), iron 

(Fe), nitrogen (N), potassium (K), calcium (Ca) and magnesium (Mg) is also 

enhanced (Smith and Read, 1997; Clark and Zeto, 2000, Perner et al., 2007). 

In some cases, the availability of these nutrients controls the symbiosis 

initiation (Ryan and Angus, 2003). They also enhance plant uptake of N from 
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organic sources (Hodge et al., 2001) but still more work is required to fully 

understand the mechanisms involved (Read and Perez-Moreno, 2003).  

 

Other benefits rendered by AM association to the host plant includes 

improved water relations (Allen et al., 1981; Allen and Allen, 1986; Augé, 

2004), enhanced uptake of micro-nutrients (Faber et al., 1990; Kothari et al., 

1991), increased resistance to foliar-feeding insects (Sharma et al., 1992; 

Gange and West, 1994; Rabie, 1998; Gernns et al., 2001) improved drought 

resistance (Augé et al., 1994), increased resistance to soil pathogens (Dehne, 

1982; Jalali and Chand, 1988; Abdel-Fattah and Mankarios, 1995; Newsham 

et al., 1995a; Abdalla and Abdel-Fattah, 2000; Lingua et al., 2002; Pozo et al., 

2002) and increased tolerance of salinity and heavy metals (Shetty et al., 

1995; Diaz et al., 1996; Al-Karaki et al., 2001; Feng et al., 2002; Mohammad 

et al., 2003). In addition AM fungi are also known to improve soil structure 

(Tisdall and Oades, 1979; Degens et al., 1996). The hyphae extend from root 

surfaces into the surrounding soil, binding particles and increasing micro- and 

macro-aggregation (Augé, 2001) and interact with other rhizosphere 

microorganisms including free living N fixing bacteria and general plant growth 

promoting rhizobacteria (PGPR) to the benefit of host plant (Requena et al., 

1997; Biró et al., 2000; Requena et al., 2001; Bending, 2007; Richardson et 

al., 2009).  

 

Modern agricultural practices such as fertilization, biocide application 

and monoculture affect the community composition and diversity of AM fungi 

(Douds and Millner 1999; Johnson, 1993; Oehl et al., 2004). In general, these 
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agricultural practices are known to have negative impacts on AM association. 

Management practices typical of conventional high input systems, particularly 

P fertilizer application and the use of biocides are known to be deleterious to 

AM fungal symbiosis (Bagyaraj et al., 1989; Kabir et al., 1998; Miller and 

Jackson, 1998; Thingstrup et al., 1998).  

 

Organic farming systems help to improve sustainability of agricultural 

production by reducing external inputs to a minimum with high crop yields. 

Crop pests and diseases are controlled through diverse rotations, while crop 

nutrition is maintained through the inclusion of legumes in the rotation and 

recycling of nutrients via crop residues and animal manures (Watson et al., 

2002; Lotter, 2003). Once the nutrients are used up from soil they cannot be 

recycled. This results in declining of soil fertility mainly in terms of soil P and K 

(Loes and Ogaard, 2001; Gosling and Shepherd, 2005). Arbuscular 

Mycorrhizal fungi are important for organic farming (Powell and Bagyaraj, 

1984; Gosling et al., 2006). Few horticultural crops and flowers have been 

used as host plants in several experimental tests as potential target plants for 

practical use of mycorrhizal inoculation (Chang, 1994; Lovato et al., 1995; 

Ġr§mek et al., 2000). Strong AM colonization allow adequate crop P nutrition 

at a lower concentration of extractable soil P than would otherwise be the 

case, a useful attribute for organic systems with limited P inputs, but many 

other agricultural practices are detrimental to AM fungi (Gosling et al., 2006). 

As a result of which agricultural soils become impoverished with AM 

communities, resulting in low levels of AM colonization of hosts with potential 

impairment of function (Helgason et al., 1998). Practices which are 
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detrimental to AM fungi such as application of soluble P fertilizers are avoided 

in organic systems and as a result are likely to exhibit increased levels of 

mycorrhizal colonization in crops and increased numbers of propagules in the 

soil. However, so far the results published are contradictory, some suggesting 

a benefit from organic farming (Ryan et al., 1994; Eason et al., 1999; Mäder et 

al., 2000; Galvez et al., 2001; Oehl et al., 2003; Entz et al., 2004; Oehl et 

al.,2004; Galván et al., 2009), while some with no benefit (Galvan et al., 

2009).  

 

Although AM association is known to offer multiple benefits to the host 

plant it may not be obviously mutualistic at all times. The AM fungi may cheat 

their host plant by deriving carbon without any benefit to the host plant. This 

can cause a decline in growth under certain conditions (Lerat et al., 2003). 

Colonization by AM fungi may result in increased uptake of one nutrient, but a 

reduction in another (Kothari et al., 1990), an effect which may be mediated 

by the concentration of other soil nutrients (Liu et al., 2000). A reduction in 

host plant manganese (Mn) absorption following AM fungal colonization is 

especially common, even where uptake of other nutrients has increased 

(Kothari et al., 1990; Azaizeh et al., 1995). When colonization by AM fungi is 

disrupted, uptake of P, growth and in some cases yield is significantly reduced 

(Thompson, 1987, 1991, 1994) and crops fail to respond to colonization by 

native AM fungi (Ryan et al., 2002). This is due to high concentration of 

available soil P (Hetrick et al., 1996; Thingstrup et al., 1998; Sorensen et al., 

2005) which is often known to decrease root colonization by AM fungi (Jensen 

and Jakobsen, 1980; Al-Karaki and Clark, 1999; Kahiluoto et al., 2001). 
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Where strong AM fungal colonization occurs under conditions of high soil P 

concentrations it may reduce crop growth (Kahiluoto et al., 2001). Even on 

soils low in available P plants sometimes fail to respond to native AM fungi 

(Ryan and Graham, 2002), or inoculation with AM fungi (Sainz et al., 1998), 

though colonization may be significantly increased, the reasons for which are 

not always clear. 

 

Importance of AM fungi for plant development and health is now widely 

demonstrated. Because of their role as bioregulators, biofertilizers and 

biocontrol agents, they represent potentially important tools for new 

orientations in agriculture where there is increasing demand for development 

of new plant management techniques that are less dependent on chemical 

inputs (Gianinazzi et al., 1995). These fungi have the potential to play a 

significant role in low input sustainable systems through enhanced nutrient 

acquisition and protection from soil borne pests and diseases, as well as 

through more generalised positive interactions with beneficial rhizosphere 

microorganisms and indirectly through enhancing nitrogen fixation by legumes 

and improved soil structure (Gosling et al., 2006). There are evidences 

suggesting that many of these beneficial effects are dependent on appropriate 

combinations of AM fungi, host plants and other soil microorganisms 

(Piotrowski et al., 2004; Dwivedi et al., 2009; Sikes et al., 2009). 

 

Adopting management practices to increase plant production with low 

fertilizer input will minimize adverse effects on the environment and keep 

production costs low, making it suitable for marginal farmers with low 
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incomes. Floriculture plants are mostly grown from seedlings and cuttings in 

disinfected soils or on inert substrates under controlled nursery conditions, to 

overcome the possibilities of microbial contamination. Arbuscular Mycorrhizal 

fungi are obligate endosymbionts and therefore, production of a large quantity 

of inoculum and inoculation of the soil under field conditions is difficult. The 

inoculation of seedlings with AM fungi under controlled nursery conditions 

presents an ideal opportunity to establish the symbiosis before transplanting, 

helping the plants in superior and stronger growth in the nursery, to survive 

the transplant and increasing plant performance after transplanting in field 

(Giananazzi et al., 2001; Ortas, 2008). Thus difficulty in producing a large 

amount of inoculum of AM fungi for agricultural practices can be easily 

overcome in floricultural crops, because inoculation can be carried out in 

seedlings or cutting beds, over a relatively small surface area. 

 

In spite of several evidences of AM fungi being an integral part of many 

cultivated plants and an essential component of soil fertility, their rational use 

in flower production is still not well developed. Production of ornamental 

species in nutrient-deficient soils is more difficult because these plants 

generally have a high fertilizer requirement. Such high fertilizer requirement 

tend to eliminate AM fungi and create the most promising conditions for 

application of mycorrhizal biotechnology. Preferential application of AM fungi 

to floriculture plants is necessary and realistic for their low cost and high 

economic output (Azcón-Aguilar and Barea, 1997). Plant growth responses to 

AM fungi varies with the host plant, endophyte and soil (Entry et al., 2002; 

Hart and Reader, 2002) and may be related to the timing and extent of AM 
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fungal colonization (Graham et al., 1991; Abbott and Gazey, 1994; Wilson and 

Hartnett, 1998). Colonizing ability and growth promoting effect of different AM 

species or even strains for a given plant in terms of plant growth (Linderman 

and Davis, 2004; Sensoy et al., 2007) and P uptake (Graham et al., 1982) are 

variable, indicating that not all AM fungi are functionally equivalent (Trent et 

al., 1993; Clark and Zeto, 1996; van der Heijden et al., 1998a, b). Few reports 

emphasized that maximum benefits to plants might be achieved with a single, 

most efficient AM  species, and indicated that mycorrhizal diversity would not 

bring further benefits (Daft and Hogarth, 1983; Edathil et al., 1996). Due to the 

beneficial effects of AM fungi to agricultural crops efforts are on throughout 

the world to exploit these microorganisms to increase the productivity. 

Screening of AM fungi for selecting suitable species is an important 

preliminary step for the use of AM fungi in the production of flowers.  

 

 The present study was carried out with the following aims and objectives:  

1. To study AM fungal root colonization in ornamental flowering plants 

commonly found in Goa.  

2. To isolate, multiply (using trap cultures) and identify spores of AM fungi 

from the rhizosphere soils of ornamental flowering plants. 

3. To investigate mycorrhizal status of ornamental flowering plants selected 

for the study as influenced by its phenology. 

4. To produce pure cultures of dominant AM fungal species and their mass 

multiplication. 

5. To evaluate the effects of the dominant AM fungal species on growth and 

flower quality in selected ornamental flowering plants.  
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Mycorrhizae are naturally widespread symbiotic associations between plants 

and soil borne fungi. They play a significant role in the land colonization by 

plants due to their ability to acquire nutrients unavailable to non-mycorrhizal 

individuals (Simon et al., 1993; Smith and Read, 2008). The term ñmycorrhizaò 

was coined by Frank (1885) by recognizing special structures in tree roots. 

The term ñmycoò means fungus and ñrizaò, root, which was later characterized 

as ectomycorrhiza (Kirk et al., 2001). The AM fungi colonize the plant roots 

during active plant growth and efficiently acquire nutrients for the plant, while 

the plant in return supplies the fungal symbiont with carbohydrates and thus in 

nature this plant-fungus symbiosis is mandatory. 

 

2.1 HISTORY OF MYCORRHIZA  

Arbuscular Mycorrhizal associations are about 450 million years old and have 

led to adaptations in both partners i.e. plants and fungi that consolidate their 

symbiotic development and function (Smith et al., 2003). According to the 

fossil record and molecular data, the origin of the AM symbiosis goes back to 

the Ordovician, 450ï500 million years ago (Remy et al., 1994; Redecker et 

al., 2000). Sequence data and fossils of spores and hyphae proves existence 

of AM fungi more than 460 mya, and it is assumed that AM symbiosis aided 

plants during their land colonization (Pirozynski, 1975; Simon et al., 1993; 

Redecker, 2000) in the acquisition of water and minerals, especially P (Simon 

et al., 1993). A number of bryophytes and pteridophytes are still capable of 

forming AM associations (Read et al., 2000; Schüɓler, 2000). Fossils of the 

earliest land plants in which AM fungi have been observed were found in the 

Rhynie chert of the lower Devonian (Remy et al., 1994). The ancient 

phylogenetic origin of the Glomales is confirmed by fossil findings, with 

http://en.wikipedia.org/wiki/Rhynie_chert
http://en.wikipedia.org/wiki/Devonian
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symbiotic structures within fossil roots from the Devonian (Remy et al., 1994; 

Taylor et al., 1995) and fossilized glomalean spores from the Ordovician 

(Redecker et al., 2000). Intra-radical mycelium was observed in root 

intracellular spaces and arbuscules were observed in the layer thin wall cells 

resembling palisade parenchyma. The fossil arbuscules were similar to those 

of existing AM fungi. The cells containing arbuscules have thickened walls, 

which are also observed in extant colonized cells (Remy et al., 1994). The 

nature of the relationship between plants and the ancestors of AM fungi is 

contentious. Two hypotheses suggest that: 

a. Mycorrhizal symbiosis evolved from a parasitic interaction that 

developed in   to a mutually beneficial relationship. 

b. Mycorrhizal fungi developed from saprobic fungi that became 

endosymbiotic.  

 

Both saprotrophs and biotrophs were found in the Rhynie Chert, but 

there is little evidence to support either hypothesis. There is some fossil 

evidence to suggest that the parasitic fungi did not kill the host cells 

immediately upon invasion, although a response to the invasion was observed 

in the host cells. This response may have evolved into the chemical signaling 

processes required for symbiosis. In both cases, the symbiotic plant-fungi 

interaction is thought to have evolved from a relationship in which the fungi 

was taking nutrients from the plant into a symbiotic relationship where the 

plant and fungi exchange nutrients (Remy et al., 1994). 

 

  

http://en.wikipedia.org/wiki/Mycelium
http://en.wikipedia.org/wiki/Parenchyma
http://en.wikipedia.org/wiki/Parasite
http://en.wikipedia.org/wiki/Saprobe
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2.2 CLASSIFICATION OF MYCORRHIZA  

Traditionally mycorrhizas were classified into two main types based on the 

formation of fungal structures in relation to the root tissues of the plant and 

referred as endomycorrhiza or ectomycorrhiza; ñectoò means outside the root, 

ñendoò means inside. The classical endomycorrhiza is the Arbuscular 

Mycorrhiza (AM) which is the most common underground association and the 

role of these below-ground soil organisms interacting with plant roots has 

gained increased attention in recent few years (Reynolds et al., 2003; van der 

Putten,  2003; Callaway et al., 2004). This classification was then regarded as 

too simplistic and there is now a nomenclature identifying four major types 

with the seven mycorrhizal types (Harley and Smith, 1983; Smith and Read, 

1997; Read, 1998) which are described as under:  

 

2.2.1 Ericoid mycorrhiza: Are mainly found in Erica, Calluna and Vaccinium 

i.e. plants growing in moorlands and similar challenging environments. These 

fungi are members of the Ascomycota e.g. Hymenoscyphus ericae. The 

plantôs rootlets are covered with a sparse network of hyphae; the fungus 

digests polypeptides saprotrophically and passes absorbed nitrogen to the 

plant host; under extremely harsh conditions the mycorrhiza may even 

provide the host with carbon sources (by metabolising polysaccharides and 

proteins for their carbon content). Two specialised subgroups may be 

separated out of the ericoid endomycorrhizal group:  

 

2.2.1.1 Arbutoid endomycorrhiza: Are the mycorrhizal associations formed 

by the plants belonging to the genus Arctostáphylos, Arbutus, Pyrola. 

http://www.world-of-fungi.org/Assets/Mostly_Mycology/Diane_Howarth/arbutoid.htm
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2.2.1.2 Monotropoid endomycorrhizas: Are the mycorrhizal associations 

formed by the achlorophyllous plants of the Montropaceae. 

 

2.2.2 Orchidaceous endomycorrhizas: Are similar to ericoid mycorrhizas 

but their carbon nutrition even is more dedicated to supporting the host plant 

as the young orchid seedling is non-photosynthetic and depends on the 

fungus partner utilising complex carbon sources in the soil and making 

carbohydrates available to the young orchid. All orchids are achlorophyllous in 

the early seedling stages, but usually chlorophyllous as adults, so in this case 

the seedling stage orchid can be interpreted as parasitising the fungus.  

 

2.2.3 Ectomycorrhizas: Are the most advanced symbiotic association 

between higher plants and fungi, involving about 3% of seed plants including 

the majority of forest trees. In this association the plant root system is 

completely surrounded by a sheath of fungal tissue which can be more than 

100 µm thick, though it is usually up to 50 µm thick. The hyphae penetrate 

between the outermost cell layers forming the Hartig net. From this a network 

of hyphal elements (hyphae, strands and rhizomorphs) extends out to explore 

the soil domain and interface with the fungal tissue of the root. They mainly 

belong to Basidiomycota and include common woodland mushrooms, such as 

Amanita spp., Boletus spp. and Tricholoma spp. Ectomycorrhizas can be 

highly specific eg. Boletus elegans associating with Larix and non-specific eg. 

Amanita muscaria associating with 20 or more tree species. In the other 

specificity direction, 40 fungal species are capable of forming mycorrhizas 

with pine. These fungi depend on the plant host for carbon sources, most 

http://www.world-of-fungi.org/Assets/Mostly_Mycology/Diane_Howarth/monotropoid.htm
http://www.world-of-fungi.org/Assets/Mostly_Mycology/Diane_Howarth/orchid.htm
http://www.world-of-fungi.org/Assets/Mostly_Mycology/Diane_Howarth/ectomycorrhizas.htm
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being uncompetitive as saprotrophs. They are unable to utilise cellulose and 

lignin except Tricholoma fumosum; but provides greatly enhanced mineral ion 

uptake for the plant and capture nutrients, particularly phosphate and 

ammonium ions, which the root cannot access. Host plants grow poorly when 

they lack ectomycorrhizas. This ectomycorrhizal group is reasonably 

homogenous thus a subgroup ectendomycorrhizas is been appended. 

 

2.2.3.1 Ectendomycorrhiza is a purely descriptive name for mycorrhizal 

roots that exhibit characteristics of both ectomycorrhizas and 

endomycorrhizas. Ectendomycorrhizas are essentially restricted to the plant 

genera Pinus, Picea and to a lesser extent, Larix. Ectendomycorrhizas have 

the same characteristics as ectomycorrhizas but show extensive intracellular 

penetration of the fungal hyphae into living cells of the host root. 

 

2.2.4 Endomycorrhizas: Are the one in which the fungal structure is present 

within the host root and are called as Arbuscular Mycorrhiza (AM). Plants 

which are able to form arbuscular mycorrhizas are taxonomically very diverse 

and belong to almost all phyla. The plant hosts of AM fungi are mostly 

angiosperms, some gymnosperms, pteridophytes, lycopods, and mosses 

(Smith and Read, 2008). The presence of AM in virtually all terrestrial habitats 

(Smith and Read, 1997; Brundrett, 2002, 2004) together with the hitherto 

comparatively small number of identified AM fungal taxa could indicate a high 

promiscuity among the fungal species, and it was long believed that most AM 

fungal species are able to form a successful symbiosis with most plant hosts. 

The symbiosis is characterized by a bidirectional nutrient transfer, the plant 

http://www.world-of-fungi.org/Assets/Mostly_Mycology/Diane_Howarth/ectendo.htm
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supplies the fungus with carbon and in return the plant gets nutrients in 

particular phosphorus (P) from the fungal symbiont, which is required in large 

amounts for the biosynthesis of primary and secondary compounds, in the 

energy metabolism of the cells and as constituent of nucleic acids and 

phospholipids (Marschner, 2002). Arbuscular Mycorrhizal fungi are totally 

dependent on photosynthetic plants and thus cannot be cultured without their 

autotrophic partner (Smith and Read, 2008). Members of the Brassicaceae, 

Caryophyllaceae, Chenopodiaceae or Urticaceae do not show the presence 

of AM associations (Vierheilig et al., 1994, 1996; Smith and Read, 1997).  

 

The AM consists of three important components the plant root itself, the 

fungal structures within and between the root cells and the huge extra-radical 

mycelium in the soil. Intra-radical structures are arbuscules which are highly 

branched, tree-like structures formed in root cortical cells, the so-called 

arbuscules from which the name óarbuscularô is derived. Vesicles, are thick 

walled, mainly lipid-filled storage organs, inter- and intra-cellular hyphae, very 

rarely intra-cellular coils are formed. Arbuscules are the main structures 

where the carbohydrate transfer between the plant and the fungus takes 

place, but a carbon transfer may also occur from the intracellular hyphae 

(Smith and Read, 2008). The AM association is endotrophic, and has 

previously been referred to as vesicular-arbuscular mycorrhiza (VAM). This 

name has since been dropped in favour of AM since all of the fungi do not 

form vesicles.  
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2.3 CLASSIFICATION OF ARBUSCULAR MYCORRHIZAL FUNGI 

Arbuscular Mycorrhizal fungi belong to the fungal phylum Glomeromycota, a 

sister group of Basidiomycota and Ascomycota (Schüɓler et al., 2001), with 

three classes (Archaeosporomycetes, Glomeromycetes and 

Paraglomeromycetes), five orders (Archaeosporales, Diversisporales, 

Gigasporales, Glomerales and Paraglomerales), 14 families, 29 genera and 

approximately 230 species (Oehl et al., 2011a). Since molecular methods 

have been used to elucidate the phylogenetic relationships among these 

fungi, their classification has been in a rapid transition. Molecular field studies 

have also revealed a large number of putative new species. The classification 

of AM fungi given below is based on Schüɓler et al. (2001); Oehl and 

Sieverding (2004); Walker and Schüɓler (2004); Sieverding and Oehl (2006); 

Spain et al. (2006); Walker et al. (2007 a, b); Palenzuela et al. (2008); Oehl et 

al. (2008); Schüßler et al. (2010); Oehl et al. (2011a, b, c, d, e). The family 

Geosiphonaceae with a single species Geosiphon pyriformis is placed under 

the order Archaeosporales and does not form arbuscular mycorrhizae. It 

forms endocytosymbiosis with cyanobacteria (Nostoc sp.) and is placed under 

the phylum Glomeromycota due to its close molecular relationship (Table 1). 
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Table 1: Classification of AM fungi  

GLOMEROMYCOTA C. Walker & Schuɓler 

 Glomeromycetes Cavalier-Smith, emend. Oehl, G.A. Silva, B.T. Goto & Sieverd. 

  Diversisporales C. Walker & Schuɓler, emend. Oehl, G.A. Silva & Sieverd. 

   Diversisporaceae C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & Sieverd. 

        Tricispora Oehl, Sieverd., G.A. Silva & Palenz. 

   Otospora Oehl, J. Palenzuela & N. Ferrol 

   Diversispora C. Walker & A. Schüɓler, emend. G.A. Silva, Oehl & Sieverd. 

   Redeckera C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & Sieverd. 

   Acaulosporaceae J.B. Morton & Benny 

          Kuklospora Oehl & Sieverd 

    Acaulospora Gerd. & Trappe emend. S.M. Berch 

   Sacculosporaceae Oehl, Sieverd., G.A. Silva, B.T. Goto, I.C. Sánchez & Palenz. 

    Sacculospora Oehl, Sieverd., G.A. Silva, B.T. Goto, I.C. Sánchez & Palenz. 

   Pacisporaceae C. Walker, Blaszk., Schuɓler & Schwarzott 

    Pacispora Oehl & Sieverd. 

  Gigasporales Sieverd., G.A. Silva, B.T. Goto & Oehl 

   Scutellosporaceae Sieverd., F.A. Souza & Oehl 

    Orbispora Oehl, D.K.A. Silva, Maia, Sousa, Vieira & G.A. Silva  

    Scutellospora C. Walker & F.E. Sanders. emend. Oehl, F.A. Souza & Sieverd. 

   Gigasporaceae J.B. Morton & Benny emend. Sieverd., F.A. Souza & Oehl 

    Gigaspora Gerd. & Trappe emend. C. Walker & F.E. Sanders 

   Dentiscutataceae F.A. Souza, Oehl & Sieverd. 

    Dentiscutata Sieverd., F.A. Souza & Oehl 

    Quatunica F.A. Souza, Sieverd. & Oehl 

    Fuscutata Oehl, F.A. Souza & Sieverd. 

   Racocetraceae Oehl, Sieverd. & F.A. Souza 

    Cetraspora Oehl, F.A. Souza & Sieverd. 

    Racocetra Oehl, F.A. Souza & Sieverd. 

  Glomerales J.B. Morton & Benny, emend. Oehl, Palenz., G.A. Silva & Sieverd. 

   Claroideoglomeraceae C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & Sieverd. 

    Viscospora Sieverd., Oehl & G.A. Silva 

    Claroideoglomus C. Walker & A. Schüɓler, emend. Oehl, Sieverd., B.T. Goto & G.A. Silva 

    Entrophosphora R.N. Ames & R.W. Schneid., emend. Oehl, Sieverd., Palenz. & G.A. Silva 

    Albahypha Oehl, G.A. Silva, B.T. Goto & Sieverd. 

         Glomeraceae Piroz. & Dalpé emend. Oehl, G.A. Silva & Sieverd. 

    Simiglomus Sieverd., G.A. Silva & Oehl 

    Funneliformis C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & Sieverd. 

    Rhizophagus P.A. Dang. 

    Septoglomus Sieverd., G.A. Silva & Oehl 

    Glomus Tul. & C. Tul. emend. Oehl, G.A. Silva & Sieverd. 

 Archaeosporomycetes Sieverd., G.A. Silva, B.T. Goto & Oehl 

  Archaeosporales C. Walker & Schuɓler, emend. Sieverd., G.A. Silva, B.T. Goto & Oehl 

   Ambisporaceae C. Walker, Vestberg & Schuɓler 

    Ambispora (= Appendicispora) Spain, Oehl & Sieverd. 

   Geosiphonaceae Engler. & E. Gilg emend. Schuɓler 

    Geosiphon (Kütz.) F. Wettst. 

   Archaeosporaceae J.B. Morton & D. Redecker emend. Oehl & Sieverd. 

    Intraspora Oehl & Sieverd. 

    Archaeospora J.B. Morton & D. Redecker 

 Paraglomeromycetes Oehl, G.A. Silva, B.T. Goto & Sieverd. 

  Paraglomerales C. Walker & Schuɓler 

   Paraglomeraceae J.B. Morton & D. Redecker 

        Paraglomus J.B. Morton & D. Redecker 
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2.3.1 Morphological characters used for identification of AM fungi: 

Various morphological characters important in establishing the taxonomic 

identity and relationships of AM species used for the identification of AM fungi 

are described below: 

 

2.3.1.1 Sporocarp morphology: The sporocarps may be formed in soil, 

roots, empty seed coats, insect caracaces or rhizomes. Peridium may be 

present around the sporocarps in the form of loosely or compact interwoven 

hyphae, a patchy covering over the sporocarps or as hyphal network covering 

single or small clusters of spores. The presence or absence of peridium 

accounts for much of the variation observed in size of sporocarps. External 

sporocarp colour range from white to brown, while the internal sporocarp 

colour range from white to black and brown. 

 

2.3.1.2 Spore morphology: Spores in the soil may be produced terminally, 

laterally on subtending hyphae or on a single suspensor-like cell. Characters 

such as spore colour, shape and size may vary considerably depending on 

the developmental stage and environmental conditions. Spore colour varies 

from hyaline to white to yellow, red, brown and black with all intermediate 

shades. The difference in colour may be due to pigmentation in spore wall or 

in the spore content (Morton, 1988). Shape of spores is mainly governed by 

the genotype of the fungus and the substrate in which the spores are formed. 

Intra-radical spores are mainly globose, sub-globose to ellipsoidal, while the 

extra-radical spores may be globose, sub globose, ellipsoidal, oblong, ovate 

to highly irregular shaped. 
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2.3.1.3 Subtending hyphae: The subtending hyphae may be simple to 

recurved or sometimes swollen or constricted at the point of attachment to the 

spore in Glomus species. The width of the hyphae varies considerably within 

different genera and species of AM fungi. The mechanism of pore occlusion at 

the point of attachment of the subtending hypha to the spore has some 

taxonomic significance. Walker (1992) suggested three distinct lines with 

regard to the occlusion of the spore content in Glomus viz., spores 

possessing a complete endospore formed by more or less flexible inner wall 

group, spores sealed by the ingrowths and thickening of the wall layer of the 

subtending hypha and occlusion by the septum usually somewhat distal to the 

spore base.  

 

2.3.1.4 Auxiliary cells: The auxiliary cells are encountered in both roots and 

soil. The size and the shape of the auxiliary cells have been found to be 

important in differentiating species of Gigaspora from Scutellospora. In 

Gigaspora, the auxiliary cells are echinulate with spines that are forked 

dichotomously (Bentivenga and Morton, 1995), whereas in Scutellospora, the 

projections on the surface of the auxiliary cells are knobby and highly variable 

in shape and size (Morton, 1995). 

 

2.3.1.5 Mycorrhizal anatomy: Generally, fungal anatomy in roots is not used 

in taxonomic descriptions to separate taxa below the generic level. 

Colonization of the root with AM fungi initiates a series of developmental 

processes culminating in a morphologically and functionally unique symbiosis. 

It is possible to differentiate among certain AM fungi, using visual differences 
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in morphology of fungal hyphae and vesicles within roots (Abbott and Gazey, 

1994). Biermann and Linderman (1983) thought that intra-radical vesicles in 

some species of AM fungi act as propagules and contribute significantly to the 

colonization of other roots. Abbott (1982) developed a key for 10 AM fungal 

species using 20 characteristics (based entirely on the morphological 

anatomy of hyphal development) such as hyphal diameter, mode of 

branching, vesicles, arbuscules, staining reactions, etc. and concluded that 

these characteristics are stable in different hosts and soil environments. 

 

2.3.1.6 Spore wall structure: The spore wall of AM fungi exhibit a unique 

array of wall layers which are taxonomically important as they are highly 

conserved and phenotypically stable in almost any environment. Spore wall 

characteristics have been universally accepted as more stable and reliable 

criteria than other spore features (Mehrotra, 1997). Every spore, irrespective 

of species, forms a spore wall (Morton, 2002). In most juvenile spores, the 

spore wall may be 1 to 2 layered. However, the spore wall of most AM fungal 

species usually consist of at least two wall layers, while some species the 

spore wall differentiates upto 4 wall layers. Walker (1983) defined a wall group 

as "an aggregation of walls that are either adherent, or that remain close 

together when a spore is crushed". The different wall types and the muronym 

codes encountered in AM fungal spores are as follows: 

a. Amorphous (A): A formless, flexible wall whose elasticity is affected by the 

mountant. It appears rigid in water or glycerol; in acidic mountants (< pH 2) it 

is plastic and tends to collapse partially. The shape is maintained when 

attached to a more rigid wall. 
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b. Coriaceous (C): a robust, tough but flexible inner walls which turns 

leathery in appearance in hypertonic solutions. 

c. Germinal (G): Innermost layer of Gigaspora species from which germ tube 

arises. Frequently bears papillae which project distally from innermost 

surface. 

d. Evanescent (E): An outermost ephemeral one to multilayered wall, which 

is sloughed off as spore matures. Seen only in pot culture and rarely in field. 

e. Laminated (L): Generally outer many layered wall, layers increasing as 

spore ages. 

f. Membranous (M): Generally inner, very thin, frequently wrinkled, flexible 

walls that frequently collapse in hypertonic solutions. 

g. Hyphal peridium (P): Tightly adherent hyphal layers around the spore or 

spores. 

h. Unit (U): Outer, single, rigid non-layered walls sheathing like brittle plastic 

on crushing. 

i. Expanding (X): A unit wall which expands when placed in lactic acid or 

polyvinyl alcohol. 

The number, width and position of wall layers differ among species and 

they have been increasingly relied upon for identification purposes. 

Ornamentation on the spore wall layer appears to be an important taxonomic 

criterion in identification of species, especially when other morphological 

characters are overlapping. 

 

2.3.1.7 Spore germination: Ultrastructural studies of spore germination 

processes may play a role in the identification of AM fungal species.  Spores 
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of glomalean fungi have all the necessary metabolic constituents and genetic 

information to germinate and produce new hyphae (Sequeira et al.,1985), 

although they cannot continue to grow without a host.  However, spore 

germination in AM fungi has been studied in only a few species.   

 

2.4 CHARACTERISTIC FEATURES OF ORDERS 

2.4.1 Diversisporales: Diversisporales members form mycorrhizae with 

arbuscules, frequently failing to produce vesicles, may or may not produce 

auxiliary cells. They produce spores which develop either inside 

(entrophosporioid) or laterally on the neck of a sporiferous saccule 

(acaulosporioid), from a bulbous base (gigasporioid) or blastically at the tip of 

a sporogenous hypha (glomoid). The distinct feature of the members 

belonging to this order is the possession of the rRNA SSU gene sequence 

signature YVRRYW/1-5/NGYYYGB, corresponding to homologous position 

658 of S. cerevisiae SSU rRNA sequence J01353 SSU rRNA, 

GTYARDYHMHYY/2-4/GRADRKKYGWCRAC, corresponding to homologous 

position of S. cerevisiae SSU rRNA sequence position 1346 of S. cerevisiae 

SSU rRNA sequence J01353, TTATCGGTTRAATC, corresponding to 

homologous position 650 of S. cerevisiae rRNA SSU sequence J01353, and 

ACTGAGTTMATYT, corresponding to homologous position 1481 of S. 

cerevisiae rRNA SSU sequence J01353 with the nucleotides in bold being 

specific for the taxon.  

 

2.4.2 Gigasporales: Gigasporales members do not form intra-radical vesicles 

but auxiliary cells in soils, which clearly distinguish them from Glomerales and 



 

41 
 

Diversisporales. Gigasporales exhibit gigasporoid or scutellosporoid spore 

formation (Oehl et al., 2011b), i.e. spores formed terminally on sporogenous 

cells and with either germ warts on the inner surface of the mono-walled 

spore wall (gigasporoid; Gigasporaceae), or a discrete germination shield on 

the innermost (= ógerminal wallô) of 2ï4 walls (scutellosporoid). There are 

three families with scutellosporoid spore formation (sensu lato): 

Dentiscutataceae, Racocetraceae and Scutellosporaceae (Oehl et al., 2008). 

Scutellosporaceae form mono-lobed (Orbispora) or bi-lobed (Scutellospora), 

hyaline germination shields. Racocetraceae species form wavy-like, multiply 

lobed, hyaline germination shields and have either two (Racocetra) or three 

(Cetraspora) spore walls. Dentiscutataceae species form yellow-brown to 

brown germ shields that are bi-lobed (Fuscutata) or with multiple 

compartments (Dentiscutata, triple-walled; Quatunica, four-walled). 

 

2.4.3 Glomerales: Spores form terminally on or intercalary in hyphae or 

within the necks of sporiferous saccules in soil (or sometimes roots) singly or 

(when glomoid) also in spore clusters or multi-spored loose to compact 

sporocarps; when in compact sporocarps (with or without peridium), spores 

randomly distributed or organized around a central hyphal plexus. Glomoid 

spores with one single or multiple-layered wall. Entrophosporoid spores with 

two walls: outer structural wall and inner (germinal) wall. In glomoid spores, 

wall of the subtending hyphae conspicuously continuous with the spore wall, 

subtending hyphae funnel-shaped, cylindrical, or constricted and 

concolourous with spore, slightly paler, or (sub)hyaline. In entrophosporoid 

spores, structural pigmented outer wall layer discontinuous with the hyphal 
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wall distal to the saccule. The distinct feature of the members belonging to 

this order is the possession of the rRNA SSU gene sequence signature 

YTRRY/2-5/RYYARGTYGNCARCTTCTTAGAGG 

GACTATCGGTGTYTAACCGRTGG, corresponding to homologous position 

1353 of S. cerevisiae SSU rRNA sequence J J01353, with the nucleotides in 

bold being specific for the taxon.  

 

2.4.4 Archaeosporales: The members of the order Archaeosporales form 

endocytosymbioses with photoautotrophic prokaryotes or produce 

mycorrhizae with arbuscules, with or without vesicles. The members produce 

colourless spores which do not react in Melzerôs reagent. They produce both 

glomoid and acaulosporoid spores. The distinct feature of the members 

belonging to this order is the possession of the rRNA SSU gene signature 

YCTATCYKYCTGGTGAKRCG, corresponding to homologous position 691 of 

Saccharomyces cerevisiae SSU rRNA sequence J01353, with the nucleotides 

in bold being specific for the taxon.  

 

2.4.5 Paraglomerales: Paraglomerales members form arbuscular 

mycorrhizae, rarely with vesicles. They form glomoid spores that may all 

germinate directly through the spore wall instead of through the subtending 

hyphae as in Glomus and Diversispora (Spain and Miranda, 1996) and 

colourless. The distinct feature of the members belonging to this order is the 

possession of rRNA SSU gene sequence signature 

GCGAAGCGTCATGGCCTTAACCGGCCGT, corresponding to homologous 

position 703 of S. cerevisiae SSU rRNA sequence J01353, with the 
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nucleotides in bold being specific for the taxon. The order Paraglomerales 

species are monogeneric.  

 

2.5 CHARACTERISTIC FEATURES OF GENERA 

Acaulospora Gerdemann & Trappe emend. Berch. Mycologia Memoir, 5: 

1ï76. (1974). 

Etyomolgy: Greek, a = without; caulos = stem; spora = spore; referring to the 

sessile spores. 

Spores develop laterally from the neck of a sporiferous saccule (Morton and 

Benny, 1990; Morton, 2000). The spores are sessile, i.e. no pedicel is formed. 

The wall of the most juvenile spores consists of only one layer continuous with 

the wall of a sporiferous saccule hypha. Spores produced singly in soil, 

generally globose to sub-globose with oily contents. Spore composed of two 

distinct, separable wall groups; outer wall is continuous, laminated; variously 

ornamented, inner wall composed of one or more walls that are membranous, 

hyaline, laminated and ornamented. Spore walls are continuous except for a 

small-occluded pore. Spores germinate by germ tubes emerging from a plate-

like germination orb formed by centrifugally rolled hyphae. The germ tubes 

penetrate through the spore wall. The mycorrhizae of Acaulospora species 

consist of (a) arbuscules with cylindrical or slightly flared trunks (b) irregular 

and knobby vesicles, and (c) straight and coiled intra-radical hyphae with coils 

mostly concentrated at entry points (Morton, 2000). 
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Albahypha Oehl, G.A. Silva, B.T. Goto & Sieverding. Mycotaxon, 117: 

297ï316 (2011e). 

Etymology: Latin, alba = white; hypha = hypha; referring to the white, slightly 

funnel-shaped subtending hypha which is characteristic for species of this 

genus. Spores formed generally singly in soil or rarely in roots; subtending 

hyphae white, rarely sub-hyaline, 1.2ï2.0 times wider at spore base than their 

width 10ï20 ɛm distance from the spore, giving a slightly funnel-shaped or 

cylindrical appearance. Spores with one wall of 1ï4 layers; spore base pore 

closure often with a septum that may arise from the structural layer, an 

adherent innermost, (semi-) flexible layer, or both innermost layers. 

 

Ambispora (= Appendicispora) Spain, Oehl & Sieverding. Mycotaxon, 97: 

163ï182 (2006). 

Etymology: Latin, óambisporaô referring to the capability to produce two kinds 

of propagules, acaulosporoid and glomoid. 

Species of the genus Ambispora are dimorphic producing both acaulosporoid 

and glomoid spores i.e. spores originating similarly to those of Acaulospora 

and Glomus species (Morton and Redecker, 2001; Spain et al., 2006). The 

acaulosporoid spores occur singly in the soil and the glomoid ones are formed 

singly or in loose clusters in the soil and develop terminally from the thin 

walled hyphae grown from either the wall of a pedicel or branched germ tubes 

(Spain et al., 2006). In contrast to the sessile acaulosporoid spores of the 

genus Acaulospora and Archaeospora, those of Ambispora species develop 

blastically at the tip of a short branch formed at the distal end of the neck of a 

sporiferous saccule. This branch is called the appendix or pedicel. The 



 

45 
 

sporiferous saccule orginates terminally from mycorrhizal extra-radical hyphae 

by their swelling. The spores are globose to sub-globose and coloured. The 

sub cellular structure consists of three layered, coloured spore wall with two 

inner colourless germination walls. The outer spore wall completes 

development subsequent to the formation of the outer layer of the first inner 

germination wall. The spore wall and the outer layer of the first inner 

germination of the spores of Ambispora species are continuous with the 

pedicel wall layer. The mycorrhiza of the species Ambispora consists of 

arbuscules, vesicles as well as intra- and extra-radical hyphae. All these 

structures stain faintly in trypan blue (Spain et al., 2006). 

 

Archaeospora J.B. Morton & D. Redecker emend. Oehl and Sieverding. 

Mycologia, 93: 181ï195 (2001). 

Entymology: Greek, archaios = ancient; spora = seed; referring to the 

ancestral position of this genus within Glomerales. 

Archaeospora is dimorphic, forming both acaulosporioid and glomoid spores 

(Morton and Redecker, 2001; Sieverding and Oehl, 2006; Spain et al., 2006). 

Acaulosporoid spores develop laterally on the neck of a sporiferous saccule 

and are sessile, similarly to most spores of the genus Acaulospora. Two 

layered glomoid spores originate blastically at the tip of intercalary in fertile 

hyphae as spores of Glomus species. The sub cellular structure of 

acaulosporoid spores Archaeospora trappei comprises of a spore wall and 

one inner germination wall, each consisting of 2-3 layers. Mycorrhizae of 

Archaeospora (1) do not contain intra-radical vesicles or they form rarely, (2) 

have intra-radical hyphae with many coils located within and between cortical 
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cells, (3) stain lightly or not at all in trypan blue and other stains, and (4) are 

patchily distributed along roots (Morton, 2002). 

 

Cetraspora Oehl, F.A. Souza & Sieverding. Mycotaxon, 106: 311ï360 

(2008).  

Etymology: Latin, cetra = light shield; spora = spore; refers to the light 

coloured germination shield which often is difficult to observe. 

Spores formed singly in soil and rarely in roots on bulbous sporogenous cells 

arising terminally on a subtending hypha  (Oehl et al., 2008). Outer spore wall 

3 layered and continuous with the wall of the sporogenous cell. Outer layer of 

the outer spore wall generally semi-persistent to persistent, rigid; second layer 

laminate; third layer thin, often membranous, tightly adherent to the laminate 

layer and thus, often difficult to observe. Pore between spore and 

sporogenous cell is narrow and usually closed by a plug formed by spore wall 

material. Two hyaline walls form de novo during spore formation and have 1ï

2 and 2ï3 layers, respectively. A germination shield arises on the outer 

surface of the inner wall or beneath a thin outer layer of the inner wall. 

Germination shield hyaline to sub-hyaline seldom light yellow, generally oval 

to ellipsoid or sub-globose, with several (4ï12) wave-like lobed projections 

forming the outer surface of the shield; large folds separate the lobes on the 

shield, and each lobe may have an germ tube initiation (~ 2ï5 ɛm in diam.). 

Subtending hyphae form one to several septa in some distance to the 

sporogenous cells. Auxiliary cells knobby. Forming typical arbuscular 

mycorrhizae but lacking vesicles in roots. 
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Claroideoglomus C. Walker & A. Schüssler, emend. Oehl, Sieverd., B.T. 

Goto & G.A. Silva. The Glomeromycota. A species list with new families and 

genera: 44 (2010).  

Etymology: Claroideoglomus, referring to the glomoid spores sharing the 

developmental pattern and wall structure of Glomus claroideum. 

Spores formed on subtending hyphae, generally singly in soil or rarely in 

roots; subtending hypha hyaline to white, rarely sub-hyaline, and funnel- or 

bill-shaped with widths >2.5 times greater at the spore base than at 10ï20 ɛm 

from the spore. Spores with one wall of 1ï4 layers; pore closure at spore base 

often with a septum that arises species-specifically from the structural layer, 

an adherent thin innermost layer, or both innermost layers. 

 

Dentiscutata Sieverding, F.A. Souza & Oehl. Mycotaxon, 106: 311ï360 

(2008). Etymology: Latin, denti (culata) = dentate; scutata = shielded; 

referring to the dentate nature of the brown germination shield periphery. 

Spores formed singly formed on bulbous sporogenous cells that are formed 

terminally on subtending hypha (Oehl et al., 2008). Outer spore wall 3-5 

layered and continuous with the wall of the sporogenous cell. Pore between 

the spore and sporogenous cell is narrow and usually closed by a plug formed 

by outer spore wall material. A hyaline middle wall and a hyaline inner wall 

form de novo during spore formation; middle wall 1ï2 layered; inner wall 2ï3 

layered. Germination shield formed on the outer surface of the inner wall or 

beneath a thin outer layer of the inner wall, yellow-brown to brown, generally 

ellipsoid (to oval), or rarely reniforme to cardioforme, with many (8ï30) large 

folds separating the shield into 8ï30 ósmall compartmentsô. Each 



 

48 
 

compartment has one circular germ tube initiation. The periphery of the 

germination shield generally appears dentate in planar view. Septa often 

formed in subtending hypha in some distance to the sporogenous cells. 

Auxiliary cells knobby. Forming typical arbuscular mycorrhizae without vesicle 

formation in roots. 

 

Diversispora C. Walker & A. Schüɓler, emend. G.A. Silva, Oehl & 

Sieverding. Mycotaxon, 116: 75ï120 (2011d).  

Entymolgy: Referring to the diverse nature of the spores found within the 

order the genus lends its name. 

Spores either formed singularly, in small open clusters or in large multi-spored 

clusters or sporocarps where spores are not organized. In pigmented spores 

subtending hyphae conspicuously change colour, becoming hyaline to white 

behind the septum; subtending hyphae generally straight, cylindrical, 

sometimes species specifically constricted, often hyphal attachment looks like 

inserted in spore wall. Spores with 1ï3 wall layers; pore closure often with a 

septum that may species-specifically arise from the innermost wall layer; 

rarely (species specifically) pore of attachment open. 

 

Entrophospora R.N. Ames & R.W. Schneider, emend. Oehl, Sieverding, 

Palenz. & G.A. Silva. Journal of Applied Botany and Food Quality, 80: 69ï81 

(2006). 

Entymolgy: Greek, en = within; trophos = nourished; spora = seed; referring 

to the spores reared within the vesicular stalk. 
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Sporocarps unknown. Entrophosporoid spores form within the hyphal neck of 

tightly attached terminal or intercalary sporiferous saccules, singly in soils, or 

(rarely) in roots. Sporiferous saccules generally are larger in size than the 

underlying spores. Entrophosporoid spores are globose to sub-globose and 

have two walls: an outer and an inner. Outer, semi-persistent to evanescent 

layers of the outer spore wall are the wall layers of the hyphal stalk and the 

sporiferous saccule. The structural, pigmented layer beneath does not 

continue within the hyphal wall but only for a short distance within the saccule 

terminus. Thus, spores have only one persistent cicatrix, which is proximal to 

the globose saccule terminus. A plug closes the pore towards the saccule. 

The inner wall is thick, finely laminated wall and forms de novo. No inner wall 

layers have a beaded appearance. Fungal structures in roots stain blue with 

trypan blue; forming vesicular-arbuscular mycorrhizae. 

 

Funneliformis C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & 

Sieverding. The Glomeromycota. A species list with new families and genera: 

44 (2010).  

Entymolgy: Funneliformis referring the often funnel-shaped spore base of 

species in the genus. 

Spores formed within soil or rarely roots, singly or sometimes in sporocarps 

with a few to several spores per sporocarp only; the conspicuous subtending 

hyphae is concolourous with spore wall colour (or slightly lighter in colour), 

subtending hyphae is species-specific and generally funnel-shaped to 

cylindrical. Wall differentiation and pigmentation may continue over long 

distances from the spore base (often > 50ï250 ɛm), then mycelium may 



 

50 
 

become hyaline. Pore regularly closed by a conspicuous septum that species-

specifically arises from the structural wall layer, from an additional adherent 

innermost, (semi-)flexible lamina, or from both but not by introverted wall 

thickening, which is lacking. Forming typical vesicular arbuscular mycorrhiza, 

with mycorrhizal structures that stain blue to dark blue in trypan blue. 

 

Fuscutata Oehl, F.A. Souza & Sieverding. Mycotaxon, 106: 311ï360 

(2008). 

Etymology: Latin fu(scus) = brown; scutata = shielded; referring to the brown 

colour of the germination shield. 

Spores formed singly on bulbous sporogenous cells which arise terminally on 

the subtending hypha. Outer spore wall 3-4 layered. Pore between the spore 

and sporogenous cell is narrow and usually closed by a plug formed by spore 

wall material. Two hyaline walls (middle wall and inner wall) form de novo 

during spore formation and have 1ï2 and 2ï3 layers, respectively. 

Germination shield generally formed on the outer surface of the innermost 

wall or beneath a thin outer layer of the inner wall, yellow-brown to brown, 

ovoid to violin-shaped to heart-shaped, consisting of 2 lobes and folds; both 

lobes with a germ tube initiation (ógtiô, about 3ï6 ɛm in diam). Spore 

germination generally from one gti. In the subtending hypha one to several 

septa are formed in some distance to the sporogenous cell. Auxiliary cells 

knobby. Forming typical arbuscular mycorrhizae without vesicles in roots. 
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Gigaspora Gerdmann & Trappe emend. C. Walker & F. E. Sanders. 

Mycologia Memoir, 5: 1ï76 (1974). 

Etymology: Greek, giga = giant; spora = spore; referring to the exceptionally 

large spores typically produced by the members of the genus. 

Azygospores produced singly in soil, generally globose to sub-globose, with 

oily contents, usually with a narrow hypha extending from the suspensor cell 

to the pore. Spores of Gigaspora develop blastically from a bulbous 

sporogenous cell formed at the end of a fertile hypha connected with 

mycorrhizal roots (Walker and Sanders, 1986; Bentivenga and Morton, 1995). 

The wall of the most juvenile, expanding spores consists of two layers of 

equal thickness. The inner layer thickens due to the synthesis of new sub 

layers (laminae). At the end of ontogeny, a warty or knobby one-layered 

germination wall is formed, from which germ tubes arise. This wall tightly 

adheres to the inner surface of the laminate spore wall layer. The outermost 

spore wall layer of all the Gigaspora species is smooth. Apart from spores, 

Gigaspora species also form clusters of auxiliary cells. They are echinulate 

with spines. The mycorrhizae of Gigaspora species consist of only arbuscules 

and hyphae staining darkly in trypan blue; no vesicles are produced 

(Bentivenga and Morton, 1995). Arbuscules generally form fine branches 

directly from a swollen basal hypha. Intra-radical hyphae are straight to coiled 

and vary in diameter because of the presence of knob-like projections and 

inflated areas. 
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Glomus Tul. & C. Tul. emend. Oehl, G.A. Silva & Sieverding. Mycotaxon, 

116: 365ï379 (2011c).  

Etymology: Latin, glomus = a ball of yarn; referring to the sometimes 

rounded and cottony appearance of the species. 

Spores formed singly within soil or sometimes roots, in disorganized, multiple-

spored loose spore clusters or in compact sporocarps; compact sporocarps 

without or with peridium, spores are either not organized in sporocarp, or 

organized around a central hyphal plexus. Spores with a mono-to-multiple 

layered wall. Wall of the subtending hyphae conspicuously continuous and 

concolourous with the spore wall, or slightly lighter in colour than the spore 

wall. Spore pore closure often by introverted wall thickening, sometimes 

supported by a short bridging septum, rarely open. Forming typical vesicular-

arbuscular mycorrhiza, with mycorrhizal structures that stain blue to dark blue 

in trypan blue. 

 

Intraspora Oehl & Sieverding. Journal of Applied Botany and Food Quality, 

80: 69ï81 (2006).  

Etymology: Latin, intra = inside, within; spora = seed; referring to the spore 

formation with in the hyphal stock of the sporiferrous saccule.  

Spores occur singly in the soil or in roots. The spores develop within the neck 

of a sporiferous saccule at some distance from the saccule. The sporiferous 

saccule originates terminally or intercalarously in extra- and intra-radical 

hyphae. The spores are globose to sub-globose and frequently pyriform. Their 

sub cellular structure consists of two walls, a spore wall and an inner 

germination wall. The spore wall is composed of two layers, of which the outer 
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layer sloughs with age and is continuous with the wall of the neck of the 

sporiferous saccule. The inner layer of this wall is persistent, semi-flexible and 

closes two opposite pores of spores. The inner germination wall is semi-

flexible and laminate. The mycorrhizae comprise of arbuscules, vesicles as 

well as intra- and extra-radical hyphae. Vesicles rarely formed and all the 

mycorrhizal structures stain faintly in trypan blue. 

 

Kuklospora Oehl & Sieverding. Journal of Applied Botany and Food Quality, 

80: 69ï81 (2006).  

Etymology: Greek, kuklo = ring; spora = seed; refers to the two cicatrices, 

which resemble circular depressions and the borders of them wedding ring on 

the spore surface when the hyphal connection have detached from the young 

spore. 

The spores develop inside the neck of a sporiferous saccule at some distance 

from this saccule and originate from the neck and saccule contents. The 

sporiferous saccules originate terminally or intercalarously inside mycorrhizal 

extra-radical hyphae by their swelling and are globose to sub-globose. The 

sub-cellular structure consists of a 3-layered, coloured spore wall and two 

inner colourless germination walls. The outermost spore wall layer is 

colourless, and is continuous with the wall of the sporiferous saccule neck. 

The second structural layer of this wall consists of coloured, tightly adherent, 

thin sub layers (laminae). This layer occasionally develops towards the 

saccule, forming a stalk supporting the wall of the sporiferous saccule neck. 

The first inner germination wall consists of two adherent flexible to semi-
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flexible layers. The second germination wall is composed of three layers, of 

which the outermost one is ornamented with small granules. 

 

Orbispora Oehl, D.K.A. Silva, Maia, Sousa, Vieira & G.A. Silva. 

Mycotaxon, 116: 161ï169 (2011b). 

Etymology: Latin, orbis = circle, orb; spora =  spore; referring to the 

monolobed, coiled, orb like germination shield of the spores. 

Sporocarps unknown. Spores formed on sporogenous cells that form 

terminally on hyphae arising from mycelia in soil. Outer spore wall generally 

2ï3 layered and continuous with the wall of the sporogenous cell. Two hyaline 

walls (middle wall ómwô and inner wall óiwô) form de novo during spore 

formation and have 1ï2 and 2ï3 layers, respectively. A germination orb is 

formed on the outer iw surface or between the outer and the subsequent layer 

of iw. Germination orb is transparent, or hyaline to sub-hyaline, seldom light 

yellow, mono-lobed; coiled and then, either circular or apparently broad 

ellipsoid to rarely irregular; with one rounded germ tube initiation in the outer 

periphery of the lobe. One (rarely two) germ tube arises from this gti to 

penetrate the outer spore wall layers. Forming typical arbuscular mycorrhizae. 

 

Otospora Oehl, J. Palenzuela & N. Ferrol. Mycologia, 100(2): 296ï305 

(2008). 

Etymology: Greek, oto = ear; spora = seed; referring to the persistent lateral 

ear-like stalk at the spore base after the detachment of sporiferous saccule. 

Sporocarps unknown. Spores formed at a short distance to a terminal or 

intercalary formed sporiferous saccule by swelling laterally on the hyphal stalk 
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of the saccule with outer and an inner wall. Layers of the outer wall are 

continuous with the wall of the sporiferous saccule. The inner layers of the 

outer wall are persistent. One to several septa formed in the hyphal stalk 

during spore formation. During initial stages of sporogenesis, the content of 

the sporiferous saccule separated from the hypha by septa at some distance 

of the terminus and the not yet developed spore. In the later developmental 

stages, additional septa in the stalk, positioned between the saccule terminus 

and the developing spore, may separate the collapsing saccule terminus from 

the spore. A final plug-like septum usually closes the pore at the spore base. 

The inner wall forms de novo during spore formation and consists of a thick, 

finely laminate layer that might have one thin layer each adherent on its outer 

and its inner surface. None of the layers of the inner wall has beaded 

appearance. Formation of vesicular arbuscular mycorrhizae unknown. 

 

Pacispora Oehl & Sieverding. Journal of Applied Botany and Food Quality, 

78(1): 72ï82 (2004). 

Etymology: Latin, paci = peace or peaceful; spora = seed. Dedicated to the 

peace in the world. 

Spores develop blastically at the end of cylindrical sporogenous hyphae 

(subtending hyphae) continuous with extra-radical hyphae of AM fungi. Spore 

wall consist of three layers. Spore development is by the formation of a 

uniform, plate-like germination shield on the surface layer of the inner 

germination wall. A germ tube grows from this shield and penetrates through 

the spore wall. The mycorrhizae consist of arbuscules, vesicles, intra- and 

extra-radical hyphae, as well as of auxiliary cells. The arbuscules, vesicles 
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and hyphae morphologically resembled those of Glomus species and stained 

intensively in trypan blue. Auxiliary cells occur both outside and inside roots 

and are knobby. 
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Paraglomus J.B. Morton & D. Redecker. Mycologia, 93(1): 181ï195 (2001). 

Etymology: Resembling "Glomus" with identical spore morphotypes. 

Spores develop blastically at the tip of extra-radical hyphae. Spores occur 

singly in the soil, globose to irregular and colourless to pale-coloured. Spores 

sub-cellular structure consists of a spore wall comprising 2-3 layers 

continuous with those of their subtending hyphae. Spore germinates by germ 

tubes emerging from both the lumen of the subtending hypha and the spore 

wall (Morton and Redecker, 2001). Arbuscules of are cylindrical or slightly 

flared trunks with branches progressively tapering   in   width   towards   the 

tips (Morton and Redecker, 2001; Morton, 2002). They do not form vesicles 

and their intra-radical hyphae are frequently coiled within and between cortical 

cells. The main visible evidence of mycorrhizae is their light staining or the 

lack of any staining reaction in trypan blue or other stains. 

 

Quatunica F.A. Souza, Sieverding & Oehl. Mycotaxon, 106: 311ï360 

(2008). 

Etymology: Latin qua = abbrevation from quartuor (four); tunica = wall; 

referring to the four spore walls. 

Spores singly formed on bulbous sporogenous cells that are formed terminally 

on a subtending hypha. Spores have 4 walls. Outer spore wall 3-4 layered 

and continuous at least in part with the wall of the sporogenous cell. Pore 

between the spore and sporogenous cell is narrow and usually closed by a 

plug formed by outer spore wall material. Two hyaline middle walls and a 

hyaline inner wall form de novo during spore formation. Germination shield 

generally arising on the outer surface of the inner wall or beneath a thin outer 
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layer of the inner wall, yellow-brown to brown, generally ellipsoid to oval, or 

rarely reniforme to cardioforme, usually with many (8ï30) large folds 

separating the shield into 8ï30 small compartments. Each compartment 

generally with one germ tube initiation. From one or few gti germ tubes may 

arise penetrating the middle walls and the outer wall; periphery of shield wall 

conspicuously dentate in planar view. One to several septa often formed in 

the subtending hypha in some distance to the sporogenous cell. Auxiliary cells 

knobby. Typical arbuscular mycorrhizal formation without vesicles is seen in 

roots. 

 

Racocetra Oehl, F.A. Souza & Sieverding. Mycotaxon, 106: 311ï360 

(2008). 

Etymology: Greek, ɟŬəɞɠ, racos = cloth, lobe; Latin, cetra = light shield; 

referring to the wavy-lobed surface of the germination shield in planar view. 

Spores formed singly in soil and rarely in roots, on bulbous sporogenous cells 

arising terminally on mycelia hyphae. Outer spore wall 3 layered and 

continuous with the wall of the sporogenous cell. Outer layer of the outer 

spore wall generally semi-persistent to persistent, rigid; second layer 

laminated; third layer thin, often membranous, tightly adherent to the laminate 

layer. Pore between spore and sporogenous cell is narrow and usually closed 

by a plug formed by spore wall material. A single inner wall forms de novo 

during spore formation and has 2-3 layers. A germination shield arises on the 

outer surface or beneath a thin outer layer of the inner wall. Germination 

shield hyaline to sub-hyaline seldom light yellow, generally oval to ellipsoid or 

sub-globose, with several (4ï12) wave-like lobed projections forming the outer 
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surface of the shield; folds separate the lobes on the shield, and each lobe 

have a germ tube initiation (2ï5 ɛm in diam.). In the subtending hypha of the 

sporogenous cell one to several septa formed in some distance to the 

sporogenous cells. Auxiliary cells knobby. Forming typical arbuscular 

mycorrhizae without vesicle formation in roots. 

 

Redeckera C. Walker & A. Schüɓler, emend. Oehl, G.A. Silva & 

Sieverding. The Glomeromycota. A species list with new families and genera: 

44 (2010). 

Etymology: Named in recognition of the pioneering work of Dirk Redecker in 

molecular phylogeny of the Glomeromycota.  

Spore formation disorganized in large and compact sporocarps, containing 

hundreds to thousands of spores per sporocarp; spores with 2 to rarely 3 wall 

layers; subtending hyphae generally broad at spore base and with a 

conspicuous, thick and broad septum that arises from the inner lamina of the 

generally bi-laminated, structural wall layer; structural spore wall layer 2 

generally continue over very short distances (2ï10 ɛm) into subtending 

hyphae; spore wall layer 1 fragile, usually inflating in a short distance to the 

spore base where swl2 becomes invisible in the subtending hyphae. 

 

Rhizophagus P.A. Dang. Botaniste, 5: 43 (1896). 

Spores formed singly within soil or sometimes roots, in disorganized, forming 

abundant spores in the roots of vascular plants. Spores with a mono-to-

multiple layered wall. Wall of the subtending hyphae conspicuously 

continuous and concolourous with the spore wall, or slightly lighter in colour 
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than the spore wall. Spore pore closure often by introverted wall thickening, 

sometimes supported by a short bridging septum, rarely open. Forming typical 

vesicular-arbuscular mycorrhiza, with mycorrhizal structures that stain blue to 

dark blue in trypan blue. 

 

Sacculospora Oehl, Sieverd., G.A. Silva, B.T. Goto, I.C. Sánchez & 

Palenz. Mycotaxon, 117: 297ï316 (2011e). 

Etymology: Latin, sacculus = saccule; spora = spore; referring to the spore 

formation within the neck of sporiferous saccules. 

Sporocarps unknown. Spores formed within the hyphal neck of closely 

adherent, terminal or intercalary sporiferous saccules. Spores have three 

walls: outer, middle and inner. At least two layers (including the outer wall 

structural layer) are continuous with the sporiferous saccule wall. Inner layers 

of the outer spore wall are permanent. After the hyphal neck connections 

break off, spores show two, often opposite, cicatrices that are closed by the 

permanent sublayers of the outer wall structural layer. Middle and inner wall 

form de novo. Middle wall is 1ï2-layered. Inner wall consists of several layers, 

none of which have a granular (óbeadedô) appearance, and does not stain in 

Melzerôs reagent. The inner wall may be germinal in function, but a 

germination structure has not yet been found. 

 

Scutellospora C. Walker & F.E. Sanders. emend. Oehl, F.A. Souza & 

Sieverding. Mycotaxon, 106: 311ï360 (2008). 

Etymology: Latin, scutellum = small shield; spora = spore; referring to the 

production of germination shield in spores of members of the genus.  
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Spores formed singly on sporogenous cells formed terminally on an extra-

radical hypha. Outer spore wall is 3 layered and continuous with the wall of 

the sporogenous cell. Outer layer of the outer spore wall generally rigid, 

second layer laminate and third layer thin, often membranous, tightly adherent 

to the laminate layer and thus, often difficult to observe. Pore between the 

spore and sporogenous cell is narrow and usually closed by a plug formed by 

spore wall material. Two hyaline walls  having 1ï2 and 2ï3 layers, 

respectively are formed de novo during sporogenesis. The inner wall forms a 

germination shield on its outer surface or between the outer and the 

subsequent layer of inner wall (Oehl et al., 2008). Germination shield 

transparent, or hyaline to sub-hyaline, seldom light yellow, bi- to mono-lobed; 

often violin-shaped to oval to ovoid to more rarely cardioids or coiled and 

then, either circular or apparently broad ellipsoid to irregular; only a few folds 

cover the shield surface where 1ï2 rounded germ tube initiations (~2ï4 ɛm in 

diam.). Mycelial hyphae form one to several septa in some distance to the 

sporogenous cells. Auxiliary cells are knobby without spines on the surface. 

Forming typical arbuscular mycorrhizae without intra-radical vesicles. 

 

Septoglomus Sieverding, G.A. Silva & Oehl. Mycotaxon, 116: 75ï120 

(2011d). 

Etymology: Latin, septum = septum; glomus = cluster; referring to the 

relation with Glomus, to which species of the new genus previously belonged. 

Spores formed singly or in very loose, small clusters. Spores with a mono-to-

multiple layered spore wall. Wall of the subtending hyphae conspicuously 

continuous and concolourous with the spore wall, or slightly lighter in colour 
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than the spore wall. Subtending hyphae are cylindrical to constricted or 

slightly funnel shaped at spore base. Pore at spore base or at some distance 

from spore base closed by a septum. Forming typical vesicular-arbuscular 

mycorrhiza, with mycorrhizal structures that stain blue to dark blue in trypan 

blue. 

 

Simiglomus Sieverding, G.A. Silva & Oehl. Mycotaxon, 116: 75ï120 

(2011d). 

Etymology: Latin, simi(laris) = similar; glomus = cluster; referring to the 

relation with Glomus, to which species of the new genus previously belonged. 

Spores formed singly or in very loose, small clusters. Spores with a mono-to-

multiple layered spore wall. Wall of the subtending hyphae conspicuously 

continuous and concolourous with the spore wall, or slightly lighter in colour 

than the spore wall. Subtending hyphae are funnel-shaped to cylindrical. Wall 

at spore attachment not with introverted wall thickening. Pore at spore base 

open but several septa in hyphae in some distance from spore base can 

separate spore contents from mycelia contents. Walls of subtending hyphae 

thickened over very long distances from the spore base (up to > 1000 ɛm). 

Forming typical vesicular-arbuscular mycorrhiza, with mycorrhizal structures 

that stain blue to dark blue in trypan blue. 

 

Tricispora Oehl, Sieverd., G.A. Silva & Palenz. Mycotaxon, 117: 297ï316 

(2011e). 

Etymology: Latin, (cica-)trix = cicatrix; spora = spore; referring to the two 

conspicuous cicatrices left on the structural wall layer of the spores, even 
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when the sporiferous saccules and the hyphal neck distal to the saccule have 

detached completely from the spores. 

Sporocarps unknown. Spores formed within the hyphal neck of closely 

adherent terminal or intercalary sporiferous saccules. The globose saccule 

terminus generally is substantially smaller than the attached mature spore. 

Spores have an outer and an inner wall. At least two layers (including the 

outer wall structural layer) are continuous with the sporiferous saccule wall. 

The outer layer of the outer wall is evanescent, the inner layers are 

permanent. After the hyphal neck connections break off, spores show two, 

often opposite, cicatrices that are closed by the permanent sublayers of the 

outer wall structural layer. The inner wall forms de novo, consists of several 

layers without granular (óbeadedô) appearance and does not stain with 

Melzerôs reagent. The fungal structures in the roots stain blue to dark blue 

with trypan blue; forming vesicular-arbuscular mycorrhiza. 

 

Viscospora Sieverding, Oehl & G.A. Silva. Mycotaxon, 116: 75ï120 

(2011d). 

Etymology: Latin, viscosus = sticky; spora = spore; referring to the adhesive 

nature of the spore surface of the type species of the genus. 

Spores generally formed in loose clusters; subtending hyphae hyaline to 

white, rarely sub-hyaline, often thick-walled. Spores with 1ï4 wall layers; outer 

wall layer exuding a mucigel-like substance. Pore closure at spore base often 

open, or semi-closed by wall thickening.  
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2.6 SPORE IN SPORE SYNDROME 

Various studies have reported the presence of AM fungal spores inside the 

dead spores of other AM fungal species (Koske et al., 1986; Muthukumar and 

Udaiyan, 1999). This suggests that spores of AM fungi act as a micro-habitat 

when they are dead, apart from their normal role as propagules and the ability 

of different AM fungal species to sporulate in close proximity to each other 

(Rodrigues and Muthukumar, 2009). 

 

2.7 DEVELOPMENT OF AM SYMBIOSIS 
 

Arbuscular Mycorrhizal fungi exist in the soil as resting spores, which in some 

species are large enough to be visible with the naked eye (Harrison, 2005). 

These AM spores and are able to germinate and grow in response to different 

edaphic and environmental conditions, but are unable to produce extensive 

mycelia and to complete their life cycle without establishing a functional 

symbiosis with a host plant (Mosse, 1959; Hepper and Smith, 1976). The key 

developmental switches occurring in the fungal symbiont involve a sequence 

of morphogenetic events such as spore germination and pre-symbiotic 

mycelial growth, differential hyphal branching pattern in the presence of host 

roots, appressorium formation, root colonization, arbuscule development, 

extra-radical mycelial growth and spore production (Giovannetti et al, 2000).  

      
  

2.8 HOST-FUNGAL INTERACTIONS: PRE-PENETRATION 
 

2.8.1 Signaling prior to physical interaction between the symbionts: The 

genetic composition of the coenocytic extra-radical mycelium is an important 

factor in the recognition process (Croll et al., 2009). Important initiators 
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secreted by the host plants (Giovannetti and Sbrana, 1998; Buée et al., 2000) 

have been identified as Strigolactones (Akiyama et al., 2005; López-Ráez et 

al., 2008). They stimulate fungal metabolic activity (Tamasloukht et al., 2003; 

Besserer et al., 2006; BŤcking et al., 2008) and also stimulate the hyphae of 

germinating spores to produce a fine and highly branched mycelium (Buée et 

al., 2000). Branched fungal hyphae then secrete a diffusible signal to the roots 

that leads to initiation of the symbiosis in roots that are in contact with the 

fungus, including the expression of symbiosis related genes (Chabaud et al., 

2002; Kosuta et al., 2003). Only specific cells support the formation of an 

appressorium and the prepenetration apparatus (Genre et al., 2005) to allow 

the fungus to enter the root through the epidermis. The AM fungal hyphae 

grow intercellularly within the root, reach the inner cortex, penetrate cortical 

cell walls and form characteristic intracellular hyphal structures (Genre et al., 

2008). Significant changes to both symbionts occur with the formation of 

arbuscules and a carbon gradient is involved in signaling arbuscles 

development (Blee and Anderson, 1998). Currently, nothing is known about 

the signaling pathways in the fungus that induce the repeated dichotomous 

branching and thus results in arbuscule formation (Harrison, 2005).  

 

2.8.2 Root exudates from host plants and their relevance to AM fungal 

growth: Metabolites present in root exudates of the host plant contain 

compounds that stimulate the growth and hyphal branching of AM fungi 

(Bécard and Piché, 1989; Giovannetti et al., 1993; Buée et al., 2000; 

Nagahashi and Douds, 2000) and are called as branching factors. These 

compounds are most effective near or at the root surface and increase the 
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chances for the fungus to come in physical contact to form appressoria in the 

cell wall grooves between epidermal cells. Several branching factor have 

been  identified in Lotus japonicus as 5-deoxy-strigol (Akiyama et al., 2005), 

Menispermum dauricum root culture as strigol (Yasuda et al., 2003) and 

Sorghum exudates as sorgolactone (Besserer et al., 2006). The increased 

exudation of such compounds can increase appressoria formation and 

thereby enhance the colonization of the host root by AM fungi (Tawaraya et 

al., 1998). These exuded compounds stimulate hyphal growth (Nair et al., 

1991; Bécard et al., 1992; Scervino et al., 2005; Nagahashi and Douds, 2007) 

which probably helps the fungus to explore the soil at farther distances from 

the germinated spore.  

 

2.9 HOST-FUNGAL INTERACTIONS: POST-PENETRATION 

2.9.1 Root Colonization and morphological changes: The process of root 

colonization process beginns with germination (hyphal growth) of AM spore. 

Arbuscular Mycorrhizal fungi exist in the soil as spores, and following 

germination, the hyphal germ tube grows through the soil in search of a host 

root. Appressorium is formed from which the fungal hyphae penetrate the cell 

walls and develop within the cortex cells a highly branched tree-like structures 

called arbuscules, responsible for nutrient exchange (Cavagnaro, 2001;  

Harrison, 2005). The pattern of growth within the root varies depending on the 

species involved and based on this growth pattern two morphological types, 

the Paris-type (heavily curled óócoilsôô) and the Arum-type (highly branched 

arbuscules) named after the plant species in which they were first observed 
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(Smith and Read, 1997) are developed along with other intermediate 

structures (Dickson, 2004).  

 

The colonization morphology depends on the combination of the plant 

and fungal species and is not necessarily consistent within plant or AM fungal 

genera. Members of Glomeraceae usually form the Arum-type of mycorrhiza 

(Cavagnaro et al., 2001; Burleigh et al., 2002; Dickson, 2004; Feddermann et 

al., 2008) while other genera, e.g. Gigasporaceae, form Arum-type or 

intermediate types of arbuscules with Paris-type hyphal coils (Cavagnaro et 

al., 2001; Karandashov et al., 2004; Smith et al., 2004; Dickson et al., 2007). 

Hyphal coils are involved in P transport to the plant similar to the proposed 

function of arbuscules (Karandashov et al., 2004; Smith et al., 2004). Intra-

radical structures are short lived and the intra-radical mycelium is constantly 

under development and reorganization within the roots (Dickson and Smith, 

2001). 

 

The  arbuscules represent a dead-end in the growth of AM fungi 

(Bonfante and Perotto, 1995) and they senesce and collapse after 4ï10 days 

of symbiosis (Sanders et al., 1977; Strack et al., 2003). When the arbuscule 

begins to senesce, the fibrillar material encapsulates the collapsed fungal 

structures that are then degraded completely by the plant cell and the plant 

cells regain their original morphology (Jacquelinet-Jeanmougin et al., 1987) to 

allow another new arbuscule formation.  
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Apart from arbuscules certain AM fungi develop intercellular lipid-rich 

storage organs, termed as vesicles. Except for species from the genera 

Scutellospora and Gigaspora, all AM fungi form intra- or inter-cellular storage 

organs, lipid-rich vesicles, to varying degrees in late phases of the symbiosis 

(Smith and Read, 1997). To complete its life cycle the fungus exits the root 

giving rise to extensive growth of external hyphae and finally extra-radical 

spores are formed, which may enter another colonization process. Fungal root 

colonization is under control of the plant aiming at a morphological and 

functional compatibility of the two partners (Bonfante and Perotto, 1995).  

 

2.9.2 Cytological features of AM plant roots: Colonization of root cortex 

cells by AM fungi and formation of arbuscules leads to changes in the 

cytoplasmic organization and morphology of the host root cells. The fungal 

arbuscule occupies a major portion of the plant cell volume separated from 

the cell protoplast by the host plasma membrane. This membrane completely 

surrounds the arbuscule and forms a periarbuscular membrane, leading to a 

two-to fourfold increase in the plasma membraneôs surface. The resulting 

space between the plant protoplast and the fungus develops into an 

apoplastic compartment that represents the symbiotic interface (Bonfante and 

Perotto, 1995). The central vacuole becomes fragmented, the volume of 

cytoplasm and number of cell organelles increase significantly, and the 

nucleus moves into a central position and undergoes hypertrophy (Balestrini 

et al., 1994). The nucleus of arbusculated cells is characterized by enhanced 

fluorochrome accessibility, increased nuclease sensitivity and chromatin 

dispersion reflecting a greater transcriptional activity of the plant genome in 
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the colonized cells (Gianinazzi-Pearson, 1996). The number of plastids in 

colonized cortex cells increases (Bonfante and Perotto, 1995) and networks 

are formed covering the arbuscules (Fester et al., 2001). The formation of 

dense plastid network-covering arbuscules indicates an intensified 

metabolism in the host cells. Microtubules are involved in changes of host cell 

morphology and cytoplasmic architecture. Plant cytoskeletal components 

respond to the penetration of a symbiotic fungus with the reorganization of 

microtubules and microfilaments. Besides reorganizing the cell for the 

accommodation of the arbuscule, the cytoskeleton is also involved in 

developing the periarbuscular membrane. High activities of HC-ATPases and 

phosphate transporters are located specifically in this membrane (Gianinazzi-

Pearson et al., 1991; Rausch et al., 2001; Harrison et al., 2002; Paszkowski et 

al., 2002) and shows differences in some of its properties relative to the 

membrane around the periphery of the cell. 

 

2.10 BENEFITS FOR THE AM SYMBIONTS 

      Arbuscular Mycorrhiza fungal symbiosis is an symbiotic association wherein 

both the fungal and plant symbionts are benefited. The benefit derived by the 

fungal symbiont is supply of carbohydrates as a source of carbon. The major 

benefits of AM fungi to plant symbionts includes enhanced uptake of nutrients 

(macro- and micro-nutrients) and also non-nutritional benefits such as 

increased tolerance to root pathogens, drought resistance, tolerance to toxic 

heavy metals and improved soil aggregation and structure. 

 
2.10.1 Carbon: Arbuscular Mycorrhizal fungi receive 100% of their carbon 

from the plant and this increase in carbon flow to the roots in exchange for 
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mineral nutrients is provided by the microsymbiont. A significant proportion of 

the photosynthesis products is delivered to the fungus (Jakobsen and 

Rosendahl 1990; Wright et al., 1998; Feddermann, 2010), increasing the sink 

strength of the root. The transfer of carbohydrates is the main benefit for the 

fungal symbiotic partner. Fungal H+-ATPases, involved in the fungal uptake of 

carbohydrates from the apoplast, are located on arbuscular trunks and 

intercellular hyphae, supporting an uptake of carbohydrate by these structures 

(Gianinazzi-Pearson et al., 1991). Glucose is mainly transformed to trehalose 

or glycogen (Douds et al., 2000). After longer incubation periods, glucose is 

either used directly for lipid biosynthesis or enter the pentose phosphate 

pathway, thus providing the reduction equivalents necessary for lipid 

biosynthesis (Pfeffer et al., 1999). Lipids and glycogen are then transferred to 

the extra-radical mycelium (Bago et al., 2003) where the bidirectional 

movement of lipid bodies can be observed in vivo (Bago et al., 2002). 

 

2.10.2 Phosphorus: One of the plantôs main benefits from the AM symbiosis 

is improvement of P uptake. It is an essential mineral nutrient that constitutes 

up to 0.2% (dry weight) of each plant cell and is thus required in significant 

quantities (Schachtman et al., 1998). Plants require large quantities of  P, 

which they obtain as phosphate (Pi) from the solution phase of the soil. 

Phosphorus is often not freely accessible in the soil and its availability to 

plants varies between different soils (Holford, 1997). The diffusion of Pi 

through the soil is slow thus Pi depletion zones develop rapidly around the 

roots. In the AM symbiosis, the additional volume of soil which can be 

explored by the fungal extra-radical hyphae is significant and therfore the 
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nutritional advantage conferred by symbiotic Pi transfer is considerable 

(Schachtman et al., 1998; Smith et al., 2003). Plants have specialized, high 

affinity phosphate transporters, located at the root epidermis, that are 

responsible for uptake of solubilised P directly from the soil into the roots 

(Javot et al., 2007).  

 

2.10.2.1 Phosphate Transporters in AM Symbiosis: Symbiotic Pi transfer, 

i.e. the acquisition of Pi from the soil by the extra-radical hyphae and 

subsequent transfer to the plant cell requires transport proteins to move Pi 

across the membrane of the AM fungus and plant. In recent years, there has 

been tremendous progress in the identification of plant and fungal Pi 

transporter proteins, and coupled with the physiological data a greater 

understanding of symbiotic Pi transfer has emerged (Harrison et al., 2010). In 

AM the epidermal P transporters are downregulated  and P is delivered into 

the root cortex through fungal hyphae as polyphosphate, resolubilised and 

offered to the plants. It is taken up in cells hosting arbuscules through high 

affinity P-transporters, which are located at the periarbuscular membrane 

(Harrison et al., 2002; Balestrini and Bonfante, 2005; Javot et al., 2007) which 

account for most P acquisition in AM plants (Pearson and Jakobsen, 1993; 

Smith et al., 2003; Poulsen et al., 2005).   

 

2.10.3 Nitrogen: Nitrogen is a major nutrient that frequently limits growth of 

plants (Chapin et al., 2004). Arbuscular Mycorrhizal fungi play an active role in 

the liberation of nitrate from complex organic material within the soil (Hodge et 

al., 2001; Hause and Fester, 2005). Modification of soil aggregation by AM 
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fungi affects aeration of soil, and this could have an impact on nitrification and 

denitrification, the two N-cycling processes that are affected by oxygen 

concentration in the soil air (Veresoglou, 2011). Arbuscular Mycorrhizal 

presence affect soil pH (Li et al., 1991; Bago et al., 1996; Marschner and 

Baumann, 2003), and thus modify availability of N-compounds (De Boer and 

Kowalchuk, 2001) which may reduce availability of nitrates. Modification of 

carbon content of the soil mediates changes in soil properties such as water 

holding capacity (Bouyoucos, 1939) and thus influence moisture-sensitive N-

cycling processes such as nitrification (Avrahami and Bohannan, 2007), 

denitrification (Davidson et al., 1993) and leaching (Currie and Aber, 1997). 

 

2.11 ECOLOGICAL ROLES OF ARBUSCULAR MYCORRHIZAL FUNGI 

2.11.1 Plant pests and pathogen protection: Arbuscular Mycorrhizal fungi 

play an important role in the suppression of crop pests and diseases, 

particularly soil-borne infection by pathogenic fungi (Paulitz and Linderman, 

1991; Linderman, 1994; Borowicz, 2001; Harrier and Watson, 2004; Whipps, 

2004; Tabin et al., 2009), above ground fungal diseases (West, 1995; 

Feldmann and Boyle, 1998) and herbivores (Gange and West, 1994; Gange 

et al., 2002). This increased resistance of a mycorrhizal plant to a pest or 

disease is mainly due to improved nutrition by  their AM fungal symbiont 

(Cordier et al., 1996; Karagiannidis et al., 2002), changes in root exudates 

(Filion et al., 1999; Norman and Hooker, 2000) resulting in changes in the 

rhizosphere microbial community (Dar et al., 1997), changes in host root 

architecture (Yano et al., 1996; Vigo et al., 2000) or changes in root 

biochemistry connected with plant defence mechanisms (Azcón-Aguilar and 
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Barea, 1996; Gianinazzi- Pearson, 1996). An enhanced P uptake due to AM 

symbiosis may increase plant development, but not decrease pathogen 

infections (Trotta et al., 1996). Newsham et al. (1995a) found no effects of AM 

fungi on the P level of host plants but only pathogen protection against 

Fusarium oxysporum. Studies unrelated to pathogen protection have shown 

wide variation in terms of AM fungal-mediated nutrient uptake among AM 

fungal species (Jakobsen et al.,1992; van der Heijden et al., 1998, Smith et 

al., 2000; van Aarle et al., 2002; van der Heijden et al., 2003). This can be 

explained to a certain extent through the variation of traits such as mycelium 

development both in soil and roots and P uptake efficiency (Jansa et al., 

2005). Inoculation with a multi-species AM fungal assemblage from a field soil 

increased the intensity of AM fungal colonization of date palm roots, when 

compared with Glomus monosporus, Glomus clarum, or Glomus deserticola 

in isolation, but this did not result in enhanced amelioration of the negative 

effects of F. oxysporum on plant growth (Jaiti et al., 2007). The majority of 

variation in root colonization by AM fungi is explained by the divergence of the 

two most species-rich fungal clades: the extensively colonizing Glomerales  

and the poorly colonizing Diversisporales (Powell et al., 2009; Hart and 

Reader, 2002). Arbuscular Mycorrhizal fungal colonization influences root 

architecture of the host plant in most studies by causing a more profusely 

branched root system (Price et al., 1989; Yano et al., 1996; Paszkowski et al., 

2002; Olah et al., 2005; Gutjahr et al., 2009). Abundant lateral root tips and 

developing meristems produce highly branched root systems more 

susceptible for pathogen attack and result in an increasing demand for AM 

fungi to protect them (Newsham et al., 1995b).  
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2.11.2 Arbuscular mycorrhiza and heavy metal tolerance: Colonization 

with AM fungi helps alleviate heavy metal-induced stress (Gildon and Tinker, 

1981; Dehn and SchŤepp, 1989; Diaz et al., 1996; Hall, 2002) and the extent 

of alleviation can vary depending on the heavy metal involved, its 

concentration in the soil, the fungal symbiosis partner and the conditions of 

plant growth (Leyval et al., 1997; Hildebrandt et al., 1999; Turnau and 

Mesjasz-Przybylowicz, 2003). Arbuscular Mycorrhizal colonization of the roots 

has a significant impact on the expression of several plant genes coding for 

proteins involved in heavy metal tolerance and detoxification (Repetto et al., 

2003; Rivera-Becerril et al., 2005; Hildebrandt et al., 2007). Enhanced 

tolerance to specific heavy metals of fungi isolated from soils contaminated 

with Pb, Zn, Cd or Cu has been observed by González-Chávez et al. (2004); 

González-Guerrero et al. (2005). Arbuscular Mycorrhizal fungi tolerant to 

increased heavy metals application readily colonize host roots despite low 

spore counts (Del Val. et al., 1999; Jacquot- Plumey et al., 2001). They 

produce an insoluble glycoprotein glomalin which binds heavy metals in the 

soil (González-Chávez et al., 2004; Wright and Upadhyaya, 1996, 1998). Due 

to the large surface area explored by fungi in the soil hyphal binding is an 

important sink for heavy metals. Since hyphae of heavy metal tolerant AM 

fungi display a higher affinity to heavy metals than plant cells (Joner et al., 

2000) they gets immobilized within the fungus. The uptake of Pb and its 

immobilization were higher in roots of mycorrhizal than non-mycorrhizal plants 

(Chen et al., 2005). Under Zn limitation, mobilization of Zn and transfer to the 

shoot is improved by the AM symbiosis (Chen et al., 2003), reflecting the role 
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of Zn as a micronutrient and the beneficial role of the symbiosis on nutrient 

supply. 

 
2.11.3 Interaction with other soil microorganisms: Bacterial communities 

and specific bacterial strains promote germination of AM fungal spores and 

can increase the rate and extent of AM root colonization (Johansson et al., 

2004). Arbuscular Mycorrhizal hyphae influence mycorrhizosphere as AM 

symbiosis begins resulting in the development of distinct microbial 

communities relative to the rhizosphere and bulk soil (Andrade et al., 1997). 

Within the mycorrhizosphere AM fungi interact with beneficial rhizosphere 

microorganisms including free living N fixing bacteria and general plant growth 

promoting rhizobacteria (Requena et al., 1997; Biro et al., 2000; Galleguillos 

et al., 2000; Tsimilli-Michael et al., 2000). According to Scheublin et al. (2004), 

the legume-Rhizobium symbiosis is influenced by AM fungi. The Rhizobium 

symbiosis requires high concentrations of  P and the enhanced P nutrition 

arising from the AM colonization result in an increased nodulation and N2 

fixation (Vázquez et al., 2002).  

 

2.11.4 Crop water relations: Smith and Read (1997); Davies et al. (1992, 

2002); Auge´ (2001, 2004) showed that AM fungi help to increase  the 

tolerance of host plants against water stress. This tolerance is mainly due to 

an increased root hydraulic conductivity, improved stomatal regulation, 

osmotic adjustment of the host and improved contact with soil particles 

through the binding effect of hyphae, enabling water to be extracted from 

smaller pores (Augé 2001, 2004). Water and nutrient uptake are higher in 

drought stressed mycorrhizal plants than in non-mycorrhizal plants (Al-Karaki 
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and Clark, 1999; Subramanian and Charest, 1997, 1999; Srivastava et al., 

2002). Ryan and Ash (1996) and Bryla and Duniway (1997) suggested that 

AM fungi can only alleviate moderate drought stress and in more severe 

drought conditions they are not effective.  

 

2.11.5 Soil structure: Arbuscular Mycorrhizal fungi bind soil micro-

aggregates into larger macro-aggregates through their hyphal enmeshing 

effects (Tisdall et al., 1997). Their exists a direct relationship between the 

development of extra-radical hyphae and soil aggregation (Bethlenfalvay et 

al.,1999). They produce an extracellular insoluble glycoprotein called glomalin 

which sticks mycorrhizal hyphae to soil. Glomalin accumulation in soils (Rillig 

et al., 2001) exerts a strong influence on soil aggregate stability (Wright and 

Upadhyaya, 1998; Franzluebbers et al., 2000; Wright and Anderson, 2000; 

Rillig et al., 2003; Rillig, 2004). Also, the exudates from AM fungal hyphae and 

rapid hyphal turnover (Johnson et al., 2002; Staddon et al., 2003) provide C to 

other soil microorganisms promoting aggregate stability (Jastrow et al., 1998). 

 

2.12  DISTRIBUTION OF AM FUNGI  

Arbuscular Mycorrhizal fungi have a large geographical distribution  (Malloch 

et al., 1980) and are found in almost all ecosystems such as tropical 

rainforests (Brundrett et al., 1999; Guadarrama and Álvarez-Sánchez, 1999; 

Siqueira and Saggin-Júnior, 2001; Zhao et al., 2001; Gaur and Adholeya, 

2002), aquatic habitats (Khan, 1993; Radhika and Rodrigues, 2007), deserts 

(Corkidi and Rincön, 1997; Dalpe et al., 2000; Titus et al., 2002; Pezzani et 

al., 2006; Shi et al., 2006, Zhang et al., 2012) and also in ecosystems with 
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extreme environments such as strong saline soils (Carvalho et al., 2001; 

Sengupta and Chaudhuri, 2002; Karaarslan and Uyanöz 2011; Khare, 2011), 

sodic or gypsum soils (Landwehr et al., 2002), Arctic tundras and the Antarctic 

region (DeMars and Boerner, 1995; Allen, 1996; Gardes and Dahlberg, 1996). 

Interactions between plant and fungal communities is based on the 

preference of a given plant or fungus to the specific symbiotic partners from 

the populations which is to maintain diversity within plant communities (Bever, 

2002). Sanders et al. (1996) have stressed the importance of fungal diversity 

for the ecological impact of the AM symbiosis, and van der Heijden et al. 

(1998b) have shown that fungal and plant population diversity are directly 

correlated to each other. In general, ecology of AM symbiosis are highly 

dependent on the local situation prevailing in the environment (Hartnett and 

Wilson, 2002). 

 

2.13 ARBUSCULAR MYCORRHIZAL FUNGI AND ORNAMENTAL  

FLOWERING PLANTS 

Arbuscular Mycorrhizal fungi do not exhibit host plant specificity and they can 

associate with a wide range of host plant  species. There are fewer studies on 

the association and diversity of AM fungi in ornamental flowering plants. 

Ranganayaki and Manoharachary (2001) studied AM colonization in Tagetes 

erecta L. plants under natural field conditions and found 72% of AM fungal 

association with the rhizosphere soil harbouring Acaulospora foveata, 

Entrophospora sp., Glomus constrictum, G. fasciculatum, G. heterosporum, 

G. hoi, Sclerocystis pakistanika and Scutellospora nigra among which G. 

fasciculatum was predominant. 
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Muthukumar et al. (2006) studied mycorrhizal status in Acalypha indica 

L., Lantana camara L., Rosa indica L., Clitoria ternatea L., Crotalaria 

verrucosa L., Jasminum sambac L., Nyctanthes arbor-tristis L., Hibiscus rosa-

sinensis L., Michelia champaca L., Gloriosa superba L., Tagetes erecta L., 

Chrysanthemum cinerariifolium (Trev.) Vis., Catharanthus roseus (L.) G. Don., 

Justicia adhatoda L., Crossandra infundibuliformis (L.) Nees. while studying 

mycorrhizal morphology and dark septate fungal associations in medicinal 

and aromatic plants of Western Ghats, Southern India. Yaseen et al. (2006) 

studied AM status of in-vitro raised plants of Chrysanthemum cinerariifolium 

(Trevir.) Vis. and observed 80% roots with AM colonization and therefore had 

more efficient root system with better nutrient absorption capability.  

 

Radhika and Rodrigues (2010) found Glomus maculosum, G. 

glomerulatum and Acaulospora scrobiculata associated with Hibiscus rosa-

sinensis while carrying out survey of AM fungal diversity in some commonly 

occurring medicinal plants of Western Ghats, Goa region. Panna and 

Highland (2010) studied mycorrhizal colonization and distribution of AM fungi 

associated with Michelia champaca under plantation system in northeast 

India. They reported significantly higher AM colonization than dark septate 

endophyte colonization and spore density varied significantly in all the sites. 

The distribution, abundance and principal component analysis plot suggested 

that Glomus macrocarpum, G. multicaulis, G. constrictum and Acaulospora 

sp. were the most host preferred species which possibly favour the host with 

proper nutrient acquisition and growth. 
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Yang et al. (2011) studied root colonization and the diversity of spore 

populations of AM fungi in rhizosphere soil samples of Magnolia cylindrica in 

Huangshan of Anhui Province, East-Central China and reported the presence 

of AM fungal colonization with hyphae, hyphal coils and vesicles in all root 

samples and rich spore density and diversity of AM fungi. 

 

A positive vegetative response to AM colonization results in positive 

reproductive response due to inherent architectural constraints on flower 

production since more flowers require more branches, which contain more 

leaves and require more roots (Koide, 2010). The effects of AM colonization 

on vegetative growth may differ quantitatively from their effects on 

reproduction (Bryla and Koide, 1990; Stanley et al., 1993; Nakatsubo, 1997; 

Karagiannidis and Hadjisavva-Zinoviadi, 1998) because the extent of P deficit 

(Koide, 1991) for vegetative growth and reproduction may differ, and some of 

the nutrient requirement for reproduction may be met by reallocation from 

vegetative structures. Thus it is not possible to determine the extent of AM 

colonization effect of plant reproduction based on vegetative growth (Koide, 

2010). Relatively little is known about the effects of colonization by AM fungi 

on the male function of plants. Apart from vegetative growth AM fungi can 

enhance a number of plant traits. These include total plant size, flower 

number, flower size and amount of pollen produced. Johnson et al. (1982) 

studied the effect of flower bud development in chrysanthemum on AM 

formation and showed that different carbon and nutrient allocation patterns 

between mycorrhizal and non-mycorrhizal plants can influence flowering.  
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       Kandasamy et al. (1986) studied the influence of AM inoculation on the 

growth of Pyrethrum in the nursery and reported that AM inoculated plants 

flowered 7-10 days earlier than non-mycorrhizal plants. Davies et al. (1987) 

evaluated the effect of AM, soil amendments and water relations on growth of 

Rosa multiflora under reduced water regimes and showed that AM inoculated 

plants had higher resistance to water stress.  

 

Wen (1991) evaluated effects of temperature and Glomus sp. on 

growth and cut flower quality of micropropagated Gerbera jamesonii and 

reported colonization by AM fungi increased the vase life of cut flowers. Naik 

et al. (1995) studied the effects of different AM fungi at different P levels on 

growth, yield and P content of Callistephus chinensis and concluded that 

interactions between AM fungi and P levels were positively significant in 

improving shoot dry weight production, P nutrition and flower yield. 

 

 Aboul-Nasr (1996) studied effects of AM on Tagetes erecta and Zinnia 

elegans and reported an increase in number of flowers after mycorrhization, 

while dry weight as well as K and P concentrations were unaffected. Chen 

and Chang (1996) while studying effect of AM fungi on growth and flowering 

of two cultivars of Cineraria spp. reported AM inoculation shortened flowering 

time compared to non AM plants. 

 

Gaur and Adholeya (2000) evaluated effects of mixed AM inocula and 

chemical fertilizers in a soil with low P fertility on growth and flowering in 

Petunia hybrida, Callistephus chinensis and Impatiens balsamina.  An 
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increase in P and K concentration in shoots of AM-inoculated plants along 

with an improvement in both flower number and vegetative phase of plants 

was reported. Ranganayaki and Manoharachary (2001) studied the impact of 

AM fungi on the growth of Tagetes erecta with native AM inoculum and Gl. 

fasciculatum was also studied and reported positive effect by both the 

mycorrhizal treatments on plant height, root length, early flowering, number of 

flower heads, flower head diameter and, shoot and root dry weights and plant 

tissue N, P, K levels in mycorrhizal treated plants over non-mycorrhizal control 

plants. 

 

Scagel (2003a) studied the effect of AM fungal inoculation on flower 

and corm production in Freesia spp. grown in sterilized or non-sterilized soil. 

They observed AM fungi had no influence on flower opening in the first growth 

cycle, but inoculated plants flowered approximately 20 days earlier than non-

inoculated plants in the second growth cycle. When grown in non-sterilized 

soil, inoculated plants produced more leaves, flowers, inflorescences and 

flowers per inflorescence than non-inoculated plants. Mycorrhizal plants 

produced heavier daughter corms with increased number of cormlets than 

non-inoculated plants. In Zephyranthes spp. soil pasteurization and 

inoculation with Glomus intraradices altered flower production and bulb 

composition (Scagel, 2003b). 

 

Sohn et al. (2003) evaluated the effect of different timing of AM 

inoculation on rooting rate, colonization percentage and early plantlet growth 

at transplanting stage and successive plant growth, nutrient uptake and flower 
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quality of Chrysanthemum morifolium Ramat var. Baekgwang. A significant 

difference in plant growth, nutrient uptake and flower quality was observed in 

AM inoculated compared to non-inoculated plants. Linderman and Davies 

(2004) demonstrated varied response of different genotypes of Tagetes spp. 

inoculated with different AM fungi for colonization and responsiveness under 

low soil P conditions. Cultivars varied in their pattern of partitioning biomass 

into roots or shoots, with some partitioning more into roots than others with 

similar shoot biomass. Flower number or plant height did not vary between 

AM and non AM plants. Intra-radical colonization intensity ratings (arbuscules, 

vesicles and internal hyphae) varied significantly among cultivars and AM 

fungal inoculants, as did extra-radical hyphal development.  

 

Nowak (2004) evaluated effects of lead (Pb) concentration and AM 

fungi on growth, flowering and Pb accumulation in shoots of Pelargonium 

hortorum L.H. Bailey and demonstrated that on a peat substrate with organic 

NPK fertilizer mycorrhizal plants flowered earlier and showed increased N, P 

and K concentrations at low nutrient supply as well as increased P 

concentrations at high nutrient supply, while the number of flowers and the 

leaf dry weights were unaffected by AM colonization. 

 

Soil pasteurization and inoculation with AM fungi can alter plant 

characteristics that affect the quality and composition of corms and cut flower 

production in Brodiaea laxa (Scagel, 2004a). Also inoculation of Sparaxis 

tricolour with AM fungi and rhizobacteria influenced several aspects of plant 

development such as shoot emergence, leaf and flower production via 
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changes in mineral uptake, resource storage and biomass partitioning 

(Scagel, 2004b).  

 

Gange and Smith (2005) studied three species of annual plants viz., 

Centaurea cyanus, Tagetes erecta and T. patula to evaluate the effect of AM 

inoculation and showed that inoculation with AM fungi influence visitation 

rates of pollinating insects to these plants due to increase in total plant size, 

flower number and size and, amount of pollen produced over un-inoculated 

control. Gaur and Adholeya (2005) studied the response of five ornamental 

plant species viz. Petunia hybrida, Tagetes erecta, Callistephus chinensis, 

Papaver rhoeas and Dianthus caryophyllus to mixed indigenous and single 

isolate AM inocula in marginal soils amended with organic matter and 

observed that AM inoculation increased flowering only in C. chinensis, 

whereas in P. hybrida and T. erecta fewer flowers were recorded in AM 

inoculated plants.  

 

Scagel and Schreiner (2006) demonstrated the effect of AM inoculation 

on plant development, reproduction and tuber quality in Zantedeschia sp. by 

growing plants with or without mycorrhizal inoculum at different rates of P 

supply in order to separate P mediated effects from any non P mediated 

effects of the mycosymbiont. It was observed that AM inoculation had 

organspecific effects on tuber and flower quality and productivity. 

 

DôAmelio et al. (2007) carried out an experiment to study the effects of  

combined inoculum of a Rhizobacterium and an AM fungus on plant 
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responses to phytoplasma infection, and on phytoplasma multiplication and 

viability in Chrysanthemum carinatum Schousboe. infected by 

chrysanthemum yellows phytoplasma. It was observed that combined 

inoculation with Glomus mosseae and Pseudomonas putida resulted in some 

resistance to phytoplasma infection, delayed symptom expression in non 

resistant plants, improved growth of the aerial parts of the infected plants and 

altered root morphology. Perner et al. (2007) evaluated the effect of AM 

colonization and two levels of compost supply on nutrient uptake and 

flowering of Pelargonium peltatum Lô Her. and reported that addition of 

compost in combination with AM inoculation can improve nutrient status and 

flower development of plants grown on peat based substrates. 

 

Flores et al. (2007) studied the effect of inoculation of Bacillus subtilis 

and Glomus fasciculatum at sowing and transplanting time on yield and 

quality enhancement of Tagetes erecta flowers. Number of inflorescences per 

plant, flower diameter, fresh weight, xanthophyll content and colour were 

evaluated at the end of the crop production cycle. It was observed that 

Bacillus and/or Glomus treated plants produced 14-24% more inflorescences 

than untreated plants. Although, the treated flowers had significantly higher 

fresh weight than control, they did not differ in size. Bacillus improved flower 

colour properties and yellow colour but not xanthophyll content and Glomus 

enhanced xanthophyll content but not colour properties.  

 

Long et al. (2010) evaluated effects of AM fungi on Zinnia elegans and 

the difference in colonization between Gigaspora and Glomus. They showed  
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that mixed inoculations are not much effective in the growth promotion than 

the corresponding inoculation with Glomus alone. Matysiak and Falkowski 

(2010) evaluated mycorrhizal colonization, nutrient acquisition, and growth 

response of three ornamental plant species viz., Physocarpus opulifolius, 

Spiraea japonica and Potentilla fruticosa to AM inoculation, compost addition 

to peat substrate and controlled release fertilizer. It was found that AM fungal 

inoculation affected P content in plant tissue of all species, with a higher P 

content in AM than in non AM plants, regardless of the rate of controlled 

release fertilizer. However, the increased level of colonization caused by AM 

inoculum and higher P content in the leaves of all tested species did not 

correspond to higher biomass of plants.  

 

Asar and Elhindi (2011) studied the effect Glomus constrictum on 

growth, pigments and P content of Tagetes erecta plant grown under different 

levels of drought stress and observed that AM inoculation positively 

stimulated all growth parameters such as plant growth, pigments, P content 

and flower quality compared to un-inoculated plants. Bharathiraja and 

Tholkappian (2011) observed AM fungal interaction and its beneficial effects 

on Crossandra infundibuliformis. It was observed that application of both AM 

fungi (G. fasciculatum) and phosphobacteria in combination and the 

recommended dose of fertilizers had a significant effect in improving the plant 

height. 

 

Karishma et al. (2011) compared the efficacy of two AM fungi viz., 

Glomus mosseae and Acaulospora laevis along and in combination with 
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Pseudomonas fluorescens, Trichoderma viride and growth regulators like 

salicylic acid and kinetin and nutrients like sucrose and NaCl in prolonging the 

vase life of Chrysanthemum indicum L. It was reported that vase life of flowers 

was increased by inoculation with different bioinoculants as compared to the 

treatments with different growth regulators and nutrients. Schmidt (2011) 

studied the influence of AM fungi on the development of ornamental 

characters of Tagetes patula L. and found significant differences between the 

nutritional treatments and also between inoculated and un-inoculated plants 

having enhanced ornamental features.    
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3.1 INTRODUCTION 

Nature has given a wealth of wild flowers and ornamental plants and these 

plants have served for human adornment for millennia (Arora, 1993). Their 

use as ornaments is not only ancient but survives to the present time. In 

addition to decoration, adornment is often regarded as having amuletic 

powers or is used as social diacritical marks. Over 165 plant species used for 

human adornment in India have been identified from the literature (Francis, 

1984). 

 

Arbuscular Mycorrhizal fungi have been recognized as biological 

agents that contribute significantly to mineral nutrition, water uptake, pest 

control and pathogen suppression (Declerck et al., 1995; SchŤɓler et al., 

2001; Declerck et al., 2002; Elsen et al., 2003; Johansson et al., 2004; Barea 

et al., 2005; Smith and Read, 2008) and heavy metal tolerance (Khan et al., 

2000). They increase root surface area and enhance ability to explore for 

nutrients beyond the nutrient depletion zone (Smith and Read, 1997), facilitate 

the formation and stabilization of soil aggregates and soil dynamics (Smith 

and Read, 2008; Gianinazzi et al., 2010), and water infiltration (Rillig, 2004), 

prevent soil erosion (Schmid et al., 2008) and facilitate primary succession 

(Schram, 1966; Miller, 1987). In return they receive up to 30% of the hostsô 

photosynthate that is essential for the completion of its life cycle (Drigo et al., 

2010).   

 

Many AM fungal species are ubiquitous, occurring worldwide in quite 

different terrestrial ecosystems (Öpik et al., 2006), while others appear to be 

http://www.springerlink.com/content/?Author=Peter+Francis
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restricted to specific ecosystems, land uses types, vegetations or climates 

(Castillo et al., 2006; Oehl and Sieverding, 2004; Oehl et al., 2010). 

Occurrence of specific AM species is related to soil physical and chemical 

characteristics such as soil texture, organic matter content and nutrient 

contents, and in particular to the availability of P (Uhlmann et al., 2004; Landis 

et al., 2004; Bashan et al., 2007; Lekberg et al., 2007). The fungi benefit from 

increased plant diversity due to the higher number of possible host-fungal 

pairings and increased density of plant roots available for colonization 

(Burrows and Pfleger, 2002). A higher diversity of AM fungi has been shown 

to increase plant productivity (van der Heijden et al., 1998b).  

 

The biogeography of AM fungi remains relatively unknown at the global 

scale despite recent advances in understanding global distributions of other 

micro-organisms (Horner-Devine et al., 2004; Martiny et al., 2006) particularly 

in ornamental flowering plants. The general beneficial effects of AM 

colonization on nutrient acquisition and vegetative growth have been 

demonstrated (Gerdemann, 1968; Abbott and Robson, 1984; Cooper, 1984; 

Smith and Gianinazzi-Pearson, 1988; Bolan, 1991; Koide, 1991; Read, 1991; 

Read and Perez-Moreno, 2003). Colonization ability of AM fungi i.e. the rate 

and extent of colonization are commonly used measures of AM fungal activity 

(Hart and Reader, 2002). A positive vegetative response to AM colonization 

will generally lead to a positive reproductive response. This relationship exists 

because of the inherent architectural constraints on flower production; more 

flowers generally require more branches, which contain more leaves and 

require more roots. Therefore the studies on AM fungal association in this 
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community of plants are very important (Koide, 2010). Arbuscular Mycorrhizal 

fungal association was observed in ornamental plants species such as 

Tagetes erecta L. (Ranganayaki and Manoharachary, 2001), Acalypha indica 

L., Lantana camara L., Rosa indica L., Clitoria ternatea L., Crotalaria 

verrucosa L., Jasminum sambac L., Nyctanthes arbor-tristis L., Hibiscus rosa-

sinensis L., Michelia champaca L., Gloriosa superba L., Tagetes erecta L., 

Chrysanthemum cinerariifolium (Trev.) Vis., Catharanthus roseus (L.) G. Don., 

Justica adhatoda L., Crossandra infundibuliformis (L.) Nees. in Western 

Ghats, Southern India (Muthukumar et al., 2006), Michelia champaca L. in 

northeast India (Panna and Highland, 2010) and Hibiscus rosa-sinensis L. in 

Western Ghats, Goa (Radhika and Rodrigues, 2010). Due to the beneficial 

effects of AM fungi to floricultural crops effort is on throughout the world to 

exploit these micro-organisms to increase the productivity. Prior to exploiting 

the biofertilizer potential of AM fungi it is necessary to study their occurrence, 

distribution and colonization ability in their natural habitats. The present 

chapter deals with the study of  AM fungal association in ornamental flowering 

plants of Goa.  

 

3.2 MATERIALS AND METHODS 

3.2.1 Study sites and collection of root samples: The study was conducted 

in Goa state which is located on the west coast of India and lies between 

14Á53ǋ54ǌ and 15Á40ǋ00ǌ N latitude and between 73Á40ǋ33ǌ E and 74Á20ǋ13ǌ E 

longitude. Rhizosphere root samples were collected from 43 different plant 

species from garden and wild habitat, during the flowering stage, from a depth 

of 10ï20 cm from 35 different localities of Goa. For seasonal and 
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geographical variation studies on AM fungal diversity, root samples were 

collected from 12 plant species viz., Chrysantheumum morifolium, Crossandra 

infundibuliformis, Delonix regia, Erythrina indica, Gardenia jasminoides, 

Hedychium coronarium, Hibiscus rosa-sinensis, Jasminum nitidum, Mammea 

suriga, Michelia champaca, Nyctanthes arbor-tristis and Rosa sp. from three 

different sites viz. Coastal (Arambol: 15°68ǋ65ǌ N, 73°70ǋ29ǌ E), Plateau 

(Bethora: 15°29ǋ93ǌ N, 74°12ǋ39ǌ E) and Western Ghats (Talauli: 15Á22ǋ74ǌ N, 

74Á15ǋ75ǌ E) during pre-monsoon (April), monsoon (August) and post-

monsoon season (December) for the period from 2008ï2010 (Fig. 1). 

Samples were placed in polyethylene bags, labeled and transferred to the 

laboratory.  

 

3.2.2 Processing of roots: Root colonization was assessed by using the 

method described by Phillips and Hayman, (1970). The root samples were 

first washed with water and cut into 1 cm pieces. These root pieces were 

cleared with 10% KOH at 90 C̄ in an oven for 1ï2 hrs, acidified in 2N HCl and 

then stained in 0.05% trypan blue in lactoglycerol. The stained roots were 

examined under a compound microscope (x 400) for the presence of hyphae, 

arbuscules and vesicles.  

 

3.2.3 Estimation of root colonization: One hundred root segments from 

each sample were selected for microscopic observation and estimation of the 

degree of colonization was carried out using slide method (Giovannetti and 

Mosse, 1980). A segment was considered mycorrhizal when it showed the 

presence of hyphae and/or arbuscles and/or vesicles. Total root colonization  
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was expressed as percent AM colonization and was calculated using the 

formula, 

Root colonization (%) = (Number of root segments colonized/Total number 
of root segments observed) x 100 
                                                  

       3.2.4 Soil analyses: Soil pH was measured after dilution with distilled water 

(1:2 v/v) using pH meter (LI 120 Elicio, India). Electrical Conductivity (EC) was 

measured at room temperature in 1:5 soil suspension using Conductivity 

Meter (CM-180 Elico, India). The organic carbon and available P were 

analysed according to the methods outlined by Walkley and Black (1934) and 

rapid titration method (Bray and Kurtz, 1945), respectively. Available K was 

determined using ammonium acetate method (Hanway and Heidel, 1952) 

using Flame photometer (Systronic 3292).  

 

3.2.5 Statistical analysis: Pearsonôs correlation coefficient test was 

performed to assess the relationships between mycorrhizal parameters such 

as root colonization and spore density and edaphic factors using WASP (Web 

Based Agricultural package, version 1.0 at P Ò 0.05). 

 

3.3 RESULTS 

A study of the association between AM fungi and roots of ornamental 

flowering plants commonly found in Goa state was carried out. In all 129 

rhizosphere root samples were collected from 43 plant species (Plates 1ï6) 

from 35 localities of Goa (Table 2). Soil pH varied significantly between the 

sampling habitats and sampling seasons (P Ò 0.05). Soil pH in the 

rhizosphere of garden plants was lower than in the rhizosphere of wild plants  
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Table 2: Ornamental flowering plant species from Goa selected for study. 

 

Sr. 
No. 

Host plant Family Location Status 

 

1. Acalypha hispida Burm. F. Euphorbiaceae Advalpal Garden 

2. Allamanda cathartica L. Apocyanaceae Korgao Wild 

3. Bauhinia purpurea L. Caesalpiniaceae Netravali Wild 

4. Bombax ceiba L. Bombacaceae Mangal Wild 

5. Bougainvillea spectabilis Willd. Nyctaginaceae Fatorda Wild 

6. Butea monosperma Roxb. Ex 
Willd 

Caesalpiniaceae Honda Wild 

7. Caesalpinia pulcheriima (L.) 
Swartz 

Caesalpiniaceae Valpoi Wild 

8. Callistemon lanceolatus DC. Myrtaceae Corlim Garden 

9. Canna indica L. Cannaceae Talauli Garden 

10. Cassia fistula L. Caesalpiniaceae Potrem Wild 

11. Chrysanthemum morifolium 

Ramat. 
Asteraceae Parsem Garden 

12. Clarodendron paniculatum L. Verbenaceae Velpe Wild 

13. Crossandra infundibuliformis (L.) 
Nees. 

Acanthaceae Chopdem Garden 

14. Delonix regia (Hook.) Raf. Caesalpiniaceae Netravali Wild 

15. Erythrina indica Lam. Fabaceae Arambol Wild 

16. Ethalidium barlerioides (Roth) 
Nees 

Acanthaceae Dhargal Wild 

17. Gardenia jasminoides Ellis. Rubiaceae Siolim Garden 

18. Hedychium coronarium Koenig. Zingiberaceae Palyem Garden 

19. Hibiscus rosa-sinensis L. Malvaceae Bethora Garden 

20. Ixora duffi T. Moore Rubiaceae Advalpal Garden 

21. Jasminum auriculatum Vahl. Oleaceae Velus Garden 

22. Jasminum nitidum Skan. Oleaceae Mavlinge Garden 

23. Lagerstroemia purpurea L. Lythraceae Colomb Wild 

24. Mammea suriga Kosterm. Clusiaceae Pernem Wild 

25. Melastoma malabathricum L. Melastomaceae Kudchire Wild 

26. Michelia champaca L. Magnoliaceae Velus Garden 

27. Mimusops elengi L. Sapotaceae Chandel Wild 

28. Murraya paniculata (L.) Jack Rutaceae Arambol Garden 

29. Mussaenda frondosa L. Rubiaceae Gaodongarem Garden 

30. Nerium indicum Mill. Apocyanaceae Sancordem Wild 

31. Nyctanthus arbor-tristis L. Oleaceae Uguem Garden 

32. Pachystachys spicata (Ruiz & 
Pav.) Wassh.  

Acanthaceae Volvoi Garden 

33. Peltophorum pterocarpum (DC.) 

K. Heyne. 
Fabaceae Paryem Wild 

34. Pithecellobium saman (Jacq.) 
Benth. 

Fabaceae Valpoi Wild 
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35. Plumeria rubra L. Apocyanaceae Mulgaon Wild 

36. Pseudoeranthemum bicolor 
(Sims) Radlk. 

Acanthaceae Kumbari Garden 

37. Rosa sp. Rosaceae Velus Garden 

38. Spathodea campanulata P. 
Beauv. 

Bignoniaceae Dabal Wild 

39. Tabernaemontana divericata L. Apocyanaceae Barazan Garden 

40. Tagetes erecta L. Asteraceae Korgao Garden 

41. Tecoma stans L. Juss. Ex. 
Kunth. 

Bignoniaceae Assonora Garden 

42. Thevetia nerifolia Juss. Apocyanaceae Nanorem Garden 

43. Thunbergia grandiflora Roxb. Acanthaceae Honda Wild 
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Plate 1:  Ornamental plant species  

 

A. Acalypha hispida Burm. F. 

 

B. Allamanda cathartica L. 

 

C. Bougainvillea spectabilis Willd. 

 

D. Caesalpinia pulcheriima (L.) Swartz 

 

E. Callistemon lanceolatus DC. 

 

F. Canna indica L. 
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Plate 2:  Ornamental plant species 

 

A.  Cassia fistula L. 

 

B. Chrysanthemum morifolium Ramat. 

 

C. Clarodendron paniculatum L. 

 

D. Crossandra infundibuliformis (L.) Nees. 

 

E. Delonix regia (Hook.) Raf. 

 

F.  Ethalidium barlerioides (Roth) Nees 
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Plate 3:  Ornamental plant species 

 

A. Gardenia jasminoides Ellis. 

 

B. Hedychium coronarium Koenig. 

 

C. Hibiscus rosa-sinensis L. 

 

D. Ixora duffi T. Moore 

 

E. Jasminum nitidum Skan. 

 

F.  Lagerstroemia purpurea L. 
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Plate 4:  Ornamental plant species 

 

A. Melastoma malabathricum L. 

 

B. Michelia champaca L. 

 

C. Murraya paniculata (L.) Jack 

 

D. Mussaenda frondosa L. 

 

E. Nerium indicum Mill. 

 

F.  Nyctanthus arbor-tristis L. 
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Plate 5:  Ornamental plant species 

 

A. Pachystachys spicata (Ruiz & Pav.) Wassh. 

 

B. Peltophorum pterocarpum (DC.) K. Heyne. 

 

C. Pithecellobium saman (Jacq.) Benth. 

 

D. Plumeria rubra L. 

 

E. Pseudoeranthemum bicolor (Sims) Radlk. 

 

F.  Rosa sp. 
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Plate 6:  Ornamental plant species 

 

A. Spathodea campanulata P. Beauv. 

 

B. Tabernaemontana divericata L. 

 

C. Tagetes erecta L. 

 

D. Tecoma stans L. Juss. Ex. Kunth. 

 

E. Thevetia nerifolia Juss. 

 

F.  Thunbergia grandiflora Roxb. 
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(Table 3). Similarly, significant differences were observed in the soil nutrient 

levels during pre-monsoon, monsoon and post-monsoon seasons (Table 4).  

Soil pH in monsoon season was significantly lower than in dry seasons in all 

the three sites. Soil Electrical conductivity, Organic carbon, P and K varied 

significantly (P Ò 0.05) between seasons and the sites. All the 43 plant 

species studied showed AM colonization. The results show that although the 

extent of AM colonization was lower, roots of all the selected plants showed 

the presence of mycorrhizal structures necessary in AM symbiosis. The 

mycorrhizal structures present included abundant intraradical hyphae (Plate 

7AïC), arbuscules (Plate 7DïF), vesicles (Plate 8AïD), hyphal coils and/or 

sporadic internal spores in roots of investigated plants (Plate 8E & F).  

 

          Intensity of AM colonization in all replicates of the plant species studied 

ranged from 4 to 99%. Maximum percentage of root colonization was 

recorded in C. indica (99%) and minimum in M. paniculata (4%). Of the 43 

plant species, 20 species showed vesicular, arbuscular as well as hyphal 

colonization (Table 5 & 6). Average root colonization was higher in garden 

plants (52.63%) than in wild plants (44.47%). In garden plants C. indica 

exhibited highest colonization (99%) and the lowest was recorded in M. 

paniculata (4%) (Fig. 2). Among the wild plants, P. saman exhibited highest 

root colonization (72%) and was least in C. pulcherrima and M. 

malabathricum (28%) (Fig. 3). In garden plants a positive significant 

correlation was found between root colonization and soil P (r = 0.815) and a 

negative significant correlation between root colonization and pH (r = -0.996).  

Colonization and organic carbon (r = -0.579) and colonization and K (r = - 
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Table 3: Physical and chemical characteristics of soils from 
garden and wild habitats. 

 

 
Sr. 
No. 

 
Soil parameter 

 
Habitat 

 
Garden 

 
Wild 

1. pH 6.00 +0.10 6.70 +0.10 
 

2. Electrical conductivity 
(m/mhos) 

0.12 +0.01 0.19 +0.01 
 

3. Organic Carbon (%) 1.74 +0.02 1.05 +0.02 
 

4. Available P (Kg/Ha) 8.90 +0.06 104.30 +0.32 
 

5. Available K (Kg/Ha) 224 +4.00 436.80 +0.12 
 

 
Legend: Values are mean of 3 replicates, + indicates standard deviation. 
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  Table 4: Seasonal variation on soil characteristics in selected study sites. 
 

 

   Legend: All values are mean of 3 replicates, + indicates standard deviation. 
                  Data with different letters for each season are significantly different at P Ò 0.05. 

 
Sr.         
No. 

 
Study site 

 
Season 

 
Soil characteristics 

 
pH 

 
EC 

 
Organic 

carbon % 

 
Available P 

(Kg Ha-1) 

 
Available K  

(Kg Ha-1) 
 

 
 

1. 

 
 

Coastal 

Monsoon  6.1d +0.06 0.016g +0.00 0.32h +0.01 
 

1.05d +0.01 89.60h +0.10 

Post-monsoon 6.2cd +0.06 0.073f +0.00 0.35g +0.01 
 

5.96b +0.02 89.60h +0.10 

Pre-monsoon 7.2a +0.10 0.727f +0.00 
 

0.97f +0.01 2.98c +0.01 380.80c +0.12 

 
 

2. 

 
 

Plateau 

Monsoon  5.1f +0.06 0.143d +0.00 1.37d +0.01 
 

0.99e +0.00 336.00e +0.06 

Post-monsoon 5.4e +0.06 0.141d +0.00 1.55c +0.02 
 

1.00e +0.00 201.60g +0.06 

Pre-monsoon 5.6e +0.06 0.097e +0.00 1.67b +0.02 
 

1.01de +0.00 246.40f +0.15 

 
 

3. 

 
 

Western 
Ghats 

Monsoon  6.4c +0.10 0.175c +0.00 1.05e +0.02 
 

2.98c +0.01 358.40d +0.15 

Post-monsoon 6.7b +0.06 0.318b +0.00 1.74a +0.01 
 

1.49a +0.07 425.60b +0.72 

Pre-monsoon 6.9b +0.10 0.419a +0.00 1.67b +0.02 
 

1.05d +0.00 660.80a +0.10 
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Table 5: Percent root colonization in garden plants. 

 
Sr. 
No. 

 
Host plant 

 
Type of AM 
colonization 

 
Root 

colonization (%) 
 

1. Acalypha hispida  A, H 52.3 +1.53 

2. Callistemon lanceolatus  V, H 68.3 +3.06 

3. Canna indica  V, A, H 99.3 +0.58 

4. Chrysanthemum morifolium  V, A, H 38.0 +2.00 

5. Crossandra infundibuliformis  V, A, H 66.0 +2.00 

6. Gardenia jasminoides  V, H 58.3 +1.53 

7. Hedychium coronarium  V, H 64.3 +1.53 

8. Hibiscus rosa-sinensis  V, H 58.3 +1.53 

9. Ixora duffii  V, H 34.3 +2.08 

10. Jasminum auriculatum  A, H 10.3 +1.15 

11. Jasminum nitidum  A, H 48.3 +2.52 

12. Michelia champaca  V, A, H 24.3 +1.15 

13. Murraya paniculata  A, H 04.3 +0.58 

14. Mussaenda frondosa  V, A, H 52.0 +1.00 

15. Nyctanthus arbor-tristis  V, H 56.3 +0.58 

16. Pachystachys spicata  V, A, H 60.3 +0.58 

17. Pseudoeranthemum bicolor V, A, H 58.0 +1.00 

18. Rosa sp. V, A, H 68.0 +1.00 

19. Tabernaemontana divericata  V, A, H 52.3 +1.15 

20. Tagetes erecta  V, H 70.3 +1.15 

21. Tecoma stans  V, H 68.3 +2.52 

22. Thevetia nerifolia  A, H 50.3 +1.53 

 
Legend: V=Vesicular colonization, A= Arbuscular colonization, H= Hyphal colonization.  

  Values are means of three replicates, + indicates standard deviation. 
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   Table 6: Percent root colonization in wild plants. 

Sr. 
No. 

Host plant Type of AM 
colonization 

Root 
colonization 

(%) 
 

1. Allamanda cathartica  V, H 50.3 +1.15 

2. Bauhinia purpurea  V, A, H 46.3 +1.53 

3. Bombax ceiba  V, H 40.3 +2.08 

4. Bougainvillea spectabilis  V, A, H 54.3 +1.53 

5. Butea monosperma  V, A, H 40.3 +2.08 

6. Caesalpinia pulcheriima  V, A, H 28.3 +2.08 

7. Cassia fistula  V, A, H 30.0 +2.00 

8. Clarodendron paniculatum  V, H 62.3 +1.53 

9. Delonix regia  V, A, H 42.6 +1.15 

10. Erythrina indica  V, H 32.0 +1.00 

11. Ethalidium barlerioides A, H 38.3 +2.08 

12. Lagerstroemia purpurea  V, A, H 38.0 +2.00 

13. Mammea suriga  V, H 48.3 +1.53 

14. Melastoma malabathricum  V, A, H 28.3 +1.53 

15. Mimusops elengi  V, H 42.0 +1.53 

16. Nerium indicum  V, A, H 60.0 +1.00 

17. Peltophorum pterocarpum  V, H 32.3 +2.08 

18. Pithecellobium saman  V, A, H 72.3 +2.08 

19. Plumeria rubra L. V, A, H 48.0 +1.00 

20. Spathodea campanulata  V, H 48.0 +1.00 

21. Thunbergia grandiflora  V, H 56.0 +2.65 

 
Legend: V= Vesicular colonization, A= Arbuscular colonization, H= Hyphal   colonization.        
              Values are means of three replicates, + indicates standard deviation. 
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Plate 7:  Root colonization by Arbuscular  

  Mycorrhizal fungi 

 

A. Hyphal colonization in Canna indica (x 100). 

 

B. Hyphal colonization in Hibiscus rosa-sinensis (x 400). 

 

C. Hyphal colonization in Rosa sp. (x 100). 

 

D. Arbuscular colonization in Rosa sp. (x 100). 

 

E. Arbuscular colonization in Tagetes erecta. (x 100). 

 

F. Arbuscular colonization in Canna indica (x 400). 
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Plate 8:  Root colonization and intraradical spores 

 

A.  Vesicular colonization in Canna indica (x 100). 

 

B.  Vesicular colonization in Canna indica (x 400). 

 

C.  Vesicular colonization in Clarodendron paniculatum  

 (x 400). 

 

D. Vesicular colonization in Rosa sp. (x 400). 

 

E. Intraradical spores in Canna indica (x 100). 

  

F.  Intraradical spores in Canna indica (x 400). 
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Table 7: seasonal variation in percentage root colonization in selected 
flowering plants from 3 distinct regions in Goa. 

 

Sr. No. Season Average root 
colonization 

(%) 

Study site Root 
colonization 

(%) 
 

 

1. 

 

Monsoon 

 

39.45
ab 

+4.88 

Coastal 42.66
a 
+1.66 

Plateau 33.83
b 
+3.99 

Western Ghats 41.88
a
 +2.20 

 

2. 

 

Post-monsoon 

 

46.96
a 
+6.42 

Coastal 47.47
a 
+3.81 

Plateau 40.50
b
 +2.91 

Western Ghats 52.83
a 
+1.83 

 

3. 

 

Pre-monsoon 

 

31.30
b 
+4.97 

Coastal 31.91
ab 

+3.36 

Plateau 26.05
b 
+4.10 

Western Ghats 35.94
a 
+1.83 

 
Legend: Values are mean of 3 replicates, + indicate standard deviation. 
              Data with different letters for each season are significantly different at P Ò   0.05. 

 

 



 

120 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

121 

 

0.417) were found to be non-significant. In wild plants, a positive correlation 

between root colonization and soil pH (r = 0.129), P(r = 0.959) and K (r = 

0.129) and negative correlation between root colonization and organic carbon 

(r = -0.625) was observed. 

 

  Root colonization varied significantly between the seasons and 

between the study sites. The statistical analyses revealed a seasonal and 

sampling site effect on the extent of root colonization (Table 7). Seasonal 

studies showed that the degree of root colonization was least during pre-

monsoon season (31.3%), increased during monsoon (39.45%) and reached 

maximum during post-monsoon season (46.96%). Plants species growing in 

Western Ghats region showed maximum root colonization followed by plant 

species growing in coastal and plateau regions (Fig. 4).  

 

3.4 DISCUSSION 

In the present study a survey of ornamental flowering plant species commonly 

found in Goa was undertaken to examine symbiosis between AM fungi and 

roots. The presence of AM roots at all the study sites and root colonization 

intensity reveals that the AM association is naturally established as reported 

in earlier studies (Khaliel and Abou-Heilah, 1985; Al-Whaibi and Khaliel, 1994; 

Bouamri et al., 2006). Variation in the intensity of AM colonization was 

recorded in the plants species surveyed. Of the two habitats examined, the 

extent of AM colonization was higher in garden plants than in wild plants. An 

increase in the colonization levels in garden plants may possibly be due to 

watering that assists germination of AM spores in the rhizosphere. Soil water 

content can have variable effects on AM spore germination and thus 
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colonization. Soil wetting and drying cycles are the most important parameters 

known to affect survival, germination and thus colonizing ability of AM fungi in 

nature (Braunberger et al., 1996). Soil moisture is positively correlated with 

AM fungal colonization (He et al., 2002; Bohrer et al., 2004; Lingfei et al., 

2005, Oliveira and Oliveira, 2005). The present study revealed variation in AM 

root colonization extent among the plant species. This variation in colonization 

extent may be due to the fact root sampling was carried out only in the 

blooming stage that varied for each plant species. Lugo et al. (2003) 

suggested that physiology, growth rate and turnover of plant roots are among 

the key factors contributing to variation in AM fungal colonization.  

 

In the present study a positive significant correlation between the root 

colonization and soil P was reported in garden plants. High levels of 

colonization in soils rich in available P and the apparent insensitivity of AM 

fungal colonization to the incorporation of P fertilizers have been reported 

earlier (Vosátka, 1995; Hamel et al., 1996; Ryan and Ash, 1999). Contrasting 

findings however, where a reduction in AM colonization levels in roots was 

observed due to increased nutrient inputs to soil especially P, decreasing the 

AM fungal potential in the soil, have been reported (Schwab, 1983; Guillemin, 

1995; Smith and Read, 1997; Kaushal, 2000; Mohammad et al., 2003; Smith 

and Read, 2008). Long-term P fertilization, even at low levels, can reduce 

mycorrhiza formation (Mäder et al., 2000; Bending et al., 2004). The 

application of P fertilizer decreases the rate of root colonization and the 

density of AM fungi in soil (Isobe and Tsuboki, 1998; Mohammed et al., 1998; 

Lekberg and Koide, 2005; Duan et al., 2010). Moreover, the use of other 
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readily soluble fertilizers, particularly nitrogen fertilizers, has similarly been 

found to have a negative impact on AM colonization in some plant species 

(Liu et al., 2000; Burrows and Pfleger, 2002; Treseder and Allen, 2002), 

though not in others (Ryan and Ash, 1999; Jumpponen et al., 2005).  

 
 A negative significant correlation between pH and percent colonization 

in garden habitat indicated that root colonization increased with increase in pH 

in fairly acidic soils which is in accordance with the studies of Wiseman and 

Wells (2005) who recorded a greater colonization in acid forest than less 

acidic landscape sites. However, Sunilkumar and Garampalli (2010) found 

significant positive correlation between soil pH and percentage colonization. 

pH and temperature differences in spore germination of AM fungal species 

are related to the moisture conditions of the environment to which they are 

ecologically adapted. Therefore it is not possible to derive conclusions without 

knowing germination responses of several isolates of a species, each from 

environments with widely different moisture regimes to different soil matrix 

potentials (Giovannetti et al., 2010).  

 

 The positive correlation between soil K and root colonization in wild 

plants observed in the present study suggest that the slow diffusion of K ions 

in the soil may favour spore germination and thus increase root colonization. 

Soil K is reported to have a stimulatory effect on AM variables (Furlan et al., 

1989; Ouimet et al., 1996) and a minimum soil K is often a pre-requisite of 

mycorrhizal colonization in some plant species (Ouimet et al., 1996; Gamage 

et al., 2004).  
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In the seasonal variations study a significant difference in the soil 

nutrient levels was recorded in all the seasons. It was observed that soil 

acidity decreases in the monsoon season. Similarly electrical conductivity, 

organic carbon, P and K concentration also decreased after the dry season in 

most of the cases. Earlier studies suggest that soil nutrient concentrations 

vary spatially and temporally in all ecosystems (Lodge et al., 1997; Oliveira et 

al., 2001; Oliveira and Oliveira, 2010). Consistent seasonal patterns of AM 

colonization in several plant species have been reported earlier (Sanders and 

Fitter, 1992; Wright et al., 1998; Muthukumar and Udaiyan, 2002; Oleiveira 

and Oleiveira, 2005). Extent of root colonization varied significantly between 

the seasons and also between the study sites. Plant species growing in 

Western Ghats region showed greater root colonization than those growing in 

coastal and plateau regions. The extent of root colonization is known to vary 

with soil and climatic factors (Rajan et al., 2000). Root colonization was least 

during pre-monsoon season, increased during monsoon and reached 

maximum during post-monsoon. Sivakumar (2012) also recorded least 

colonization in the pre-monsoon season. However Oleiveira and Oleiveira 

(2010) recorded maximum root colonization during monsoon season. The 

present study showed negative correlation only in garden plants between pH 

and AM colonization indicating a possibe increase in the extent of AM 

association in fairly acidic soils. 

 

Seasonal variation in root colonization extent can be due to soil 

moisture which is positively correlated with AM fungal colonization (He et al., 

2002; Bohrer et al., 2004; Lingfei et al., 2005, Oliveira and Oliveira, 2005), 
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exudation of toxic metabolites and the production of easily oxidizable 

compounds (St. John and Coleman, 1983; Koske, 1987). The quality and 

source of exudates is known to play an important role in triggering spore 

germination. After germination, the spores must find a host root in their 

vicinity, to trigger the subsequent colonization stages. Evidence suggest that 

roots emit a volatile signal that stimulates the directional growth of the AM 

fungus toward them (Koske, 1982). Although these factors play a decisive role 

in colonization, several edaphic and climatic factors are also essential to 

influence the root colonization process (Giovannetti, 1985). It has also been 

reported that the community structure of AM fungi may determine host plant 

community's association and production (van der Heijden et al., 1998a). The 

influence of climatic factors on AM fungal colonization, development and 

spore numbers in natural ecosystems has been described earlier (Saito and 

Kato, 1994; Udaiyan et al., 1996; Muthukumar and Udaiyan, 2002; Staddon et 

al., 2003; Lingfei et al., 2005). It may be concluded that seasonal variations 

influence the extent of AM association in ornamental flowering plants. 

 
 
 
 
 
 
 

 

  



 

126 

 

 

 

 

 

CHAPTER 4 

 

ARBUSCULAR MYCORRHIZAL 
FUNGAL DIVERSITY IN THE 
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4. 1 INTRODUCTION 

Arbuscular Mycorrhizal fungi are known for their relationships with plants and 

AM fungal biogeography is primarily defined by the global distribution of 

known host plants and plant-defined biomes (Allen et al., 1995; Öpik et al., 

2010). The knowledge about the roles of factors such as spatial, 

environmental and biological mechanisms that limit the distributions in 

microbial biogeography is scarce (Martiny et al., 2006). Some micro-

organisms such as algae, fungi, bacteria, etc. exhibit species-area 

relationships and co-occurrence patterns that are equivalent to those of 

macro-organisms such as arthropods, birds, etc. (Horner-Devine et al., 2004, 

2007; Peay et al., 2007), while other microbial taxa (<1 mm in size) have more 

cosmopolitan distributions (Finlay, 2002; Fenchel and Finlay, 2004).  This was 

based primarily on the assumption that the high local abundance of microbes 

increases the probability that individual microbes may travel a long distance 

and successfully colonize a remote location simply by chance. In particular, 

the biogeography of AM fungi remains relatively unknown at the global scale 

despite recent advances in understanding global distributions of other 

microorganisms (Horner-Devine et al., 2004; Martiny et al., 2006). Arbuscular 

Mycorrhizal associations are the most frequent symbiosis found in nature 

because of their broad association with plants and cosmopolitan distribution 

(Harley and Smith, 1983). The biomass and community compositions of AM 

fungi differ with respect to biome, invasive plants and plant species richness 

(Helgason et al., 2002; Hawkes et al., 2006; Öpik et al., 2006; Treseder and 

Cross, 2006; Kivlin and Hawkes, 2011) thus indicating that the spatial 

variation in plant community structure at many scales may influence the 
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distribution of AM fungal species. Dispersal limitation, environmental filtering, 

and biotic interactions between AM fungal species also contribute to their 

biogeography (Lekberg et al., 2007; Dumbrell et al., 2010). Some AM fungi 

produce relatively large spores that are dispersed over intermediate ranges 

and their hyphae can be dispersed over smaller areas (Warner et al., 1987; 

Mangan and Adler, 2000). The human-mediated introduction of 

microorganisms in soil and plant inoculum also results in large-scale dispersal 

of AM fungi (Schwartz et al., 2006; Vellinga et al., 2009).  

 

Agricultural intensification, including conventional use of pesticides has 

resulted in biodiversity losses worldwide (Butler et al., 2007). Distribution and 

composition of AM fungi is also affected by many environmental parameters 

such as soil type and texture, disturbance, moisture, temperature and nutrient 

availability (Pringle and Bever, 2002; Rillig et al., 2002; Hawkes et al., 2006; 

Lekberg et al., 2007). Studies on AM fungal diversity in plants with respect to 

garden and wild habitats is thus essential. Plants growing in garden habitat 

usually get sufficient moisture and nutrients in the form of organic manures or 

fertilizers. However the plants from wild habitats rely solely on rain water. 

Arable fields have a low taxonomic diversity of AM fungi (Helgason et al., 

1998), as the high use of chemical fertilizers, pesticides and intensive land 

management practices common in conventional agriculture result in 

decreased AM fungal diversity and abundance (Douds and Millner, 1999). 

Burrows and Pfleger (2002) found that increasing plant diversity had a 

positive effect on AM fungal sporulation and community composition due to 

the higher number of possible host-fungal pairings, and increased density of 
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plant roots available for colonization. In addition, Helgason et al. (1998) found 

that woodlands show much higher AM fungal species richness and diversity 

when compared to agricultural fields.  

 

The interaction between tree and crop roots can also have an effect on 

AM fungi and therefore play an important role in the functioning and 

productivity of agroecosystems (Plenchette et al., 2005). Arbuscular 

Mycorrhizal fungi influence plant diversity and community structure (Grime et 

al., 1987; van der Heijden et al., 1998a, Bever et al., 2001; Klironomos, 2003; 

van der Heijden et al., 2007) and can induce different growth response in 

plants and thus play a potential role to determine plant biodiversity, 

ecosystem variability. The fungi have a significant effect in improving crop 

growth and productivity. Therefore AM fungi are considered one of the most 

important components of various ecosystems and play a crucial role in 

regulating the response of ecosystems to changing biotic and abiotic 

conditions (Landis et al., 2004).  

 

Information on AM fungal diversity associated with ornamental 

flowering plants in India is scarce. High diversity of AM fungi was observed in 

Tagetes erecta L. (Ranganayaki and Manoharachary, 2001), Rhododendron 

spp., (Chaurasia et al., 2005) and Hibiscus rosa-sinensis L. (Radhika and 

Rodrigues, 2010). In the past few years, interest in the application of AM fungi 

to grow floricultural plants has been increasing all over the world and so in 

India. Production of large quantities of AM spores for nursery inoculation and 

collection of various AM fungi for inoculum production are key steps in the 
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development of AM biofertilizers. For this, a survey of the rhizosphere soils is 

an important pre-requisite. Diversity studies also help to understand the 

ecology of the habitat and to develop conservation strategies. The present 

work was carried out to determine AM fungal diversity, species richness, 

frequency of isolation and relative abundance in various ornamental flowering 

plant species commonly found in Goa and to study whether host plant 

species, soil conditions and seasonal variations influence the AM fungal 

species composition.  

 

4.2 MATERIALS AND METHODS 

4.2.1 Study sites and collection of rhizosphere samples: Rhizosphere soil 

samples from 43 ornamental plant species growing in garden and wild habitat 

were collected during the flowering stage, from a depth of 10ï20 cm from 35 

different localities of Goa. To study the effect of seasonal variation on AM 

spore density with respect to different sites, soil samples from 12 plant 

species viz., Chrysantheumum morifolium, Crossandra infundibuliformis, 

Delonix regia, Erythrina indica, Gardenia jasminoides, Hedychium 

coronarium, Hibiscus rosa-sinensis, Jasminum nitidum, Mammea suriga, 

Michelia champaca, Nyctanthes arbor-tristis and a Rosa sp. from three 

different sites viz. Coastal (Arambol), Plateau (Bethora) and Western Ghats 

(Talauli) were collected during pre-monsoon (April), monsoon (August) and 

post-monsoon season (December) for the period from 2008ï2010. Soil 

samples were placed in polyethylene bags, labeled and brought to the 

laboratory and stored at 4°C until processing.  
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4.2.2 Extraction of AM fungal spores: Extraction of AM fungal spores and 

sporocarps from the rhizosphere soil samples was carried out using wet 

sieving and decanting procedure (Gerdemann and Nicolson, 1963). 

Rhizosphere soil (100g) was suspended in 1000 ml of tap water, stirred for 

10ï15 seconds and the coarse particles were allowed to settle at bottom for 

1ï2 minutes. The suspension was then poured through sieves arranged in 

descending order of mesh size ranging from 60 mm to 240 mm. The above 

steps were repeated thrice to ensure maximum extraction of spores from the 

soil sample. Debris containing spores from each sieve was collected 

separately in a beaker and filtered through Whatman paper. The contents of 

the filter paper were used for isolation of AM spores and sporocarps under a 

stereo-microscope.  

 

Spores were also isolated from the soil sample using a combination of 

wet sieving and sucrose density gradient techniques (Daniels and Skipper, 

1982). The sievings collected by wet sieving and decanting technique were 

re-suspended in saturated sucrose solution (50%) and centrifuged at 1000 

rpm for 4 min. The layer of sucrose containing spores was then pipetted out 

using an autopipette and filtered through a Whatman filter paper, washed and 

placed in a Petri-plate for further isolation.  

 
4.2.3 Quantification of AM fungal spores from soil: Quantification of AM 

fungal spores from soil was carried out using the method described by Gaur 

and Adolheya (1994). Whatmann filter paper No. 1 was folded dividing it into 

two equal halves. This was followed by a second fold resulting into four equal 

parts. The filter paper was re-opened and two lines were drawn to divide it 
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into four equal quadrants. Vertical lines were drawn on one half of the filter 

paper so as to divide it into approximately ten columns with each column 

about 1 mm apart. Each column was numbered and the direction of counting 

marked with arrows. The filter paper was then folded in such a way that the 

marked portion is the receiving surface for the sample during filtration. Thus 

the spores are collected only on the marked surface of the filter paper, the 

unexposed portion remain devoid of the spores. This filter paper with the 

spores and other debris was then spread on a Petri-plate and observed under 

the stereo microscope. The spores in every column between the numbered 

lines were counted by moving the Petri-plate. Thus spore density/100g soil 

sample was calculated. 

 

 The spores were recovered under the dissecting microscope, 

separated according to their morphotype and evaluated for their respective 

relative abundance and frequency of occurrence using the formulae by Beena 

et al., (2000) as given below: 

 
Frequency of Occurrence (%) = (Number of soil samples that possessed 

spores of particular AM species/Total number of soil samples screened) x 100 
 
                  
Relative Abundance (%) = (Number of spores of particular AM species/Total 

number of spores of all the AM species) x 100 
 
 
4.2.4 Establishment of pot cultures: Establishment of pot cultures using 

rhizosphere soil samples was carried out using the method by Gilmore (1968). 

Solenostemon scutellarioides (L.) Codd was used as the trap plant. Healthy 

cuttings were sterilized with calcium hypochlorite (1%) for 10 minutes and 

rinsed three times in sterile distilled water. Pot cultures were established in a 
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polyhouse using 100g of rhizosphere soil along with plant root bits mixed with 

an equal quantity of sterilized sand. The roots of host plants were checked for 

AM colonization after 45 days. Pot cultures were grown during two successive 

cycles of 4 months each under controlled growing conditions of 25ï27°C 

temperature, 50% humidity and day/night period of 16/8h. Plants were 

watered 2ï3 times a week and Hoaglandôs solution (Hoagland, 1939) without 

P was added once every two weeks. Phosphorus was added only if signs of 

deficiency symptoms appeared in the leaves. The most abundant AM fungal 

spore morphotypes were recovered and used to establish monospecific 

cultures.  

 

4.2.5 Identification of AM fungal species: Spores with similar morphotypes 

were separated and diagnostic slides containing intact and crushed spores 

and sporocarps were prepared separately in Polyvinyl alcohol lactoglycerol - 

PVLG (Koske and Tessier, 1983), in a mixture of PVLG and Melzerôs reagent 

(Brundrett et al., 1994) and in water. Wall descriptions and terminology were 

based on those suggested by Walker (1983) and Walker and Vestberg 

(1998). Spore morphology and wall characteristics were considered for the 

identification of AM fungi. These characteristics were ascertained using a 

compound microscope (Olympus BX41). Identification of spores was carried 

out using various bibliographies (Schenck and Perez, 1990; Bentivenga and 

Morton, 1995; Walker and Vestberg, 1998; Redecker et al., 2000; Morton and 

Redecker, 2001, Rodrigues and Muthukumar, 2009) and INVAM (International 

culture collection of Vesicular Arbuscular Mycorrhizal Fungi) 

http://invam.caf.wvu.edu. 

http://invam.caf.wvu.edu/
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4.2.6 Photomicrography and Scanning Electron Microscopy: 

Photomicrographs of AM fungal spores on microslides were taken on an 

Olympus BX41 compound microscope fitted with a digital camera DP12. 

Spores were prepared for Scanning Electron Microscopy (SEM) by removing 

any debris adhering to the spore surface and mounting clean dry spores on 

an aluminium stub with double-sided transparent tape. The spores were then 

coated with gold and observed for SEM. 

 

4.2.7 Soil analyses: Were carried out as described under 3.2.4.  

 
4.2.8 Diversity studies: Arbuscular Mycorrhizal fungal species diversity, 

frequency of occurrence and relative abundance in ornamental flowering 

plants was studied.  

Simpsonôs Index of Diversity: 1ïD 

Simpson`s Index of Dominance: D = Ɇ (Pi)
2  

Where Pi = ni/N, (ni) is the relative abundance of species. 

 

Relative abundance was calculated as (ni/N)100, where óniô is the number of  

individuals of given species and N is the total number of individuals in each 

examined sample (Simpson, 1949). 

 

Shannon Wiener Index (H): Is commonly used to characterize species 

diversity in a community, which accounts for both abundance and evenness of 

the species present and is calculated as,  

H= ïɆ (Pi ln (Pi),  
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Where Pi is the proportion of individuals of species i which contribute to the 

total (Shannon and Weaver, 1949).  

 

Species richness: The number of species present in an ecosystem and is 

calculated by counting the number of species. 

 

Species Evenness (Eô) indicates the distribution of individuals within species 

and is calculated as,  

Ɇ (H) = Hô/Hômax where Hômax = ln S, S= total number of species in the 

community (richness). 

 

Frequency of occurrence (%) of each species was calculated as (si/S) 100, 

where si is the number of soil samples containing spores of the i th species and 

S is the total number of soil samples examined. 

 

4.2.9 Statistical analysis: Pearsonôs correlation coefficient was performed to 

assess the relationships between root colonization and spore density, using 

WASP (Web Based Agricultural Package, version 1.0 at P Ò 0.05). 

 

4.3 RESULTS 

The diversity of AM fungi in rhizosphere soils of ornamental plants from Goa 

state was investigated. A total of 129 soil samples were collected from 43 

different plant species from a depth of 10ï20 cm from 35 localities of Goa. In 

all, 44 AM fungal species belonging to ten different genera viz., Acaulospora, 

Ambispora, Claroideoglomus, Dentiscutata, Funneliformis, Gigaspora, 
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Glomus, Racocetra, Rhizophagus and Simiglomus were recovered (Table 8). 

Diversity of AM fungal species increased with increase in the number of host 

plant species sampled (Fig. 5). Glomus (13) was the dominant genus followed 

by Acaulospora (12), Gigaspora (5), Rhizophagus (4), Dentiscutata (3), 

Funneliformis (2), Racocetra (2), Ambispora (1), Claroideoglomus (1) and 

Simiglomus (1) with species number given in the parenthesis (Fig. 6).  

 

The AM fungal spore density in the rhizosphere soils ranged from 23ï

350 spores/100g. Weak negative correlation was found between percent 

colonization and spore density (r = ï0.1, P Ò 0.05). Highest spore density was 

recorded in Ixora duffii (350) and lowest spore density was found in Murraya 

paniculata (23) with the spore numbers given in parenthesis. Species richness 

of AM fungi ranged from 2ï8 with highest species richness recorded in I. duffii 

(8) and lowest in Caesalpinia pulcherrima and M. paniculata (2) (Table 8). 

Relative abundance recorded maximum in Rhizophagus intraradices 

(14.44%) and the minimum in Racocetra gregaria, R. weresubiae and 

Rhizophagus diaphanus (0.17%). The frequency of occurrence was maximum 

in R. intraradices (55.81%) followed by Acaulospora scrobiculata (48.84%) 

and R. fasciculatus (41.86%), and was least in Acaulospora soloidea, A. 

elegans, A. tuberculata, Ambispora leptoticha, Gigaspora rosea, Glomus 

pachycaule, Glomus sp., G. tortuosum, Racocetra gregaria, R. weresubiae 

and Rhizophagus diaphanus (2.33%) (Table 9 ). 

 
 

        Average spore density/100g rhizosphere soil was higher in garden plants 

(84) than in wild plants (52) with the spore number given in parenthesis.  
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Table 8: AM fungal species and spore density in the rhizosphere of 
ornamental flowering plants. 
 
Sr. 
No. 

Host plant AM species 

 

Spore 
density 

100g
ï1

 

1. Acalypha hispida  Acaulospora polonica, A. scrobiculata, 
Dentiscutata heterogama, 
Rhizophagus intraradices.  

 
43.3 +2.08 

2. Allamanda cathartica  Acaulospora scrobiculata, 
Claroideoglomus claroideum, 
Glomus multicaule, G. pachycaule, 
Rhizophagus intraradices. 

 
 

55.0 +4.58 

3. Bauhinia purpurea  Acaulospora rehmii, A. scrobiculata, 
Glomus pubescens, Rhizophagus 
intraradices, Simiglomus hoi. 

 
48.3 +4.36 

  4. Bombax ceiba Acaulospora foveata, A. myriocarpa, 
A. scrobiculata, Glomus sinuosum, 
Rhizophagus fasciculatus.  

 
72.3 +4.04 

  5. Bougainvillea spectabilis Acaulospora laevis, Glomus 
multicaule, Rhizophagus intraradices. 

 
38.0 +3.61 

6. Butea monosperma Acaulospora foveata, Funneliformis 
mosseae, Glomus taiwanense, 
Rhizophagus fasciculatus, R. 
intraradices. 

 
36.0 +1.00 

7. Caesalpinia pulcheriima  Acaulospora foveata, Funneliformis 
geosporus. 

 
32.0 +2.52 

8. Callistemon lanceolatus  Acaulospora mellea, A. scrobiculata, 
Gigaspora albida, Glomus radiatum. 

 
88 +4.58 

9. Canna indica  Acaulospora foveata, Rhizophagus 
clarus, R. fasciculatus, R.  
intraradices. 

 
158.3 +6.51 

10. Cassia fistula  Acaulospora laevis, A. scrobiculata, A. 
elegans, Glomus aggregatum, G.  
tortuosum, Rhizophagus intraradices. 

 
86.3 +4.04 

11. Chrysanthemum 
morifolium  

Acaulospora laevis, Gigaspora albida, 
Rhizophagus fasciculatus, R. 
intraradices. 

 
56.3 +3.51 

12. Clarodendron paniculatum  Acaulospora laevis, A. myriocarpa, 
Glomus aggregatum, G. 
glomerulatum, Rhizophagus 
intraradices. 

 
83.3 +4.16 

13. Crossandra 
infundibuliformis  

Acaulospora foveata, 
Claroideoglomus claroideum, 
Dentiscutata heterogama 
Funneliformis geosporus, Gigaspora 
albida, Glomus multicaule, 
Rhizophagus intraradices. 

 
 

87.3 +3.06 

14. Delonix regia  Acaulospora mellea, A. nicolsonii, 
Gigaspora albida, Glomus 
coremioides, Rhizophagus 
fasciculatus, Simiglomus hoi. 

 

 
38.0 +2.08 
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15. Erythrina indica  Acaulospora rehmii, Dentiscutata 
reticulata, Gigaspora albida, Gi. 
margarita, Rhizophagus fasciculatus, 
R. intraradices. 

 
 

43.3 +4.16 

16. Ethalidium barlerioides Acaulospora foveata, Glomus 
glomerulatum, Racocetra weresubiae, 
Rhizophagus fasciculatus, R. 
intraradices.  

 
36.0 +4.00 

17. Gardenia jasminoides  Acaulospora myriocarpa, A. 
scrobiculata, Gigaspora albida, 
Glomus heterosporum, G. multicaule. 

 
38.0 +3.60 

18. Hedychium coronarium  Dentiscutata reticulata, Gigaspora 
albida, Gi. margarita, Glomus 
pubescens, Rhizophagus intraradices. 

 
130.0 +6.00 

19. Hibiscus rosa-sinensis  Acaulospora delicata, A. scrobiculata, 
Claroideoglomus claroideum, 
Dentiscutata nigra, Funneliformis 
mosseae, Glomus radiatum, 
Rhizophagus intraradices. 

 
 

60.3 +5.13 

20. Ixora duffii Acaulospora rehmii, Claroideoglomus 
claroideum, Funneliformis geosporus, 
Glomus coremioides, G. 
heterosporum, G. multicaule, 
Rhizophagus fasciculatus, R. 
intraradices.  

 
 

350.3 +7.09 

21. Jasminum auriculatum Acaulospora foveata, A. scrobiculata, 
Dentiscutata heterogama, Gigaspora 
candida, Glomus multicaule.  

 
55.3 +3.79 

22. Jasminum nitidum  Acaulospora foveata, A. scrobiculata, 
Claroideoglomus claroideum, 
Gigaspora albida, Glomus 
microcarpum. 

 
80.0 +5.13 

23. Lagerstroemia purpurea  Acaulospora polonica, A. scrobiculata, 
Dentiscutata nigra, Glomus 
coremioides, Rhizophagus 
fasciculatus. 

 
32.0 +3.21 

24. Mammea suriga  Acaulospora foveata, Gigaspora 
albida, Gi. rosea, Glomus multicaule, 
Racocetra gregaria, Rhizophagus 
diaphanus, R. fasciculatus. 

 
55.0 +6.66 

25. Melastoma malabathricum  Acaulospora delicata, Dentiscutata 
nigra, Funneliformis geosporus. 

 
30.3 +2.08 

26. Michelia champaca  Acaulospora foveata, A. laevis, A. 
scrobiculata, Gigaspora albida, 
Rhizophagus clarus. 

 
75.3 +5.03 

27. Mimusops elengi  Acaulospora rehmii, Glomus 
aggregatum, Rhizophagus 
fasciculatus, R. intraradices. 

 
42.0 +6.56 

28. Murraya paniculata  Acaulospora soloidea, Dentiscutata 
nigra. 

 
23.3 +2.56 

29. Mussaenda frondosa  Acaulospora foveata, A. scrobiculata, 
A. tuberculata. 

 
120.0 +5.00 

30. Nerium indicum  Acaulospora rehmii, A. scrobiculata, 
Glomus microcarpum, G. multicaule, 

 
52.0 +3.61 
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Rhizophagus fasciculatus. 

31. Nyctanthus arbor-tristis  Acaulospora polonica, Gigaspora 
candida, Glomus sinuosum, 
Rhizophagus fasciculatus. 

 
92.3 +4.36 

32. Pachystachys spicata  Acaulospora foveata, A. scrobiculata, 
Ambispora leptoticha, Glomus 
multicaule. 

 
48.3 +0.58 

33. Peltophorum pterocarpum  Acaulospora scrobiculata, 
Funneliformis mosseae, Glomus 
taiwanense, Rhizophagus 
fasciculatus, R. intraradices. 

 
50.3 +2.08 

34. Pithecellobium saman  Acaulospora mellea, Dentiscutata 
heterogama, Glomus multicaule.  

 
35.3 +2.65 

35. Plumeria rubra  Acaulospora foveata, A. scrobiculata, 
Gigaspora albida, Glomus sp., 
Rhizophagus intraradices.  

 
105 +3.00 

36. Pseudoeranthemum 
bicolor 

Claroideoglomus claroideum, 
Dentiscutata nigra, Gigaspora 
ramisporophora, Glomus 
heterosporum, G. multicaule. 

 
 

54.3 +4.16 

37. Rosa sp. Acaulospora foveata, 
Claroideoglomus claroideum, Glomus 
glomerulatum, G. multicaule. 

 
32.0 +3.79 

38. Spathodea campanulata  Acaulospora rehmii, Glomus 
microcarpum, G. sinuosum, 
Rhizophagus fasciculatus, R. 
intraradices. 

 
 

38.3 +1.54 

39. Tabernaemontana 
divericata  

Acaulospora scrobiculata, A. 
nicolsonii, Rhizophagus fasciculatus, 
R. intraradices. 

 
74.3 +3.51 

40. Tagetes erecta  Acaulospora scrobiculata, 
Funneliformis geosporus, Gigaspora 
albida, Gi. ramisporophora, Glomus 
heterosporum, G. multicaule, 
Rhizophagus intraradices. 

 
78.3 +0.58 

41. Tecoma stans  Acaulospora scrobiculata, Gigaspora 
albida, Gi. candida, Glomus 
sinuosum. 

 
82.0 +9.07 

42. Thevetia nerifolia  Acaulospora foveata, A. scrobiculata, 
Funneliformis geosporus, 
Rhizophagus fasciculatus, R. 
intraradices. 

 
39.3 +3.21 

43. Thunbergia grandiflora  Acaulospora foveata, Funneliformis 
geosporus, Rhizophagus clarus, R. 
fasciculatus.  

 
72.3 +3.06 

Legend: Values are mean of three replicates, + indicates standard deviation. 
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Table 9: Frequency of Occurrence and Relative Abundance of AM fungal 
spores in 43 ornamental flowering plants. 

 
Sr. 
No. 

AM species Frequency 
of 

Occurrence 
(%) 

Relative 
Abundance 

(%) 

1. Acaulospora delicata Walker, Pfeiffer & Bloss 4.65 0.51 

2. Acaulospora elegans J.W. Trappe & 

Gerdemann 
2.33 0.81 

3. Acaulospora foveata Trappe & Janos 37.21 7.07 

4. Acaulospora laevis Gerdemann & Trappe 11.63 1.69 

5. Acaulospora mellea Spain & Schenck 6.98 0.85 

6. Acaulospora myriocarpa Spain, Sieverding & 

N.C. Schenck 
6.98 1.29 

7. Acaulospora nicolsonii C. Walker, L.E. Reed 
& F.E. Sanders 

4.65 0.54 

8. Acaulospora polonica Blaszk. 6.98 0.88 

9. Acaulospora rehmii Sieverding & S. Toro 13.95 2.03 

10. Acaulospora scrobiculata Trappe 48.84 11.33 

11. Acaulospora soloidea Vaingankar & B.F. 

Rodrigues sp. nov. 
2.33 0.30 

12. Acaulospora tuberculata Janos & Trappe 2.33 0.51 

13. Ambispora leptoticha (Schenck and Smith) 
Morton & Redecker 

2.33 0.24 

14. Claroideoglomus claroideum (N.C. Schenck 

& G.S. Smith) C. Walker & A. Sch¿ɓler 
16.28 2.87 

15. Dentiscutata heterogama (Gerdemann & 
Trappe) Almeida & Schenck 

9.30 1.08 

16. Dentiscutata nigra (J.F. Redhead) 

Sieverding, F.A. Souza & Oehl 
11.63 1.25 

17. Dentiscutata reticulata (Koske, D.D. Miller & 
C. Walker) Sieverding, F.A. Souza & Oehl 

4.65 0.58 

18. Funneliformis geosporus (T.H. Nicolson & 

Gerdemann) C. Walker & A. Sch¿ɓler 
13.95 3.58 

19. Funneliformis mosseae (T.H. Nicolson & 
Gerdemann) C. Walker & A. Sch¿ɓler 

6.98 0.64 

20. Gigaspora albida Schenck & Smith 30.23 7.85 

21. Gigaspora candida Bhattacharjee, Mukerji, 

Tewari & Skoropad 
6.98 1.49 

22. Gigaspora margarita Becker & Hall 4.65 1.29 

23. Gigaspora ramisporophora Spain, Sieverding 

& Schenck 
4.65 0.61 

24. Gigaspora rosea Nicolson & Schenck 2.33 0.44 

25. Glomus aggregatum Schenck & Smith 
emend. Koske 

6.98 1.01 

26. Glomus coremioides (Berk. & Broome) 

Redecker & Morton 
6.98 3.45 

27. Glomus glomerulatum Sieverding 6.98 1.18 

28. Glomus heterosporum Smith & Schenck 9.30 2.43 

29. Glomus microcarpum Tulasne & Tulasne 9.30 1.62 
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30. Glomus multicaule Gerdemann & Bakshi 30.23 6.15 

31. Glomus pachycaule (C.G. Wu & Z.C. Chen) 

Sieverding & Oehl 
2.33 0.44 

32. Glomus pubescens (Saccardo & Ellis) Trappe 

& Gerdemann 
4.65 0.47 

33. Glomus radiatum (Thaxter) Trappe & 

Gerdemann 
4.65 0.68 

34. Glomus sinuosum (Gerdemann & Bakshi) 

Almeida & Schenck 
9.30 1.62 

35. Glomus sp. 2.33 0.01 

36. Glomus taiwanense (Wu & Chen) Almeida & 
Schenck 

9.30 0.51 

37. Glomus tortuosum Schenck & Smith 2.33 0.51 

38. Racocetra gregaria (N.C. Schenck & T.H. 

Nicolson) Oehl, F.A. Souza & Sieverding 
2.33 0.17 

39. Racocetra weresubiae (Koske & C. Walker) 

Oehl, F.A. Souza & Sieverding 
2.33 0.17 

40. Rhizophagus clarus (T.H. Nicolson & N.C. 

Schenck) C. Walker & A. Sch¿ɓler 
6.98 2.77 

41. Rhizophagus diaphanus (J.B. Morton & C. 

Walker) C. Walker & A. Sch¿ɓler 
2.33 0.17 

42. Rhizophagus fasciculatus (Thaxter) C. 

Walker & A. Sch¿ɓler 
41.86 10.92 

43. Rhizophagus intraradices (N.C. Schenck & 

G.S. Smith) C. Walker & A. Sch¿ɓler 
55.81 14.44 

44. Simiglomus hoi (S.M. Berch & Trappe) G.A. 

Silva, Oehl & Sieverding 
9.30 0.54 
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In garden plants I. duffii showed highest spore density (Fig. 7) while in wild 

plants spore density was maximum in Plumeria rubra (Fig. 8). Rhizophagus 

intraradices was dominant in both garden and wild habitats. In garden plants 

R. intraradices exhibited the highest relative abundance (14.54%) and the 

lowest was recorded in A. delicata and Ambispora leptoticha (0.37%) (Fig. 9). 

The frequency of occurrence was maximum in A. scrobiculata (59.09%) 

followed by R. intraradices (54.54%) in garden plants (Fig. 10). In wild plants 

R. intraradices exhibited highest relative abundance (14.25%) followed by R. 

fasciculatus (13.43%) and was least in A. nicolsonii and Claroideoglomus 

claroideum (0.36%) (Fig. 11). The frequency of occurrence was highest in R. 

fasciculatus along with R. intraradices (57.14%) and A. scrobiculata (38.09%) 

among the wild plants (Fig. 12). Species richness was greater in wild plants 

(37) compared to garden plants (33) with the number of species given in 

parenthesis (Fig. 13). Species evenness was also higher in wild (0.1381) than 

in garden plants (0.0899) (Fig. 14). Shannon Wiener index was higher in wild 

(0.49) and lower in garden plants (0.31) while Simpson`s Index of Dominance 

(D) for AM fungi was equal (0.99) in both wild and in garden plants (Fig. 15).  

 

A significant difference was observed in the soil nutrient levels during 

pre-monsoon, monsoon and post-monsoon seasons (Table 4). Similarly, 

significant difference was observed in spore density between the seasons and 

also between the sites. Mean spore density/100g soil was maximum during 

pre-monsoon (62.72) followed by post-monsoon (51.06) and was least during 

the monsoon season (39.31) (Table 10). Spore density varied at different 
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Table 10: Influence of seasonal variation on mean spore density in the 
selected study sites. 

 
Sr. 
No. 

Season Spore density 
100g-1 

Site Spore density 
100g-1 

 

1. Monsoon 39.31c +3.54 Coastal 37.38b + 2.37 
 

Plateau 37.16b + 1.26 
 

Western Ghats 43.08a + 0.60 
 

2. Post-monsoon 51.06b +6.33 Coastal 47.47b + 3.00 
 

Plateau 47.35 b + 0.93 
 

Western Ghats 59.05a + 0.13 
 

3. Pre-monsoon 62.72a +5.38 Coastal 59.52b + 2.33 
 

Plateau 59.72b + 2.02 
 

Western Ghats 68.94a + 1.78 
 

 
Legend: Values are mean of 3 replicates, + indicates standard deviation. 

Data with different letters for each season are significantly different at P Ò 0.05. 
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study sites with highest in Western Ghats followed by coastal and plateau 

region (Fig. 16). 

 

4.4 DISCUSSION 

A survey of AM fungal diversity in ornamental flowering plant species from 

Goa region was undertaken with the objective of establishing data on AM 

fungal diversity and distribution, and also to examine variation in AM spore 

density with respect to seasons and sites. The results indicate that a rich 

diversity of AM fungi is involved in symbiosis with ornamental flowering plants 

of Goa. Forty four AM fungal species belonging to ten different genera viz., 

Acaulospora, Ambispora, Claroideoglomus, Dentiscutata, Funneliformis, 

Gigaspora, Glomus, Racocetra, Rhizophagus and Simiglomus were 

recovered from 43 ornamental flowering plants. The study revealed that the 

number of AM fungal species increased with in increase in number of host 

plant species. This observation is in conformity with earlier study (Stürmer and 

Bellei, 1994). Such a trend is known to be associated with increased benefits 

resulting from higher number of possible host-fungal pairings and increased 

density of plant roots available for colonization (Burrows and Pfleger, 2002). 

In return, a higher diversity of AM fungi helps in increasing plant productivity 

(van der Heijden et al., 1998b). 

 

Of the ten genera, Glomus was the most dominant genus followed by 

Acaulospora and Gigaspora. Similar observations were reported earlier by 

Ferrer et al. (1987); Khalil et al. (1992); Kim and Kim (1992), Muthukumar and 

Udaiyan (2000); Bhattacharya and Bagyaraj (2002); Sannazzaro et al. (2004); 
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Facelli et al. (2009); Binet et al. (2011); Hindumathi and Reddy (2011). This is 

mainly due to their ability to sporulate abundantly irrespective of geographical 

region. Das and Kayang (2010) showed the dominance of Glomus under 

varied soil conditions which is due to a wider adaptation to varied soil 

conditions. The tolerance of Glomus to a wide range of temperature and pH is 

also responsible for its dominance (Wang et al., 1997). The growth in clusters 

and frequent sporulation pattern of Glomus is the main factor responsible for 

its dominance (Dhar and Mridha, 2006). The dominance of AM fungal genera 

in ornamental flowering plants is related to their sporogenous characteristics 

(Yang et al., 2011). Glomus and Acaulospora possess the smallest size 

spores in AM fungi taxa and thus these small spores are easy to distribute 

and produce a large number of spores in a short time (Hepper, 1984). The 

dominant AM fungal species such as R. intraradices, A. scrobiculata, R. 

fasciculatus and A. foveata therefore may play important roles in constructing 

the stable symbiotic relationship between AM fungi and ornamental flowering 

plants thereby increasing the floral productivity under natural conditions. 

Negative non-significant correlation was found between root colonization and 

spore density, which is in agreement with earlier study by Kalita et al. (2002). 

The negative correlation can be explained on the basis that when soil 

conditions are suitable for spore germination, the spore germinates producing 

hyphal network and AM colonization increases thus resulting in decreased 

spore number (Ragupathy and Mahadevan, 1993; He et al., 2002).  

 

Arbuscular Mycorrhizal fungal spore density in the rhizosphere varied 

(23ï350 spores/100g) between host plant species. It was highest in I. duffii 
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and lowest in M. paniculata. This variability can be due to microclimate 

(Koske, 1987), ecological factors which include soil fertility, the plant species 

(Tommerup, 1983; Kurle and Pfleger, 1994; Miller and Jackson, 1998), 

physico-chemical and microbiological properties (Anderson et al., 1984; 

Johnson et al., 1991) and to the sampling season (Gemma et al., 1989). In 

the present study the collection of rhizosphere samples carried out during the 

flowering stage and each plant species flowering in different seasons may 

also be responsible for the variation in spore density. Such seasonal variation 

in spore numbers between the plant species has been reported earlier 

(Haymann, 1975; Kruckelmann, 1975; Sparling and Tinker, 1975; Bhaskaran 

and Selvaraj, 1997; Muthukumar and Udaiyan, 2000). Interspecific 

competition due to the occurrence of several species of AM fungi in the same 

host plant and environmental factors also influence spore production in 

natural communities (Gemma and Koske, 1989). AM fungal spore production 

is also limited by moisture and nutrient availability (Augé, 2001; Johnson et 

al., 2003).  

 

Species richness from 2ï8 AM species belonging to 2ï4 genera from 

each host plant species is in accordance with earlier studies (Bhattacharya 

and Bagyaraj, 2002; Mohan et al., 2005; Dubey et al., 2008; Facelli et al., 

2009; Bhattacharjee and Sharma, 2011; Sundar et al., 2011; Bansal et al., 

2012). This is because an individual plant may harbour a number of species 

of AM fungi, and their diversity and species composition can vary within host 

plant species and even within the same plant family (Vandenkoornhuyse et 

al., 2003; Santos González et al., 2007). However, studies by Helgason et al. 
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(2002); Husband et al. (2002); Smith and Read (2008); Öpik et al. (2009) 

reported that some AM fungal species are more host specific than others. 

Maximum species richness was recorded in I. duffii and least in C. 

pulcherrima and M. paniculata. Diversity and species composition of AM fungi 

is a major factor contributing to plant and productivity, and influences the 

structure and functioning of plant communities (van der Heijden et al., 1998a; 

Eom et al., 2000; Vogelsang et al., 2006).  

 

Although garden and wild plants are subjected to the same climatic 

conditions the average spore density was higher in garden plants than in wild 

plants. The disturbances in garden plants include interference by humans, 

watering and addition of organic fertilizers. The results indicate that soil 

disturbance activities in garden may play an essential role in creating a 

stressful environment which cause AM fungi to sporulate and thus higher 

spore densities were recorded when compared to the wild habitat. The 

species richness of AM fungi was greater in wild plants in comparison to 

garden plants. The shift in AM fungal community composition is due to a 

number of factors including disturbance of AM fungal hyphal networks, 

changes in soil nutrient content and altered microbial activity in garden plants 

(Jansa et al., 2003) as there is an inverse relationship between management 

intensity and AM fungal species richness (Oehl et al., 2003; Hijri et al., 2006). 

Therefore the diversity of AM fungi in wild plants is greater due to undisturbed 

natural soil conditions and less chemical inputs. As to whether human 

interference of soil can affect AM fungal species, it can be concluded that the 

degree of disturbance varies resulting in varied AM fungal species 
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composition/densities as evidenced in the two habitats undertaken for the 

study.  

 

Significant differences were observed in soil characteristics and soil 

nutrient levels during pre-monsoon, monsoon and post-monsoon seasons in 

the different sites.  Mean spore density varied significantly between different 

seasons. Similar observations have been recorded earlier (Siguenza et al., 

1996; Beena et al., 2000; Rodriguez-Echeverria et al., 2008). Mean spore 

density also varied between the different study sites. Such variation in the 

population of AM fungi and their symbiosis with plant roots is related to both 

soil properties and host plants (Hayman, 1982). Higher spore density during 

pre-monsoon may be attributed to soil temperatures because high soil 

temperature is known to enhance sporulation (Haymann, 1970; Furlan and 

Fortin, 1973; Hetrick and Bloom, 1983). Decrease in mean spore density in 

monsoon season suggests that spore germination takes place during the 

active growth of host plants. Mason (1964); Ragupathy and Mahadevan 

(1993) attributed decrease in spore density in monsoon season to increased 

intra- and extra-metrical mycelium which favours spore germination. AM 

fungal sporulation is also known to depend on soil moisture and other soil 

factors (Oliveira and Oliveira, 2005). Associations between AM fungal species 

and host plant species can vary spatially, even over small distances, which 

could further explain the high variation in AM fungal community composition. 
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CHAPTER 5 

 

TAXONOMY OF ARBUSCULAR 
MYCORRHIZAL FUNGI FROM 
ORNAMENTAL FLOWERING 
PLANTS OF GOA AND THEIR 

MASS MULTIPLICATION 
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5.1  INTRODUCTION 

Arbuscular Mycorrhizal fungi belonging to the phylum Glomeromycota, are 

obligate symbiotic fungi forming mutualistic associations with the roots of most 

land plants. Approximately 95% of the world's plant species belong to families 

that are characteristically mycorrhizal (Smith and Read, 1997). Traditionally, 

glomeromycotan taxonomy has been based on the morphology of the spores. 

The way the spore is formed on the hypha (i.e. mode of spore formation) has 

been important to describe genera and families and the layer structure of the 

spore wall to distinguish species (Walker, 1983; Morton, 1988). 200ï300 

Arbuscular Mycorrhizal species have been described to date (Öpik et al., 

2010; Schußler and Walker, 2010). The current estimates of AM fungal 

species are largely based on spore morphology, which does not always 

separate genetically distinct taxa. 

 

Arbuscular Mycorrhizal fungal identification based purely on 

morphological characters of field-collected spores is difficult, because 

sometimes spores are found in low numbers, are parasitized, or are lacking 

informative taxonomic characteristics, thus impairing an accurate 

identification. Components of spore walls are susceptible to alteration and 

deterioration by a wide array of microorganisms in the soil. Establishment of 

trap cultures using soil or by mixing rhizosphere soil and root pieces with 

sterilized sand soil mixture and growing with suitable host plants is the most 

commonly used method to isolate AM fungi (Menge, 1984; Morton et al., 

1993; Brundrett et al., 1999a, b). This method yields a large number of 

healthy spores which can be readily identifiable and helps the assessment of 
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local species diversity in different ecosystems (Leal, 2009). This methodology 

may not allow the identification of all species, because sporulation of the 

fungal species may be affected by the plant host chosen for trapping (Bever et 

al., 1996) and in some cases it may promote the sporulation of AM fungal 

species that were not sporulating at the sampling time or field conditions 

(Stürmer, 2004).  

 

When several spores of AM fungi are inoculated together in a pot culture 

experiment, some prove to be better competitors than others (Van Nuffelen 

and Schenck, 1984; Wilson, 1984; Lopez-Aguillon and Mosse, 1987) and  the 

most successful fungi generally are those that colonized roots most rapidly 

(Abbott and Robson, 1984; Wilson, 1984). The outcome of competition 

between endophytes is expected to depend on the placement and amount of 

inoculum, hyphal growth rates in soil and interactions within roots (Hepper et 

al., 1988; Abbott and Robson, 1991a, b). The pot culturing method results in 

isolation of more species than other methods (Watson and Milner, 1996). It 

provides additional information on fungal diversity that complements spore 

occurrence data obtained using the same soil samples and may provide 

valuable new information about the biology of AM fungi (Brundrett et al., 

1999a). The objective of the present work was to study the taxonomy of AM 

fungal spores isolated from the rhizosphere of ornamental flowering plants 

using trap cultures and to produce pure cultures of dominant AM fungal 

species and their mass multiplication.   
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5.2 MATERIALS AND METHODS 

5.2.1 Study sites and collection of rhizosphere samples: Was carried out 

as described under 4.2.1.  

 

5.2.2 Extraction of AM fungal spores: Was carried out as described under 

4.2.2.  

 

5.2.3 Identification of AM fungi: Identification of spores was carried out 

using various bibliographies (Schenck and Perez, 1990; Bentivenga and 

Morton, 1995; Walker and Vestberg, 1998; Redecker et al., 2000; Morton and 

Redecker, 2001, Rodrigues and Muthukumar, 2009) and INVAM (International 

culture collection of Vesicular Arbuscular Mycorrhizal Fungi) 

http://invam.caf.wvu.edu. 

 

5.2.4 Establishment of pot cultures: Were carried out as described under 

4.2.4. Trap cultures thus established were allowed to grow for 6 months and 

the most abundant AM fungal spore morphotypes were recovered and used to 

establish monospecific cultures. 

 

5.2.5 Mass multiplication: A mixture of sand and soil (2:1) was sieved 

through a 2 mm mesh and oven sterilised at 180°C (3 h/day) for three 

consecutive days, to eliminate indigenous AM fungi. Inoculum comprised of 

sand:soil mixture containing dried roots, hyphae and spores. Six different AM 

fungal species were mass multiplied separately in pots initially using S. 

scutellarioides and later transferred to trays.  

http://invam.caf.wvu.edu/
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5.3 RESULTS 

In all 44 AM fungal species belonging to ten different genera viz. Acaulospora, 

Ambispora, Claroideoglomus, Dentiscutata, Funneliformis, Gigaspora, 

Glomus, Racocetra, Rhizophagus and Simiglomus were recovered from 43 

ornamental flowering plants. Glomus was the dominant genus with 13 species 

followed by Acaulospora (12), Gigaspora (5), Rhizophagus (4), Dentiscutata 

(3), Funneliformis (2), Racocetra (2), Ambispora (1), Claroideoglomus (1) and 

Simiglomus (1). Out of total 129 rhizosphere samples collected, 96 trap 

cultures were established successfully. The AM fungal spores obtained from 

trap cultures were then isolated and used in the establishment of pure 

cultures (Plate 9A). Of the 10 pure cultures obtained, 6 pure cultures of 

dominant AM fungal species were used for mass multiplication (Plate 9B). 

Spore and spore syndrome was also encountered during the study (Plate 10). 

The taxonomic description of various AM fungal species isolated is given 

below: 

 

Acaulospora delicata Walker, Pfeiffer & Bloss. Mycotaxon, 25: 621ï628 

(1986). (Plate 11A) 

Spores formed singly in soil, hyaline to pale yellowish-cream, globose to sub-

globose, 80ï125(ï150) x 80ï110(ï140) mm. Spore wall structure of 4 walls in 

two groups (A & B). Wall group A consist of a thin, hyaline, outer evanescent 

wall (wall 1) 1 mm thick, closely attached to wall 2 which is relatively thick 

(2.5ï3.5 mm) laminated wall with up to 6 sub equal laminations. Wall group B 

with 2 thin, hyaline membranous walls (wall 3 & 4) 0.5 mm and 0.75ï1 mm 

thick respectively. Wall 3 covered by minute granular excrescences. 
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Plate 9: Culturing and mass multiplication of  

  AM fungi. 

 

A.  Pot culture of AM fungi using Solenostemon 

 scutellarioides (L.) Codd, as host plant. 

 

B.  Mass multiplication of AM fungi using Solenostemon 

 scutellarioides (L.) Codd, as host plant. 
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Plate 10:  Spore in spore syndrome. 

 

AïF.   Spore in spore syndrome observed in rhizosphere 

     soils of ornamental flowering plants. 
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Acaulospora foveata Trappe & Janos. Mycotaxon, 15: 515ï522 (1982).  

(Plate 11C & D) 

Spores formed singly in soil, yellowish brown to reddish brown, globose to 

sub-globose, 185ï195(ï410) x 215ï240(ï480) mm. Spore surface uniformly 

pitted with round to oblong or occasionally irregular depressions 4ï8(ï12) x 

4ï16 mm, with rounded bottoms, separated by ridges 1ï12 mm broad. Outer 

spore wall yellowish or reddish brown, 11ï15 mm thick, with an adherent but 

separable, hyaline inner layer 3 mm thick. Spore contents of small hyaline 

guttules. 

 

Acaulospora laevis Gerdemann & Trappe. Mycologia Memoir, 5: 76 (1974). 

(Plate 11B) 

Spores formed singly in soil, sessile, dull yellow to yellowïbrown to redïbrown 

in colour, smooth, globose to sub-globose, 119ï125(ï300) x 119ï130(ï520) 

mm in diam. Spore wall consist of 3 layers; a rigid, yellow-brown to red-brown 

outer wall 2ï4 mm thick and two hyaline inner membranes. Spore contents 

globose to polygonal. 

 

Acaulospora mellea Spain & Schenck. Mycologia, 76: 685ï699 (1984). 

Spores formed singly in soil, honey-coloured to yellow-brown, sub-globose, 

96ï130 x 78ï92 mm. Spore wall 4ï8(ï11) mm thick, consist of 3 separable 

walls; the outermost wall (wall 1) yellowïbrown to dark brown, 2ï6 mm thick, 

laminate, inseparable from wall 2, 0.5 mm thick; wall 3 hyaline to light yellow, 

membranous, 0.5ï1 mm thick: wall 4 and 5 membranous.  
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Acaulospora myriocarpa Spain, Sieverding & Schenck. Mycotaxon, 25: 

111ï117 (1986). 

Spores found singly in soil, hyaline to yellow, sub-globose, (23ï)104ï114 x 

(21ï)80ï96 mm. Spore wall structure of 3 walls (1ï3) in one group. Wall 1 

rigid, 0.75ï2 mm; wall 2 rigid, 0.3ï1.5 mm; wall 3 membranous (< 0.3 mm thick) 

closely appressed to wall 2. 

 

Acaulospora nicolsonii Walker, Reed & Sanders. Transactions of the 

British Mycological Society, 83: 360ï364 (1984). (Plate 11E & F) 

Spores formed singly in soil, hyaline to pale yellow brown, globose to sub-

globose, 99ï 108 x 109ï120 (ï218) mm. Spore wall an outer, brittle, wall 

group (Group A) (walls 1ï3) enclosing an inner, membranous wall (Group B) 

(wall 4). Wall group A with an outer thin, hyaline evanescent wall (wall 1), 0.5ï

1mm thick, tightly adherent to a thick, brittle, hyaline to pale yellowïbrown 

laminated wall (wall 2) 3ï10 mm thick, with up to 13 subequal laminae, 

enclosing a loosely adherent, pale yellow, brittle, unit wall, 0.5ï1.5 mm thick 

(wall 3); wall 1 smooth or roughened as it breaks up and sloughs, leaving 

granular fragments attached to wall 2 which may crack in an irregular network. 

Inner wall (Group B, wall 4) very thin, hyaline, membranous (<0.5 mm) and 

spore contents vacuolate or reticulate. 

 

Acaulospora polonica Blaszkowski. Karstenia, 27: 37ï42 (1988). (Plate 

11G & H) 

Spores produced singly in soil, globose to sub-globose, (80ï)90 (ï115) ɛm in 

diameter, sessile on a hypha tapering to a globose to sub-globose swollen  
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Plate 11: Arbuscular Mycorrhizal fungal spores. 

 

A.  Broken spore of Acaulospora delicata (x 400). 

 

B.  Broken spore of Acaulospora laevis (x 400). 

 

C.  Broken spore of Acaulospora foveata (x 400). 

 

D. Broken spore of Acaulospora foveata showing surface 

 ornamentation (x 1000). 

 

E. Broken spore of Acaulospora nicolsonii showing 

 surface ornamentation (x 400). 

  

F. Broken spore of Acaulospora nicolsonii showing 

 surface ornamentation (x 1000). 

 
G. Broken spore of Acaulospora polonica (x 400). 

 
 
H. Broken spore of Acaulospora polonica showing wall 

 layers (x 1000). 

 



 

170 

 

 

 

 



 

171 

 

hyphal terminus, 60ï90 µm in diameter; hyphal terminus contents hyaline; 

terminus wall 0.7ï1 µm thick. Spore wall  4 layerered (1ï4) in three groups (A, 

B and C). Group A, of a hyaline unit, (1.5ï)1.9(ï2.3) µm thick outer layer. 

Group B, of a hyaline membranous, upto 0.5 µm thick layer. Group C, of two 

hyaline, membranous, (0.5ï) 0.8(ï1) µm thick, adhering in layers 3 and 4. 

Spores filled with hyaline droplets, and not reacting in Melzerôs reagent. 

 

Acaulospora rehmii Sieverding & Toro. Angewandte Botanik, 61: 217ï223 

(1987). (Plate 12AïD) 

Spores light yellow in colour, 82ï175 µm in diam. Spore wall consists of 4 wall 

layers. Outer wall, 3ï13 µm thick includes the ornamentation of labyrinth form 

folds with depressions between ridges, 1ï4.5 µm thick, middle wall layer 

hyaline, 0.5ï2.0 µm thick, inner wall layer 0.5ï1.5 µm attached to innermost 

wall layer of 0.5 µm thick. 

 

Acaulospora scrobiculata Trappe. Mycotaxon, 6: 359ï366 (1977). (Plate 

12EïH)  

Spores formed singly in soil, hyaline to light brown, globose to broadly 

ellipsoid, 100ï149(ï240) x 100ï154(ï220) mm. Spore surface evenly pitted 

with depressions 1ï1.5 x 1ï3 mm, separated by ridges 2ï4 mm thick, the 

mouths of the depressions circular to elliptical or occasionally linear to Yï 

shaped. Spore wall 4ï8.5 mm thick, consisting of four layers; a rigid, pitted, 

outer layer 3ï6 mm thick and 3 inner smooth layers (<1 mm). Spore contents 

of small, relatively uniform guttules. 

 



 

172 

 

Plate 12: Arbuscular Mycorrhizal fungal spores. 

 

A.  Broken spore of Acaulospora rehmii (x 400). 

 

B.  Broken spore of Acaulospora rehmii showing surface 

 ornamentation (x 400). 

 

C.  Scanning Electron Microscope image of  

 Acaulospora rehmii. 

 

D. Scanning Electron Microscope image of Acaulospora 

 rehmii. 

 

E.  Broken spore of Acaulospora scrobiculata (x 400). 

 

F.  Broken spore of Acaulospora scrobiculata showing 

 surface ornamentation (x 400). 

 

G.  Scanning Electron Microscope image of Acaulospora 

 scrobiculata. 

 

H.  Scanning Electron Microscope image of Acaulospora 

 scrobiculata. 
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