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A study was undertaken along land use gradients in Taita-Taveta district, southeast Kenya to evalu-
ate the occurrence of arbuscular mycorrhizal fungi (AMF) in seven land use types (LUT). The gradient
was from indigenous forest (IF) to croplands with coffee (CO), maize (MA), horticulture (HT), napier
(NA) and planted forest (PF). A total of 12 AMF morphotypes comprising of 4 Glomus, 1 Claroideoglo-
mus, 5 Acaulosporaceae, 1 Racocetra sp. and 1 Gigaspora were isolated from the study site. Occurrnace of
Acaulospora denticulata, Glomus ambisporum and Claroideoglomus etunicatum was significantly (p <0.05)
affected by LUT; A. denticulata, Acaulospora laevis, G. ambisporum, Glomus sp. 1, Glomus sp. 2 and Gigas-
pora margarita were common in all LUT; C. etunicatum and Glomus sp. 3 were restricted and Acaulospora
scrobiculata and two additional undescribed morpotypes were found only in trap cultures. Mean spore
abundance was significantly (p = 0.007) different in cropped systems with CO (35), HT (36.6) and MA (41.7)
recording lower mean spore abundance compared to non-cropped systems with PF (130), NA (91.3), FA
(89.7) and NA (84.3). AMF species showed preference for either cropped or non-cropping systems and
species diversity and richness were maintained despite dramatic changes in LUT.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction the hills. Subsistence farming and high population pressure, with

increase from 90,146 in 1962 to 300,000 persons in 2001, has

The Taita Hills is situated in the Northmost part of the eastern
arc mountains and coastal forest hotspots (Burgess et al., 2007). It is
within the international biodiversity hotspot with high endemicity
and severe degree of threat ranking first among the 25 hotspots in
the number of endemic plants (Myers et al., 2000). It occupies over
1000 km?2 with over 400 plant species of which 13 are endemic
recorded and nine endemic animals (Beentje, 1988). It is consid-
ered the most vulnerable hotspot likely to suffer plant and animal
extinction due to loss of habitat (Myers et al., 2000). The landscape
is dominated by intensive agriculture at high altitude and exten-
sive agriculture and grazing at the foothills and plains surrounding
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caused dynamic changes in the land use patterns tending to seri-
ous degradation (Burgess et al., 2007; Maeda et al., 2010). Land use
practices largely affect chemical, physical and biological properties
of soils. Biological properties of soils are the least assessed of the
three yet nutrient cycling processes are largely mediated by soil
organisms. The mycorrhizal fungi are among organisms that play
a key role in ecosystem functioning (Klironomos et al., 2000). They
form mutually beneficial associations with plants and are keystone
to soil processes (Van der Heijden et al., 1998a,b; Power and Mills,
1995). The arbuscular mycorrhizae fungi (AMF) in the new plylum
Glomeromycota(SchuRler etal.,2001), is the most widespread of the
mycorrhizal associations. They associate with 80% of plant species,
hence may greatly influence direction of ecosystem change. Arb-
sucular mycorrhizae link soil and the plant environment hence all
factors that affect soil and plants have impacts on AMF occurrence
and functions.

Mycorrhizal symbiosis is important for maintaining and pro-
moting the productivity of croplands, rangelands and forests, and
may be critical to the maintenance of biodiversity (Sanginga et al.,
1992; Allen et al.,, 1995). Land use intensity is increasing with
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Table 1
Mean soil nutrients and pH across seven land use type.

Land use types Soil nutrients

pH (H;0) Carbon (%) Acidity (%) Nitrogen (%) Phosphorus (ppm) Potassium (Cmolkg—1) Zinc (Cmolkg™1)
Coffee 4.79 1.78 0.39 0.20 144 0.25 3.77
Fallow 427 1.93 0.83 0.27 13.1 0.46 1.95
Horticulture 478 1.57 0.33 0.20 15.2 0.31 3.42
Indigenous forest 3.72 2.55 1.19 0.42 27.8 0.23 3.40
Maize 4.59 1.68 0.31 0.20 12.5 0.38 4.50
Napier 4.93 1.89 0.34 0.28 15.2 0.76 6.16
Planted forest 3.06 2.88 2.38 0.38 53 0.10 0.74

expanding human populations leading to negative effects of myc-
orrhizal fungi in soils that have been damaged (Allen, 1988). Crops
such as maize, beans, coffee bananas, cassava and other root and
tuber crops which benefit from AMF associations dominate Africa’s
landscape (Sieverding, 1991; Jefwa et al., 2010). It is however likely
that the benefits from mycorrhizal association are highly influenced
by land use practices. Soil degradation has not only affected soil
chemical and physical properties but biological properties as well.
The occurrence of soil biota such as AMF species richness and spore
abundance are low in some farming systems of Central parts of
Kenya (Jefwa et al., 2009). The Taita hills is equally densely popu-
lated and forest land encroached and converted to settlement and
farmlands (Newark, 1998). A study was undertaken to determine
the impact of land use types on the occurrence of AMF.

2. Materials and methods
2.1. Site description

The 200km? study site is located in southeast Kenya, 25km
west of Voi town in Taita-Taveta district, Coastal province of Kenya,
sharing a border with Tanzania. The site is within the Taita hills
which forms part of the eastern arc mountains dated over 100 mil-
lion years. It lies between longitudes 38°15’ and 38°30’ East of the
Greenwich and latitudes 2°15’ and 2°30’ South of the Equator. The
average altitude is 1500 m with the highest peak at 2300m a.s.l.
compared to the vast surrounding semi-arid peneplain which is
500 m a.s.l. Rainfall range from 440 mm at the plains to 1900 mm.
Due to the temperature and humid climate of the hills, the Taita
Hills are more densely populated than the rest of the district with
a population density of about 78inhabitants per km? compared
to the rest of the district with an average of 14inhabitants km—2
(Burgess et al., 2007). Population of the district in 1962 was 90,000
persons current population is 300,000 density. It is dominated
by intensive agriculture (extensive agriculture and grazing at the
foothills and plains surrounding the hills with the highly frag-
mented forest: Ngangao (120 ha), Mbololo (220 ha) and Chawia
(86 ha) forests (Rogers et al., 2008). Subsistence farming and high
population pressure has caused dynamic changes in the land use
patterns, leading to serious land degradation in the hills (Burgess
et al., 2007).

Land use types in the study area were classified as cultivation,
cultivation and grazing, grazing and forest (Muya et al., 2009). For
the purposes of this study land use kinds were designated into
seven broad categories that included: maize, horticulture, fallow,
napier, planted forests, and indigenous forests. In this paper fal-
low land refers to land that was once farmland but at the time of
sampling, had been abandoned or left under no cultivation. The
planted forest is dominated by Eucalyptus saligna Sm and Cupressus
lusitanica Mill., Pinus patula Schiede ex Schttdl. & Cham and Pinus
radiata D. Don species. The soils are mainly Humic Nitisols (FAO-
UNESCO, 1987) that are derived from basic volcanic rocks (Jaetzold
and Schmidt, 1983). They are deep, well drained, weathered with a

friable clay texture and moderate to high inherent fertility. The area
receives a total mean annual rainfall of between 1200 and 1500 mm
in two rainy seasons, ‘long rains’ (March to June) and ‘short rains’
(mid October to December). Mean monthly temperature ranges
between 14 °C and 19.5 °C. Both rainfall pattern and uneven topog-
raphy result in variable rainfall distribution. In addition to this,
geological patterns lead to high soils variability. The combination of
the biophysical factors helps to create four agro-ecological zones in
the area that include: uplands, midlands, valley bottoms and low-
lands. The soils are highly acidic and low in nutrients and carbon
(Table 1).

2.2. Sampling procedure

Soils were sampled from 43 points in the seven designated land
use categories (5 coffee (CO), 7 maize (MA), 5 horticulture (HT), 13
fallow(FA), 4 napier (NA), 3 planted forest (PF), 6 indigenous forest
(IF) at depths of 0-20 and 20-40 cm using a soil auger and samples
pooled together to a composite sample. The samples were col-
lected at two radii of concentric circles surrounding a centre point
monolith. The circles were located 3 and 8 m away from the cen-
tre monolith at four cores per radius according to sampling layout
(Moreira et al., 2008).

A total of 12 samples were taken from each point and the sam-
pled soils were pooled together to make a composite sample of
1kg. Samples were collected in the dry season, a period when
sporulation increase (Guadarrama and Alvarez-Sanchez, 1999). The
samples were split for use in spore extraction, soil trap cultures
and nutrient analysis. Only one season was sampled and some
species may not be in spore form at the time of sampling. After sam-
pling, the soil trap culture was established with Sorghum bicolor (L.)
Moenche, Moenche Mucuna puriens (L.) DC, Senna spectabilis (DC.)
Irwin & Barneby (syn. Cassia spectabilis) and Gliricidia sepium (Jacq.)
in different 11 pots to allow for sporulation and to capture higher
species diversity. A sample of 250 g soil from the field was mixed
with sterile sandy soil at a ratio of 2:1. At least 50 seeds of Sorghum
and five each of the remaining plants were sown into the 11 pot.
The cultures were maintained under greenhouse conditions for a
period of 5 months.

2.3. Spore processing and identification

Spores were extracted from 250 g soil sample at portions of 50 g
per extraction by water and sucrose centrifugation method modi-
fied by using a 270 and 45 wm mesh sieves and 60 (w/v) of sucrose
(Jenkins, 1964). The spores were distinguished into morphotypes
under reflected light on stereomicroscope with color of spore, spore
size, attachments on spore and surface appearance of spore used
as the diagnostic features and the number of spores counted for
each morphotype. The Edinburgh Botanic Gardens color chart for
fungi was used to determine spore color. Voucher specimens were
prepared for each AMF morphotype and further described under
a compound microscope with spore germination characteristics,
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Table 2
Rank of total spore abundance in 50 g~ air dried soil and proportions of AMF species
from the study site.

Table 3
Mean spore abundance in 50g~! air dried soil of AMF species community across
land use types.

AMF species Rank Total abundance Proportion AMF species co FA HT IF MA NA PF
Glomus ambisporum 1 825 28.1 A. laevis 9.2 19.9 7.4 20.8 13.1 11.0 223
Acaulospora laevis 2 670 21.8 A. denticulata 0.4 7.9 1.0 11.8 0.4 123 61.3
Acaulospora sp. 1 3 417 13.6 Ac.sp. 1 0.2 1.2 0.6 1.0 0.4 0 0.7
Acaulospora denticulata 4 376 12.2 G.ambisporum 17.8 26.4 8.2 22.7 53 26.5 37.7
Glomus sp. 1 5 221 7.2 Glomus sp. 1 14 10.9 3.2 1.5 3.1 6.3 0.3
Racocetra verrucosa 6 172 5.6 Glomus sp. 2 1.0 49 3.6 1.8 3.1 1.5 0.7
Gigaspora margarita 7 140 4.6 C. etunicatum 0 0 0 0 0.9 0 0
Glomus sp. 2 8 128 4.2 R. verrucosa 0 29 1.2 12.7 39 1.5 6.3
Acaulospora sp. 2 9 44 1.4 G. margarita 2.6 49 4.8 4.2 1.7 0.3 0.7
Acaulospora sp. 3 10 31 1.0 Ac.sp.2 24 10.5 5.0 6.0 5.7 31.8 0
Claroideoglomus etunicatum 11 6 0.2 Ac.sp.3 0.4 0.3 0.6 1.8 3.3 0.3 0
Glomus sp. 3 12 5 0.2 Glomus sp. 3 0 0 0 0 0.7 0 0

spore wall characteristics, type spore wall, size and number of lay-
ers and reaction to Melzer's reagent used as diagnostic features.
The spores were matched with species described by International
Culture Collection of VA Mycorrhizal Fungi (INVAM) West Virginia
University Morgantown, WV, USA Website and Schenck and Perez
(1990). Attempts to establish spore cultures were made for final
determination and confirmation of the species.

3. Statistical analysis

Analysis of variance using Genstat 14th Edition was used to com-
pute the significant effect of land use on AMF spore abundance.
Bonferroni test, a post-ANOVA test was used for comparing pairs of
LUT. Extrapolating techniques using non-linear regression model
such as the species accumulation curve was used to estimate the
number of species that would be found in a complete survey, but
may not have been encountered from the reported survey (Karl
et al., 2003). The species accumulation curves, was used to esti-
mate species richness and rank abundance of species across sites
and LUTs (Colwell et al., 2004). Genetic diversity indices (here-
after meaning species richness, abundance and Shannon Index)
were computed using the R statistical package called Biodiversity
R (Kindt and Coe, 2005).

Species richness, species diversity (using Shannon), and the
proportion of the land use type with most abundant AMF were
computed by Renyi diversity profiles, Hy (H-alpha). Species rich-
ness, species diversity (using Shannon Index), and the proportion
of the land use type with most abundant AMF were computed
by Rényi diversity profiles, extrapolating techniques (T6thmérész,
1993; Pielou, 1975; Rényi, 1961). Rényi diversity profiles are curves
that also provide information on richness and evenness, as rank
abundance curves do. Rényi diversity profiles have the advantage
over rank-abundance curves that ordering from lowest to highest
diversity is easier. For this reason, a Rényi diversity profile is one of
several diversity ordering techniques (T6thmérész, 1993).

Population estimates such as Jacknife were used to extrapo-
late the expected number of species in the survey area. Similarity
index was used to derive dendograms that establish similarities
between land use types in terms of species composition (Legendre
and Gallagher, 2001).

4. Results
4.1. AMF species composition

A total of 12 species were distinguished on the basis of morpho-
logical features directly from the field (Table 2). Three additional
species were observed from trap cultures. Six morphotypes were
identified positively at species level based on descriptions in lit-
erature to Acaulospora laevis Gerd. & Trappe, Glomus ambisporum

Note: CO = coffee; FA = fallow; HT = horticulture; IF = indigenous forests; MA = maize;
NA = napier; PF = planted forests; Ac. sp. 1 =Acaulospora sp. 1; Ac. sp. 2 =Acaulospora
sp. 2; Ac. sp. 3 =Acaulospora sp. 3.

Smith & Schenck and Claroideoglomus etunicatum (Becker & Gerd.)
Walker & Schussler and Acaulospora denticulata Sieverding & Toro.
Racocetra verrucosa (Koske & Walker) Oehl, Souza & Sieverding and
Gigaspora margarita Becker & Hall. The remaining morphotypes
were classified as distinct morphotypes but could not be matched
with known described species. Few species seemed to dominate the
landscape with the four most dominant species containing 75.7%
of all spores encountered (Table 2). The spores of Glomus spp. and
Acaulospora spp. accounted for the 39.9% and 50%, respectively. The
proportions of spores of R. verrucosa and G. margarita were the least
accounting for only 16.1%. The three additional AMF morphotypes
from trap cultures were Acaulospora sccrobiculata Trappe which
occurred in all LUTs except HT and NA and two unidentified species.
The spores of G. ambisporum were the most dominant at the study
site. The upper and lower confidence limits of Acaulospora sp. 1, A.
denticulata and R. verrucosa were too wide signifying uncertainty of
the true mean for these species. This suggests that the three species
are highly dispersed in distribution at the study area of 6 km? across
seven LUTs.

4.2. AMF spore abundance

Exploratory data analysis using boxplot showed variable range
of distribution of spores within LUTs (Fig. 1). Spore abundance was
positively skewed particularly in LUTs with planted forests (PF) and
fallow (FA), signifying non-normal distribution. The range of spore
abundance was wide in LUTs with PF, IF and NA. Land use type had
significant (p = 0.006) effect on AMF spore abundance (Fig. 2). There
were marked differences in mean spore abundance between land
use types PF, NA, IF and FA had the highest mean spore abundance
which was more than twice the spore abundance in LUTs under
cultivation (MA, HT and CO) had the least spore abundance.

Using a generalized linear model for presence and absence of
species, the occurrence of AMF was confirmed to vary in each
LUT with four species significantly affected (Table 3). The spore
abundance of A. denticulata (p=0.009), G. ambisporum (0.005), C.
etunicatum (p=0.012) and Acaulospora sp. 1 (p=0.07) were vari-
able across LUTs. At least six species (A. laevis, A. denticulata, G.
ambisporum, Glomus sp. 1, Glomus sp. 2 and G. margarita) occurred
in all LUTs, two species (C. etunicatum and Glomus sp. 3) occurred
only in LUT with maize and Acaulospora sp. 1 and Acaulospora sp.
3 were low in all LUT A. denticulata was highest in PF, NA and IF
in descending order and least in CO, HT and MA. G. ambisporum
was also common in all LUT but highest in PF, FA, NA, IF, CO, HT and
MA in descending order. R. verrucosa was highest in indigenous and
planted forest. A. laevis was least in HT and CO and G. margarita was
least in NA and PF.
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Fig. 1. Range of AMF spore abundance within a land use type.

4.3. AMF species richness and diversity

Atotal of 12 species were recovered from field soils in the survey
and further extrapolation with jacknife also predicted species rich-
ness of 13.95 (Table 4). The species accumulation curve reached a
plateau with slightly above 13 species at approximately 26 sam-
pling points (Fig. 3). The number of LUT sampled was unequal,
hence, species accumulation curves generated for individual LUT
differed at the point of climax (Fig. 4). A comparison of species rich-
ness for individual LUT showed no significant different in species
richness (p=0.9), however, species accumulation curve reached a
plateau at variable points and some never reached. Jacknife extrap-
olation for individual LUTs predicted more species in MA and PF
than was recovered from the field. The species accumulation curve
for individual LUT showed all LUTs except MA and PF to reach
a plateau with the number of sampling points used during the
survey.

=
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N
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Mean spore abundance 50 g'!

Rényi’s diversity profile was used to provide information on
species diversity (Fig. 5). The profiles indicate HT was more diverse
than MA, IF, FA, NA, PF and CO in descending order. The IF and MA
as well as CO and PF could not be unequivocally ordered, as the
profiles cross each other at different values of the scale param-
eter. At the =0 scale, MA runs above IF while CO runs above
PF. At the scale @ =1 (Shannon Index), species diversity in LUT is
ranked HT > MA > FA > IF > NA > CO > PF. Ranking at scale o = 2 (Simp-
son Index) is similar except for PF and coffee which cross at this
point. Shannon Index derived from survey for all LUTs showed rich-
ness to be less than the Jacknife estimate values and the diversity
of MA to precede HT (Table 4).

The land use types were grouped according to similarities
(Fig. 6). Similarity in AMF abundance was significant (p <0.01), by
mantel=0.73). Three groups of LUTs were distinguished: group
I consisting of only FA, group II consisting of NA but diverg-
ing somewhat from IF and PF which seem to be very similar,

80 -
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0 i :
co FA HT IF MA NA PF

Land use types

Fig. 2. Mean spore abundance of seven land use types.
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Table 4
AMEF species richness and diversity in 50 g~ air dried soil.

J-M. Jefwa et al. / Agriculture, Ecosystems and Environment 157 (2012) 32-39

Land use type (LUT) No. of sampling points Total richness

Jacknife estimate Shannon diversity Jacknife estimate

Coffee (CO) 5 9 9.8 1.43 1.45
Fallow (FA) 13 10 10 1.92 2.00
Horticulture (HT) 5 10 10.8 2.01 2.12
Indigenous forest (IF) 6 10 10.8 1.89 2.03
Maize (MA) 7 12 14.6 2.08 2.26
Napier (NA) 4 9 10.5 1.60 1.77
Planted forest (PF) 3 8 10 1.26 1.28
Total for all LUT 43
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Fig. 3. Species accumulation curve for AMF species in the field.

Group III consisting of HT and MA linking with CO at higher
level.

5. Discussion
5.1. AMF species composition

The number of species recovered from this site is within the
range of records in parts of Kenya, Cameroon and Malawi (Jefwa

© i
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et al., 2006, 2009; Mathimaran et al., 2007; Shepherd et al., 1996;
Mason et al., 1992). This is comparatively less than species recorded
in Brazilian Amazon, Nicaragua, Costa Rica, tropical China and
Thailand (Stiirmer and Siqueira, 2011; Songachan and Kayang,
2011; Cheroenpakdee et al., 2010; Zhao et al., 2003; Picone, 2003).
The majority of species Glomus spp. and Acaulospora spp. were com-
mon in all LUT at variable proportions. This may be attributed to
sporogenous characters of species whereby, it has been found that
Acaulospora and Glomus produce more spores than Scutellospora
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Fig. 4. Species accumulation curve with respect to individual land use type.
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and Gigaspora in the same environment (Bever et al., 1996). The
species A. laevis, A. denticulata, A scrobiculata, G. ambisporum, C. etu-
nicatum, R. verrucosa and G. margarita have all been widely reported
in parts of Africa and other parts of the world (Porter et al., 1987;
Schreiner et al., 2009; Sieverding and Toro, 1987; Velazquez et al.,
2008; Jefwa et al., 2009; Mathimaran et al., 2007; Shepherd et al.,
1996).

5.2. AMF spore abundance

There was clear evidence of response of spore abundance and
not species richness and diversity following changes in land use.
General observations showed LUT under cultivation (CO, MA and
HT) to have lower spore abundance than non-cultivated (PF and
IF) and less frequently cultivated (NA and FA) LUTs. Disturbance
through cultivation of croplands may have caused the decline
in AMF abundance in this site. Soil disturbance by agricultural
activities has been shown to reduce the density of AMF spores
(Boddington and Dodd, 2000; Jasper et al., 1989; Boerner et al.,
1996; Gould et al., 1996; Wiseman and Wells, 2005). The practice

in the region for most croplands is characterized by the application
of inorganic fertilizer and in some of the crops (CO and HT) pesti-
cides application. Fertilization has also been reported to decrease
AMF total spore abundance and variation in species richness and
diversity varying in their response (Bhadalung et al., 2005). This
may also explain the differences in spore numbers for individual
species in the LUTs. Both Acaulospora spp. and Glomus spp. were
more abundant in the landscape with some species prevalent in
specific LUT. A. laevis, A. deniculata, G. ambisporum and G. margarita
plus two undescribed Glomus spp. were common in all LUTs. A. lae-
vis and G. ambisporum were the most abundant species in all LUT.
The spore abundance of A. laevis was least in HT, CO, NA and MA
while G. ambisporum was least in MA and HT. With the excep-
tion of NA, the spore abundance of A. laevis and G. ambisporum
was most likely affected by management practices. A. laevis in our
study occurred in soils of pH range of 3.06-4.93, concurring with
earlier studies which showed A. laevis to occur in soils of low pH
(Porter et al., 1987; Dickman et al., 1984). This may explain the
low spore abundance of A. laevis in LUTs with MA, HT, CO and NA
which had slightly higher pH levels. G. ambisporum was reported

Dendrogram of agnes(x = distmatrix, method = "average")

0.60

0.55

Fallow

0.50

Height
0.45
1

0.40
|

0.35
|

Coffee

—

0.30
L

Horti. T

Maize

Indi. forest T
Napier

Planted forest

distmatrix
A gg lomerative Coefficient = 0.34

Fig. 6. Dendogram representing land use types sharing similarities in AMF spore abundance.



38 J-M. Jefwa et al. / Agriculture, Ecosystems and Environment 157 (2012) 32-39

by Rokin et al. (2006) and Renuka et al. (2012) to occur in wide
range of conditions, a situation confirmed in this study. However,
spore abundance was lower in cropping systems with MA and HT.
Although A. denticulata was common in all LUTs, it was least in
cropping systems with CO, HT and MA and highest in planted for-
est system. This species was reported in tropical forest, grassland
and communal lands which have limited interference by man (Zao
et al., 2003; Bever et al., 1996; Uhlmann et al., 2004). Similarly, Gi
margarita was common in all LUTs although in small numbers but
showed preference for croplands. This species has been reported
widely in natural and cropping systems in parts of Kenya and
Malawi (Jefwa et al., 2004, 2006; Mathimaran et al., 2007; Vasha
and Rodrigues, 2001; Khade and Rodrigues, 2008; Pagano et al.,
2010). The species R. verrucosa in our study was highest in non-
cropped systems with less anthropogenic interference (NA, IF and
PF). This is supported by studies in Venezuela and Indonesia which
indicated absence of genera Gigaspora and Scutellospora upon soil
disturbance imposed through practices such as agriculture with
AMF communities in disturbed soils dominated by Glomus and
Acaulospora (Selvam and Mahadevan, 2002; Cuenca et al., 1998;
Boddington and Dodd, 2000).

In our study, A. scrobiculata was found only in trap cultures while
C. etunicatum was rare and restricted to only LUTs with MA. Pre-
vious studies observed high spore density of C. etunicatum at the
rhizosphere of maize and A. scrobiculata absent in disturbed sites
and studies in central and western Kenya and Cameroon showed
A. scrobiculata and C. etunicatum as the most widespread (Prasetyo
et al,, 2010; Jefwa et al., 2006, 2009; Mason et al., 1992; Wilson
et al.,, 1992; Shepherd et al., 1996).

5.3. Species richness and diversity

The value twelve species isolated directly from field soils are
close to the Jacknife extrapolated predicted value of 13.95. The
species accumulation curve indicated approximately 26 sampling
points as adequate to recover at least 13 species, implying 43 sam-
pling points as over sampling at landscape level. At individual LUT
level, it was noted that some LUT such as MA and PF may require
extensive sampling to recover representative AMF species for these
LUTs. Seven and three points were sampled for PF and MA respec-
tively. Fewer points than MA were sampled for NA (4), HT (5), IF
(6) and CO (5) but these points almost reached a plateau, indicat-
ing sufficient points sampled for these LUTs. The need for extensive
sampling in MA and may emanate from heterogeneity in manage-
ment practices used by farmers in the application of different farm
inputs at variable rates. The planted forest was under sampled yet
it is a heterogeneous LUT dominated by E. saligna Sm. and C. lusi-
tanica Mill., P. patula Schiede ex Schttdl. & Cham. and P. radiata D.
Don. species. This conforms to Cochran (1977) who suggested more
sampling for highly heterogeneous samples.

The differences in species richness and diversity with changes in
LUT were less evident. Violi et al. (2008) noted contrasting patterns
in sporulation among AMF families across different disturbance
types and maintenance of species richness and composition despite
the dramatic changes in host communities. The slightly high species
diversity in MA cannot be explained by the different attributes
of the different LUTs, hence indicating the role of other factors.
Edaphic factors, seasonality, host dependence and age were iden-
tified as factors affecting spore sensitivity, species richness and
diversity (Khade and Rodrigues, 2008; Guadarrama and Alvarez-
Sanchez, 1999). The studies by Galvez et al. (2001) and Jansa et al.
(2002) showed community structure of AMF and spore numbers to
be negatively affected by tillage treatments and high-input man-
agement. This study did not explore the effects of these factors on
AMF.

6. Conclusion

AMF spore abundance grouped LUTs which shared similarity in
intensity. Using similarity index and dendograms, the distribution
of spores across LUT clearly distinguished land use under cultiva-
tion and non-cultivated. The LUTs with NA, IF and PF were in the
same group and CO, MA and HT formed a different group, both
indicating similarities management practices for LUTs in the same
group. The LUTs with fallow was separate from the two groups.
Similar trends were noted in boxplots with land that was not cul-
tivated showing higher variation than cultivated land, implying
heterogeneity in less managed land and homogeneity in cultivated
land.

The study has shown LUTs with crops to reduce spore abun-
dance than species richness and diversity. Spores are propagation
propagules and survive in the soils longer particularly in adverse
climatic conditions. It is promising to note that species diversity
can still be sustained under cropping practices, however the fewer
spores in these LUT points out to a likelihood of loosing species with
time.
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