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ABSTRACT

The evaluation of the effects of cropping practices on arbuscular mycorrhizal fungi (AMF) in soil is
of great importance in sustainable agriculture. This study investigated the spore density, root
colonization and composition of native AMF in soils under two different cropping systems
(continuous cropping and crop rotation) in a derived Savannah, Nigeria. Rhizosphere soils and root
samples were collected from five fields to assessed AMF spores density and root colonization. The
spore density and root colonization was highest in field plot under crop rotation practice (273.3
spores per 50 g dry soil and 82.7 respectively). Maize and soybean cultivation significantly
produced higher spore density and root colonization compared to sesame and sunflower. AMF
spores of Glomus, Gigaspora, Acaulospora, and Scutellospora species were identified based on
morphological characteristics. Glomus specie was themost dominant genus in soils with highest
relative abundance of 68.7% followed by Acaulospora (19.8%) and Scutellospora (13.5%), with
lowest relative abundance of AM spores observed forGigaspora (5.6%) and unknown genera
(2.5%). The results contribute to a better understanding of AMF composition as influenced by the
cropping practices and host plants, and could be valuable in regulating the AMF community
structure, and providing a primary basis for sustainable crop production.
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INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are
important obligate symbionts, which form
association with over 90% terrestrial plants
(Smith and Read, 2008; Brundrett, 2002). The
roots of cultivated plants are generally
colonized by AMF and when establishing
symbiosis, the proliferation of mycelialhyphae
into the soil increases the prospecting volume
with respect to plant essential plant nutrients
such as nitrogen and phosphorus (Hill et al.
2010; Smith and Read, 2008; Wagg et al. 2011).
AMF also promotes drought resistance and
water uptake (Auge et al. 2001) and protect
plants against soil pathogens (Sikes et al. 2009).
AMF gains a carbon and the host plant gains
several benefits from infection including
enhanced uptake, improved water relations
(Smith and Read, 2008). It has been reported
that the soil mycelium of AMF was coated with
amucilaginous substance that helps in soil

particles aggregation (Mosse, 1986). AMF play
a central role in many ecological processes,
influencing soil fertility, decomposition,
cycling of minerals and organic matter, as well
as plant health and nutrition (Finlay, 2008).

The quantification of the spores has been
very useful for evaluating the level and
diversity. It is important as AMF play important
roles in agro-ecosystem productivity and
sustainability. Variation in the population of
these fungi and their symbiosis with plant roots
is related to several factors including
agricultural practices and host plant. A number
of factors including agricultural practices have
been reported to influence AMF in rhizosphere
of crops (Lin et al. 2012; Oehl et al. 2010).
Several agricultural practices such as land-use
type, crop rotation, tillage and fertilization have
been reported to have significant effect on soil
properties and microbial diversity including
AMF (Alguacil et al. 2008; Xiang et al. 2016;
Tsiafouli et al. 2015). The microbes present in
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the soils have been shown to be influenced
by these practices, thereby affecting different
soil ecosystem processes and possibilities to
develop sustainable agriculture to meet growing
global demand for food (Bender et al. 2016; van
der Heijden etal., 2008).Increasing the diversity
of AMF communities in agroeco systems has
been suggested to have the ability to boost crop
growth, nutrient uptake, contribute to P
nutrition and can maximize the benefits from
AMF (van der Heijden et al.1998; Verbruggen
et al. 2013). In the context of sustainable
agriculture, farmers are constrained by the
global economic crisis to try to reduce the input
of organic fertilizers using AMF inocula
(Berrutietal. 2016).

It has also been reported that continuous
cropping resulted in rapid sporulation of
detrimental AMF species, which leads to a
decline in beneficial AMF species and
decreases crop performance over time (Johnson
et al. 1991). Intensive agricultural practices on
soil such as continuous cropping can affect
AMF community composition (Schnoor et al.
2011). However, there are conflicting results on
how AMF communities respond to such
practices (Jansa et al. 2014). The distribution of
AMF in different ecological regions as
influenced by different agricultural practices
and host plants have been investigated by
several researchers. However, there is limited
knowledge about AMF composition and root
activities in derived Savannah of Nigeria
vegetation. The understanding on how different
agricultural practices commonly carried out in
this agro-ecology affect AMF community
composition and activities is essential for their
management.

In this study, the effect of different
agricultural practices was examined on the
community composition, spore density and root
colonization of AMF in soils of a derived
Savannah of southwest Nigeria. The finding of
the present study being one of the few studies to
assess AMF communities in this agro-ecology,
will contribute to a better understanding of the
native AMF communities associated with
maize, soybean, sesame and sunflower under
two different agricultural practices (crop
rotation and continuous cropping).

MATERIALS AND METHODS

Study Setting

Field plots located at the Teaching and Research
Farms, Federal University of Agriculture
Abeokuta, Southwest Nigeria (Latitude 7° 15'N,
Longitude 3° 28'E, altitude of 75 m a.s.l.) were
studied during the fifth year of establishment
(2012) in late cropping season (August —
December 2012). The field plots were five (P1 -
P5), replicated thrice with anareaof 8 m x5 m
(40 m?) each. Information about the study plots
are presented in Table 1.

Plots Cropping systems  Crops
Plot 1 (P1) Continuous cropping Maize
Plot 2 (P2) Continuous cropping Soybean
Plot 3 (P3) Continuous cropping Sesame
Plot 4 (P4) Continuous cropping Sunflower
Plot 5 (P5) Crop rotation Maize-
soybean-
sesame-
sunflower

Crops were grown under two cropping system
practices (continuous cropping and crop
rotation). The effect of the cropping practices
was investigated in the five plots, P1—P5, while
host crop effects (maize, soybean, sesame and
sunflower) was studied in P1— P4,

Roots and soil sampling

The roots of the crops and rhizosphere
soil samples were collected at monthly interval
between August and December 2012. Soil
samples were collected at six points randomly
on each plotat a depth of 10 cm to 20 cm, bulked
together to form a composite sample. Root
samples were collected from five plants per
plot. The collected samples of soils and roots
were kept at 4°C until microscopic analysis in
laboratory.

AMF spore extraction and morphological
identification

AMF spores were extracted from 50 g of
soil using the modified wet sieving method of
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Giovannetti and Mosse, (1980). Asample of air-
dried field soil was mixed with distilled water.
The resulting mixture was passed through 250,
150 and 40 um sieves. Soil materials retained by
the 250, 150 and 32 um sieves were washed into
centrifuge tubes using a small stream of distilled
water. Tubes were centrifuged at 4000 rpm for 2
minutes. The supernatants were decanted and
subjected to sucrose centrifugation (70% (w/v))
gradient and centrifuged at4000 rpm for 2
minutes. The supernatant was passed through
the 40um sieve, washed with distilled water and
transferred to new Petri dishes. Spores, spore
clusters and sporocarps were covered and
counted at 40x magnification. For
identification, spores were picked under the
dissecting microscope with a glass micropipette
and subsequently mounted on slides with
polyvinyl-lactic acid-glycerol (PVLG) or
polyvinyl-lactic acid-glycerol mixed with
Melzer's reagent (1:1 (v/v) to get permanent
slides for spore observation and identification
under a compound microscope at 400x
magnification. The spores were identified at
the genus level on the basis of size, spore-wall
structure, Melzer's reaction, colour and
presence or absence of subtending hyphae and
compared with descriptions of fungal genera
according to taxonomic criteria (Shenck and
Perez, 1990) and information available on the
international network for vesicular arbuscular
mycorrhizal (INVAM, 1998)
http://www.invam.caf.wvu.edu/fungi/taxonomy
[classification.htm. The relative abundance,
which is the ratio of the number of spores from a
particular genus with respect to the total number
of spores recovered, was calculated based on
percentage per 100 g of dry soil.

AMF root colonization

The roots of the respective crop species
were carefully freed from adhering soil and
immediately fixed in 50% ethanol. Roots in
ethanol were rinsed thoroughly in tap water, cut
into approximately 1 cm segments and cleared
in hot KOH solution (10% wl/v, at 90°C) for 1
hour. The bleached roots were rinsed to remove
excess KOH and stained in acidic glycerol
containing methyl blue lacto-glycerol
(1:1:1:0.5g) at 90 'C for 30 minutes (Phillips and
Hayman, 1970). The stained root segments were

mounted on microscopic slides and examined
for AMF structure under light microscope to
determine percentage root colonization.

Number of root infected
Total number of roots

Percentage root colonisation =

x 100 (1)

Statistical analysis

The data collected for spore density and
root colonization (%) were subjected to log ,
(x+1) transformation and square root
transformation respectively for normalization
of the data. Analysis of Variance (ANOVA) was
conducted to determine significant differences
among the means at 5% probability level.
Significant means were separated using Least
Significant Difference (LSD). Pearson
correlation analysis was used to detect the
relationship between spore densities 50 g** soil,
percent root colonization and AMF relative
abundance using the statistical package Genstat
12" Edition.

RESULTS

AMF spore density

The spore density of AMF significantly
varied between the five field plots examined in
the following decreasing order P5 > P2 > P1 >
P3 > P4 (Figure 1). The AMF spore density was
significantly affected by the cropping practices,
with highest spore density in crop rotation field
plot (P5) soils at 4, 8 WAP and harvest (141.3,
273.3 and 268 spores/50 g soil respectively)
compared to other continuous cropping field
plots (P1, P2, P3 and P4). The crops had
significant effect on the spore density at 4 and 8
WAP, with higher spore density recorded in
maize (P1) and soybean (P2) field plots
compared to sesame (P3) and sunflower (P4)
field plots (Figure 1).
Composition and relative abundance of AM

density (50g soil)

1 WAP

EWAP Harvest

Weeks after planting
Figure 1. Mean spore denspity (per 50 g dry soil) of AMF
in rhizospheric soil in five different field plots.
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genera
The identification of the AMF
communities based on morphological
characterization of the spores showed 4AMF
genera and unknown ones in the field soils
(Figure 3), namely; Acaulospora, Gigaspora,
Glomus and Scutellospora. Glomus was the
most widespread genus in the five fields
analyzed, followed by Acaulospora and
Scutellospora (Figure 3).
Figure 3. Relative abundance (%)of AM
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Lowest relative abundance of AM spores was
observed for genus Gigaspora and unknown.
The four most commonly observed species were
Funneliformis mosseae, Glomus intraradices,
Glomus aggregatum, and Claroideoglomus
etunicatum (Table 2).

DISCUSSION

Table 2. Distribution of AM species in
rhizosphere soil samples

Plots
AM fungi 1 2 3 4 5
Acaulosporascorobiculata  + + +
Acaulosporadelicata + + +
Claroideoglomus claroideum + + +
Claroideoglomus etunicatum + + + +
Funneliformis mosseae + + 4+ + 4+
Glomus intraradices + + + + +
Glomus clalrium + 4 + +
Glomus aggregatum + + + + +
Glomus fasciculatum + + +
Funneliformis geosporus + +
Gigasporamagarita + + +
Scutellosporapellucida + +
Scutellosporanigra + + +

The present study showed that native
AMF successfully forms symbiotic
relationships with crops under the different
cultural practices in the derived Savannah of
Nigeria. Differences were observed between the
cropping practices on the spore density and root
colonization by AMF. Lower spore density was
observed in continuous cropping plots (P1 to
P4) compared to the crop rotation field plot
(P5). Higher spore density in crop rotation field
plot may be due to the presence of mycorrhizal
plants in the rotation system. These may have
supported AMF development in their roots and
also enhanced spore formation in the soil. The
low spore density and root colonization under
continuous cropping may be as results of rapid
sporulation of detrimental AMF species, which
leads to a decline in beneficial AMF species and
decreases crop performance over time (Johnson
et al. 1991). The crop grown had effect on the
AMF spore density and root colonization. It had
been reported that AMF can differ in their
associations with different plants (Rillig, 2004;
Douds and Millner, 1999). Maize and soybean
plants promotes higher root colonization and
spore density. Maize is a very good host and
supports AMF development and spore
formation, which in turn leads to increased
AMF root colonization of the crop (Gavito and
Varela 1993). Additionally, soybean is a
leguminous crop that requires P for their growth
and development, which makes it more
dependent on association with AMF.

Based on genus level classifications, five
AMF genera were morphologically identified
(Acaulospora, Gigaspora, Glomus and
Scutellospora). Unknown or unidentified
genera were also found. Glomus genus was the
most dominant in the soils of the five fields
examined. Glomushas been reported to be the
most common and widespread AMF genus
occurring in most tropical soils throughout the
world (Snoeck et al. 2010). This may be related
to their potential to form a relatively high
number of spores within a short period and their
adaptability to varying soil and climatic
conditions (Pande and Tarafdar, 2004; Oehl et
al. 2009).The low sporulation rate of
Scutellospora and Gigaspora may be an
inherent character as reported by Bever et al.

An Official Publication of Enugu State University of Science & Technology

ISSN: (Print) 2315-9650 ISSN: (Online) 2502-0524

61

This work is licenced to the publisher under the Creative Commons Attribution 4.0 International License.



Adeyemi et al: Arbuscular mycorrhizal fungi communities in derived Savannah

(1996). However, the spore density through
morphological identification might not give the
true representative values for the actual
abundance of the AMF in the soil (Clapp et al.
1995). Other methods, such as specificprimer
quantitative PCR coupled with multiple
sampling, are needed might give a reliable
quantification of the AMF in the rhizosp hereby
targeting soil mycelium network or intraradical
colonization structures (Edwards et al. 1997;
Jacquot-Plumey etal. 2001).

CONCLUSION

In conclusion, this present study has
investigated the density, root colonization and
genera diversity of AMF rhizospheric soil and
roots of crops grown under continuous cropping
and crop rotation in a derived Savannah of
Southwest Nigeria. A wide variety of AMF
genera spores and a high colonization rate of
roots were identified in the field plots examined.
The results study reveals the existence of
common AMF genera and a rich taxonomic
diversity and contribute to a better
understanding of AMF composition as
influenced by different cropping practices,
providing a primary basis for sustainable crop
production.
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