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Abstract: The Mau Forest Complex in Kenya is composed of a number 
of indigenous tree species. Currently, indigenous trees are declining at an 
alarming rate in this ecosystem. Though there have been efforts to solve 
problems associated with the use of indigenous trees in the reforestation 
activities, however information on the mycorrhizal symbiosis is very 
limitted. The colonization by arbuscular mycorrhizal fungi, arbuscular 
mycorrhizal fungal spore abundance and community were investigated 
in indigenous montane vegetation of the Eastern Mau Forest Complex. 
Spores from the rhizosphere soil samples of selected indigenous trees 
were isolated through the wet-sieving method. Microscopic analysis of 
the mycorrhizal status revealed that all the 10 tree sp were colonized by 
arbuscular mycorrhizal fungi. The mycorrhizal status of Podocarpus 
falcatus, Podocarpus latifolius, Olea capensis, Olea europaea subsp. 
africana, Prunus Africana, Hagenia abyssinica, Juniperus procera,Dombeya 
torrida, Maytenus senegalensis and Rapanea Melanophloe osare reported 
for the first time from this forest ecosystem. Arbuscular mycorrhizal 
fungi spores were obtained from all rhizosphere soil samples, where low 
density of arbuscular mycorrhizal fungis pores ranging from 2 to 70 
spores per 20g was generally observed. A total of thirteen arbuscular 
mycorrhizal fungal species belonging to five genera were recorded, five 
species of of which belonged to the genus Scutellospora, three to Glomus, 
two to Acaulospora and Dentiscutataand one to Racocetra. The results 
established that arbuscular mycorrhizae fungi are a common and 
important component in this indigenous vegetation type; suggesting that 
these fungi have important influence on plant communities of this 
ecosystem. Therefore, arbuscular mycorrhizal fungi should receive 
special attention in indigenous tree seedling production and restoration 
activities of the forest ecosystem. 
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Introduction 
 
The Mau Forest Complex is one of five major water towers 
in Kenya. Decreasing forest cover has been a cause of 
concern in recent years (Akotsiet al., 2006). While 
deforestation estimates of the Mau Forest Complex are 
varied, there is no dispute that conversion of forests to 
small-scale agriculture has occurred in recent years 
(Baker and Miller, 2013). Research shows that 
approximately 9% (340 km2) of theforest has decreased 
due to deforestation since 1964 (Baldygaet al., 2007). At 
present, indigenous trees in this ecosystem are declining 
due to intensive deforestation caused by illegal resources 
extraction, the change of land use from forest to 
unsustainable agriculture, and change in ownership from 
public to private. In response to the alarming trends of 
deforestation and land degradation, interventions have 

been made to restore the Mau forest by planting 
indigenous trees species. 
 
Conversely, indigenous trees are known to be relatively 
slow growing, difficult to raise in nurseries and often 
seedlings die back after transplanting. To solve problems 
associated with the use of indigenous trees in the 
reforestation activities, studies have been made on seed 
viability and asexual propagation methods (Wubetet al., 
2003). However, there is little information on 
underground interaction of indigenous tree species with 
arbuscular mycorrhizae fungi. Despite their prevalence in 
the environment and their importance to plants, much 
remains unknown about their patterns of diversity at local 
and global scale (Gaiet al., 2012). 
 
Mycorrhizae fungi form a critical link between the 
aboveground plant and the soil by influencing plant 
nutrient cycling and soil structure, and make a large direct 
contribution to soil fertility and quality through soil 
organic matter (Tao and Zhiwei, 2005). Arbuscular 
mycorrhizal fungi associate with the majority of plant 
families and occur in most natural ecosystems (Gaiet al., 
2012). On a global basis, mycorrhizae occur in about 83% 
of dicotyledonous and monocotyledonous plants, and all 
Gymnosperms are mycorrhizal (Smith and Read, 2008). In 
the symbiosis, the fungus colonises the roots and forms 
differentiated arbuscules within cortical cells (Cicatelliet 
al., 2012). This symbiosis is often mutualistic based largely 
on exchange of carbon from the plant and Phosphorous 
delivered by the fungi (Smith and Smith, 2011). 
 
Arbuscular mycorrhizal fungi are obligate biotrophic fungi 
colonizing the roots of approximately 80% of all terrestrial 
plants (Voset al., 2012). Root colonization by mycorrhizal 
fungi can arise from three sources of inoculum: spores, 
infected root fragments and hyphae collectively termed 
propagules or from neighbouring roots of the same or 
different plants and plant species (Smith and Read, 1997). 
The colonization of living host tissue by mutualistic 
organisms is a delicately balanced process (Plettet al., 
2012). The intimateinteraction between the symbiotic 
partners is based onbidirectional nutrient exchange and, 
as such, is oftenbeneficial to both organisms: the fungus 
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provides the plantwith soil-borne nutrients, mostly 
phosphate, in exchangefor photosynthetic 
carbohydrates(Asensioet al., 2012).Individuals of the same 
plant species frequently vary in arbuscular mycorrhizal 
fungi (AMF) colonization levels and in the composition of 
AMF communities, and the relationship between AMF 
colonization levels and plant growth responses can range 
from positive to negative (Reidingeret al., 2012). 
 
The importance of AMF in enhancing host plant growth is 
well known, and has been explained by the ability of 
fungal extraradical hyphae to spread in soil and take up 
nutrients, such as P, Zn and N, which are then translocated 
to the host plant roots (Piaoet al., 2012). Symbiotic 
mycorrhizal fungi are crucial agents for plant growth and 
survival. Root-associated fungal communities influence 
plant succession by facilitating nutrient uptake or 
otherwise altering plant growth and survival traits 
(Fujimura and Egger, 2012; Fukasawa, 2012). Arbuscular 
mycorrhizal fungi can benefit plants by production of 
growth promoting substances, tolerance to drought, 
salinity and transplant shock and synergistic interaction 
with other beneficial soil microorganisms such as N-fixers 
and P-solubilizer (Eftekhariet al., 2012). Moreover both 
laboratory and field studies provide evidence that 
mycorrhizal fungi are able to solubilize silicate and 
carbonate minerals to promote plant growth and 
precipitate oxalate crystals in the hyphae (Sanz-Montero 
and Rodrıguez-Aranda, 2012). In addition to its role in 
carbon allocation, the establishment of a mycelial web 
around the roots from the plant community constitutes a 
diverse inoculum source for the different plant species 
(Read, 1998). 
 
Arbuscular mycorrhizal fungi provide defense against root 
pathogens (George et al., 2012), tolerance of pathogens 
(Veresoglouet al., 2012) and protection against various 
abiotic stresses, pests and diseases (Gaidashovaet al., 
2012). Several mechanisms may operate simultaneously 
in the enhanced resistance of mycorrhizal plants to soil 
pathogens. In addition to a possible competition for 
photosynthates between the AMF and the pathogen, 
competition for colonization sites has been demonstrated 
(Pozoet al., 2010). There are many examples of 
suppression of soil-borne fungal and bacterial root 
pathogens by inoculation with mycorrhizae. For example, 
inoculation with AMF provide biological protection against 
certain soil-borne pathogens of tomato, onion, and 

watermelon (Ortas, 2012), and protection from other 
microbial pathogens (Gaiet al., 2012). This suppressing 
effect of AMF is also evident in banana where mycorrhizae 
fungi reduce the severity of diseases caused by the soil-
borne fungi Fusariumoxy sporum f. sp. cubense and 
Cylindrocladiumspathiphylli (Voset al., 2012).  Asensioet al. 
(2012) reported that AMF enhance plants defences against 
nematodes. With the increasing environmental and public 
health hazards associated with pesticides and pathogens 
resistant to chemical pesticides, AMF may provide a more 
suitable and environmentally acceptable alternative for 
sustainable agriculture and forestry (Siddiqui and Pichtel, 
2008). 
 
To understand the arbuscular mycorrhizal status of plants 
growing in the unique Mau forest ecosystem and the 
community of AMF in the rhizosphere soils, roots and 
rhizosphere soils of ten species of indigenous trees plant 
were studied and documented. The results from this study 
should shed light on the feasibility of promoting the 
efficiency of reforestation activities of Mau Forest Complex 
through deliberate introduction of arbuscular mycorrhizal 
species. 
 
Materials and methods 
 
Study Site 
 
The study was carried out in two sites in Sururu forest 
located in Eastern Mau, one of the five main Forest 
Reserves of Mau Forest Complex (Figure 1). Mau Forest 
Complex is the largest closed-canopy forest ecosystem in 
Kenya and the largest indigenous montane forest in East 
Africa, covering an area of more than 400,000 hectares. 
The forest area has some of the highest rainfall rates in 
Kenya. Eastern Mau is located about 205 km North West of 
Nairobi. Site 1 is located in Sururu forest, Gatimu area 
(2716 m above sea level, 00º38.862 S and 036º01.467 E) 
where the forest is closed. Site 2 is located in Sururu 
forest, MwishowaLami area (2814m above sea level, 
00º37.089 S and 036º00.012 E) where vegetation is 
patchily distributed. According to the ground 
meteorological observation data of a weather station 
located in Sururu forest, the climatic characteristics in 
2011 were as follows: Annual mean temperature was 
15ºC-24°C, depending on elevation. The average annual 
rainfall inside the forest was about 1400 mm.
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Figure 1: Mau Forest Complex 
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Study Plants 
 
Ten woody indigenous tree species were selected among 
the plants in the Mau Forest complex ecosystem as the 
study plants. These plants included Podocar pusfalcatus, 
(Thunb.) R.Br. ex Mirb., Podocarpuslatifolius, (Thunb.) 
R.Br. ex Mirb., Oleacapensis (Baker) Friis& P.S.  
Green,Oleaeuropaea subsp. africana (Mill.) P. Green, 
Prunusafricana(Hook f.) Kalkman, Hageniaabyssinica 
(Bruce) J. F. Gmel, Juniperus proceraHochst. Ex Endl., 
Dombeya torrida (J.F.Gmel.) HepperetFriis, 
Maytenussenegalensis(Lam.) Exelland 
Rapaneamelanophloeos (L.) Mez. (ThabileLukhele). All 
these plants are reported to be multipurpose, threatened 
and suitable for enrichment planting and reforestation 
activities. These trees are known to have considerable 
socio-economic and ecological importance (Michelsen, 
1992; Wubetet al., 2003).  
 
Collection of Soil and Root Samples 
 
In April 2011 (Rainy season), roots and their rhizosphere 
soil were collected from the two study sites. Five trees 
were sampled from each tree species in each study site. A 
total of 190 root samples and their rhizosphere soils were 
collected using a stratified random sampling method 
recommended by Schleuß and Muller (2001). 100 samples 
were gathered in Gatimu and 90 samples in Mwishowa 
Lami. The roots and their rhizosphere soils of the 10 
indigenous tree species comprising eight genera were 
collected in their natural habitats using a 60mm diameter 
soil corer at depths of 0–15 cm and 15–30 cm (Bertiniet 
al., 2006; Birhaneet al., 2010), after ensuring that the roots 
were connected to plants sampled at the two sites 
described above. Taxonomic identification of species was 
made with the assistance of Plant taxonomist in 
Department of Biological Sciences, Egerton University. 
Five replicates of roots and their corresponding 
rhizosphere soils of each representative tree were 
randomly sampled at standardized distances of 0.5–3m for 
each sample at the two sites. Equipment was cleaned with 
water between samples so as to remove soil particles. 
Rhizosphere soils were collected, put in paper bags to 
avoid desiccation and taken to the laboratory. Part of the 
root system of each plant was fixed in 5 ml formalin, 5 ml 
acetic acid and 90 ml of 70% alcohol, diluted twice (1/2 
FAA), and stored at 4ºC (Tao and Zhiwei, 2005). The 
remaining roots were air-dried with their rhizosphere soil 
for 2 weeks, and then stored in sealed plastic bags until 
samples could be further processed.  
 
Mycorrhizal Root Colonization Assessment 
 
Roots were washed carefully with tap water and cut into 
1cm-long segments. About 0.5g root segments were 
cleared in 10% (w/v) KOH at 90ºC in a water bath for 2–
3h, the time depending on the size of the roots and their 
pigmentation. After cooling, the root samples were 
washed and stained with 0.05% (w/v) Trypan blue 
(McGonigleet al., 1990). Thirty 1cm-long root segments 
were mounted on slides in a polyvinyl alcohol–lactic acid–

glycerol solution (Koske and Gemma, 1989) and examined 
at 100× magnification under a compound microscope. 
Frequency of mycorrhizae in the root system (F%) and 
intensity (M%) of infection and arbuscule abundance in 
the root system (A%) were estimated in stained root 
samples stained after washing with tap water according to 
Phillips and Hayman (1970). This gave values for total 
fungal infection and arbuscular development. 
 
Spore Assessment 
 
Spores from the rhizosphere soil samples were isolated 
through the wet-sieving method described by An et al. 
(1990). Twenty grams of soil sample was weighed and 
mixed in water in a small plastic container having the 
capacity of about 1500 ml by stirring thoroughly before 
decanting through 710µ and 45-µm sieves. Later, the 
sediments collected on the 45µm sieve were washed into 
50 ml centrifuge tubes and centrifuged for 5 min at 1,750 
rpm. Water from the tubes was decanted to discard 
floating debris. Sucrose (48%, w:v) was added to the 
tubes, mixed thoroughly before centrifuging for 15s at 
1,750 rpm. Immediately after centrifugation, sucrose 
solution was decanted through 45µm sieve. The spores 
retained on the sieve were rinsed thoroughly with water 
to wash out the sucrose and later transferred into a Petri 
dish. Healthy spores were counted under microscope at 
×100 magnification. Each spore type was mounted 
sequentially in Polyvinyl Lactophenol 
Glycerol(PVLG)(Morton, 1988)and PVLG mixed 1:1 (v/v) 
withMelzer’s reagent for identification (Uhlmannet al., 
2006). The spores were examined microscopically and 
identified down to the genus level or species. The 
identification was based on spore size, color, surface 
ornamentation, wall structure as well as presence and 
absence of subtending hyphae with reference to the 
descriptions provided by INVAM (2010) and following 
descriptions given by Brundrettet al. (1996).  
 
Numbers and Distribution of AMF Spores 
 
Ecological measures of diversity used to describe the 
structure of AMF communities included the following 
indices: spore density, species richness, relative 
abundance, frequency of occurrence, Shannon–Wiener 
index of diversity, evenness, Simpson’s index of 
dominance, and Sorenson’s coefficient (Zhang et al., 2004; 
Dandan, and Zhiwei, 2007; Shi et al., 2007; Tianet al., 
2011; Gai et al., 2012) (Table 1). Spore density reflected 
the total number of spores occurring in 20g soil, species 
richness (SR) was defined as the number of identified AMF 
species per 20g soil sample, relative abundance (RA) = 
(number of spores of a species or genus/total spores) × 
100%; isolation frequency (IF) = (number of samples in 
which the species or genus was observed/total samples) × 
100%. Diversity within AMF community and evenness 
were reflected by Shannon–Wiener index of diversity. 
Sorenson’s coefficient was used to compare similarity 
existing in the general structure of AMF communities 
between the two sites. Since only a few spores of one 
species were isolated, or the collected spores lacked 
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distinguishable fine taxonomic characters, these spores 
could not be identified to species level and were not 

considered in the statistic analyses, except as part of total 
spore density. 

 
 
 

Table 1: Diversity measures used to describe AMF communities 
 

Diversity measure Description 

Spore density  SD  The number of spores in 20 g soil sample  

Species richness  SR  The number of identified AMF species per 20g soil sample 

Relative abundance  RA  RA
Spore numbers of a species (genus)

the total number of identified spore
X 100% 

Isolation frequency  IF  IF
The number of soil samples where a species  occurred

The total number of soil samples
 X100% 

Shannon–Wiener index of diversity 

 'H  
 ii PPH ln'  

Evenness  E  

max'

'

H

H
E   

Simpson’s index of dominance  D  
      1/1 NNnnD ii

 

Sorenson’s coefficient  sC   bajCs  2  

iP is the relative abundance of each identified species per sampling site and calculated by the following formula:

NnP ii   and in  number of individuals in species I ; N  is the total number of individuals in all species. 

max'H is the maximal H  and calculated by the following formula: SH ln' , where S  is the total number of 

identified species per sampling site. a or b  was the total number of identified species per sampling site and j  was 

the number of identified species common to both sites. 
 
 
Data Analysis 
 
The data were subjected to one-way analysis of variances 
(ANOVA) (p<0.05) using Gen stat. The Pearson correlation 
coefficient was employed to determine the relationships 
between spore density and species richness, relative 
abundance and isolation frequency. Treatment means 
were compared by Fisher’s least significant difference 
(LSD) test. Correlation analyses with Pearson’s correlation 
coefficients were used to determine if a relationship 
existed between soil microbial parameters and soil 
chemical properties.  
 
Results 
 
Collection of Soil and Root Samples 
 
Sampling was done in April during the short rains and 
therefore moisture was observed in almost all the soil 
samples collected. Earthworm species and other soil fauna 
were found on soil samples in association with partially 
decomposed litter, manure and other organic matter. 
During soil sampling an excessive accumulation of litter 
was observed under the canopy of D. torrida and H. 
abyssinicaat the two study sites. 
 
Mycorrhizal Status of the Selected Indigenous Trees 

 
Microscopic analysis of the mycorrhizal status of the 
selected indigenous trees from Mau forest complex 
revealed that all the 10 plant species were colonized by 
AMF. Frequency of colonization (F%) and intensity of 
colonization (M%) were high in D. torrida and H. 
abyssinica and much lower in R. Melanophloeaseand M. 
senegalensiplant species (Table 2). Intensity of 
mycorrhizal colonization of all replicates of the ten plants 
species ranged from 7 to 29% and the frequency ranged 
from 18 to 82%. 
 
Spore Density, Species Richness and the Distribution 
of AMF 
 
AMF spores were obtained from all rhizosphere soil 
samples, where low density of AMF spores was generally 
observed. A total of 3,966 spores of AMF were wet-sieved 
from the 190 rhizosphere soil samples collected in Sururu 
Forest  from which 32 morphotypes were identified (Plate 
1). Samples from Gatimu and MwishowaLami yielded 
relatively low densities, ranging from 2 to 63 and 2 to 70 
spores per 20g, respectively. Samples from the two sites 
were dominated by large spores followed by medium 
spores and then small spores (Figure 2). Within the AMF 
spores obtained, 11% (419 spores) were small, 35% 
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(1407 spores) were medium and 54% (2140 spores) were large.
 
 
 

Table 2: Frequency and intensity of Mycorrhizal Colonization of Plants Collected from Gatimu and Mwisho wa Lami 
 

The reported values were from composite samples of five sub-samples Mean ±S: E: 
 
 
 
 
 

 
 

 
Figure 2: Spore size distribution in Gatimu and MwishowaLami 

 
 
 
Spore density, species richness and the distribution of 
AMF species in the rhizosphere soil of the 10 plant species 
are presented in Table 3. The average spore density of 
AMF showed similar trends in Gatimu and 
MwishowaLami. In Gatimu the mean density was 
20.6spores per 20g dry soil while the mean density in 
MwishowaLami was 21.2 spores per 20g dry soil.  
 
 
 
 
 

 
 
 
The average species richness showed the same tendency: 
mean of 3.2 species (range of 1–5) in Gatimu and mean of 
3.1 species (range of 1–6) in MwishowaLami. Further, 
correlation analysis demonstrated that spore density of 
AMF was positively significantly correlated with species 
richness in both sites (Pearson product-moment 
correlation coefficient r= 0.854 and r= 0.809, p< 0.050, 
respectively). 

0

200

400

600

800

1000

1200

1400

Large Medium Small

D
en

si
ty

Spore size

Gatimu Mwisho

  Colonization 
  Gatimu MwishowaLami 
Plant species Family Frequency (F%) Intensity (M%) Frequency (F%) Intensity (M%) 
P. falcatus Podocarpaceae 42.67±7.92 10.93±2.05 36.67±5.48 10.60±1.85 
P. latifolius Podocarpaceae 50.00±6.41 13.53±2.77 42.00±6.80 12.33±2.67 
O. capensis Oleaceae 50.67±7.41 17.07±2.80 55.33±5.54 17.00±2.85 
O. europaea Oleaceae 53.33±3.80 13.13±0.90 53.33±3.50 12.53±1.11 
P. africana Rosaceae 44.00±1.94 13.73±1.66 34.67±4.30 10.53±2.15 
H. abyssinica Rosaceae 74.00±3.86 25.13±2.93 66.00±5.62 24.27±2.26 
J. procera Cupressaceae 56.67± 4.082 18.87± 1.45 - - 
D.torrida Sterculiaceae 81.33±4.90 29.20±3.80 82.00±3.43 26.40±2.97 
M. senegalensi Celastraceae 18.66±2.26 7.13±1.59 18.00±2.26 5.53±0.77 
R. melanophloease Myrsinaceae 20.00±4.08 5.86±0.97 22.67±5.31 7.2±1.89 
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Table 3: Average spore densities and species richness (SR) of AMF in soil samples of tree species collected in Mau forest 
 

Notes: ASD: Average AMF spore density (number of AMF spores in 20g soil) and species richness (SR) from the 
corresponding plant rhizosphere 
 
 
One-way ANOVA showed that both spore density and 
species richness differed significantly between different 
plant species at both sites (Tables 4, 5, 6, and 7). There 
were also greater diversity and evenness indices of AMF in 
Gatimu than in MwishowaLami. However Simpson’s index 
of dominance was greater in MwishowaLami than in 
Gatimu (Table 8). The community diversity was higher 
and the distribution of AMF species was more uniform in 
Gatimu (E= 0.97) than in MwishowaLami (E= 0.94). In 

comparing the general AMF community structure in the 
two sites, Sorenson’s coefficient of AMF community was 
0.92. Furthermore the results of the current work showed 
that there is a significant positive correlation between 
relative abundance and isolation frequency of AMF species 
in Gatimu than in MwishowaLami (Pearson product-
moment correlation coefficient r= 0.914and r= 0.935, 
p<0.050, respectively). 

 
 

Table 4: Mean Spore Densitiesof AMF in Soil Samples Collected from Gatimu 
 
Tree species Family Spore densities Standard error 
R. melanophloease Myrsinaceae 7.70a 1.155 
P. latifolius Podocarpaceae 11.40a 1.067 
M. senegalensi Celastraceae 11.70a 2.022 
O. europaea Oleaceae 12.60ab 1.551 
O. capensis Oleaceae 12.80ab 1.576 
P. falcatus Podocarpaceae 19.10bc 2.163 
P. africana Rosaceae 19.90c 2.025 
J. procera Cupressaceae 27.60d 3.563 
H. abyssinica Rosaceae 41.20e 3.97 
D.torrida Sterculiaceae 42.30e 3.636 
Data in the same column sharing a letter in common do not differ significantly (P<0.05) by the Fischer’s least significant 
difference test. 
 
 

Table 5: Mean Species Richness of AMF in Soil Samples Collected from Gatimu 
 
Tree species Family Species richness  Standard error 
R. melanophloease Myrsinaceae 2.10a 0.23 

P. latifolius Podocarpaceae 2.30ab 0.15 
O. capensis Oleaceae 2.60abc 0.16 
O. europaea Oleaceae 2.70bc 0.15 
M. senegalensi Celastraceae 2.90c 0.23 
P. falcatus Podocarpaceae 3.50d 0.22 
H. abyssinica Rosaceae 3.70de 0.213 
P. africana Rosaceae 3.80de 0.13 
J. procera Cupressaceae 4.10ef 0.10 
D.torrida Sterculiaceae 4.50f 0.16 

  Gatimu   MwishowaLami  
Plant species Family  SR ASD  SR ASD 
P. falcatus Podocarpaceae 3.5± 0.224 19.10±2.163  3.9±0.314 21.90±1.295 
P. latifolius Podocarpaceae 2.3± 0.153 11.40± 1.067  2.8±0.133 15.3±1.777 
O. capensis Oleaceae 2.6± 0.163 12.80± 1.576  2.9±0.1 16.60±1.514 
O. europaea Oleaceae 2.7± 0.153 12.60± 1.551  3.2±0.133 15.90±2.188 
P. africana Rosaceae 3.8±0.133 19.90±2.025  2.6±0.306 10.4±1.628 
H. abyssinica Rosaceae 3.7±0.213 41.20±3.97  3.8±0.327 41.60±3.694 
J. procera Cupressaceae 4.1± 0.100 27.60±3.563  – – 
D.torrida Sterculiaceae 4.5±0.167 42.30±3.636  3.8±3.370 50.40±3.370 
M. senegalensi Celastraceae 2.9±0.233 11.70±2.022  2.8±0.2 7.60±1.641 
R. melanophloease Myrsinaceae 2.1±0.233 7.70±1.155  2.5±0.307 11.10±1.722 
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Data in the same column sharing a letter in common do not differ significantly (P<0.05) by the Fischer’s least significant 
difference test 
 

Table 6: Mean spore densities of AMF in soil samples collected from MwishowaLami 
 

Tree species Family Spore densities Standard error 
M. senegalensi Celastraceae 7.60a 1.64 
P. africana Rosaceae 10.40ab 1.63 
R. melanophloease Myrsinaceae 11.10ab 1.72 
P. latifolius Podocarpaceae 15.30b 1.78 
O. europaea Oleaceae 15.90bc 2.19 
O. capensis Oleaceae 16.60bc 1.51 
P. falcatus Podocarpaceae 21.90c 1.3 
H. abyssinica Rosaceae 41.60d 3.7 
D.torrida Sterculiaceae 50.40e 3.4 

 
Data in the same column sharing a letter in common do not differ significantly (P<0.05) by the Fischer’s least significant 
difference test 
 
 

Table 7: Mean Species Richness of AMF in Soil Samples Collected from MwishowaLami 
Tree species family Species richness Standard error 
R. melanophloease Myrsinaceae 2.500a 0.31 
P. africana Rosaceae 2.600ab 0.31 
M. senegalensi Celastraceae 2.800ab 0.20 
P. latifolius Podocarpaceae 2.800ab 0.133 
O. capensis Oleaceae 2.900ab 0.1 
O. europaea Oleaceae 3.200bc 0.13 
H. abyssinica Rosaceae 3.800cd 0.33 
D.torrida Sterculiaceae 3.800cd 3.4 
P. falcatus Podocarpaceae 3.900d 0.31 

Data in the same column sharing a letter in common do not differ significantly (P<0.05) by the Fischer’s least significant 
difference test 
 
 

Table 8: Diversity Measurements of AMF Communities in Gatimu  and MwishowaLami 
 

Ecological parameters Gatimu MwishowaLami 
Shannon–Wiener index of diversity (H') 5.58 5.39 
Evenness (E) 0.97 0.94 
Simpson’s index of dominance (D) 0.043 0.058 
Sorenson’s coefficient of AMF community (Cs) 0.92  

 
 
 
AMF Community Composition 
  
The AMF communities both in Gatimu and MwishowaLami 
soil samples were dominated by families such as 
Acaulosporacae, Dentiscutataceae, Glomaceae, 

Racocetraceae and Scutellosporaceae. Among these, 
Gigasporaceae and Dentiscutataceae were dominant at the 
two sites with Relative abundance (RA) of 47.9% and 
20.0% respectively in Gatimu and 39.8% and 21.15% 
respectively in MwishowaLami (Table 9, Figure3).

  
 
 

Table 9: Relative Abundance (RA) and Spore Number of AMF Families in Gatimu  and MwishowaLami 
 
 Gatimu MwishowaLami 
Family Spore number RA% Spore number RA% 
Acaulosporacae 165 8.48 240 14.03 
Dentiscutataceae 395 20.30 360 21.05 
Gigasporaceae 931 47.87 680 39.77 
Glomaceae 227 11.67 110 6.43 
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Figure 3: Density of some AMF Fungal Families in Gatimu andMwishowaLami 

 
 
A total of thirteen AMF species belonging to five genera 
were identified according to morphological characteristics 
of spores extracted from soil samples collected from 
Sururu Forest (Table 10 and Plate 1). Five species of these 
identified species belonged to the genus Scutellospora, 
three to Glomus, two to Acaulospora and Dentiscutata, and 
one toRacocetra. Among the identified AMF species the 
majority of species detected from spores were common to 

both sites. Eleven AMF species were encountered on both 
sites (A. denticulate, Acaulospora sp. 1, D. nigra, 
Gigasporasp. 1, Glomussp. 1, Glomus sp. 2, Glomus spp., 
Racocetra sp. 1, S. heterogama, Dentiscutata. sp, 
Scutellosporasp. 1, Scutellosporasp. 2, S. spinosissima sp. 
nov.).Two of the species (Scutellosporasp. 2 andGlomus sp. 
2) were found only in Gatimu(Figure 4). 
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Plate 1: Photographs of mycorrhizal spores (Leica DM 500 Magnification ×40). 
 
 
Spores extracted from rhizosphere soils of ten selected 
indigenous trees of Mau Forest Complex. (a) Acaulospora 
denticulata (b) Acaulospora sp. 1 (c) Glomus sp. 1, (d) 
Dentiscutatasp, (e) Scutellosporasp. 1, (f) Scutellosporasp. 

2, (g) Scutellosporaspinosissima sp. nov, (h) Glomus sp. 2, 
(i) Scutellosporaheterogama, (j) Dentiscutatanigra, (k) 
Glomus sp. 3, (l) Gigasporasp. 1 
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Table 20: Families and Species of AMF Identified from Mau Forest 
 
Family Fungal species 
Acaulosporacae Acaulospora denticulata 

Acaulospora sp. 1 (Mau forest) 
Dentiscutataceae Dentiscutatanigra(J.F. Redhead) Sieverd. F.A. Souza &Oehl  

Dentiscutatasp (Mau forest) 
Gigasporaceae Scutellosporaheterogama 

Scutellosporasp. 1 (Mau forest) 
Scutellosporasp. 2 (Mau forest) 
Scutellosporaspinosissima sp. nov 
Gigasporasp; 1 (Mau forest) 

Glomaceae Glomus sp. 1 (Mau forest) 
Glomus sp. 2 (Mau forest) 
Glomussp. 3 (Mau forest 

Racocetraceae Racocetrasp. 1 (Mau forest) 
 
 
 

 
Figure 4: Composition of AMF Community in Gatimu and MwishowaLami soil samples 

 
 
Based on relative abundance and isolation frequency, the 
three dominant species in Gatimu were Dentiscutatanigra, 
Dentiscutataspand Scutellosporaspinosissima sp. nov, 
whereas there were only two dominant species 
(Dentiscutatanigraand Scutellosporaspinosissima sp. Nov) 
in MwishowaLami (Table 11). Furthermore the results of 
the current work showed that there was a significant 
positive correlation between relative abundance and 
isolation frequency of AMF species in both Gatimu and 
MwishowaLami (Pearson product-momentcorrelation 
coefficient r= 0.9044 and r= 0.9787, p<0.050, 

respectively), and it appeared that species producing more 
spores usually had a wide distribution, while species that 
produced fewer spores usually had small geographic 
ranges. However, a few AMF species, such as Acaulospora 
sp. 1 (5.19% of RA, 16% of IF), Scutellosporasp. 1(4.78% of 
RA, 14% of IF), Gigasporasp; 1 (5.35% of RA, 17% of IF), 
Scutellosporaheterogama(5.35% of RA, 17% of IF) in 
Gatimu and Acaulospora sp. 1 (6.55% of RA, 23.33% of IF) 
and Glomus sp. 1 (3.22% of RA, 14.44% of IF) in 
MwishowaLami, had low relative abundances but were 
widely distributed (Table 11).  
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Table 31:Relative Abundances (RA) and Isolation Frequency (IF) of AMF Species 
 

 
 
 
Discussion 
 
The Diversity of Arbuscular Mycorrhizal Fungi in Mau 
Forest 
 
The ecosystem surveyed is characterized by low 
temperature and high rainfall for most of the year 
according to data collected from weather station located at 
Sururu forest of Eastern Mau. All the 10 selected 
indigenous  plants surveyed in this study showed AMF 
colonization and AMF spores in their respective 
rhizosphere soils,confirming the earlier findings 
suggesting that the roots of 90 to 95% of vascular plant 
species are colonized by mycorrhizal fungi in a symbiotic 
association in natural ecosystem (Arocenaet al., 2012; 
Chmura and Gucwa-Przepiora, 2012).These results are in 
agreement with previous work of Birhaneet al. (2010) 
who observed that all 43 plant species of trees and shrubs 
in dry deciduous woodlands of Ethiopia that are 
dominated by the economically important frankincense 
tree (Boswelliapapyrifera) are arbusucular mycorrhizal. 
Work by Onguene and Kuyper (2001) also showed that 
79% plants were arbuscular mycorrhizal in the rain forest 
of south Cameroon. In another study of Tao and Zhiwei 
(2005), 95% of plants surveyed were arbuscular 
mycorrhizal in hot and arid ecosystem in southwest China. 
 
AMF colonization was observed by the presence of 
structures including arbuscules and vesicles in roots of 
investigated plants. The morphological diversity of the 
different fungal structures observed within the roots and 
diversity of spores from the rhizosphere soil samples 
suggested that the roots were colonized by at least two 
different fungal morphotypes. The mycorrhizal status of P. 
falcatus, P. latifolius, O. capensis, O. europaea, P. africana, H. 
abyssinica, J.procera, D. torrida, M. senegalensisand R. 
melanophloeosare reported here for the first time from the 
Mau forest ecosystem. All 10 plant speciesbelonging to 7 

families including Podocarpaceae, Oleaceae, Rosaceae, 
Cupressaceae, Sterculiaceae, Celastraceae and 
MyrsinaceaewerecolonizedbyAMF. Six of these seven 
families have been reported in earlier studies on Ethiopian 
trees to be mycorrhizal (Michelsen 1992; Wubetet al., 
2003;Birhaneet al.,2010).These observations confirm 
results from other surveys in Africa that showed most or 
all of the woody species to be mycorrhizal and a majority 
being arbusucular mycorrhizal. Wubetet al. (2003) 
reported Albiziagummifera, Albiziaschimperiana, 
Aningeriaadolfi-friedericii, Croton machrostachyus, 
Ekebergiacapensis, H. abyssinica, J. procera, P. falcatus, P. 
africana, Oleaeuropaea.ssp.cuspidata, 
andSyzygiumguineense, in the dry Afromontane forests of 
Ethiopia as typically being arbusucular mycorrhizal. 
Similarly Michelsen (1992) reported the presence of AMF 
in C. macrostachyus, J. procera,O. europaeassp.cuspidata 
and P. falcatus based on his study on nursery grown 
seedlings in Ethiopia.  
 
Arbuscular mycorrhizal colonization and spore population 
in the present study varied significantly in different tree 
species. The variation in the percentage colonization in the 
roots and AMF spore population in the rhizosphere soils of 
different trees recorded showed that the plant species had 
a narrow to broad range of mycorrhizal colonization. 
Although the mycorrhizal colonization was observed in all 
plants from the two sites, the percentage of the 
colonization was variable among tree species. Differences 
in colonization may be attributed to variation of the tree 
species in mycorrhizal dependency.An additional trend 
was found in the relationship between plant species and 
colonization level, where the highest values of colonization 
were noted in D. torrida and H. abyssinic and least 
colonization levels were recorded under M. senegalensi 
and R. melanophloease. Colonization levels of the same 
species did not differ much between the two sites. The 
results of the present study are consistent with the report 

 Gatimu  MwishowaLami  
Fungal species RA  IF RA IF 
Acaulospora denticulata 3.29 23 7.49 21.11 
Acaulospora sp. 1 5.19 16 6.55 23.33 
Dentiscutatanigra 20.31 62 21.05 62.22 
Dentiscutatasp 17.33 42 7.66 21.11 
Scutellosporaheterogama 5.35 17 3.80 8.89 
Scutellosporasp. 1  4.78 14 6.66 14.44 
Scutellosporasp. 2 4.42 4 _ _ 
Scutellosporaspinosissima sp. nov 10.64 17 17.84 45.556 
Gigasporasp; 1 5.35 17 3.80 6.67 
Glomussp. 1  2.78 7 3.22 14.44 
Glomus sp. 2  4.11 2 _ _ 
Glomus sp. 3 4.78 8 3.22 7.78 
Racocetra sp. 1 11.67 39 18.713 46.67 
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of Onguene and Kuyper (2001) who reported variation in 
AMF colonization in different trees from the rain forest of 
south Cameroon. Bordeet al. (2010) pointed out that the 
variation in percentage root colonization has been 
reported to be affected by seasonal sporulation, seasonal 
variation in the development of host plants and nutrient 
availability in the soils. Furthermore, variations in spore 
density and colonization of AMF associated with different 
host plant species may be generated by a variety of 
potential mechanisms, including variations in host species 
phenology, variations in host species, mycorrhizal 
dependency, host plant-mediated alterations of the soil 
microenvironment, or other unknown host plant traits 
(Lorgioet al., 1999; Eomet al., 2000).  
 
Presence of the AMF spores in the rhizosphere soils of 
studied tree species and high AMF community similarity 
between the two suggested that most AMF found in Mau 
Forest Complex could colonize a variety of plant species, 
and further supported a lack of host specificity among 
AMF isolated from this ecosystem.The variation in the 
present study may be the result of variations in host 
species and host plant-mediated alterations of the soil 
microenvironment. The host plant species may have direct 
effects on the abundance and colonization of AMF through 
their influence on the soil microenvironment.Organic 
matter which serves as a nutrient sink for the plants could 
also regulate the intensity of mycorrhizae (Siddiqui and 
Pichtel, 2008). Under the canopy of H. abyssinica and D. 
torrida,values for both totalorganic C and total N were 
higher than any other study tree species. During soil 
sampling an excessiveaccumulation of litter was observed 
under the canopy of those particular two trees at the two 
study sites. Accordingly, spores and sporocarps population 
and level of AMF colonization were higher under D. torrida 
followed by H. abbysinica and lower for M. Senegalensiand 
R. melanophloease. According to Heet al. (2002), spore 
density and colonization of AMF were higher under 
Artemisia herbaalba and Atriplexhalimus canopies, and 
lower under Zycophyllumdumosumand Hammadascoparia 
canopies. The study of McGrady-Steed et al. (1997) 
showed that biodiversity could regulate ecosystem 
predictability in terrestrial ecosystems. This suggests that 
AMF diversity could be used to investigate the function of 
AMF in maintaining plant biodiversity and ecosystem 
function during the conservation and restoration of 
diverse natural ecosystems (Dandan, and Zhiwei 2007).  
 
A total of 32 AMF morphotypes were wet sieved from the 
95 rhizosphere soil samples collected from Sururu Forest, 
from which nine AMF were identified. This number is 
closer to that from the study of Jefwaet al. (2012), that 
reported a total of 22 AMF morphotypes affiliated to 
Glomaceae, Acaulosporaceae, Archaeosporaceae and 
Gigasporaceae were isolated from the banana farming 
systems of central Kenya. This study confirmed the 
widespread occurrence of arbuscular mycorrhizal fungi in 
the respective rhizosphere soils of selected studied tree 
species of Mau Forest Complex. The diversity of AMF 
observed in the Sururu forest is however low compared to 
40 species recorded in the Cameroon tropical rainforest 
(Mason, et al., 1992) and 43 AMF species recorded in the 

hot-dry valley of the Jinsha River, southwest China 
(Dandan and Zhiwei, 2007). However, it is higher than the 
15 species recorded in the acid soils of western Kenya 
(Shepherd et al., 1996) and 12 species recorded in 
agroforestry systems in the miomboecozone of Malawi 
(Jefwa, 2004).  
 
AMF spores were obtained from all rhizophere soil 
samples, but the counts showed considerable 
variations.Spore population varied significantly in plant 
rhizosphere of different tree species.The highest spore 
population were found in the rhizophere soil 
samplesofD.torridaand H. abyssinica and lowest spore 
population levels were recorded under M. senegalensi and 
R. Melanophloeaserhizophere soil samples.Differences in 
spore population could be attributed to variation in the 
tree species in root turnover.Spore densities are known to 
vary greatly in different ecosystems. Values range from 
dozens to 10,000 spores per 100 g soil (Tao and Zhiwei, 
2005).In the present study, the density of AMF spores was 
relatively low ranging from 1 to 30 spores per 20g soil. 
Spore densities recorded seem low as compared to other 
studies. For example, higher counts of AMF spores ranging 
from 85 to 5315 spores per 100g of dry soil, with an 
average of 476 has been reported from the tropical rain 
forest of Xishuangbanna, southwest China (Zhao et al., 
2001).Similarly, Tao et al. (2004) recorded counts ranging 
from 5–6400 spores per 100g soil in the dry tropics in 
avalley-type savanna in south west China. However, spore 
abundance in the present study is comparable with other 
previous investigations. Muletaet al.(2007)recordedcounts 
ranging from 4 to 67 spores per 100gsoil in Bonga natural 
coffee forest, southwestern Ethiopia. In another study of 
Birhaneet al. (2010), spore density ranging from 8to 69 
spores per 100g dry soil were recorded in three different 
dry deciduous woodlands of Northern Ethiopia. 
 
The low number of spores reported in this study could be 
attributed to the following factors: Sampling was done 
during the rainy season, which may have suppressed the 
number of spores due to the excess moisture that could 
either cause decomposition of spores or initiate spore 
germination. During rainy season, mycorrhizae is 
predominantly in vegetative phase (hyphae, mycelia and 
colonization. It has been reported that intra and 
extrametrical mycelia increases during the rainy season, 
because spore germination is favoured. This in turn 
increases mycorrhizal colonization and decreases spore 
abundance (Ragupathy and Mahadevan, 1993). 
Guadarrama and Alvaarez-Sanchez (1999) demonstrated 
that the highest numbers of species andspores were 
observed during the dry season, with a markeddecrease 
during the rainy season.Sporulation in the dry season is as 
a result of root senescence because there is a likelihood of 
high root turnover especially in annuals or competition. 
Secondly, earthworms and other soil fauna which may 
feed on mycorrhizal fungal spores were frequently 
encountered during soil sampling processes. The negative 
influence of the soil fauna such as earthworms on AMF 
populations has been reported (Brown, 1995). The AMF 
mycelium is important in nutrient transfer in soil, but this 
process is affected by the activities of earthworms. 
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Earthworms may graze preferentially on soil containing 
AMF propagules and as a result, concentrate them in the 
casts (Yu et al., 2005). The study of Mangan and Adler 
(2000) reported the consumption of arbuscular 
mycorrhizal fungi by terrestrial and arboreal small 
mammals.The low number of spores in the natural forest 
does not necessarily mean that AMF abundance is low 
since AMF survive in soils as spores, extraradical 
mycelium, vegetative hyphal fragments and infected root 
pieces. The existence of these propagules in the soil may 
explain roots colonization potential of AMF in soils from 
natural forest (Britoet al., 2012; Zubeket al., 2012). 
The presence of different AMF spores in the rhizosphere 
soils of Mau Forest Complex suggests that this type of 
ecosystem may be characterized by a high diversity of 
AMF. Most of the AMF spores (54%) obtained by wet-
sieving were large. The dominance of large spores may be 
a selective adaptation to low temperature and high rainfall 
that is characteristic feature in this ecosystem. The 
presence of larger spores may indicate less disturbance of 
this forest ecosystem. Jefwaet al. (2012) reported that 
larger spores are fewer in agroecosystems with smaller 
spores more dominant. This suggested that AMF may take 
an important role in the developing and sustaining of 
vegetation in this forest. AMF cannot be ignored in the 
reestablishment of this ecosystem and large AMF spores 
might have a potential application in the practice. Picone 
(2000) reported that small spores were more frequent 
and had a low seasonal variation than larger spores. In 
addition, small spore species are adapted to the hot and 
arid environment. 
 
Ecological Implications of AMF Biodiversity 
 
In comparing the general AMF community structure in 
Gatimu and MwishowaLami, the Shannon–Weaver index 
revealed low levels of diversity of 5.58 among the sampled 
soils and Sorenson’s coefficient of AMF community was 
0.92. Furthermore the results of the current work showed 
that there is a significant positive correlation between 
relative abundance and isolation frequency of AMF species 
in Gatimu than in MwishowaLami (Pearson product-
momentcorrelation coefficientr= 0.914 and r= 0.935, 
respectively). Similarly spore density of AMF was 
positively significantly correlated with species richness in 
Gatimu than in MwishowaLami (Pearson product-
momentcorrelation coefficientr= 0.854 and r= 0.809, 
respectively). Thus, though vegetation distribution 
differed slightly in the two sites, there was a high degree of 
overlap in AMF fungal species composition between the 
closed forest (Gatimu) and patchily distributed forest 
(MwishowaLami). 
 
Furthermore, it was indicated that many of the AMF 
species identified in this study had broad dispersal and 
that the environmental conditions seemed to be more 
influential in determining the structure of AMF 
communities than the vegetation. Similar results were 
observed by Zhang et al. (2004) who found that there was 
high AMF composition similarity (Cs = 0.71) between the 
deforested land and natural forest, and that the 
deforestation did not largely influence the AMF species 

composition in the subtropical region of Dujangyan, south-
west China. The current study also revealed significant 
non-uniform distributions of the dominant AMF species, 
and AMF community structure associated with different 
host plant species varied considerably. Since functional 
differences in AMF (either inter or intraspecies) could lead 
to different levels of plant-fungus compatibility, and since 
the variation in functional diversity within one AMF 
species can be greater than differences between different 
AMF species or even genera (Munkvoldet al., 2004), there 
are clearly opportunities for significant host preference to 
develop among AMF species. Kennedy et al. (2002) 
demonstrated that increasing local biodiversity could act 
as a barrier to enhance invasion resistance, and the study 
of McGrady-Steed et al. (1997) showed that biodiversity 
could regulate ecosystem predictability in terrestrial 
ecosystems. This suggests that AMF diversity could be 
used to investigate the function of AMF in maintaining 
plant biodiversity and ecosystem function during the 
conservation and restoration of diverse natural 
ecosystems (Pande and Tarafdar, 2004). 
 
AMF Community Composition 
 
In this study, a total of 13 AMF species were identified 
belonging to six genera, five families and two orders from 
Sururu forest. AMF species including Gigasporasp. 1 (Mau 
forest), Glomussp. 1 (Mau forest), Glomus sp. 2 (Mau 
forest), Glomus spp. (Mau forest), Racocetra sp. 1 (Mau 
forest), Acaulospora sp. 1 (Mau forest), Scutellosporasp. 1 
(Mau forest) and Scutellosporasp. 2 (Mau forest) are 
reported for the first time from this forest 
ecosystem.These morphotypes could not be assigned 
species epithets as they did not match with other 
described species reported elsewhere. There is a 
possibility that these are new species. However, other 
AMF species observed in this studycould be matched with 
species observed in surveys of AMF in other ecosystems. 
These species include A. denticulate, D. nigra, S. 
heterogama, S. nigraandS. spinosissima sp. (nov). Dandan 
and Zhiwei (2007) reported 42 morphospecies of AMF. 
Among them, 28 were in the genus Glomus,7 in 
Acaulospora, 4 in Scutellospora, 2 in Entrophospora and 2 
in Gigaspora in the hot-dry valley of the Jinsha River, 
southwest China. In the present study, Dentiscutatanigra 
was the most frequent species as well as the most 
abundant species at the two study sites, suggesting that 
they may be particularly adaptable to this forest 
ecosystem. Glomus species were less frequent in this forest 
ecosystem despite the fact that they are the most common 
AMF isolated throughout the world (Shi et al., 
2007).Glomus are said to be more common in 
agroecosystems and Gigasporaceae are almost absent in 
these agroecosystems but present in forest ecosystems. 
This could be attributed to disturbance and there is an 
indication that the two sites are relatively less disturbed 
and the degree of disturbance could vary depending on 
how much of the Gigasporaceae are present(Jefwaet al., 
2009). According to Dandan and Zhiwei (2007), the most 
common and frequent genus was Glomus, and several 
species of Glomus and Gigaspora were the most common 
and frequent among the 43 species present in hot-dry 
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ecosystem of the Jinsha River, southwest China. They may 
be particularly due to its adaptation to arid conditions 
because Al-Raddad (1993) reported that the genus Glomus 
was dominant in arid climates due to its resistance to high 
soil temperatures. In this forest ecosystem AMF belonging 
to the genusScutellospora had the highest number of 
species at the two study sites although they occurred in 
much lower abundance, suggesting that this particular 
genus is adaptable to these elevations. The composition of 
AMF vary at different elevations, both at genus and at the 
species level. Furthermore, some of the AMF, such as 
Scutellospora, preferred a specific range of elevations(Gai 
et al.,2012).The Sururu forest presents diversity with 
respect to both tree species and indigenous AMF 
populations. The selected indigenous trees’ roots were all 
colonized by AMF and the rhizospheres under D. torrida 
and H. abyssinica harbored highest numbers of AMF 
spores. This project will benefit the community living 
around Mau forest complex in that they will collect 
rhizosphere soils under D. torrida and H. abyssinicato be 
used in raising tree seedlings for reafforestation of the 
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