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ABSTRACT

Manipulation of the AM fungal symbiosis for minimumput agricultural system provides an
alternative to use of chemical inputs which haverbassociated with pollution and degradation of
soil. The diversity, characteristics and distribatiof AMF indigenous to the southern Guinea
savanna of Nigeria were observed in this study. AdpBres were extracted from four soils from
the zone, using the wet-sieving and decanting/tegsadient centrifugation method. Thereafter,
spores were enumerated with the aid of a stereostope. Characterization of the AMF spores
was carried out using reaction to Mezler's reagemd microscopic morphological featur8he
soil pH, Effective Cation Exchange Capacity (ECEQO)ganic Matter (OM), Nitrogen and
Available Phosphorus contents of the soil wererddteed. Characterization of the AMF spores
were carried out using morphological (scan electrooroscopy and light microscopy). Fungal
spores encountered varied in colour (white, orangggish brown and black), size (188.16 pum -
412.66um) and shape (globose, subglobose, andg)blbinirteen Arbuscular mycorrhizal species:
Scutellospora reticulata, Acalospora laevis,Glomus intraradices, Scutellospora calospora,
Gigaspora margarita, Enthrophosphora infrequens, Glomus pansihalos, Glomus tortuosum,
Paraglomus brasilianum, Paraglomus occultum, Glomus manihotis, Gigaspora decipien and
Scutellospora pellucida were identified in the soil samples. The spores Gébmus and
Scutellospora species were abundant in soils of this zone (30.and 23.08% respectivelys
reticulata andG. pansihalos predominated the soils studied. Significant negatiorrelations were
observed between AMF spore population and soibfacSoil pH (r = -0.70%); %OM content (r = -
0.98%); ECEC (r = -0.79*); % Nitrogen (r = -0.958nd available Phosphorus (r = -0.74%)



CHAPTER ONE
INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are obligate dyionts of an estimated 80-90% of vascular
plants and some nonvascular plants, such as m{Sseth and Read, 1997). Compared to other
diversity of endomycorrhizal associations, this biosis is the most prevalent and is a type of
endomycorrhiza in which the fungus penetrates cartell walls. (Hennigan, 2009) The hyphae
develop mycelium, arbuscules and in most fungakgenvesicles in roots (Sharif and Moawad,
2006). Arbuscular mycorrhizal (AM) used to be cifisd as Vesicular Arbuscular Mycorrhizal
(VAM) but research uncovered that a major subordier not form thin-walled, lipid —filled
vesicles, so they are referred to as AM associatiday (Hennigan, 2009). They represent the
most widespread and probably most ancient typesebaation in which the large majority of
terrestrial plants must have evolved with comphiybi Both fossil (Remy et al., 1994) and
molecular phylogenetic evidence (Simon et al., J39fport the hypothesis that terrestrial plants
evolved with the existing Arbuscular mycorrhizaat@nship (Jeffries et al., 2003). AMF receive
3-20% of photosynthate from their host plants inhange for the transfer of soil-derived nutrient
to roots (Treseder and Cross, 2006). Dense AM fities are common in most species of
leguminoseae and gramineae. Most of the economigalbortant crops are infected by AMF
(Sharif and Moawad, 2006). Morton and Benny (196&)egorized species of AMF in order
Glomales encompassing six genera namely; Glomusydsgtis, Entrophosphora, Acaulospora,
Gigaspora and Scutellospora and few species ahoeithondred fifty (150) have also been

identified based on the method of spore formatiar{oa and Benny, 1990; Jeffries et al., 2003).

AMF are probably the most abundant fungi in agtioal soils. Mycorrhizal fungi play
important roles in defining the ecological nichesupied by plants and determination of

plant composition (Francis and Read, 1995). Theyehalso been reported to regulate



ecosystem responses to environmental change &tdogimbal scales (Treseder and Cross,
2006). Mycorrhizas take over an important rolehia survival of plants and additionally
enlarge the ecological width of plant species. Gasodand Kuper (2006) pointed out that
Arbuscular Mycorrhizas have the ability to enharftest plant uptake of relatively
immobile nutrients in particular P and several wmartrients. The transfer of soil-derived
nutrients to roots by AM fungi in exchange for pminthate from their host plants
influence carbon (C) fluxes and nutrient dynamiosoag plants, soils and atmosphere
(Treseder and Cross 2006). Jeffregsal. (2003) documented the fact that mycorrhizal
plants provide the fungus with photosynthetic Cjolttin turn is delivered to the soil via
fungal hyphae. The extra radical hyphae of AMF efeme act as a direct conduit for host

C in the soil and contribute directly to its C poloy passing the decomposition process.

Phosphorus nutrition of plants through Arbusculaycbhtrhiza involves metabolically
dependent processes (Smith and Gianinazzi-Peai€&8). One enzyme that has been
identified as active in Arbuscular Mycorrhiza is\gal alkaline phosphatase (Olivetral.,
1983). It has been suggested that this enzyme pragl®ow be involved in the processes
of phosphorus acquisition in mycorrhiza plants (azziet al., 1992). Tisserangt al.
(1993) have shown that the quantity of enzymicaktyive fungal biomass increases

sharply prior to growth stimulation, and then deses with age of the infection.

Rhizosphere interactions occur between AMF androsfedd microorganisms such as
nitrogen fixing bacteria with effects on plant neirt balances (Pault al., 1993). AM
fungi interact with heavy metals/micro nutrientshey can restore the equilibrium of

nutrient uptake that is misbalanced by heavy md@dsneiroet al., 2000). Jeffriest al.
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(2003) reported that Arbuscular mycorrhiza hasabiéity to ameliorate the toxic effect of
heavy metals and organic xenobiotics. AMF can &lev Aluminium (Al) toxicity
(Cardoso and Kuyper, 2006). Furthermore, AMF cacelgcate revegetation of severely
degraded lands such as coalmines or waste sit@ioog high level of heavy metals,
(Marx and Altman, 1979). They can also form an gré¢ component of successful
revegetated flue-gas desulphurization sludge pdidtson et al., 1991). Decrease in
plants susceptibility to disease as a result of lkéction was reported by Olsest al.
(1991) and Cardoso and Kuyper (2008j)iga (parasitic weed) infestation on cowpea was
delayed by AM (Gworgor, 1992) and the emergenc&rda in Sorghum was absolutely

controlled by AM (Gworgwor and Weber 1992)

AMF aid early establishment and growth of nursesgdiings and prevent soil erosion.
These fungi also impart resistance to stress donditsuch as drought and high salt
concentration. Mycorrhizal colonization of rootsshbeen shown to increase drought
tolerance of maize (Subramanietrel., 2006); wheat (Al-Karaki, 1998); soybean (Bethlen
Falvay et al., 1998); onion and lettuce (Azcon and Tobar, 1998) eedclover (Fitter,
1998). AM symbiosis also improved leaf water pasniRuiz-Lozano, 2003). Leaf water
potential was higher in stressed soybean with Ahtthat in corresponding non-AM
plants. The potential mechanisms include exterag®rption of water by external hyphae
(Auge, 2003) stomata regulation through hormonghals (Goicoecheat al., 1997), an
indirect effect of improved P nutrition upon watelations (Fitter, 1998) and greater

osmotic adjustment in mycorrhizal plant (Augel., 1994).



Non-mycorrhizal plants occur in habitats wheregb#s are very dry, saline, water logged,
severely disturbed and where soil fertility is extely high or low (Brundrett, 1991).
Climatic factors play important role in the estabtnent of Arbuscular mycorrhiza since
they act on soil characteristics and control thgspmilogy of host plants. lllumination is
one of the required factors by mycorrhizal plardsatiow optimum photosynthesis. In
darkness, the plant may not have extra sugarsaélito give to the fungus. Inoculation
attempts often fail during the winter, even in gie@uses, because the day length is too

short to allow optimum photosynthesis (St. Johi85)9

Justification and objectives of the study

The Southern Guinea Savanna (SGS) of Nigeria iergdy characterized by coarse
textured surface soils which are low in organictaraand chemical fertility. These soils
have, therefore, been classified (FAO Classifiegtias Luvisols, Ferrasols and Lithosols
(Salako, 2003). None of the soils in the zone vedsd as class 1 with high productivity.
Most of the Southern Guinea Savanna soils fall icleess 4. Crop productivity in the
Southern Guinea Savanna agro ecological zone aridipas reduced over the years dueto
some characteristics of the soil. Sanckeal. (2003) identified these characteristics in
tropical soils as low soil moisture, low nutrienapital, erosion risk, low pH, high
phosphorus fixation, low levels of soil organic teat Aluminum toxicity and loss of soil
biodiversity. Eroarome (2005) also reported tha&t sloils of the zone usually have low
productivity due to inadequate moisture retentiapacity and low organic matter. They
are physically fragile and prone to degradationahsee the topsoil contains large

proportion of sand and with weak aggregation, beeaf the low level of organic matter



in this layer. The physical constraints are furtbempounded in gravelly soils or soils
with shallow depth overlying plinthic or hardparyda (Salakoet al., 2002). Effects of
parasitic organisms and weeds are not left out (@wor, 1992 and Gworgwor and

Weber 1992).

In the last century, Green Revolution Technologghsas the use of pesticides, synthetic
fertilizers and high yielding cultivars were usedolvercome these constraints (Dalgagird
al., 2003). With this technology, food supply in tlzisne increased, reducing hunger and
improving nutrition. Nevertheless, numberless pedpave no food security (Stocking,
2003). The Green Revolution techniques increasadralaresource degradation, raising
guestion about the sustainability of current adnical practices (Dalgaard al., 2003).
Furthermore, these conventional agricultural systeontribute to loss of plant diversity.
In conventional high — input systems, for example addition of chemicals are continual
disturbances to the soil system which may affetrinsic abiotic and biotic soil factors
possibly leading to long-term soil degradation {Betfalvay and Linderman, 1992). The
use of machines and fertilizers are consideredetadsponsible for degradation (Rosa
Junior, 1984; Gaur and Adholeya, 2004). Chemicaé&zslwnder these systems pollute both
the soil and the atmosphere and also jeopardizenétadth of both farm workers and
consumers. The ecosystem is contaminated with heagls. This refers to elements with
specific mass higher than 5g ¢nable to form sulphides (Gaur and Adholeya, 20684)l
degradation produces change in the diversity anthddnce of AM fungal populations

(Koomenet al; 1990). This is critical because of the role of mybzal fungi in plant
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establishment and survival. Such elimination ofuadular mycorrhizal fungal population

can lead to problems with plant establishment amdigal.

Even if AM fungi are ubiquitous in terrestrial egetem, mechanical or chemical
disturbance of the soil can substantially redued thopulation, vigor and functioning. The
number of spores and root colonization of plantsuaing at sites are often reduced by

soil disturbance.

The conventional systems of agriculture are tooeasgive for smallholder farmers in a
developing country like Nigeria. The benefits ofl sadditives are usually short-lived,
unless slow release formulations are used and @rsustainable in low input or natural
ecosystem. The challenge for the next 50 years @éotble food production in a way that
does not compromise environmental integrity andipuiealth (Tilmanet al., 2002). For
better nutrient management in Southern Guinea $avahNigeria, an increase in use of

biological potential is important.

The soil of Southern Guinea Savanna (SGS) has tlessified by Kogbe and Adediran
(2003) to be Typic Paleustalf (USDA), and loamy dsakdfisol with moderate pH and

sandy loam texture in some other areas. Total Pbbar reported to be higher in forest
soil than in Savanna (Adepetu, 1970; Adepetu anety;d 975) hence cropping requires
additional fertilizer input to maintain good yielddowever application, of high rate of P
fertilizer was reported to be capable of causingient imbalance and consequently yield

depression of western yellow maize (Osiname, 1972@uloju and Olaniran (2001)
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presented experimental evidences that the soiboftfern Guinea Savanna soils of Nigeria
is low in organic matter content, available P affdotive cation exchange capacity. @bi

al. (2008) also reported high infestation of termitethe soil of SGS of Nigeria. The
termites feed, build and repair their nest andegaé out of soil fabrics and organic
material therefore influencing soil fertility. Pofartility of SGS soils can be overcome by
management strategies. Critical level of Aluminigaturation can be kept deep in the
profile by management techniques. Phosphate fixatiat also characterized SGS soil
needs to be decreased. (Montegomery, 1988). Mosheofsoils are acid (pH5.5) in
nature; having high aluminium (Al), iron (Fe) andmganese (Mn) ions levels that readily
fix nutrient element in soils (Akinrinde, 2006). Héso stated that the use of Arbuscular
mycorrhiza fungi can provide possibility for impement of the use-efficiency of applied
nutrient in the face of increasing fertilizer cost®finite resources, as well as
environmental contamination and /or pollution hdsgar Low available nutrients,
particularly P deficiency, as well as drought aratew stress in most tropical soils is one of
the important environmental limiting factors foapt growth (Atayeset al., 1993 ). In
these conditions, plant growth is largely reliapbn AM symbiosis for nutrients and water
uptake (Querejetat al.,2003), which could significantly reduce the usecohventional
fertilizers in soils (Raja, 2006). A more effectineethod of phosphate fertilization such as
the use of Arbuscular mycorrhiza is necessary. AMeassociation has received attention
as part of an increasingly popular paradigm thasiters active and diverse soil biological
community as essential for increasing the sustdityabf agricultural systems (Cardoso
and Kuyper, 2006). AMF constitute an important timeal component of the soil -plant

system that is critical for sustainable producyivit degraded soils. (Gaur and Adholeya,
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2004). As suggested by Bethlenfalvay and Linderm@m®92), “The role of AMF may be
critical if agriculture is to return to the stateheve luxury levels of farm inputs of
fertilizers, pesticides and or chemicals are desgédo levels that are still economical, yet

do not pollute the environment or pose health taskonsumers or handlers”.

A thorough understanding of the ecology of spede®M fungi in Southern Guinea
Savanna of Nigeria is therefore needed to enabl@pulation of the AMF symbiosis for
the benefit of minimum-input agricultural systemdatio obtain sustainable environment
for agricultural purpose through organic agricidtuMany biotic and abiotic interactions
around roots are probably mediated by AMF. A sssfi¢ shift in emphasis from
chemicals to natural methods, such as crop rotaimahthe rational use of beneficial soll
microorganisms, such as AMF, requires better kndgdeon the dynamic relationships
between agricultural practices and interactiogtsvben cultivated crops, AMF and other

soil biota.

There is a dearth of information on the ranges p#cHic soil variables under which
specific AM fungal species occur and thus on caos, which may be tolerable or
optimum for them in the Southern Guinea Savannay \/mited information is available
on the incidence of AM in Southern Guinea SavanhaNmeria. Redhead (1977)
established the occurrence of spores of endogoeamain the soils of Southern Guinea
Savanna of Nigeria. Several recent reviews havelt dedh role of mycorrhizal
associations in soil quality and sustainable agiucei (Dodd, 2002; Baredt al., 2002;

Harrier and Watson, 2003). These reviews genefatlysed on temperate soils. However,
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Cardoso and Kuyper (2006) reviewed the role of mygpas in tropical soil fertility. No
detailed and systematic studies have been conduactetie distribution of mycorrhizal
fungi in Southern Guinea Savanna zone of Nigefiaerefore, this research work is aimed

at:

i evaluating the incidence of AMF in soils formetdleo basement complex and soils

formed over sedimentary rock in the Southern GuB@aanna of Nigeria;

il assessing the effects of some soil factors on fgi in soils of Southern Guinea

Savanna of Nigeria;
iii Morphological characterization of indigenoAMF of the soils of Southern Guinea

Savanna of Nigeria.
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CHAPTER TWO
LITERATURE REVIEW
Characteristics, Occurrence and Distribution of Arbuscular Mycorrhizal Fungi

Arbuscular Mychorizal (AM) aassociation involvesnpitive fungi in the Glomeromycota. In soil,
Arbuscular mycorryzal fungi (AMF) produce a netwarkhyphae which form thicker hyphae that
function as conduits and thin highly branched hgpivhich are thought to absorb nutrients. Spores
(large for a fungus), asexual spherical struct{@8s1000 um diameters) are formed on hyphae in
soil, or in roots. (Brundretit al., 1996). Spores are thick walled multi-nucleatgting structures
(Miller et al., 1995). Hyphae (non-septate when young and ramitfyimthe cortex). (Brundrett

al., 1996). Arbuscular mycorrhizae are characterlaethe formation of unique structures such as
arbuscules and vesicules (Wikipedia, the free dopgdia). Arbuscules (intricately branched
haustoria in cortex cell) and vesicles (storagacttires formed by many fungi) are structures
formed in roots (Brundrett al., 1996).

Mycorrhizal roots and the associated networks @hlag are a major component of most soils, but
cannot normally be seen with the naked eye. Myézattstructures within root are normally not
visible, unless roots have been cleared in hotligikanake them transparent and stained with a
dye that binds to fungal hyphae. According to Bmatid (2008) mycorrhizal associations start
when soil hyphae respond to the presence of apgtowing towards it, establishing contact and
growing along its surface. Next, one or more hyptaeluce swellings called appressoria between
epidermal cells. Root penetration occurs when hggham the appressoria penetrate epidermal or
cortical cells to enter the root. These hyphaesctbse hypodermis (through passage cells, if these
are present in an exodermis) and start branchinghénouter cortex. Spores contain lipids,
cytoplasm and many nuclei. They usually developkthialls with more than one layer and can
function as propagules. Spores may be aggregatedjioups called sporocarps. Sporocarps may
contain specialized hyphae and can be encaseddatanlayer (peridium). Spores apparently form
when nutrients are remobilized from roots whereoeissions are senescing. They function as
storage structures, resting stages and propagSlestes may form specialized germination
structure or hyphae may emerge through the subtgidiphae or grow directly through the wall.
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AMF are the most wide spread type and ecologidatiyortant root fungal symbionts with more
than 90% of higher plant species, including crod fmit tree species, and are essential to the
survival of many tropical plants (Strack et al., 02D About 95% of the world’'s plant species
belong to characteristically mycorrhizal familieSngith and Read, 1997) and potentially benefit
from AM fungus- mediated mineral nutrition due toetfundamental role played by these
glomalean fungi in biogeochemical element cyclidefffies and Barea, 1994). AM symbiosis
occurs in almost all habitats and climates (Baates., 1997), including disturbed soils (Enkhtuya
et al., 2002) and those derived from mine activitiesd{&il., 2003).

AM is the most abundant kind of mycorrhiza desdatibs ‘a universal plant symbioses. They occur
in a wide variety of hosts, different habitats ateb vary in quality and quantity (Bhaskaf04).
Miller and Jastrow (2000) reported that AMF arerfdun practically every taxonomic group of
plants and the list of species not infected is pbtp far shorter than the infected ones. These
microsymbionts occur widely under various environtaé conditions with beneficial effects on
soil structure. Arbuscular mycorrhizal fungi areagnized as an important, widespread component
of most terrestrial ecosystems. The best predaftéiM abundance was standing fine root length.
As such, AM abundance tended to be much greatgrasslands than in other biomes (Treseder
and Cross, 2006). NIIR Board (2004) stated that AMfound associated with majority of
agricultural crops. They are ubiquitous in geograjlistribution, occurring with plants growing in

arctic, temperate and tropical regions alike.

According to St. John (1985) the fungi that infembre plant tissue than any other kind are the
beneficial mycorrhizal fungi. This little appreaat and inconspicuous microorganisms live partly

inside the roots. They are allies of both wild alaanesticated plants. Mycorrhizae are present in a
great variety of cultivated plants. They can benfibin almost every soil in the world, except where

human activities have suppressed the symbiosis. Alive in soil as spores, root fragments and

mycelia (Brundrett, 2000).

The majority of herbaceous plant roots in natucalsgstems all over the world are colonised by
AMF (Allen et al., 1995). In Poaceae, this association is widespread and occurs, with fe
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exceptions, in both annual and perennial speciefonization of AM is common in infertile
habitats (Newsham and Watkinson, 1998) and tymicassland soils with low phosphorus level
(McNaughton and Oesterheld, 1990). Arbuscular Msfdaal fungi are major components of
rhizosphere microflora in natural ecosystems (Tatind Panwar, 2006). AMF are distributed
worldwide (Sharif and Moawad, 2006). On a globai®amycorrhizae occur in 83% of dicots and
79% monocots, whereas all gymnosperms are mycairfii¥ilcox, 1991). They are common in

most habitats but AMF are dominant in grasslandsteopical ecosystems.

Most species of plants are capable of associatitlyfungi of a single familyEndogonaceae, to
form V-A mycorrhizae (Gerdemann, 1968). According-eakeet al. (2004), a substantial part of
microbial communities in the soil belong to the AMingi, an ancient group of fungi that
establishes mutualistic symbiosis with a great nitgjof plant species. They account for 5-50% of
the biomass of soil microbes (Olssenal., 1999). Biomass of hyphae of Vesicular Arbuscular
Mycorrhizal (VAM) fungi may amount to 54 —900KghdgZhu and Miller, 2003), and some
products formed by them may account for anothekKg0@ovelocket al., 2004). Pools of organic
carbon such as glomalin produced by AM fungi magreexceed soil microbial biomass by a
factor of 10- 20 (Rilliget al., 2001).

The most ancient and widespread mycorrrhizal matiips are formed by AMF. More than 80%
of plant species can form AM yet relatively few @iah species (120) from restricted taxon, the
Glomales, are involved. This reflects the evoluignhistory of the relationship (Jeffries al.,

2003). Almost all tropical crops are strongly resgie to Arbuscular mycorrhizas. A substantial

number are also strongly dependent on Arbusculaomligizas (Jaizme and Azcon, 1995).
Biodiversity and conservation of AMF

The diversity of AMF has significant ecological seguences because individual species or
isolates vary in their potential to promote plardvgth and adaptation to biotic and abiotic factors.
Thus, the composition and dynamics of populatidnSMF have a marked impact on the structure
and diversity of the associated plant communiti@sth in natural and agricultural ecosystems
(Grimeet al., 1987; Ganget al., 1990). An important prerequisite to the analysipabulations of
AMF in ecological studies is the correct identifioa of individual isolates. In addition,
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physiological studies as well as field inoculatierperiments may benefit from genetic and

functional analysis of selected isolates.

Until recently, the markers identifying AMF for palation and phylogenetic studies were solely
morphological or biochemical (Giovannetti and Grexzrzi-pearson, 1994). Studies of the macro-
and micro anatomy of fungi yield characters thatnfdhe historical bedrock in fungal taxonomy
(Kohn, 1992) have been used to build the taxonoftA\F (Morton and Benny 1990). However,
many structures needed for morphological identificaand species differentiation are lost during
the symbiosis. The arbuscules produced by AMF amtsl for example, are very similar from one
species to another. Allozymes have been helpfyraviding diagnostic biochemical markers to
identify species of AMF, even in colonised rooter{&nd Hepper, 1996).

However, the most powerful tools to study the etiolu and population genetics of AMF are
molecular techniques that analyse deoxyribonuaeid (DNA) sequences. These techniques have
been used in combination with morphological or h&mical data to investigate specific groups.
For example, combined morphological data were usedefine relationships among ancient
species within Glomales (Redeclatral.2000) as well as to provide diagnostic primers irtgrt

in the classification of these species (Morton d&etlecker, 2001). With a similar approach,
isolates of uncertain taxonomic position within tlanily Gigasporaceae could be assigned to
known species (Lanfrana al., 2001). The combination of isozyme profiles aimbsomal gene

sequences has also proved useful in defining griouie genussigaspora (Bagoet al.,1998).

A wide variety of techniques can be employed tecdeDNA sequence variation in populations of
AMF (Lanfrancoet al., 1998). Polymerase chain reaction (PCR) amptificaof targeted genomic
sequences followed by restriction fragment lengtblymorphism (RFLP), allele-specific
hybridisation, direct sequencing, or single —strandformation polymorphisms are increasingly
used to detect AMF in natural ecosystems (Sanee., 1996). Polymerase chain reaction
primers based on highly conserved regions of nueed mitochondrial ribosomal DNA have been
designed (Whitet al., 1990; Sanderst al., 1996; Schusslet al., 2001). To amplify two variable
non-coding regions namely the internal transcrifgacers (ITS) and the intergenic spacers (IGS).
Microsatellite-primed PCR, random amplified polymloonuclear DNA (RAPD) and repeated
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DNA probes are highly efficient approaches for idhentification of distinct genotypes (Wyss and

Bonfante, 1993; Longato and Bonfante, 1997) andt Hmen employed to determine the genetic
structure of populations of AMF. DNA markers haweeh successfully employed to track specific
AMF from agricultural and natural ecosystems (Amdtinet al., 2000).

One aspect that has recently received attentiothénevaluation of diversity of AMF is their
unusual association with endosymbiotic bacteria #neddegree of their intraspecific diversity.
Bacteria-like organisms in the cytoplasm of AMF &dirst observed by transmission electron
microscopy in the early 1970s (Scannerini and Butefa 1991) but confirmation of their
prokaryotic nature was impeded by their inability grow on cell-free media. A combined
morphological and molecular approach has now shiwanthe cytoplasm dbigaspora margarita
spores harbours a homogeneous population of badtentified, from the sequence of their 16S
ribosomal ribonucleic acid (RNA) gene, as closethte genusBurkholderia (Bianciotto et al.,
1996). More recent phylogenetic studies suggestthiese endobacteria probably represent a new
bacterial taxon (Bianciottet al., 2002).

Polymerase chain reaction assays with oligonudestispecific for this 16S sequence have
revealed these bacteria in all stages of the fulifgakycle (spores and symbiotic mycelia). In
addition, isolates of different origin from thredo@alean families (Glomaceae, Gigasporaceae and
Acaulosporaceae) display bacteria when observeatbbfocal microscopy using a fluorescent dye
specific for bacterial staining. The endobactefigmasporaceae seem to be distinct from those
found in other fungal taxa in terms of density, pfmlogy and PCR amplification with specific
primers (Bianciottat al., 2000).

It should be noted, however that different situagi@xist within this genusGigaspora rosea was
the only species to be completely devoid of endm@; an observation supported both by
morphological observation of several isolates aiyd PR experiments wheredSigaspora
gigantea harboured genetically and morphologically distihetcteria (Bianciottcet al., 2000).
These intracellular bacteria seem therefore to lyerera feature of spores of AMF and not a

sporadic component.
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Given their importance in ecosystems, conservaifoAMF both in situ and ex situ is expedient.
Germplasm collections have been developed to aggciiraracterise and maintain AMF in living

cultures. The two main collections, the BEG (Datichl. 1994; http://w.w.w.ukc.ac.uk/bio/bey/

and INVAM (http://invam.caf.wvu.edl/play a crucial role in the preservation and dbistion of

fungal isolates for research.

Factors I nfluencing the Distribution of AM Fungi.

In the tropics, germination of AM fungi spores oilsand hyphal penetration of root cortex
have been reported to be influenced by certairofacuch as climatic, physico-chemical,
biological and host genotype. Physico-chemical femtors affecting the establishment of
fungal spores include: soil water content (Cardasd Kuyper, 2006); organic matter and
plant residues (Read, 1991; Treseder and Cros$).200ganic soil amendments, such as
manure, should be well aged. Fresh organic materi@dy encourage large microbial
populations that can be inhibitory to mycorrhizahdi. According to Hayman (1974)
pesticide treatments also decrease the number df.ANko, heavy fertilizer application
may lead to faster growth or a larger yield ovehart term, and can compensate for a lack
of mycorrhizae, but creates an addiction from whilcére is no easy return (St. John,
1985).

Biological factors that affect fungi establishméamtlude the interaction of AM fungi with
other soil organisms such as plant parasitic netiestd' O™ Banncet al., 1979). Read
(1991) hypothesized that community composition gfcanrhizal fungi would vary as a
function of the organic matter in the soil. Spewfly, AM plants should be more abundant
in ecosystems with smaller pools of organic nutgen the soil, since this group possesses

limited ability to degrade organic matter. Howevereseder and Cross (2006) discovered
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that percent root length colonized (RLC), AM abumtiaand host plant availability were
not related to the size, influx, or turnover rafesoil organic matter pools. AM fungal
abundance may simply vary in proportion to belowgib net primary productivity
(BNPP) of AM plants (Harley, 1971). Isotope tradar laboratory and field studies
indicates that AM fungi consistently receive 37-48%C delivered belowground by host

plants. (Johnsod al., 2002).

Treseder and Cross (2006) stated that because réioss provide a substrate for
colonization by AM fungi, fine root length deterresilP@AM biomass. In their work to
examine potential large-scale controls over theridigion of AM, abundance was
positively correlated with standing stocks of fineots. AMF are thought to play a
particular important role in P acquisition; hendriadance may be greater where plants
are more limited by P, as indicated by high N: fosaof plant tissue. Treseder and Cross
(2006) also noted that regions harbouring the kErgcks of AMF are also particularly
vulnerable to anthropogenic nitrogen depositiorhedfactors reported by St John (1985)
include heavy chemical fertilization, heavy and iscdminate use of pesticides,
disturbance of soil by human activities such asdhag and treatment of soil, removal of
the plant cover and inversion of soil profiles. Aating to Jeffriest al. (2003), a number
of abiotic factors such as climate change, drowihgss, pollution and heavy metal
contamination can influence the development of mygpal relationships. He reported
that excess levels of chemical components in thile isefficient mining processes, and
treatment of soil with sewage sludge or induste#luents, overuse of heavy metal

containing fertilizers or gas exhausts have amdhgrdactors, contributed to the creation
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of large areas contaminated by heavy metals, radimes and persistent organic
pollutants. even though the presence of AMF cavite the stresses to plants caused by
these external influences. Such areas may jeogahdisian health and ecology (Adriano
et al., 1998) and therefore should not only be unddctstontrol, but should also be
managed in a way which attenuates the possibilityaoy risk concerning the
contamination of the food chain and ground wateaioby wind erosion.

Soil degradation produces changes in the diveraitd abundance of AM fungal
population (Koomeret al., 1990). Variation in soil pH and temperature seenibé the
decisive factors in tropical soils influencing distution of AMF (Mahesh and Selvaraj,
2008). It has been a common experience that ajthahemical fertilizers have doubled
the agricultural productivity, the mycorrhizal icfeon together with spore production have
decreasedBhardwajet al., 1997). Studies on the natural occurrence of AMHaryana
soils showed that the fungal sporulation was manenisive in the rhizosphere of
nonlegumes than of legumes. Maximum number of sp(842 spores per 50 g of soail)
was observed in the rhizosphere of mustard, foltblse chickpea, wheat, pearl millet and
pigeon pea (Bhardwagt al., 1997). Soil pH, total soil P, available P, typesail, soil
moisture and cropping season are all variablesitifiaenced the Arbuscular mycorrhizal
population in the natural ecosystem. Numbers of #dbres highly correlated with the
presence of total soil P and soil pH indirectlyeated the AM population through the total
soil P. The spore population was abundant in sawilg as compared to loamy sands.
Drier soils had higher number of AM spores. In stennthe AM population in soil was
less as compared to winter season. The jhum fallmwiained lower AM fungal population

and number of species than the natural foresttigitultivation in the humid tropical
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soils causes reduction of AM fungal species. (Sietgdl., 2003). Kormanilet al., (1982)
stated that high-quality seedling stock of hardwdoek species can be obtained in
nurseries where cultural practices in the nursagperage AM development.

Importance of AM Fungi

Effect on plant Nutrient uptake

In most cases of P-deficient soils, the growth witicated plants is highly dependent to
mycorrhizal status (Diopt al., 2003). Inoculation with AMF usually enhanced growtid
shoot biomass of plants (Diagb al., 2003; Ndiayeet al., 2009). St John (1985) reported
that mycorrhizae have been clearly shown to imprplant growth over that of non
mycorrhizal control. CassavMénihot esculenta Crantz) is highly dependent on AMF
association for plant growth (Howeler and Sievegdit©83). The main effect of AM is to
enhance P uptake of cassava grown on acid soilsihowavailable P (Howeler and
Sieverding, 1982). They greatly improve uptake pbiosphorus and micronutrients,
especially zinc and copper. According to Khalafaleend Abo-Ghalia (2008) AMF have
higher capacity to increase growth and yield thioefficient uptake in infertile soils. This
effect is most marked when crops are grown in phosps deficient soils. Prakashal.
(2008) recorded increase in fruit yield and enhaverg in fruit quality due to higher
uptake of nutrients by the plants as influencedatipuscular mycorrhizae in root zone of

the plants.

According to Kormaniket al., (1982), AM development increased stem weight of
seedlings of eight hardwood tree species by 2-0tfoRl over non mycorrhizal controls.

Root weight of all seedlings was increased by 4-7@sfold by AM. Mycorrhiza is
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undoubtedly of extraordinary importance in plarddarction, plant soil ecology and plays
a key role in sustainable agriculture (Bethlenfglaad Linderman, 1992; Gianinazzi and
Scheuepp, 1994). In marginal soils fertilized witlsk phosphate, combined application of
AMF with N, — fixing microorganisms and other organic materialay substantially
increase P availability and crop yield (Sharif, 99®ey et al., 2004). According to
Jeffrieset al. (2003), mycorrhizal symbiosis is a keystone toghmductivity and diversity
of natural plant ecosystems. AM fungi are of impade as they play vital role in metal
tolerance (del Vaét al., 1999) and accumulation (Janglal., 2002). External mycelium
of AMF provides a wider exploration of soil voluméy spreading beyond the root
exploration zone (Malcovet al., 2003), thus providing access to greater voluimeeavy
metals present in the rhizosphere. A greater voluhenetals is also stored in the
mycorrhizal structures in the root and in spores, dxample, concentrations of over
1200mg kg in G.versiforme (Chen et al.,2001). Another important feature of this
symbiosis is that AMF can increase plant establestitnand growth despite high levels of
soil heavy metals (Enkhtuya al., 2002), due to better nutrition (Feegal., 2003), water
availability (Auge, 2001) and soil aggregation pedjes (Rillig and Steinberg, 2002) as

associated with this symbiosis.

The stimulation of microorganisms by the plant regstem has now attracted attention.
Microbial activity has been found to be an impottéactor influencing metal solubility
and an immobilization of soil metals due to pretepon of sulphides and hydrated ferric
oxides or by exudation of polysaccharides (Lodenisd Autio, 1989; Ernst,

1996).0rganic functional groups on the surface adtéxial cell walls play an important
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role in adsorption of metals from the soil soluti¢ffein et al., 1997). Under other

conditions Pb, Zn and Cu may be mobilised fromdadonates and oxides by microbial
activity (Bloom-field, 1981). Biological methods teemove pollutants have mainly
employed bacteria and saprobic fungi, while the flmycorrhizal fungi has been almost
completely neglected. A well-developed mycorrhig@biosis may enhance the survival
of plants in polluted areas by better nutrient @sitjan, water relations pathogenic
resistance, phytohormone production, contributmsdil aggregation, amelioration of soil
structure, and thus improved success of all kindsiaremediation. For example, AMF

have been found to decrease caesium uptake bysgBetreck and Haselwandter, 2001),
and thus could be used in the establishment oft plagetation on soil contaminated with
radio nuclides. They therefore have the potentialeduce environmental risks. Effective

mycorrhiza may attenuate deleterious soil condstigttaselwandter and Bowen, 1996).

Arbuscular mycorrhizal fungi also have a potent@é in the monitoring of site toxicity
(Weissenhormet al., 1993, 1995; Gucwa-Przepiora and Turnau, 2004 {tlaa efficiency of
restoration techniques (Orlowskaial., 2002). The use of mycorrhizal parameters as an
indicator of changes occurring during soil qualitgs already been addressed by Lovera
and Cuenca (1996), Haselwandter (1997) and Ja&tjabt(2000). Levels of colonisation
of grasses in polluted field soils have shown toalate with heavy metal contamination
(Mikanovaet al., 2001). Plants such #&antago lanceolata might be of special value for
biomonitoring (Orlowskeet al., 2002). This species is strongly mycorrhizaltahle for
use in growth chambers and greenhouses whereily éasns mycorrhizal associations

(Walker and Vestberg, 1994), and can be vegetsgtipedpagated (Wu and Antonovics,
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1975), facilitating the avoidance of genetic vailigbin response to toxic substances. In
addition, it is widespread and tolerant to a br@atge of soil types and pollutants (Wu and

Antonovics, 1976; Bakkest al., 1999; Barongt al., 2000).

The impact of AMF on the reduction of soil-bornselises has mainly been evaluated in
studies on soil fungal pathogens such Pagtophthora, Aphanomyces, Fusarium and
Verticillium (Azcon-Agwlar and Barea, 1996) and nematode causiagrots, lesion and
galls (Guilleminet al., 1993; Pinochekt al., 1997). Some studies have shown that
mycorrhizal protection could also occur agaiEstinia carotovora and Pseudomonas
syringae (Garcia-Garrido and Ocampo, 1989). Again, mycaahsymbiosis selectively
stimulates the quantity and activities of soil bhittaving antagonistic activity against soll
borne pathogens (Linderman, 2000). Prophylactieces have been often reported,
proving in many situations that AM fungi can actbaslogical control agents by lessening
proliferation and damage caused by pests and eailebdiseases (St-Arnaud and Elsen,
2005). The mechanism involved in the mycorrhizauocetl disease tolerance may be the
changed physiological and biochemical nature ofnibst plant. Increased production and
activity of phenolic compounds due to AMF coloniaat has been reported. Higher
phenolic content increases the defence mechanismostf plant and thereby imparts

resistance to various diseases.

AM colonization could improve the water absorptioh host plant, especially under
nutrient limitation (Cardoso and Kuyper, 2006). Rlapot development and efficient root

system is observed in mycorrhiza plants (Tissegqat., 1996). The extra radical hyphae
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of AMF contribute to soil aggregation and structwtability. Other mechanisms by which
mycorrhizal fungi contribute to soil structure iade creation of conditions that are
conducive for the formation of micro -aggregate eshiment by external hyphae and roots
to form macro-aggregates; and by directly tappiadpon resources of the plant to the soils
(Miller and Jastrow, 2000). Hyphae of AMF are mongortant in this regard than hyphae
of saprotrophic fungi due to their longer residetioge in soil, because fungivorous soil
fauna prefer hyphae of the latter over those of AMgi (Klironomos and Kendrick.,
1996; Gange, 2000).

In addition, AMF produce glomalin (a specific spilotein, whose biochemical nature is
still unknown) that has a longer residence timesail than hyphae allowing for a long
persistent contribution of soil aggregate stahiiora (Cardoso and Kuyper, 2006). The
residence time for hyphae is considered to vampfdays to months (Staddehal., 2003)
and for glomalin from 6-42years (Rillinget al., 2001).Mycorrhizas are thus
multifunctional in (agro) ecosystem with potentid¢s improving physical soil quality
(through the external hyphae), chemical soil gudlibrough enhanced nutrient uptake)

and biological soil quality (through the soil foae&b) (Newshamteal., 1995).

AMF provide efficient nutrient uptake in infertilsoils, water uptake and drought
resistance in plants (Nowak, 2004; Chenal., 2005). AMF are significant in the
ecological improvement of rhizosphere (Meditaal., 2003). They contribute to soil C
sequestration by producing glomalin, a recalciteard abundant soil glycoprotein (Rilling
et al., 2001). Reynoldst al. (2006) reported that AMF restore and improve gevation.

AM fungi have been regarded as a boon for agriceftdiorestry and restoration of
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disturbed ecosystems. They are effective in ovenegrtne stress conditions like draught,
disease incidences and deficiency of nutrientso Aisforestry, the growth of seedlings

and productivity was found to be enhanced by AMgfun

The impact of AMF in management of disturbed ectesys

Arbuscular mycorrhizal fungi have been shown tddigpnvade virgin soils at Samphire
Hoe in the UK (Doddet al., 2002) and hence accelerate the natural prodegpdaot
community development. Samphire Hoe is a newlytete&and plantform comprising the
sub scabbed material excavated during the constnuct the channel tunnel. It represents
a unique resource where the arrival and establishroé AMF within a sown plant
community on a low nutrient substrate can be moadtolnvasion by AMF was monitored
in three ways: by assessing the degree of roon@ation within the root of plant on the
site; by using a successive trap culture techniquéetermine species richness of AMF
and by using sterile substrate bins to determiae=tttent of wind borne and rain dispersed
immigration of propagules of AMF. Levels of coloai®n of indigenous plants by AMF
were high in May —June (the pre —flowering phasgrofvth for many plants) reflecting
the important role of the mycorrhizal symbiosigdny, low- nutrient siols. Twelve species
of AMF were identified, representing a relativelygth diversity for recent deposited
subsoil. An on-site experiment indicated that ifoms of AMF could enter the site within

eight months and that wind dispersal and rain \pessible vectors.

A field experiment compared the outplanting perfance of commercially — produced

Elymus pycnanthus seedlings (in commercial compost with added notsjewith seedlings
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produced in a low-nutrient substrate and inoculat@ti AMF insulated from the site (a
mixture of five species oGlomus) or left uninoculated. After fourteen months ield,
seedlings inoculated with the indigenous AMF had #ame tiller production as the
commercially produced plants, despite poorer ihgrawth. In contrast, non-mycorrhizal
controls grew very poorly, with a greater frequentylant mortality relative to the other
treatment.Elymus seedlings inoculated with the indigenous AMF mdtely produced
approximately seven times the mean number of spaess per surviving plant as the
commercially produced seedlings and five timesaige weight of seed spike. A
phytomicrobial approach to the revegetation of ieatrpoor soils has proposed to
stimulate plant successional processes as an eamallynviable sustainable input for land
scaping anthropogenic sites (Doddal., 2002). A similar conclusion was reached by

Greipson and El-Mayas (2001) during soi reclamaitolceland.

In horticulture and agriculture; The use of AMFagriculture could lead to a considerable
decrease in the amount of chemical pollution in s@iter, as recently demonstrated for
maize (Giovannetti, 2001). This clearly indicaties potential of AMF for promoting a low
chemical input agriculture. A more exhaustive revigas made by Atkinsoet al. (2002).
The recent development of molecular probes abtiffentiate AMF within roots and soils
(Jacquot-Plumeyet al., 2001) opens new biotechnological perspectivetiier defining
their population biology and therefore managememategies in the use of these symbiotic

microbes in agriculture.

29



The difficulty in producing a large amount of indwm of AMF for agricultural practices
is less of a problem in horticultural crops, whereculation could take place in seedling or
cutting beds, over a relatively small surface aFemthermore, the intensive use of i=]i
\artificial substrates where AMF are absent faiéit their introduction. The main
difficulties relate to the choice of substrates amdhorticulture practices compatible with
the development of mycelium of AM. The literatuegarding AMF and their application
in horticulture is extensive (Gianinazei al., 2001). Successful inoculation is usually
achived when AMF are introuduced very early in pl@@veplomental process followed by
the use of low amount of phosphate fertilisers saldctive use of pesticides (Guillemin et
al., 1993). By doing so, colonization by AMF wilblfow root development of the
inoculated seedlings or cuttings, with the conseqeethat plants will already be
extensively mycorrhizal when transplanted into fileéd (Gianinazziet al., 1995). In this
respect, the case of micropropagated plants iscpkatly interesting in that inoculation
with AMF can reduce plant losses during the acdisasion phase, subsequently stimulate
plant development (including flowering) and incregsoductivity after transplantation to

the field (Estauret al., 1999)

Following field transplantation, the rhizosphere afmicropropagated plant is usually
colonised with a variety of other soil microorgangs some of which are synergistic but
some of which may be antagonistic to AM developmdtierefore the study of multi-
microbial interaction in the rhizosphere of micrapis may be a very useful approach for
developing our understanding of managing AMF implaroduction systems (Cordiet
al., 1999).
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As a result of the ecosystem degradation processesertification-threatened areas,
disturbance of natural plant communities is oftecoanpanied or preceded by loss of
physico-chemical and biological soil propertieschsuas soil structure, plant nutrient
availability, organic matter content and microbaativity. Therefore, it is becoming

critical to recover not only the vegetation butoatkese biological and physico-chemical
soil qualities (Jeffries and Barea, 2001). Therarsincreasing interest in using AMF to
improve revegetation processes for desertified ystems, particularly those developed
under Mediterranean environments, based on theotishrub plants belonging to the

natural succession (Herresigal., 1993).

A proposed approach to combat desertification ohedu inoculation with symbiotic
microorganisms including AMF. Experiments have beamied out aimed at assessing the
long-term benefits of inoculation of shrub legumeih rhizobia and AMF. This has
included improving the establishment of target leguspecies as well as the benefits
induced by the symbiotically tailored seedlingskey physico-chemical soil properties
(Requeneet al., 2001). When a field study was carried out withidesertified semi-arid
ecosystem in southeastern Spain, the existing alatagetation was a degraded shrubland
where Anthyllis cytisoides was the dominant species (Requehal., 1997). This is a
drought-tolerant legume able to form symbioses wtith rhizobia and AMF. The
interaction of these microsymbionts on seedlingldshment, survival rates, growth, N-
fixation, and N-transfer from N-fixing to non-fixgn species associated in the natural

succession was studied (Requethal., 2001). In addition, the possible improvement of
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soil quality in terms of N content, levels of orgamatter, and hydrostable soil aggregates

in the rhizosphere of the target plants were alsduated.

A long-term improvement in the physic-chemical mdjgs was evident in the soil around
the Anthyllis plants inoculated with an inoculum of AMF basedindigenous taxa. The
benefits included an increased N content, and high®unts of organic matter and soll
aggregation in the soil around the rod®eduena et al., 2001). It can be assumed that the
increase in N content in the rhizosphere of theureg can be accounted for by an
improvement in nodulation and N-fixation rates #sg from inoculation of nodulated
plants with AMF (Bareat al., 1992). The improvement of soil aggregation \mikhtain
good water infiltration rates, good tilth and adatguaeration for plant growth, thus

improving soil quality (Wright an Upadhyaya, 1998).

Inoculation with native AMF also benefited planbgth, N-fixation and P acquisition by
plants. Improved N status of non-leguminous plamésvn in association with legumes has
previously been described for agricultural cropgg@n-Aguilaret al., 1979), but this was
the first demonstration of this phenomenon for redtplant communities in a semi-arid
ecosystem. The results support the general coodushat introduction of target
indigenous species of plants, associated with aageh community of microbial
symbionts, is a successful biotechnological tool aid the recovery of desertified
ecosystems, suggesting that this represents thial isteps in the restoration of a self

sustaining ecosystem (Requeal., 2001).
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Ecosystems have been contaminated with heavy nealdo various human and natural
activities. The sources of metals in the soil axermde, including burning of fossil fuels,
mining and smelting of metalliferous ores, munitivastes, fertilizers, pesticides sewage
sludge ainingamendments and the use of pigmentsbattdries (Gaur and Adholeya,
2004). Migration of these contaminants into nontaorinated areas as dust or leachates
through the soil is an example of events that domte towards contamination of our
ecosystems. Originally, attention was focused enptbtential use of the plant rhizosphere
to remediate contaminated soil. Plants were coreidéechnically engineers as solar
driven pumps (Adrianoest al. 1998) without considering the associated micrabio
Remediation attempts were directed towards theiagimn of soil amendments to
increase the availability of the toxic substancemjs ameliorating the efficiency of
phytoremediation (Blaylockt al., 1995; Salet al., 1995). Optimisation of the technology
included improvement of biomass yield via nutrienupply (Bakeret al., 1994) and
selection of the most efficient plant varieties aymhetic engineering (Maiét al., 1991).
The capability of plants to produce acid exudateshsas carbonic acid §80s) and
organic substances altering the plant rhizosphedesalubilisation of the adsorbed metals
were also considered (Krishnamuettial., 1997). This raised the possibility of using ptan
effective in organic acid production, suchlagpinus spp., as an alternative for chemical
amendments stimulating the uptake of metals by tplarsed in the soil cleaning

technologies.

Irrespective of these early successes, it is nadeet that the mycorrhizal symbiosis must

be taken into account in phytostabilisation. Altgbunitial colonisers of heavily polluted
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soils tend to be non-mycorrhizal (Shewy al., 1994), the successful restoration and
increase in plant community production, as welinagrovement of soil structure, strongly
depend upon the appearance of fungal symbiontenédtion of stresses is extremely
important in sites such as post-flotation wastdsickvare often devoid of basic nutrients
such as N or P, which have poor water-holding dpaand are vulnerable to wind
erosion (Gucwa-Przepiora and Turnau, 2001). Ingddacking AMF, the introduction of
inoculums offers an interesting perspective fortphtabilisation techniques. The process
may be stimulated by appropriately selected fusgains.

The source of fungi for production of inoculumsviery important, as they should be
adapted not only to toxicity but also to climatmnditions. Fungal ecotypes from polluted
places appear to be more successful than those rmontaminated sites (Leyvel al.,
1995). Extrametrical hyphae developed within th#é s@my play a role in heavy metal
sequestration and thus in alleviation of their ¢dyi The mycelium of metal-tolerant
Glomus mosseae was shown to be several times more efficient iaviganetal adsorption
than non-tolerant fungi and over ten times moreati¥e tharRhizopus orrhizus used as a
biosorption organism (Jonet al., 2000). Although th&. mosseae strain was shown to
transport cabium (Cd) from the soil into the fungiuctures within the roots of clover, Cd
was restricted (Joner and Leyval, 1997). Similaults were obtained on the Cd and Zn-
binding capacity of a fungal strain colonising @owroots isolated from an absolute

metallophyte plantyiola calaminaria (Toninet al., 2001).

Inoculation of maize, incerne (alfalfa), barley amithers by the fungal isolate obtained

from V. calaminaria roots has also been shown to attenuate heavy nsttass
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(Hildebrandtet al., 1999). This demonstrates the contribution of AldFhe accumulation
of heavy metals in a non-toxic form within planbte (Toninet al., 2001). Differences in
metal binding capacity exist not only between mtildrant and non-tolerant fungi, but
possibly also between different species or isolatas the same site. This was shown for
native G. mosseae in mycorrhizal roots from polish zinc wastes. Mgitizal fungi of
Fragaria vesca were identified using molecular tools (nested P@ith taxon-specific
primers performed on spores and trypan blue staioets) and cytochemical staining was

used to visualise the distribution of heavy mefalgnauet al., 2001b).

The diversity in tolerance mechanisms towards heaetals transferred by the fungus into
the root cortical cells also exists between plgicges/variety/ecotypes. The plants alone
react differently to heavy metals (Antosiewicz, 2P9%nd may also regulate the

effectiveness of mycorrhizal colonisation (Koidel&chreiner, 1992).

Biological methods of removal/degradation of orggmollutants from the soil have mainly
employed bacteria and saprobic fungi (Schutzendetbal, 1999). The positive effect of
plants on the degradation of polycyclic aromatidregarbons (PAHsS) has also been
reported (Reilleyet al., 1996). In such cases plants producing a highsodace area have
been the most extensively used. Well-developedcesgsans with soil microbiota are
alternative for using chemicals to increase thelavitity of toxic substances (Schwab and
Banks, 1994). Among the organisms that could dffelst increase the area of activity are

mycorrhizal fungi. A range of mycorrhizal fungi veeshown to be involved in the

35



degradation of organic pollutants and thus they nhay also potentially useful in

phytodegradation.

Although colonisation by AM was negatively affectbyd increasing PAH levels in soll
(Leyval and Binet, 1998). It can still enhance plaarvival and growth by decreasing
phosphorus deficiency (Joner and Leyval, 2001) wader stress (Sanchez-Diaz and
Honrubia, 1994), improving membrane integrity (Guatet al., 1981) or by stimulation of
oxidative enzyme production (Salztral., 1999). These phenomena are all responsible for

the attenuation of stress due to pollution.

Arbuscular mycorrhizal fungi can also be helpful tihe management of constructed
wetlands used for detoxification of a broad rangéoric substances. The importance of
mycorrhiza of plants such @&hragmites communis, widely used to treat effluents, e.g.
containing nitrophenols (Dias,1998), has been mégie Oliveiraet al. (2001) reported,
however, the presence of the symbiosis when sailsreduced water content. This might
play an important role in the initial steps of tbstablishment of wetland places, and
subsequently could influence plant biodiversitylater stages, thus encouraging the re-

appearance of mycorrhizal species (Vangronsstedtl, 1996).

For successful bioremediation, symbionts must Ibectsl that can withstand the hostile
environment of polluted sites. While introductioh reew isolates is promising in areas

devoid of AMF , the proper management of microlwedources, including mycorrhizal
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fungi and a broad range of rhizosphere bacterialddoe more appropriate where they are
already present (Jeffriesal., 2003).

I nteractionswith other soil micro-organisms

Arbuscular mycorrhizal fungi are key componentshaf soil microbiota and obviously interact
with other microorganisms in the rhizoshere (Bowed Rovira, 1999). Formation of AM changes
plant physiology and certain nutritional and phgkiproperties of the rhizosphere soil. This, in
turn, affects colonization patterns of this regibg soil microorganisms by the so called
mycorrhizosphere effect (Gryndler, 2000). Arbuscufg/corrhizal fungi thus interact with natural
and introduced microorganisms in the mycorrhizosphéence affecting soil properties and
guality. Conversely, soil organisms are known tiectf AM formation and functioning markedly
(Barea et al., 2002). Deleterious rhizosphere bacteria (Nethbl., 1996) and mycoparasitic
relationships (Jefries, 1997) have been found terfere with AM development, while many
microorganisms can simulate AM formation and orctioning (Bareaet al., 2002). Sail
microorganisms can produce compounds that incremstecell permeability, thereby increasing
root exudation. This in turn, stimulates the growthhyphae of AMF in the rhizosphere and
facilitates root penetration by the fungus. In #ddj polysaccharide-producing bacteria may have

a synergistic effect on hydrostable aggregate foomdy AMF (Miller and Jastrow, 2000).

Rhizosphere microorganisms are also known téectf the pre-symbiotic stages of AM
development such as spore germination and geroe growth (Azcon-Aguilar and Barea,
1992, 1995). Biologically active substances likeiramacids, plant hormones, vitamins, other
organic compounds and volatile substances {Carloocidé (Cg@)}, produced by soil
microorganisms, can stimulate the growth rates MFAAzcon-Aguilar and Berea, 1995; Barea
2000). Detrimental effects of soil microorganismmsspore germination and hyphal growth in soil
have also been reported (Linderman, 1992; AzconHAgand Berea, 1992). Vazquetzal. (2000)
reported that antifungal compounds producedPbgudomonas spp. did not interfere with AM
formation or functioning, nor did a similar moleeybroduced byPaenibacillus sp. (Budiet al.,
1999).
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The well-known activities of Nitrogen-fixing bacterand Phosphate-solubilising microorganisms
in improving the bioavailability of the major plantitrients N and P contribute to the AM role in
nutrient acquisition (Bareat al., 2002). Management of such interactions is a wioig approach
either for low-input agricultural technologies (diefs and Berea, 2001), or for the re-establishment
of natural vegetation in a degraded area (Millet dastrow, 2000; Jeffries and Berea, 2001). It is
known that certain rhizobial strains improve praessinvolved in AM formation byslomus
mosseae, i.e spore germination, mycelia growth from the mycarahipropagules and ‘entry point’
formation on the developing root system of the camrhost legume plant (Bareaal., 1996).
Measurements of theéN/*N ratio in plant shoots indicated enhancement efNfixation rates in
Rhizobium-inoculatedmycorrhizalplants relativeto thatachieved by the sanikhizobium strain in
non-mycorrhizal plants (Toret al., 1998).

Multi-microbial interactions including AMF,Rhizobium spp. and PGPR have also been
investigated (Requenat al., 1997). In general, the results demonstrate thpoitance of
physiological and genetic adaptation of microbesrteironment, and thus the use of local isolates.
Several microbial combinations were effective irpioving plant development, nutrient uptake, N
fixation (**N) or root system quality, showing that selectiviel &pecific functional compatibility
relationships among the microbial inoculants wekdédent with respect to plant response.
Interactions between AMF arfzospirillum may also enhance mycorrhiza formation (Volpin and
Kapulnik, 1994).

The interactive effect of phosphate solubilisingzobacteria and AMF on plant use of soil-P
sources of low bioavailability (endogenous or addedock phosphate) has been evaluated in soil
microorganisms using>% isotopic dilution approach (Toret al., 1997). The rhizobacteria
behaved as mycorrhiza-helper bacteria, promoting A#fablishment. The dual inoculation
treatment significantly increased microbial biomarsd N and P accumulation in plant tissues and
these dual-inoculated plants displayed lower sjpecittivity ¢?PF'P) than their comparable
controls, suggesting that the mycorrhizal and bestd plants were using P sources otherwise
unavailable to the plant. It was concluded thats¢hehizosphere/mycorhizosphere interactions
contributed to the biogeochemical cycling of P,stlmomoting plant fithess. These effects were
further validated under field conditions (Baetal., 2002).
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There is a positive interaction between AM fungi aitrogen fixing bacteria such Bbizobium in
legumesAzospirillum andAzotobacter in non legume soils. AMF association remarkabbyéases
the multiplication, persistence and nitrogen figatirate of these bacteria. Nodulation and N-
fixation by legumes in tropical cropping systemswtwide variation. This could imply that such
legumes may either deplete soil nitrogen or adagén. Insufficient nodulation and fixation may
be both due to lack or scarcity of compatible affdcéive rhizobia, and to nutrient deficiencies
coupled with an insufficiency of AM inocula. Houngindanet al. (2000) demonstrated that the
rate of N-fixation ofMucuna pruriens (L) DC, a fallow plant to restore soil fertility drcontrol the
invasive grassmperata cylindrical (L) Beauv. in the derived savanna of Benin, wasroftmited

by low numbers of effective rhizobia and could lo@dted by rhizobial inoculation, except in very

P-poor sail.

The authors concluded that farmer’s managementipeacthat allow a build up of AM fungal
inocula would alleviate P-deficiency and hence éase N-fixation. Similar interactions between
AM fungi and rhizobia have been demonstrated fghean Glycine max) in low —P soils of the
savanna in Nigeria (Nwoko and Sanginga, 1999).al¢ whown that there was a large variation in
mycorrhizal responsiveness to soybean inoculatih AM fungi and that this variability should
be exploited for selecting legumes for growth orrgivaal soils. This may be especially relevant
because improved soybean cultivars have often belected under conditions of P-sufficiency, a
situation probably not dissimilar from the seleotiaf Al-resistant maize cultivars from Brazil in
conditions of P-sufficiency. CowpeaVi@na unguiculata) breeding lines with higher AM
colonization showed higher N-fixation in a low At¢8angingaet al., 2000).

AM fungal and rhizobial responses might show pesifeedback. Rhizobial inoculation increased
AM colonization in soybean (Sangingh al., 2000) and mucuna (Houngnandetnal., 2001).
Marqueset al. (2001) observed that AM fungi improved the perfonce of the woody legume,
Centrolobium tomentosum Benth. Inglebyet al. (2001) demonstrated that AM improved
nodulation ofCalliandra calothyrsus Meissn, an agroforestry tree. In a follow-up, bdtizobia

and AM fungi were selected from the tree’s natimage in Central America and from parts of
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Africa where the tree was successfully introdudedboth areas, effective microsymbionts were
obtained. But the interactions between effectivieathia and effective AM fungi (and between
plant provenances) have not yet been studied (uestial., 2001). This may be important because
interactions between AM fungi and rhizobia cannet fredicted from the behaviour of both
symbionts individually. It is still not known whehe interaction is additive or synergistic, both in

terms of costs of the symbioses and in terms afamnitgains.

A similar positive interaction exists between AMRdaphosphate solubilizing micro-organisms
which require the complement of AMF for their attes. Ehteshamét al., (2007) reported a
significant increase in grain yield , yield compotg harvest index grain N and P, soil available P
and root colonization percentage when maize wasuilated withGlomus intraradices (AMF)
and Pseudomonas fluorescens under water deficit stress and a comparatively pesponse when
inoculated with P.fluorescens alone under the same condition. Phosphate sdingli
microorganisms interact positively with AMF in proting plant growth as well as P uptake of
maize plant leading to plant tolerance improvingemwater deficit stress condition. It was found
that AM fungi interact synergistically with otherieroorganisms such as phosphate-solubilizing
bacteria and plant growth promoting microorganismenhance plant growth and survival. Also a
significant effect of bacteria producing plant gtbwegulators on mycorrhizal development has
been reported (Azcon, 1989). In addition, it is wnothat the soil micro-fauna can also affect
development of AM, but the evidence is fragment@gange, 2000; Gryndler, 2000%outhern

Guinea Savanna of Nigeria: Climate, Soil and Vegetation.

The Southern Guinea Savanna agro ecological zohkgefia is characterized with 181-210 days
length of growing period (Jagtab, 1995). The majts have coarse-textured surface soil, and are
low in organic matter and chemical fertility. (Sata 2003). It has 100-150 cm of annual rainfall
with wet season lasting 6-8 months. According taigina (2008) rainfall variability for a period
of 20 years was very high around llorin with valeésoefficient of variation ranging between 26
and 49 percent. He also documented that rainfaiksdooth in time and space. As a result, there is
remarkable fluctuation in yield per decade in thimlogical zone. The atmospheric climate falls

within the group described by Strahler (1970) as|mtitude, tropical wet-dry climate.
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The distinctive characteristics of this climate ararked seasonal contrast, unreliable precipitation
(both in total quantity, intensity and distributipattern) and dry harmattan of two to four months.
Rainfall in this zone is generally between Aprilda@ctober with a break of about two weeks
occurring either in July or August. Rainfall disttion is highly unpredictable both in terms of
total rainfall and distribution (quantity and ingéty) (Ajiboye, 2007). Rainfall anomalies such as
decline in annual rainfall, change in the peak atickat of rainfall and false start of rainfall tlaae
sometimes experienced are detrimental to crop gation and yield, resulting in little or no
harvest at the end of the growing season.The faésam copaibaD@niellia oliverii), used for
carving mortars and pestles for pounding yamrminalia, Lophira, Afzeila, Vitex and Khaya
senegalensis (the poor mahogany) are the major plant speciesdan the Southern Guinea
Savanna (Eroarome, 2005).

Ajiboye (2007) reported that soils of Southern @airSavanna of Nigeria are formed on either
basement complex or upper cretaceous sandstongs andstone). Generally kaolinite and mica
have been observed to be the dominant clay presémé moist soils of Southern Guinea Savanna
of Nigeria. Although, traces of montmorilonite amérmiculite-smectite interstratified materials

were also reported (Adegbite and Ogunwale, 199di)s Sleveloped on basement complex have
been reported by Ojanuga (1979) to be predomirtageidaoclinite. He also stated the presence of
mica and other 2:1 silicate clays in trace quargitgd appreciable quanties of montmorillonite. He
therefore concluded that kaolinization was the d@ami clay formation process in soils developed

over basement complex especially in the GuinearavZone of Nigeria.

On the other hand, kaolinite and mica had beertiftknhby Adegbite and Ogunwale (1994) to be
the dominant clay in soils developed on Nupe Samdsin the lowland basin of river Niger in the
Guinea Savanna Zone of Nigeria, though trace qiiestof feldspars, smectite, rutile, goethite,
ilmenite and gibbsite were also discovered. Kaptition was also indicated to be the dominant
clay forming process in this soil. They concludedttthe dominant pedogenic processes observed
in the area of study were, (i) additions of orgamatter through flooding and leaf litters, (ii)
oxidation-reduction processes resulting in mottlimgpugh prolonged water-logging from flooding
and fluctuating water table, (iii) clay translocatithrough lateral and vertical water movement and

(iv) transformation of primary minerals into secangminerals.
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CHAPTER THREE

MATERIALSAND METHODS
Collection of soil samples

Soil samples were collected from soils formed dvasement complex (llorin and Malate sites,)
and soils formed over sedimentary rock (Bacita Batkgi sites) in the Southern Guinea Savanna
of Nigeria. Using the random sampling method, awsgamples were collected from each of the
sampling units at0-15cm. The soil samples were transported to ther¢dory in well labeled
polyethylene bags. The core samples were therrianl tbr 3 days and passed through 2mm sieve

in preparationfor analysis.

Extraction of AMF sporesfrom soil and enumeration of spores

AM spores were extracted using the wet- sieving aletanting/density gradient
entrifugation method of Brundre#t al. (1996). One hundred grams (100g) of soil was
weighed into 1 liter of water in a beaker. The sals mixed and washed through series of
sieves with different mesh sizes (1000pm, 500uMug® and 53um). The content of the
bottom sieve (53um sieve) was washed into a sreakdr. Ten ml of the soil solution was
measured into a 50ml centrifuge tube. Equal vol@winé0% (w/v) sucrose in water was
added to the soil solution. The mixture was themrdeged for 2 minutes at 3000rpm. The
supernatant in each tube was quickly decantedaistmaller sieve, washed under tap water
and transferred into a petri dish. Enumeration dres was done under the dissecting
microscope with magnification X40. The number abrgs per gram of soil was calculated
and recorded. AMF isolates were characterized nubogically, biochemically and

molecularly.
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Mor phological characterization of isolates

The isolated spores were picked up with a needéieiua dissecting microscope and were
mounted in both polyvinyl lactoglycerol (PVLG), Meér’s reagent and PVLG mixed with
Meltzer's reagent (1:1 v/v). All spores were exagdnusing a compound microscope.
Morphological properties of these spores were detexd according to the key proposed
by Trappe (1982). The characteristics used inclatape, size, colour, distinct wall layer,
attached hyphae, sporocarps, bulbous attachmestedhg and surface ornamentation of
spores. Spores were coated with gold to enhancenai®ns under the scan electron
microscope (SEM) at X 500. Characterization wasertaglusing the description provided

by the international collection of vesicular andwscular mycorrhizal fungi (Invam,2001).
Deter mination of some physic-chemical propertiesof soils

Physico-chemical analysis of soils samples wereiethrout. The properties that were
determined include particle size analysis, orgamgtter (OM) content, pH, available

phosphorus, nitrogen content and cation exchangecds (ECEC).

Particlesize analysis

Particle size was analyzed using hydrometer methidty. grammes (509) of air-dried soil
sample were weighed into one litre beaker. One tathdillilitres of distilled water and
10ml of 30% hydrogen peroxide £6,) were added to the sample, stirred and allowed to
stand for about 2 hour for complete peroxidatiomergafter, 50ml of 5.05 sodium
hexametaphosphate was added. The sample was ihied siith a mechanical stirrer for

15 minutes. The stirred sample was quantitativeindferred into a 1000ml plastic
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measuring cylinder and inverted several times @epto mix the content of the cylinder
properly. The cylinder was immediately placed oftaatable and the time was noted. A
soil hydrometer was slid gently into the suspensiatil the hydrometer was afloat. The
first hydrometer reading was taken 40 seconds dftercylinder was set down. The
temperature was recorded. Just before 2 hourseslafise hydrometer was placed in the
suspension again and a second hydrometer readimgaveected by adding 0.3 for every
Celsius that the temperature of the suspensiorbaseacaliberation temperature of the
hydrometer (usually indicated on the stem of th&riment) or by subtracting 0.3 for
every degree Celsius that the temperature of trepesision is below caliberation

temperature of the hydrometer.

The first hydrometer reading measured the percergdigand clay in the suspension. The
second reading indicated the percentage clay irstispension. The percentage sand was
obtained by subtracting the sum of the percentégeand silt from 100 (i.e. % sand = 100
— (% silt + % clay).

Deter mination of organic matter content

In determining the organic matter content, the meatlation method (Shamshudeat al.,
1995) was used. The soil sample used for this aizalyas ground to pass through a 300-
mesh sieve. A 0.5g of the finely ground sample wagghed into a 250ml beaker. Ten
millilitres (10ml) of 1N potassium dichromate {&r,O;) solution were added and the
mixture was swirled to mix properly. Twenty mildrs (20ml) of concentrated sulphuric
acid (H,SOy) was rapidly added to the mixture, swirled for sume and then allowed to

stand for 30 minutes. The mixture was diluted vadout 100ml of distilled water and 5
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drops of orthophenathrolein indicator was addetie Suspension was titrated with 0.5N
ferrous sulphate solution to a wine red coloured pnint and the volume of ferrous
sulphate used was recorded. A blank sample (withoil) was run similar to the above
procedures to standardize the dichromate. Thelenuiivalent of readily oxidizable
organic carbon in the soil sample was calculateflasvs:

% Organic Carbon = (Blank titre — Sample titréA& x 0.003 x 100
Weight of soil used

Where A = Normality of Ferrous Sulphate {&€\) = Vol. of (K,Cr,07)

Titre value for blank

C = Correction factor = 1.33

% organic matter in the soil = % organic Carbdi60/58)
The pH of the soil was measured at 1:1 (soil: waising an electronic pH meter. A 20g
of soil sample was placed in a 50ml beaker and 2findistilled water was added (soil :
water ratio of 1:1). The mixture was stirred watlglass rod and allowed to stand for 30
minutes. The mixture was stirred again and thetelde and the pH meter reading was
taken. Prior to the reading of the sample, thenpdder was calibrated using solution of

known pH (pH 4, 7 and 9)

Deter mination of Available P content

Available P was determined by Bray-1 extractionhuodt(Bray and Kurtz, 1945). Thirty-
seven grammes of Ammonium Fluoride (NH4) was adelyaveighed into a beaker and
40ml of distilled water was added. The mixture wtged vigorously to dissolve. This

solution was quantitatively transferred to a 100@wiumetric flask and the solution was
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made up to mark. The resulting solution is 1 Mddanmonium fluoride solution (1M

NH4F). To another 100ml beaker containing 80mtlistilled water, 4ml of concentrated
hydrochloric acid (conc. HCl) was added, shakeretiogr and made up to mark with
distilled water. The resulting solution is 0.5M HCTo 15ml of 1M NH4F contained in
500ml volumetric flask, 25ml of 0.5M HCI and 460ofl distilled water were added. The
content of the flask was made up to mark with bestiwater and mixed thoroughly. The

resulting solution is the Bray-1 extractant contayg0.03M NH4F and 0.025M HCI.

Soil — extractant ratio of 1.7 was used for theawtton of available Phosphorous in the
soils. Five grammes of soil samples were weighmtd extraction bottles and 35ml of
Bray-1 extractant was added to each sample. Theukdi was shaken on reciprocating
shaker for 30 minutes and the suspension was thleredl through a Whatman No. 42
filter paper. The resulting filtrate was used etetmining the available P after the method
described by Murphy and Riley (1962). Murphy anteyRis procedure consist of two
solutions commonly referred to as stock solutioar B. In preparing stock solution A,
12g of Ammonium molybdate was dissolved in 250mdiistilled water. In another 100ml
of distilled water, 0.2908g of Antimony potassiuarttate was dissolved. Both the first
and the second solution were mixed together an@rhD0f 5N HHO, (148ml of conc.
H,HO,in 1000ml of distilled water) was added. The saltivere well mixed together and
brought up to 2000ml with distilled water and stbre a pyrex glass bottle in a cool dark
place. Stock solution B was prepared only whemired, as this solution does not store
more than 24 hours. It contains 1.056g of ascoduid mixed with 200ml of stock

solution. Available P was determined using spettobpmetry. The soil extract was
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coloured using the molybdate blue colouring techeignd the absorbance of the resulting
solution was read on Spectronic 21D at 882nm wagghe In colouring the soil extract,
2ml of the extract was pipetted into a test tunéml of Murphy and Riley reagent and
6.4ml of distilled water were added. These soliovere thoroughly mixed and were
allowed to stand for 30 minutes for full colour épment before reading the absorbance.
A calibration curve for the instrument was prepdmgdeading the absorbance of coloured
standard solutions of known P concentration at sheme 882nm wavelength on the
Spectronic 21D. The standard solutions containe@.1, 0.2, 0.4 and 0.5 mgkd®. The
Spectronic 21D absorbance readings were plottethgighe standard P concentrations to
obtain a standard calibration curve. This curve usesl in determining the P concentration

in the soil extracts and consequently the calautadif available P.

Estimation of Total Nitrogen

Total nitrogen was estimated by macro Kjeldahl mdthAir dried soil sample (0.5g) was
weighed into dry 500ml macro Kjeldahl flask and 2@hdistilled water was then added.
The flask was swirled for a few minute and theowaéld to stand for 30 minutes. This was
followed by the addition of 1 tablet of Kjeldahlgdisting tablets. 0.05, ;8Os 0.25g,
CuSQ, few quantity of selenium powder. Concentratesb®, (30ml) was then added.
When the water has been removed and the frostingédased, the heat was increased until
the digest cleared. The mixture was then boiledbfbours. The heating, during the boiling
was regulated so that, 8O, condensed about half way up the neck of the flakk. digest
was carefully transferred into another clean magedahl flask (750ml). All sand particles

was retained in the original digestion flask beeasand can cause severe bumping during
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kjeldahl distillation. The sand residue was waskétl 50ml distilled water four times and
the aliquot was added into 50ml ofBO; indicator was added into 500ml erlenmeyer
flask which was the placed under the condensdrendlistillation apparatus. The end of the

condenser was about 4cm above the surface of &cidcsolution.

A 750ml-kjeldahl flask was attached to the distila apparatus. NaOH (5ml of 405) was
poured through the distillation flask opening thmmriel stop lock. Distillation was then
commenced. The condenser was kept cool (beld®@)38ufficient cold water was allowed
to flow through and the heat was also regulatqaréwent sucking back. Fifty millilitres of

distillate was collected and distillation was stegp

To determine the NHN in the distillate, the distillate was titratedaagst 0.01N HCI using
a 25ml burette graduated at 0.1ml intervals. THewaat the end point was from green to
pink.

The % N content of the soil was then calculatedgiformula below,

% N =0.01x 0.014x 100x 100) x t
5ml x weight of sample

t = sample filtration (ml)

Deter mination of exchangeable cation exchange capacity (ECEC)

To determine exchangeable acidity, 5g of air dseil (sieved through 2mm sieve) were
weighed into a 250ml conical flask. A 50ml of 1Nta@ssium chloride (KCI) solution was
added to the soil sample in the conical flask. Tlhek was shaken on a reciprocating
shaker for 1 hour and the content was filtered ugho Whatman No. 42 filter paper.

Twenty five mls of the filtrate was pipetted intdl@0ml conical flask and 50 ml distilled
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water was added along with 5 drops of phenolphthalelicator. The resulting solution
was titrated with 0.01N sodium hydroxide (NaOH)agermanent pink end point. The
volume of the base used was recorded and usectinalculation of total exchangeable

acidity (H+A).

Exchangeable cations (calcium, magnesium, potasanunsodium) were extracted with
neutral normal ammonium acetate (MO#Ac at pH 7.0). Calcium and magnesium content
in the ammonium acetate extract were determingtnétrically using the versenate
(EDTA) method. For the determination of calcium amalgnesium, 20ml of the soil extract
was pipetted into a 250ml conical flask and 50mtlistilled water was added. Thereatfter,
20ml of concentrated ammonia solution was addedgaleith 10 drops of 2% sodium
cyanide and 5ml of 10% hydroxylamine hydrochloridéde sample was titrated with
0.02N EDTA solution using 5 drops of erichrome kldcas indicator with colour changes
from wine red to pure blue end point. This titrdueawas used for the calculation of the

concentration of calcium and magnesium preseritarsoil.

To determine the amount of calcium present, 20méaf extract was placed in 100ml
conical flask. Twenty millilitres of 20% potassiunydroxide solution was added to the
extract along with 10 drops of 2% sodium cyanidenl Sof 10% hydroxylamine
hydrochloride and 5 drops of calgon indicator. Tasulting solution was titrated against
0.02N versenate (EDTA) until the end point was hhegic The titre value obtained here was
used for calculating the cationic concentration caflcium present in the soil. The
difference between the titre value obtained hekthat obtained from the initial titration

gives the cationic concentration of magnesium presgethe soil. Potassium and sodium
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contents were determined by flame photometry. Stahdolutions containing O, 2, 4, 6, 8
and 10 mg/L (ppm) were prepared for sodium usirgjuso chloride and normal neutral

ammonium acetate (1N NBAc) were used in the preparation of these stansiatdions.

In calibrating the flame photometer, the meter igdvas set to zero using the blank
solution (Normal neutral ammonium acetate and tlaimum reading of 100 was set
using the highest standard solution of 10mg / k ¢fmdium) or 20 mg / L (for potassium).
Other standard solutions were then read (valueg Wetween 0 and 100). The samples
were then aspired and the photometer readings regeceded. Where the sample reading
exceeded 100, further dilution of the sample witinnmal neutral ammonium acetate was
carried out to bring the sample reading to betw@emd 100. The dilution ratios in such
cases were noted. After every ten readings, thbratibn of the flame photometer was
checked again using the lowest and the highesterration of the standard solutions. A
standard calibration curve was plotted each foriwsndand potassium and the
concentrations of each element (Na and K) in thepéa was read from their respective
calibration curves.

The Effective Cation Exchange Capacity (ECEC) watemined by the summation of the
exchangeable bases (Ca, Mg, Na and K ) and exchhlegacidity expressed in cmolkg
Statistical Analysis:

Percentage frequency of occurrence of varying AMgal species in the different soil
sample was estimated. Correlation analysis was tasddtermine the relationship between
AM spores population and some soil parameters sschH, Organic content, Nitrogen

content ECEC and available P.
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CHAPTER FOUR
RESULTSAND DISCUSSION
Occurence and distribution of AMF sporesin selected soils of Southern Guinea Savanna

The wet sieving and decanting/density gradientrifagation method of Brundrett al. (1996)
used in this study effectively screened out theepof other types of fungi. In a preliminary study
when the supernatant obtained from the wet sieviag plated out and incubated on Potato
Dextrose Agar (PDA), no fungal isolate was detectegome bacteria colonies were however
observed on the plates after two days (Plate My ekal. (2003) and Roestt al. (2005) reported
the occurrence of bacteria spp on the surface oFAlgores. The bacteria were discovered to be
feeding on the hyaline outer spore wall layer & tiMF spores. One aspect that has received
attention in the evaluation of diversity of AMF tiseir unusual association with endosymbiotic
bacteria and the degree of their intraspecific idig. Bacteria-like organisms in the cytoplasm of
AMF were first observed by transmission electroerogcopy in the early 1970s (Scannerini and
Bonfante, 1991), but confirmation of their prokaigonature was impeded by their inability to
grow on cell-free media.

A combined morphological and molecular approach haw shown that the cytoplasm of
Gigaspora margarita spores harbours a homogeneous population of mdtientified, from the
sequence of their 16S ribosomal RNA gene, as dtnsee genuBurkholderia (Bianciottoet al.,
1996). More recent phylogenetic studies suggestthigse endobacteria probably represent a new
bacterial taxon (Bianciottoet al., 2002). Polymerase Chain Reaction (PCR) assayh wi
oligonucleotides specific for this 16S sequenceehavealed these bacteria in all stages of the
fungal life cycle (spores and symbiotic mycelia).addition, isolates of different origin from three
Glomalean families (Glomaceae, Gigasporaceae aralildsporaceae) were reported to display
bacteria when observed by confocal microscopy usinifporescent dye specific for bacterial
staining. The endobacteria @Gigasporaceae seem to be distinct from those found in other flinga
taxa in terms of density, morphology and PCR argglifon with specific primers (Bianciottet

al., 2000). It was pointed out, however that différgituations exist within this genusSigaspora
rosea was the only species to be completely devoid obbadteria, an observation supported both
by morphological observation of several isolated &y PCR experiments where@gaspora
gigantea harboured genetically and morphologically distibatteria (Bianciottet al., 2000).

A mixed population of AMF spores encountered ingb# of Southern Guinea Savanna of Nigeria
is shown in Plate 2. The spores varied in cologe and shape suggesting that the isolates belong
to different genera and species. The morphologicaperties of the AMF spores are shown in
Tables 1-4. The shapes of the AMF spores variad fijlmbose to oblong; some were cream, white
or hyaline, while some other ones were brown tangeabrown in colour. By comparing the
features with that from Invam data base, theseesparere identified to be spores @fomus,
Gigaspora, Acaulospora, Entrophospora, Scutellospora and Paraglomus species. The occurrence

of the various species varied considerably among therdiftesampling locations (Tables 1-4). A
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total of 13 isolates were encountered in all théssoGenusGlomus had the highest number of
isolates. Invam data base has reported the g8lamsus to be the most diverse in glomales. In a
study from Senegal, the presence of diverse AMF ngonities in sand dunes including
Scutellospora and Acaulospora with Glomus having the highest species of isolates was reported
(Diallo et al., 1999). Likewise, AMF community in the Namibian ddswere exclusively
composed ofslomus andAcaulospora spp (Stutzt al., 2000). llorin soil had the highest number
of isolates (13) (Table 4) while Bacita soil hae teast (8) (Table 1). Pategi and Malete soils had
10 and 11 isolates respectively (Tables 2 andS@)tellospora reticulata was found to be the
predominant AMF species colonizing all the studessi followed byGlomus pansihalos. The
population pattern of AMF varies greatly and thddirersity is affected by various factors including
soil environmental conditions, host plant and agtizal practices (McGonigle and Miller, 1996).
According to Beveet al. (1996) every phase in the life cycle of AMF (spgegmination, hyphal
development, colonization and sporulation) is ieflased by plant roots. AMF colonisation pattern
is affected by soil pH (Wangt al., 1985) and interaction with other microorganisfBagyaraj,
1984).

Figure 1a shows the mean total AMF spores per kalmgof soil and species variation in soils
developed over basement complex (llorin and Madetiés) and those formed over sedimentary
rock (Pategi and Bacita soils), while Fig. 1b shomesbiodiversity index of AMF in all study sites.
Soil formed over basement complex had significatfy. = 57.1; p < 0.05) higher mean AMF
spore kg soil and higher isolate variation (602 kgoil and 13 species respectively) than soil
developed over sedimentary rock (213kspil and 10 species respectively). The variation i
number of spores/kg of soil recorded among theyssitgs could be as a result of many factors,
some of which may include differences in crops thate cultivated in these sites and the previous
state of those sites before collection of soil daspSoil pH, total soil P, available P, type oil,so
soil moisture and cropping season.

In a study reported by Sharif and Moawad (2006)rtlvaber of mycorrhizal spores was markedly
affected by the crop types and sites. Agriculturednagement practices might affect AMF
communities both qualitatively and quantitativeMiller et al., 1995). Oehkt al. (2003) also
reported that crop rotation, fertilization, andatije affect the composition and diversity of AMF
communities as well as spore and mycelium densitiessmperate and tropical agro-ecosystems. In
the present study, Pategi soil was cropped Vthghum bicolor intercropped with cassava
(Manihot esculenta Crantz). Rotation with groundnuf\{achis hypogaea) was also practiced while
Bacita soil was cropped majorly with sugarcaBac¢harum officinarum), rice Qriza sativa) and
tomatoes I(ycopersicum esculentum Mill.) in some other parts. llorin soil on the otheand was
cropped with maizeZga mays) intercropped with cassava while Malete soil wapped with okro
(Abelmoschus esculentus), maize and cowped/igna unguiculataWalp.). Cassava for example has
been discovered to be highly dependent on a vesiambuscular (VA) mycorrhizal fungi
association for growth (Howeler and Sieverding,3)98
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Plate 1: Supernatant from net sieving screenedpores of other fungi showing bacteria colonies.
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Plate 2: Mixed population of Aaes from soil of Southern Guinea Savanna
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Table 1: Morphological features of AMF sporesisolated from Bacita soil

AMF ISOLATES

Features | BC1 BC2 BC3 BC4 BC5 BC6 BC7 BC8
Colour Black Brown Reddish Orange Pale cream Black Orange Yellow
brown brown brown

Size  (X| 412.6¢ 369.6" 256.0¢ 188.1¢ 198.9° 232.2¢ 225.4: 210.0¢

500um)

Edge Smoott Smoott Watty Smoott Smoott Watty Smoott Smoott

Shap Globost Globos:t Globos:t Globos:t Subglobos Subglobos Subglobos Globost

Special Occurring Occurring singl | Occurring Occurring Occurring Occurring Occurring Occurring

feature Singly singly singly singly  with | singly singly singly  with
hyphal/filame hyphal/filame
nt nt

Identity Scutellospora Enthrophospora | Glomus Glomus Paraglomus | Scutellospora | Acaulospora | Glomus

reticulate infrequens pansihalos tortuosum occultum pellucid laevis intraradices
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Table2: Morphological featuresof AM sporesisolated from Pategi soil

AMF ISOLATES

Features | PG1 PG2 PG3 PG4 PG5 PG6 PG7 PG8 PG9 PG10
Colour Cream Orange | Black Yellowish | Reddish | white Brown Black Orange | Pale
brown brown brown brown yellow
Size (X|247.76 188.16 | 455.26 351.19 256.08 305.50 389.67 5.847 225.42 259.93
500um)
Edge Smooth Smoothh  Smooth Smooth Smooth Watty Smoot Waltty Smooth Smooth
Shape Globose Globose Globose Oblong Globgse  Gdoho&lobose Subglobose  Globose  Globos|
Special | Occurring | Occurri | Occurring | Occurring | Occurrin | Occurrin | Occurring Occurring Occurrin | Occurring
features | Singly ng singly singly g singly | gsingly | singly singly g singly | singly
singly with
hypha/
filament
Identity | Paraglom | Glomus | Scutellospo | Scutellospo | Glomus | Gigaspor | Enthrophospo | Scutellospor | Acalospo | Glomus
us tortuosu | ra ra Pansihal | a rainfrequence | apellucida | ralaevis | manihotis
brasilianu | m reticulata | calospora | 0s margarit
m a
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Table3:

M orphological features of AM sporesisolated from Malete soil

AMF ISOLATES
Features | MT1 MT2 MT3 MT4 MT5 MT6 MT7 MT8 MT9 MT10 MT11
Colour White Brown Black Orange Pale Cream Orange | Black Ydlowish | Reddish Cream
brown yellow brown brown brown
Size  (X|305.50 | 389.67 175.84 225.42 259.98  247.76 188.16 5.285 351.91 308.30 308.30
500um)
Edge Smooth| Smooth Watty Smooth Smogth  Smooth Smodmooth Smooth Smooth Smooth
Shape Globose Globose Subglobose Subgloewbose| Globose Globose Globose Oblong Globose bds®
e
Special Occurri | Occurring Occurring | Occurring | Occurri | Occurring | Occurri | Occurring | Occurring | Occurring | Occurri
features | ng singly singly singly ng singly ng singly singly singly ng
Singly singly singly singly
hyphal/
filament
Identity Gigaspo | Enthrophosph | Scutellospo | Acalospor | Glomus | Paraglom | Glomus | Scutellospo | Scutellospo | Glomus Gigaspo
ra orainfrequens | rapellucid | alaevis manihot | us tortuosu | ra ra pansihalos | ra
margari is brasiliamu | m calospora | reticulata decipien
ta m
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Table4: Morphological Featuresof AM sporesisolated from llorin soil

AMF ISOLATES
Features |IL1 IL2 IL3 IL4 IL5 IL6 IL7 IL8 IL9 IL10 IL11 IL12 IL13
Colour Black Orange Yellow Yelow White Black Brown Reddish Orange Pale Cream Pale yellow| Cream
brown brown brown brown brown cream
Size 232.24 225.42 210.08 351.91 305.05 412.66 369.67 6.085 188.16 198.97 247.76 259.93 308.30
(X500pum
)
Edge Waltty Smooth Smooth Smooth Smooth Smooth Smoot Smooth Smooth Smooth Smooth Smooth Smooth
Shape Subglobosel  Subglobp&lobose Oblong Globose Globose Globose Globose obdse Subglobosg Globose Globose Globose
e
Special Occurring Occurring | Occurring | Occurring Occurring | Occurring Occurring singly| Occurring| Occurring | Occurring | Occurring | Occurring | Occuring
features | Singly singly singly singly singly singly singly singly singly with | singly singly singly
hypha
filament
Identity Scutellospor | Acalospor | Glomus Scutellospor | Gigaspora | Scutellospor | Enthrophosphor | Glomus Gloomus | Paraglomu | Paraglomu | Glomus Gigaspora
apelucida | alaevis intraradice | acalospora | margarita | areticulata | ainfrequens pansihalos | tortuosum | soccultum | s manihotis | decipien
S brasilianu
m
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The ability of some crop types to support high Aptipulation may be attributed to the root exudates
of these plants, which stimulate the germinationmyfcorrhizal spores and increase the infection
percentage. According to Osonwbil. (1994), cassava responded to Vam inoculation sagmfly.
Mathimaranet al. (2007) also discovered that spore densitieBMF were significantly affected by
plant species identity. Mahesh and Selvaraj (20@®prted 82% Vam colonization iSorghum
comparedo 20% inSaccharum. Bacita site for example had been under intensseein the previous
three to five years. There was a record of theofigeeavy machine such as tractor, mounting plough
and harrow. Substantial use of both urea and NP#ifer was also on record. Overhead sprinkler
and underground irrigation together with the usetamicals such as gramaxone, (pardgyatnd
Pedimenthalin (stonfp) were practiced. Brundrett (2000) observed lowirerdity of AMF in
disturbed sites compared to undisturbed site. Wdlilledentified AMF species in this study were
common to both soil typeScutellospora calospora andGigaspora decipien were found only in soils
formed over basement complex as shown in Tables 1-4

Davieset al. (1994) stated that high levels of available sofrieats may also affect the species of
AMF present as a result of differences in theirsgenty to high nutrient, notably P availabilit§oil

and environmental management factors may alsogdp®nsible for this variation. According to Sharif
and Moawad (2006), soils, plants and environmemi@nagement factors mainly affect the
mycorrhizal fungi and their development in an estsm. Figures 2-5 show the percentage frequency
of occurrence of various AMF species encounteredlarin, Malete, Pategi and Bacita soils
respectively. The soils formed over Basement comfllerin and Malete) had 13 and 11 species
respectively while those formed over sedimentamgkr{Bacita and Pategi) had 8 and 10 species
respectively. Indigenous AM fungal communities gefig contain several fungal species (Sharif and
Moawad, 2006). Panwar and Tarafdar (2006) alsortegavariation in percentage of AMF spores in
different location. Sieverding (1989) stated thatmally 5-15 VAM species may be found in an agro-
ecosystem. The spatial distribution of AM fungaésies can vary and even when the number is the
same at two different sites, the species compositibthe fungal population can be completely
different. The differences observed in species asiipon may be due to agricultural management
practices embarked upon on those sites. The predminAM species in the soils from the four sites
were Scutellospora reticulata and Glomus pansihalos. In a study reported by Mathimaras al.
(2007), AMF communities in tropical ferrasol undgmple crop rotation were also dominated by
Scutellospora spp. Variation in spore population may be attridute soil edaphic characters
particularly to the acidity, high moisture and argacarbon in soil (Mahesh and Selvaraj, 2008).
Another factor, according to Treseder and Cros8R€that could influence distribution of AM fungi

is fine root length. This is because fine rootsvjate a substrate for colonization by AM fungi.
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Fig 1a: Averagetotal AMF sporeskgsoil from different sites. Barsarestandard error.
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BC1=Soil formed over Basement Complex 1, BC2 = Soil formed over Basement Complex 2,
SD1= Sail formed over Sedimentary rock 1 and SD2= Soil formed over Sedimentary rock 2.
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BC1=Soil formed over Basement Complex 1, BC2 = Soil formed over Basement Complex 2,
SD1= Sail formed over Sedimentary rock 1 and SD2= Soil formed over Sedimentary rock 2.
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Physicochemical properties of soils

Table 5 shows some physicochemical properties itsf som the four study sites. Soils formed over
basement complex were more acidic (pH 5.85, 5.88) those formed over sedimentary rock (pH
6.10, 6.21). The sedimentary based soils had higherganic matter(1.10-1.47), higher Phosphorus
(2.9, 14.20), higher % nitrogen (3.5, 11.2) high@EC (4.68, 4.97) than those formed over basement
complex which had % organic matter value of (0G188) soil P (1.88, 2.15) % nitrogen (2.10, 2-80)
and ECEC (4.08-4.53) The sedimentary based soile gandy in texture while the soils formed over
basement complex had loamy sand texture.

Correlations of some soil factorswith AMF spor e population in soil

Figures 6-10 show the correlations between somlefactiors and AMF spore population in soil.
Significant negative correlations were observedvbet AMF spore population and soil factors
studied: soil pH, r = - 0.70* (fig. 6); % O.M comte r = -.97* (fig. 7); available P, r = -0.74*(fi@);

% Nitrogen, r = - 0.95* (fig. 9) and ECEC, r = -70* (fig.10). Easoret al. (1999) and Panwar and
Tarafdar (2006) also reported negative correlatietween soil P and AMF population of soil. This
finding in this study is in line with the reportathP application to soil and high available P conte
resulted in a decreased spore number, and sudbatessailable soil P content affects the produgtio
survival and germination of AM fungal spores ( Isa al., 2007). These authors also reported a
decrease in spore density in acid or alkaline $tie density of AM fungal spores in soil is known t
vary with the soil environment, such as P contprésence of plant roots and crop species (Igbbe
al. 2007 However, Panwar and Tarafdar (2006), reported #diypo<orrelation between soil pH and
spore population. Also, according to these autlgpare densities peaked during summer and reached
minimal values during raining season. When soilditions were suitable for spore germination,
mycorrhizal colonization increasesd and spore adnicel decreased (Masenal., 1992; Ragupathy
and Mahadevan, 1993). Fonteetaal. (1998) postulated that when number of spore®iinis high,

the frequency of colonization is low, and vice eers

Treseder and Cross (2006) also recorded a negetivelation between AM abundance and soll
organic matter pools. This agrees with Read’s Hypsis (1991) that the community composition of
mycorrhizal fungi would vary as a function of theganic matter in the soil. Specifically, AM plants
should be more abundant in ecosystems with smadlels of organic nutrients in the soil, since this
group possesses limited ability to degrade orgamsitter. AM abundance may be greater where plants
are more limited by P, as indicated by high N:Rosaof plant tissue (Treseder and Cross, 2006).
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TABLE 5: SOIL PHYSICOCHEMICAL CHARACTERISTICS.

SOIL STUDY SITE
CHARACTERISTICS

ILORIN MALETE PATEGI BACITA
pH (1.1) 5.85 5.88 6.61 6.10
% OM 0.48 0.48 1.10 1.47
P mg/kg 1.88 2.15 2.90 14.20
% N 2.10 2.80 3.50 11.20
cd®” (Cmol kg*) 3.20 2.80 3.50 3.60
Mg™ (Cmol kg") 0.60 0.40 0.50 0.80
K® (Cmol kg% 0.39 0.34 0.49 0.43
Na™ (Cmol kg*) 0.14 0.14 0.19 0.14
Total Acidity (Cmol kg') 0.20 0.40 0.40 0.40
ECEC (mg kd) 4.53 4.08 4.68 4.97
Sand % 84.8 88.8 90.8 84.8
Silt % 8.0 4.0 2.0 6.0
Clay % 7.2 7.2 7.2 9.2
Soil Texture Loamy sand | Loamy sand | Sandy Sandy
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Mor phological characterization of AMF spores

Plates 3-14 show the Scan Electron Microscopy (SBM) subcellular structure of the AM spores

isolated from study sites. The sizes of AMF spandggenous to Southern Guinea Savanna of Nigeria
vary from 188um - 413 um. Some of the spores obthimere globose while some were subglobose
and some other ones were oblong in shape. Sulareltriuctures show spores with one, two and
some with 3 internal layers designated as L1, L2l

Paraglomus occultumMorton and Redecker (2001)

Plate 3 shows a Glomus spore with a long hyphaththent. L1 had a thin coating of organic debris
on it's surface. This layer had no reaction in ragfzreagent and produced a light yellow reaction i
melzer’s reagent continuing to the wall of subtegdaypha. L3 increased in thickness in the region
of hyphal attachment and had a yellow reaction ielzer's reagent. This was identified as
Paraglomus occultum based on description in Invam data base.

Glomus tortuosunScheck and Smith

The spore shown in Plate 4 is globose with only @yer of spore wall. A subtending hypha is
evident. This agrees with the descriptiorGbdmus tortuosum reported in Invam data base.

Scutellospora calosporilicolson and Gard

Plate 5 reveals a spore with prominent germinatldald. Two spore wall layers are evident L1 gave
pale yellow colour with green tint adhering to LRieh gave a pale yellow colour and almost equal to
L1 in thickness.According to reports from Invam data base and Brethd(1999) only genus
Scutellospora produces germination shield in spores. Hence siiise was identified & calospora
spore based on description in Invam data base.

Entrophospora infrequens

Plate 6 shows a globose shaped spore, 389.67unzdanas magnification x500um. It showed 2
distinguished spore wall layers; L1 covered byia #ublayer L2 which had orange brown colour in
PVLG. According to Wu and Lin , this is typical Bitrophospora infrequens. The species is known
to produce globose or subglobose with a zygosmwetien tips which are reddish brown to brown at
maturity and are produced singly in soil.

Acaulospora laeviserd and Trappe

Plate 7 shows a globose, orange brown spore. T$tddyerL1 was smooth L2 showed no reaction in
Melzer's reagent and had dark orange brown coldbe third layer, L3 was yellow-brown and
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showed no reaction in melzer's reagent. No hypktachment was observed. These morphological
characterization are consistent with charactessifé\caulospora laevis in Invam data base.

Gigaspora margariteBecker and Hall

The spore of5. margarita was 3 layered (Plate 8). The L1 was smooth brdwpédlow. L2 stained
dark red brown in Melzer’'s reagent while L3 was ex@imt with the laminate layer. A point of hypha
attachment was also revealed. This is in harmorti Wie description ofsi. margarita given in
invam data base.
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Plate 3: Spore of Paraglomus occultum

a: SEM morphology

b: Subcelular structure
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X500 50um

Plate 4: Spore of Glomus tortuosum
a: SEM mor phology

b: Subcellular structure
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c

Plate 5: Spore of Scutellospora calospora
a Subcellular structure
b: Subcellular structure of spore showing germination shield

C. SEM mor phology
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X500  50pm

a b
Plate 6: Spore of Entrophospora infrequens
a SEM mor phology

b: Subcellular structure
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X500 50pm

a b
Plate 7: Spore of Acaulospora laevis
a  SEM morphology

b:  Subcdlular structure
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a b

Plate 8: Spore of Gigaspora margarita

a SEM
mor phology

b: Subcellular
structure
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Paraglomus brasilianumMorton and Redecker

Plate 9 shows a globose spore with 3 layers ofesprall; a thin L1 almost sloughing and coated with
organic debris which had no reaction in Melzer'agent, L2 which turned dark yellow in Melzer's
reagent and a thin third layer, L3. The identificatof this species was based on properties regporte
for Paraglomus brasilianum in Invam data base.

Glomus intraradicesSchenek and Smith

Plate 10 shows a spore of Glomus intradices. Pbeeswas globose, had 3 spore wall layers and an
hypha filament attachment. L1 stained pinkish in2des reagent, L2 was thinner and adherent to L1
while L3 was pale yellow-brown. Invam data base egahis same description foGlomus
intraradices.

Glomus manihotisHoweler

A spore ofG.. manihotis is shown on plate 11. The subcellidatures revealed a globose spore with
spore wall layers. The first layer L1, was thirddight purple in Melzer's reagent while L2 was
thicker. Spore appeared squashed rather than glbesken. L3 was dark yellow almost of the same
thickness as L1. The point of hyphal attachment meagaled in SEM structure. This isolate was
identified asGlomus manihotis based on the description in Invam data base.

Glomus pansihalos

Plate 12 shows microscopic features of a spof@afus pansihalos. The spore had a globose shape
and 2 distinctive spore wall layers. L1 was ornat@énvith cerebriform folds and spins while L2 was
reddish brown and laminated. None of the wall layeacted to Melzers reagent. SEM shows point of
attachment of hyphal filament. This correspond#hie description foGlomus pansihalos by Wu in

the Glomales of Taiwan. According to this authbg spore ofs. pansihalos are borne singly in soil.
There are globose, (60-) 90- 120 (-180) um diansasionally subglobose, obovoid, ellipsoid, 70-
130x80-140 um. spores hyaline to pale yellow bengméddish brown or dark brown with age.

Gigaspora decipiensiall and Abbott

The spore of Gi. decipiens shown in plate 13 hag@e wall layers. L1 was smooth and adhered to
L2 which was pale yellow while L3 was thin and datkA hyphal filament attachment was evident.
This typifies aGi. decipiens spore as described in Invam data base. Readhe@d)(&lso described
species ofsigaspora from Nigeria soil to be characterized by bulboasddl spores.

83



Scutellospora reticulata

Plate 14 shows the subcellular structure and seatren microscopy of a spore &freticulata. The
spore was globose with no distinct inner wall layk#s outer wall was laminated. It showed no
reaction with Melzer's reagent. Brundrett (20083 ritified such a spore to be longScutellospora
reticulata
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a b

Plate 9: Spore of Paraglomus brasilianum
a SEM mor phology

b: Subcedllular structure
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a b
Plate 10: Spore of Glomus intraradices

a SEM mor phology
b: Subcellular structure
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Plate 11: Spore of Glomus manihotis

a: SEM Structure

b: Subcdlular Structure
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X500  50pm

a b
Plate 12: Spore of Glomus pansihalos

a SEM mor phology b: Subcellular structure
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a b
Plate 13: Spore of Gigaspora decipiens

a SEM mor phology b:  Subcdlular structure
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X500  50um

a b
Plate 14. Spore of Scutellospora reticulata
a SEM mor phology

b: Subcedllular structure
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