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ABSTRACT 

This thesis explores the diversity and colonization of arbuscular mycorrhizal fungi (AMF) 

associated with Melia volkensii, focusing on different locations with varying land use, tree 

types, vegetation, and age. A nested PCR protocol was used to study AMF, though 

challenges with DNA quality and sequencing highlighted the need for next-generation 

sequencing for more accurate results. Findings reveal that while mycorrhizal colonization 

was widespread, Site 9, outside the tree's natural range, showed significantly lower 

colonization, potentially due to environmental and adaptation factors. Statistical analysis 

identified significant differences in colonization intensity among sites, with agroforestry 

models supporting better colonization compared to plantations. This research aligns with 

Kenya’s tree planting initiative aimed at mitigating climate change impacts and enhancing 

agroforestry systems. The thesis includes background information, methodology, 

experimental results, and recommendations for future research to improve 

understanding and application of mycorrhizal fungi in Melia volkensii agroforestry. 
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INTRODUCTION 

Since the 1950s, extreme weather events like droughts and heavy rainfall have become 

more frequent, significantly affecting food and water security. Sub-Saharan Africa (SSA) 

is identified as one of the region’s most susceptible to the impacts of climate change (IPCC, 

2023).  Smallholder and subsistence farmers are particularly at risk, facing locally specific 

and unpredictable challenges. The diversity of their crops and livestock, along with 

reliance on non-market relations, adds complexity to both the impacts and required 

adaptations compared to commercial farms. Despite their vulnerability due to small farm 

sizes and low technology, resilience factors such as family labor, diversification, and 

indigenous knowledge provide crucial adaptive capacity (IPCC, 2023; Morton, 2007). 

Climate change has adversely affected agriculture, slowing productivity growth and 

reducing crop yields, particularly in mid- and low-latitude regions. Kalele et al. (2021) 

identified drought and crop pests as the most common climate change impacts in arid and 

semi-arid lands of Kenya, threatening food security and household socioeconomic 

welfare, with farmers adopting on-farm adaptation strategies at low rates. Agroecological 

practices, including agroforestry, support food security, nutrition, and sustainability by 

working with natural processes and reducing climate risks (IPCC, 2023). Immediate and 

effective action is crucial, as failing to reduce greenhouse gas emissions and limit global 

warming to 1.5°C will increasingly threaten health, livelihoods, ecosystems, and 

biodiversity, with dire consequences for current and future generations(IPCC, 2023). 

The Kenyan government wants to counter these negative impacts with an ambitious plan 

to plant 15 billion trees by 2032, a move aimed at: reducing greenhouse emissions, 

stopping and reversing deforestation and, restoring 5.1 million hectares of deforested and 

degraded landscapes through the African Landscape Restoration Initiative which was 

launched on 22nd December 2022 (Omega & Kiptoo, 2024; Vandenabeele, 2023). There is still 

a long way to go, but focusing on the arid and semi-arid lands, which cover up to 89% of 

the country's land area, could be a step in the right direction. 

This thesis, in collaboration with Better Globe Forestry (BGF), aims to investigate the 

diversity and extent of colonization of arbuscular mycorrhizal fungi in association with 

Melia volkensii. This tree, identified by BGF as a valuable native species with significant 

potential, could benefit from mycorrhizal research to enhance its growth and distribution, 

particularly within an agroforestry model (Roe & Brooke, 2023). Mycorrhizae, through 

their symbiotic relationship with plants, can positively impact the survival rates of these 

trees. This study examines the variation in colonisation intensity of root systems across 

different locations, which vary in land use (agroforestry, plantation), tree type (planted, 

wild), vegetation, and age. Additionally, the thesis aims to map the genetic diversity of 
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these mycorrhizal fungi to explore the advantages of using local inoculum, potentially 

leading to the production of inoculum to improve soil fertility. 

This research serves as a starting point to deepen our understanding of mycorrhiza and 

their association with Melia volkensii, and to encourage and guide further studies in this 

area. By investigating these relationships, we aim to identify key areas for future focus 

and exploration. 

This research is organized as follows: chapter 1 provides an overview of on Melia 

volkensii, followed by the potential of mycorrhiza. Chapter 2 provides the general methods 

and materials used in this study. Chapter 3 presents every experiment with the specific 

methods and materials and gives the results and discussion. And finally chapter 4 

summarizes the main conclusions from the research, highlighting key insights. It also 

proposes future research directions, suggesting areas for further investigation.  
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1 LITERATURE REVIEW 

1.1 Melia volkensii 

1.1.1 Overview 

Melia volkensii, a tree species belonging to the Meliaceae family, is known for its fast 

growth and versatility. This tree can reach a height of up to 20 m and a diameter of 40 cm 

within 10–18 years, depending on the growth conditions. Its ability to tolerate drought 

and produce high-quality termite-resistant timber makes it a popular choice for drylands. 

Additionally, it provides a range of products, such as poles, posts, fodder, medicine, 

firewood, and bee forage (Kamondo et al., 2016; Orwa et al., 2009; Stewart & Blomley, 1994). 

However, the overexploitation of Melia populations, woodland conversion to farmland, 

and habitat fragmentation have led to a decline in the availability of these products 

(Kamondo et al., 2016). To address this issue, on-farm conservation strategies for Melia 

volkensii need to be emphasized, as much of the genetic variation is found in farm 

populations (Odee, 2004). 

1.1.2 Distribution 

Melia volkensii, commonly known as ‘Mukau’, is endemic to the drylands of Eastern Africa, 

with a natural distribution across Ethiopia, Kenya, Somalia, and Tanzania see figure 1 

(Kamondo et al., 2016; Orwa et al., 2009; Stewart & Blomley, 1994). This species thrives in 

sandy-clay and shallow stony soils but prefers well-drained sandy soils. However, it has 

also been reported to grow in imperfectly drained soils, as observed in Tharaka-Nithi and 

Isiolo in Kenya (Orwa et al., 2009). The species occupies a biophysical range at elevations 

of 350 to 1700 meters above sea level, in areas with mean annual rainfall between 300 

and 800 mm, and temperatures ranging from 26 to 38°C. Melia volkensii naturally occurs 

in deciduous bushlands, frequently associated with Acacia-Commiphora vegetation 

(Kamondo et al., 2016). Its adaptability to arid environments makes it a valuable species 

for ecological restoration and agroforestry projects, contributing to both biodiversity 

conservation and local livelihoods within its native range. 
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Figure 1 Natural distribution of Melia volkensii(Kamondo et al., 2016) 

1.1.3 Botany 

Melia volkensii is deciduous, open crowned and laxly branched. Mature trees range 

between 6 and 20 m tall. Trees with 25 cm diameter are common. The bark is grey, fairly 

smooth, furrowing with age. Leaves are a light, bright green, bipinnate with (sub)opposite 

leaflets. Flowers are small, white and fragrant, in loose sprays. Male and female flowers 

are on the same tree (andromonoecious). The fruit is drupe-like and oval; colour changes 

from green to pale grey as the fruit matures. Fruit size is normally 4 cm long with a very 

thick, bony endocarp. M. volkensii has been reported to start flowering as early as 2-3 

years(Orwa et al., 2009). It sheds its leaves twice a year, flushing new leaves towards the 

end of the dry season. Flowers and fruits are also produced twice a year, with fruits 

becoming ripe at the end of the dry season as the leaves emerge(Orwa et al., 2009; Stewart 

& Blomley, 1994).  

Fruit development takes 12 to 13 months from flowering to maturity. In cultivated 

orchards, Melia volkensii flowers and sets seed throughout the year, with peak flowering 

and seed collection periods in April to May and July to August. Seeds should be collected 

when the fruit is ripe, though different stages of fruit development can be found on the 

same branch, making it challenging to distinguish mature from immature fruits by 

appearance alone. Although yellow fruits are mature, they are not ready for collection 

until they develop brown patches (Kamondo et al., 2016; Orwa et al., 2009). 
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Figure 2 Melia volkensii fruits at different stages of maturity (a) Mature but not ripe, (b) Ripe and ready for collection (c) 
Over ripe (photo of KEFRI/JICA) 

1.1.4 Usage 

Melia volkensii is a highly versatile and valuable tree species native to the drylands of 

Eastern Africa, widely cultivated for its high-quality timber and other beneficial 

properties. The tree's coarse-textured heartwood, with a density of approximately 0.62, 

is known for its exceptional durability and resistance to termites and decay, making it a 

prized resource for constructing door and window frames, shutters, rafters, poles, and 

furniture (Orwa et al., 2009; Stewart & Blomley, 1994). Beyond its timber value, Melia 

volkensii is one of the most preferred tree species for fodder in arid regions, providing 

high-quality nutrition for cattle and goats (Roothaert & Franzel, 2001). Unlike other trees 

in bushland, Melia retains its leaves well into the dry season, offering a critical food source 

when fodder is scarce (Stewart & Blomley, 1994). Its capacity to thrive on cultivated land, 

maintaining a lush appearance, makes it particularly useful for livestock feed (Orwa et al., 

2009). Additionally, the tree is utilized for producing beehives, medicinal products, and 

fuelwood, showcasing its multifaceted uses. 

In agroforestry systems, Melia volkensii is valued for its ability to enhance nutrient cycling, 

conserve soil, and improve microclimate conditions. Its deep roots draw moisture and 

nutrients from the water table, making them available to surrounding crops, and they do 

not interfere with plowing or crop growth. Despite being considered to be a deep rooting 

tree, (Mulatya et al., 2002) found out that the propagation method has an important role 

in the root architecture, thus it is advisable to use seedlings. This compatibility with 

various crops, along with its short rotation period of 10 to 15 years, has made Melia an 

ideal cash crop for dryland agroforestry in Kenya. Although initial efforts to promote its 

cultivation faced challenges due to seed dormancy and propagation difficulties, 

breakthroughs in seedling development and tree establishment have led to its increasing 
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adoption as a plantation species in semi-arid regions (Kamondo et al., 2016). Farmers 

regard Melia as a "golden tree" due to its economic benefits and ability to provide diverse 

products, supporting both agricultural and environmental sustainability in the region 

(Kamondo et al., 2016; Profi Table Agroforestry Innovations for Eastern Africa, n.d.; 

Roothaert & Franzel, 2001). As such, Melia volkensii continues to play a crucial role in 

enhancing rural livelihoods and promoting sustainable land management practices. 

1.2 Mycorrhiza 

Symbiosis between a fungus and a plant occurs when the mycelium of the fungus makes 

contact with the plant's roots. This association is typically mutualistic, meaning both 

partners benefit. The fungus derives most or all of its organic carbon from the plant, while 

the plant gains essential mineral nutrients from the soil through the fungus. With its 

network of long, fine hyphae, the fungus can explore the soil far more effectively than the 

plant's coarser roots ever could. This process is invaluable for life on Earth due to its 

widespread occurrence, yet it often goes unnoticed because it happens almost invisibly 

underground. Before focusing on arbuscular mycorrhiza (AM), the primary subject of this 

master’s thesis, I will briefly discuss the four important classes of mycorrhiza. 

1.2.1 Ecto mycorrhiza 

Ectomycorrhizal (ECM) roots are distinguished by a mantle of fungal tissue encasing the 

root, a Hartig net of hyphae that permeates the spaces between root cells, and an external 

mycelium that extends into the surrounding soil. Unlike arbuscular mycorrhizal (AM) 

fungi, ECM fungi can be successfully cultured in laboratory settings, facilitating detailed 

investigations of their growth and physiology (Smith & Read, 2008). ECM colonization is 

particularly beneficial for plant growth in nutrient-poor environments, where it enhances 

nutrient acquisition and lowers growth-limiting thresholds, especially for phosphorus (P) 

and nitrogen (N). However, the effectiveness of ECM fungi in these roles varies 

significantly both among and within species, a factor that is critical for predicting their 

potential applications in agriculture and forestry. 

In ecosystems dominated by ECM-associated plants, such as boreal and temperate forests, 

nitrogen availability is often the primary constraint on productivity. ECM fungi play a 

crucial role in these environments by accessing nitrogen forms that are otherwise 

unavailable to plants, contributing to a more nuanced understanding of nitrogen 

dynamics in such ecosystems (Smith & Read, 2008). While the role of ECM fungi in P and 

N acquisition is well-documented, their involvement in the uptake of other essential 

nutrients, such as potassium (K), magnesium (Mg), and calcium (Ca), is less understood 

(Smith & Read, 2008). Additionally, ECM fungi contribute to plant tolerance against heavy 

metals and drought, further underscoring their ecological significance. However, their 

influence on the supply and balance of cations within plants remains underexplored, with 



 

 

 

 

 
  PAGE 

12/46 

substantial variation observed among different fungal species. This highlights the need 

for further research to fully understand the diverse functions and potential applications 

of ECM fungi in both natural and managed ecosystems(Smith & Read, 2008). 

1.2.2 Ericoid mycorrhiza 

A third group of mycorrhiza is the ericoid mycorrhiza (ERM). These mycorrhiza colonise 

members of the family Ericaceae. They are able to attack a number of simple and complex 

substrates, providing access to, and mobilization of, N and P. The fungi facilitate transfer 

of the nutrients originally contained in the polymers to the plant. Secondary the ability of 

the fungal partner to sequester and, in some cases, to metabolize metal ions that are 

otherwise toxic to the plant appears to be off ecological significance. This combination of 

nutritional and non-nutritional attributes of ERM (ericoid mycorrhiza) associations of 

members of the Ericaceae contributes significantly to the ability of these plants to grow 

in contaminated mine spoils as well as in their natural heathland habitats (Smith & Read, 

2008). 

1.2.3 Orchid mycorrhiza 

All orchids have a relatively prolonged heterotrophic stage during germination and early 

growth. The seeds of almost all orchid species, often referred to as 'dust seeds', are 

extremely small (0.3-14~g) that, in the absence of an endosperm, have few reserves. The 

lack of reserves to support early seedling development makes all orchids in nature 

dependent upon the provision of nutrients by mycorrhizal fungi.  

During the heterotrophic phase, green orchids (as well as the full mycoheterotrophs) are 

dependent on carbohydrate translocated to them via the mycelium of a mycorrhizal 

fungus. In green orchids, the source of the carbohydrate is most frequently dead organic 

matter supplied by the saprotrophs. The fungus-driven mode of nutrition is retained until 

the appearance above ground of green leaves, at which stage they are thought to be fully 

autotrophic (Smith & Read, 2008). 

1.3 Arbuscular mycorrhizal fungi (AMF) 

1.3.1 Overview 

Arbuscular mycorrhizas (AM) represent the most widespread form of mycorrhizal 

symbiosis, formed by obligately symbiotic fungi across a vast array of host plants, 

including angiosperms, gymnosperms, and the sporophytes of pteridophytes—all of 

which possess roots—as well as the gametophytes of some hepatics and pteridophytes, 

which lack roots. The term "arbuscular" refers to the characteristic arbuscules found 

within the cortical cells of many plant roots (Smith & Read, 2008). It is highly probable 
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that fungi originated over 1,000 million years ago, predating current estimates of land 

colonization, with AM symbioses being similarly ancient. Given their essential role in 

nutrient acquisition, AM fungi likely played a pivotal role in enabling the colonization of 

terrestrial environments by plants(Heckman et al., 2001; Redecker et al., 2000). 

1.3.2 Classification 

Before the introduction of molecular biological techniques, species within the 

Glomeromycota were classified solely based on morphological characteristics. However, 

the introduction of nuclear ribosomal gene sequencing for AMF spores  and 

environmental samples brought about a significant shift. The rise of molecular methods 

has greatly expanded the possibilities for classification, making these techniques the 

preferred approach for studying AMF diversity. 

(Redecker et al., 2013) proposes a taxonomic revision based on the consensus of leading 

experts, offering a robust and stable framework for the systematics of Glomeromycota. 

This framework provides a solid foundation for future research into the phylogenetic 

relationships and evolutionary history of these vital symbiotic fungi. By addressing the 

confusion caused by recent publications, this consensus aims to establish a clear and 

enduring basis for further scientific progress. 

Early molecular surveys of Glomeromycota revealed phylogroups, some of which 

correlated with morphospecies, while others did not, leading to other approaches 

(Helgason et al., 1998; Van Der Heijden et al., 2008). The lack of a clear species concept 

Therefore, molecular studies of AMF communities primarily identify sequence groups, not 

species. These groups may eventually be found to correspond to morphospecies or groups 

of them (Redecker et al., 2003). 

A new concept was created to provide a simple way of detecting, identifying, and 

describing AMF in environmental samples using sequence data. A user-centric approach 

to Glomeromycota taxonomy is emphasized, wherein environmental AMF sequences must 

be identified to analyze AMF diversity and understand their distribution in ecosystems. 

This lead to the concept of Glomeromycota "virtual taxonomy". A virtual taxon is defined 

as a phylogenetically distinct group of closely related SSU rRNA gene sequences with a 

sequence identity of 97% or higher, though this approach can be applied to any marker 

(Öpik et al., 2014). 

It has been implemented in the MaarjAM database (http://maarjam.botany.ut.ee/ Öpik et 

al., 2010). This virtual taxonomy, primarily based on small-subunit (SSU) rRNA gene 

sequences, includes increasing numbers of large-subunit (LSU) rRNA gene and internal 

transcribed spacer (ITS) sequences, along with mitochondrial and protein-encoding gene 

sequences used for Glomeromycota identification.  

http://maarjam.botany.ut.ee/
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Figure 3: Consensus classification of the Glomeromycota (Redecker et al., 2013) 

1.3.3 Structures 

Root colonization by arbuscular mycorrhizal (AM) fungi can be initiated from three main 

sources of inoculum present in the soil: spores, infected root fragments, and hyphae, 

collectively known as propagules. An AM root system consists of three critical 

components: the root itself and two associated mycelial networks—one in the soil and the 

other within the root apoplast. The presence of intraradical hyphae, arbuscules, and 

extraradical mycelium, along with spores produced in the extraradical mycelium, are 

characteristic features of AM associations (Smith & Read, 2008). 

The extraradical mycelium of arbuscular mycorrhizal (AM) fungi, composed of hyphae 

and spores, plays a crucial role in the formation, function, and persistence of mycorrhizal 

associations. The primary function of the hyphae is the uptake and translocation of 

mineral nutrients from the soil to the plant(Smith & Read, 2008). Spores serve as reserve 

and propagation organs, ensuring the continuity of the fungal lifecycle. The intraradical 

mycelium, found within the root, consists of hyphae, arbuscules, and sometimes vesicles. 

In the Arum-type AM, a single hyphal branch penetrates the wall of a cortical cell, forming 

a trunk hypha that repeatedly branches to create an arbuscule. In contrast, the Paris-type 
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AM develops complex coils and fine branches that constitute the arbuscules. These two 

AM types represent the extremes of a developmental continuum that also includes 

mycorrhizas characterized by straight hyphae spreading longitudinally within, rather 

than between, cortical cells, as well as instances where both intercellular and intracellular 

hyphal development occurs (Dickson, 2004). The morphology of AM fungi is influenced 

by both the specific plant species and the fungal species involved in the colonization. 

Vesicles are thick-walled, lipid-rich structures that can vary in shape—from ovoid and 

irregularly lobed to box-like—depending on the fungal species and their formation site 

within the root. They likely serve as crucial storage organs and play a significant role as 

propagules within root fragments. However, much remains unknown about their biology, 

particularly regarding their germination and the mobilization of stored reserves. 

Environmental conditions significantly affect vesicle development in arbuscular 

mycorrhizal (AM) fungi(Smith & Read, 2008).  
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Figure 4 Diagrams of colonization types observed in roots of different plant species, colonized by different AM fungi 
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1.3.4 Symbiosis 

Arbuscular mycorrhizal (AM) fungi form essential symbiotic associations with the roots 

of most terrestrial plants, playing a critical role in nutrient acquisition and overall plant 

health. These fungi rely on organic carbon from their plant partners, receiving between 

4% to 20% of the net photosynthate produced by the plant. This carbon is vital for the 

growth, maintenance, and nutrient uptake of the fungi, allowing them to support their 

host plants in various ways, particularly by improving the absorption of immobile 

nutrients such as phosphorus (P), zinc (Zn), and copper (Cu) from the soil. This 

mutualistic relationship not only enhances the plant's nutrient uptake but also 

contributes to better plant water relations, resulting in higher stomatal conductance and 

improved drought resistance compared to non-mycorrhizal plants (Smith & Read, 2008). 

The importance of AM fungi extends beyond nutrient acquisition and water management. 

Their role in reducing nutrient loss from soils is increasingly recognized as vital for 

sustainable agriculture. Nutrient losses through leaching and gaseous emissions can be 

both environmentally damaging and economically costly. AM fungi help mitigate these 

losses by expanding the nutrient interception zone around plant roots, thus reducing the 

impact of rain-induced leaching events(Cavagnaro et al., 2015). This function is 

particularly significant in the context of ecological intensification, where reliance on 

ecosystem services rather than synthetic inputs is seen as key to achieving food security 

in an environmentally sustainable manner. 

Enhancing the symbiotic potential of AM fungi in agricultural systems is a promising 

strategy for improving resource use efficiency. Research indicates that practices such as 

reduced tillage and the use of cover crops can significantly enhance AM fungal 

colonization and diversity, even in conventional, intensively managed systems (Bowles et 

al., 2017). Cover cropping, in particular, has been shown to sustain AM formation 

regardless of tillage practices, highlighting the importance of maintaining continuous root 

associations for AM fungal development. This finding is particularly relevant for organic 

or low-input farming systems, where tillage may be necessary for weed control and 

organic matter incorporation (Bowles et al., 2017). 

Beyond their direct benefits to crops, AM fungi also play a crucial role in maintaining 

ecosystem health and biodiversity. The diversity of AM fungi below ground is a major 

factor contributing to the maintenance of plant biodiversity and overall ecosystem 

functioning (van der Heijden et al., 1998). AM fungi influence key ecosystem processes 

such as soil aggregation, which is vital for soil structure and ecosystem resilience (Rillig 

& Mummey, 2006). Protecting and promoting AM fungal diversity is therefore essential 

for sustainable land management practices that aim to preserve ecosystem functions. 
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In the context of environmental stress and contaminated soils, the role of AM fungi 

becomes even more critical. Indigenous and stress-adapted AM fungal isolates have 

potential as biotechnological tools for the restoration of degraded ecosystems. Screening 

and utilizing pollutant-tolerant AM fungi can enhance the effectiveness of 

phytoremediation efforts, although our understanding of the molecular mechanisms 

involved in AM fungal responses to abiotic stress remains limited (Lenoir et al., 2016). 

Overall, the symbiosis between AM fungi and plants is a cornerstone of sustainable crop 

production and ecosystem management. By leveraging this relationship through 

conservation practices, site-specific crop selection, and reduced reliance on chemical 

fertilizers, we can address the current challenges of sustainable agriculture. The 

integration of AM fungi into plant nutrition management strategies offers a promising 

pathway to enhancing crop resilience, improving nutrient uptake, and mitigating the 

impacts of abiotic stress (Singh & Singh, 2019). 

1.4 Molecular analysis 

Traditionally, microscopic analysis has been used to observe fungal structures and 

measure their abundance and identity. However, this approach is limited by the extensive 

genetic variability of fungi contrasted with their limited morphological diversity 

(Gorzelak et al., 2012). Almost all identification systems for arbuscular mycorrhizal fungi 

(AMF) rely on ribosomal DNA (rDNA), as this genome region contains highly conserved 

as well as variable sectors, enabling taxonomic distinction at various levels (Redecker et 

al., 2003). 

Designing a single primer for all glomalean fungi, while excluding plants and other fungi, 

has proven challenging, resulting in the development of multiple primers, each with its 

own advantages and disadvantages (see table 1). The majority of primers used in AMF 

research target rDNA, specifically regions such as the small subunit (SSU—18S), large 

subunit (LSU—25S), internal transcribed spacer (ITS), or combinations thereof (Gorzelak 

et al., 2012). Various DNA-based molecular identification techniques have been designed 

for several target regions, incorporating numerous approaches (Gollotte et al., 2004; 

Krüger et al., 2009; Lee et al., 2008; Redecker & Redecker, 2000; Schüßler et al., 2001; 

Simon,’ et al., 1992; Victorino et al., 2020). 

For researchers focusing on AMF using Illumina MiSeq, the 18S-based approach is 

recommended, as it provides broad coverage of the subphylum Glomeromycotina with 

minimal amplification of non-AMF sequences (Berruti et al., 2017). 
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Table 1 General AMF primers for use in amplifying community DNA (Gollotte et al., 2004; Gorzelak et al., 2012; Helgason 
et al., 1998; Krüger et al., 2009; Lee et al., 2008; Simon,’ et al., 1992; Trouvelot et al., 1999; Van Tuinen et al., 1998) 
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2 GENERAL METHODS AND MATERIALS 

2.1 Sampling 

Sampling was conducted across 9 sites, as outlined in Table 2, with locations proposed by 
Better Globe Forestry (BGF) due to their familiarity with the diverse growing 
environments of Melia volkensii. Each site was characterized by tree age, type (wild, 
spontaneously growing, or planted), and land use (plantation or intercropped). For the 
first 9 sites, the vegetation type was consistent—northern Commiphora-Acacia 
buschland—but the last site, located in the Arabuko Sokoke forest, falls outside the 
natural distribution of Melia volkensii. Details of these characteristics are provided in 
Table 3. 
At each site, three samples were collected, with the initial sampling point chosen 
arbitrarily and the subsequent points located 10 meters apart to form a triangle when 
feasible. Fine roots were collected from each tree for mycorrhizal colonization 
assessment, with samples taken from three trees per site, resulting in a total of 25 root 
samples. The collection involved tracing the fine roots back to the trunk, starting from the 
base of the tree and moving outward. The roots were carefully excavated, preserved in 
70% ethanol, and sealed in plastic. 
To obtain the small roots necessary for analysis, we used a Djembe and machete, 

beginning near the trunk and excavating large roots until we reached the desired size. 

This process was labor-intensive, and in some cases, it was not possible to collect three 

samples. For wild trees, where only one tree was available, samples were collected from 

that single tree. 

2.2 Writing 

I used ChatGPT, an AI tool from OpenAI, to help with editing and refining some parts of 

this thesis. 
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Table 2 Root collection summary 

Location id Location description Coordinates Date collect  

1 Farm Simon Muli -0.589744, 37.935092 11/07 

2 Kiambere plantation 
BGF 

-0.682656, 37.919872 11/07 

3 Farm Fred K -0.765306, 38.478358 12/07 

4 Farm Mwema Mwilu -0.800806, 38.517781 12/07 

5 Farm Sarah -0.771742, 38.351028 12/07 

6 Farm Julius -0.769336, 38.408364 12/07 

7 Farm Joyce -0.751178, 38.482389 12/07 

8 Kibwezi Mukuyu Farm -2.375972, 38.078833 14/07 

9 KEFRI Gede -3.300542, 39.990425 15/07 

 

Farm Mwema Mwilu  

Farm Joyce  
Figure 5 photos of sampling locations 
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Kiambere plantation BGF  KEFRI Gede  
Figure 6 photos of sampling locations 

Table 3 Location characteristics 

Location id  Type of tree Age  Vegetation  land use 
1 Planted 5-6y Northern Acacia–

Commiphora 
bushland 

Agroforestry 

2 Planted 8 month Northern Acacia–
Commiphora 
bushland 

Plantation 

3 Wild tree 25y;  
6-7y 

Northern Acacia–
Commiphora 
bushland 

Agroforestry 

4 Planted 2-3y Northern Acacia–
Commiphora 
bushland 

Agroforestry 

5 Planted 6y Northern Acacia–
Commiphora 
bushland 

Agroforestry 

6 Wild tree 10y Northern Acacia–
Commiphora 
bushland 

Agroforestry 

7 Wild tree 60-70y Northern Acacia–
Commiphora 
bushland 

Agroforestry 

8 Planted 13y Northern Acacia–
Commiphora 
bushland 

Agroforestry 

9 Planted 8y Myombo forest Plantation 
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3 EXPERIMENTS 

3.1 Morphological assessment 

3.1.1 Aim 

The aim of this study is to identify potential differences in mycorrhizal colonization across 

various locations, vegetation types, tree types, and land uses. Understanding these 

differences will help us determine the key factors that promote or hinder the presence of 

mycorrhizae in the soil, guiding future efforts to maintain or manage these beneficial 

fungi. This broad comparison also lays the groundwork for more extensive research in the 

future. Specifically, we aim to determine whether factors such as tree age or different land 

uses influence the AM fungal community associated with Melia volkensii. 

3.1.2 Specific Materials and Methods 

3.1.2.1 Root staining and assessment 

Roots were chopped into 1–2 cm long segments before clearing. Fresh roots were gently 

cleansed using tap water and were fixed in 70% ethanol in tightly sealed plastic bags and 

stored at room temperature until they were transported to the laboratory. The preserved 

roots were stained using a modified procedure (Grace & Stribley, 1991a; Koske & Gemma, 

1989). Roots were treated with 2.5% KOH for 15–20 min. at 121 °C in an autoclave. Clear 

pieces of roots were rinsed with tap water to remove KOH. The roots were further 

bleached with H2O2/ NH4 for 20 min at room temperature. Then the roots were acidified 

with 1% HCl (v/v) for 1 night at room temperature. Finally were stained for 3min at 121°C 

in an autoclave with 0.5% Aniline blue in acidic glycerol (Grace & Stribley, 1991b). After 

the staining stage, the roots were de-stained in acidic glycerol. They were stored in acidic 

glycerol for microscopic analysis. Three slides with 20 randomly selected stained roots 

(0.5 – 1cm long root) were prepared from every site. PVLG (polyvinyl lactate glycerol) 

was used as mounting agent. Due to the thickness of some roots, some had to be cut in half 

to mount them properly. 

A total of 60 root samples per site were examined under x20 and x40 magnification using 

an Olympus light microscope for both qualitative and quantitative analysis. The presence 

of mycorrhizal structures, including extraradical and intraradical hyphae, vesicles, 

arbuscules, and coils, was assessed within the roots. The degree of colonization was 

scored using the Trouvelot method, allowing us to calculate the intensity of 

mycorrhization and the abundance of arbuscules (see Figure 7)(Ho-Plágaro et al., 2020). 

Trouvelot proved to be a more accurate method compared to McGonigle although both 
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methods are prone to misestimations (Kokkoris et al., 2019). Three parameters were 

calculated (Ho-Plágaro et al., 2020) 

a) Frequency of mycorrhiza in the root system 

Frequency of colonization (F%) = (Number of mycorrhized fragments/Number of total 

fragments) * 100 

b) Intensity of the mycorrhizal colonization in the entire root system 

Relative mycorrhizal root length, relative mycorrhizal intensity (M%) = 

(95*n5+70*n4+30*n3+5*n2+ 0.5*n1)/ (number of total fragments) 

where n5 = number of fragments rated 5 according to mycorrhizal colonization; n4 = 

number of fragments rated 4; etc. 

Figure 7 Scoring scale to evaluate the level of mycorrhizal colonization and the arbuscule 

abundance in root fragments (Ho-Plágaro et al., 2020) 

3.1.2.2 Data analysis 

Data analysis was performed in R. Due to the non-normal distribution of the data, the 

Kruskal-Wallis test was used to assess differences across multiple groups, followed by 

Dunn's test for post-hoc comparisons to identify specific group differences. Significance 

was determined at a 0.05 threshold. 
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Intracellular hyphae forming arbuscules Intracellular hyphae 

Vesicles Intracellular hyphae with arbuscule 

Hyphae with entry point 

 

Figure 8 Presence of stained mycorrhizal feature 
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3.1.3 Results and discussion 

An initial observation is the frequency of mycorrhiza within the root systems across the 

different sites (see figure). Notably, mycorrhiza was present at every location, colonizing 

the trees and the majority of root samples. However, the frequency at Site 9 was 

significantly lower. This could be attributed to the fact that Site 9 is outside the natural 

distribution range of Melia volkensii, meaning the mycorrhiza there might be less adapted 

to colonizing this species (Kamondo et al., 2016). Additionally, this site is coastal, and the 

sampling period was quite wet, possibly leading the trees to invest less energy in 

symbiosis with mycorrhiza. This factor will be further discussed in the analysis of 

colonization intensity. 

Next, we examine the intensity of mycorrhizal colonization across the entire root system, 

as depicted in the first bar plot (see figure). At first glance, there appear to be noticeable 

differences between locations. Statistical analysis confirms that these differences are 

significant. The Kruskal-Wallis test was rejected at the 5% significance level (P = 2.353e-

13). While this test indicates that there are differences, it does not specify which 

distributions differ from each other. For this, a post-hoc analysis was performed using 

Dunn’s test. 

The Dunn’s test revealed that Site 1 differs significantly from Site 4 (P = 0.0014), Site 6 (P 

= 0.0467), Site 8 (P < 0.0001), and Site 9 (P < 0.0001). Site 2 differs significantly from Site 

8 (P = 0.0016) and Site 9 (P < 0.0001). Site 3 shows significant differences from Site 8 (P 

= 0.0074) and Site 9 (P < 0.0001). Site 4 differs significantly from Site 9 (P = 0.0476), while 

Site 5 shows significant differences from Site 8 (P = 0.0205) and Site 9 (P < 0.0001). These 

results suggest that locations 8 and 9 differ significantly from the other sites, which are 

clustered together in one area. This may provide a possible explanation. As noted earlier, 

location 9 is outside the natural range of the species. Age does not appear to play a 

significant role in the intensity of colonization. 
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When we shift focus from location to differences between tree types, no significant 

differences were found (P = 0.1563). However, significant differences were observed in 

land use (P = 0.00679) and vegetation (P = 9.327e-09). The significant difference in 

vegetation supports the hypothesis that Melia trees are less colonized outside their 

natural range. Additionally, the notable difference in land use suggests that an 

agroforestry model is more conducive to colonization than a plantation. This finding is 

unexpected, as plantations typically experience less soil disturbance, which might be 

anticipated to result in higher colonization intensity. However, the plantation group 

includes a site outside the natural range, which could skew the results. 
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Land use Intensity n 

Agroforestry 24.21 358 

Plantation 24.16 120 

 

 

Type Intensity n 

Planted 22.89 359 

Wild tree 24.16 119 

 



 

 

 

 

 
  PAGE 

30/46 

 

3.2 Optimizing PCR reaction 

3.2.1 Aim 

This thesis aims to explore the genetic diversity of mycorrhizal fungi associated with 

Melia volkensii, with the potential to harness local inoculum for improving soil fertility. 

Despite encountering challenges with PCR amplification during the experiment, this 

section outlines the steps taken to optimize the PCR process, paving the way for smoother 

procedures in future studies. 

3.2.2 Specific Materials and Methods 

Seven samples were analysed, as shown in the table below. For budgetary reasons, 

samples 5 and 8, as well as samples 6 and 7, were combined due to their similar 

characteristics. 

Location id PCR sample id 

1 a 

2 b 
3&6 c 

4&5 d 

7 e 

8 f 

9 g 
 

 

Vegetation Intensity n 

Northern 
Acacia-
Commiphora 
bushland 

25.21 418 

Myombo 
forest 9.25 60 
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3.2.2.1 DNA-extraction 

Usage of Qiagen DNeasy® Plant Pro kit 

1. Add 5–100 mg of fresh or frozen plant tissue and 500 µl of Solution CD1 to a 2 ml 

tissue disruption tube. Vortex briefly to mix.  

2. Homogenize using one of these methods: 2a. Vortex: Secure tissue disruption tubes 

to a Vortex Adapter (cat. no. 13000-V1-24) and vortex at maximum speed for 10 

min.  

3. Centrifuge the tissue disruption tubes at 12,000 x g for 2 min.  

4. Transfer the supernatant to a clean 1.5 ml microcentrifuge tube (provided). Note: 

Expect 350–450 µl. The supernatant may still contain some plant particles.  

5. Add 200 µl Solution CD2 and vortex for 5 s. Note: For problematic samples, add 

250 µl Solution CD2.  

6. Centrifuge at 12,000 x g for 1 min at room temperature. Avoiding the pellet, 

transfer the supernatant to a clean 1.5 ml microcentrifuge tube (provided). Note: 

Expect 400–500 µl.  

7. Add 500 µl of Buffer APP and vortex for 5 s.  

8. Load 600 µl lysate onto an MB Spin Column. Centrifuge at 12,000 x g for 1 min.  

9. Discard the flow-through and repeat step 8 to ensure that all of the lysate has 

passed through the MB spin column.  

10. Place the MB spin column into a clean 2 ml collection tube (provided).  

11. Add 650 µl Buffer AW1 to the MB spin column. Centrifuge at 12,000 x g for 1 min. 

Discard the flow-through and place the MB spin column back into the same 2 ml 

collection tube.  

12. Add 650 µl of Buffer AW2 to the MB spin column. Centrifuge at 12,000 x g for 1 

min. Discard the flow-through and place the MB spin column into the same 2 ml 

collection tube.  

13. Centrifuge at up to 16,000 x g for 2 min. Place the MB spin column into a new 1.5 

ml elution tube (provided).  

14. Add 50–100 µl of Buffer EB to the center of the white filter membrane.  

15. Centrifuge at 12,000 x g for 1 min. Discard the MB spin column. The DNA is 

measured by means of Nanodrop and is now ready for downstream applications. 

(Qiagen DNeasy Plant pro Kit, n.d.) 

3.2.2.2 PCR-protocol 

A nested PCR protocol was employed, involving an initial PCR with less specific primers 

followed by a second PCR using more specific primers. This approach aims to enhance 

the binding efficiency of the second primer pair with the correct DNA sequences. The 

first primer pair is: Forward AML1: 5’ ATCAACTTTCGATGGTAGGATAGA 3’; Reverse 

AML2: 5’GAACCCAAACACTTTGGTTTCC 3’; Amplicon size ~800bp 
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, and the second primer pair is: Forward AMADF: 5‘ GGGAGGTAGTGACAATAAATAAC 3’; 

Reverse AMDGR: 5’ CCCAACTATCCCTATTAATCAT 3’; Amplicon size ~420(Victorino et 

al., 2020). The binding site is localized on the SSU ribosomal DNA (see figure). Following 

each PCR, gel electrophoresis was performed to verify the results. 

 

Ingredients 

• 5x Green GoTaq Reaction buffer 

o Contain 7.5mM MgCl2 for a final concentration of 1.5mM in a 1X reaction 

• dNTP Mix (10mM) 

• GoTaq® G2 DNA polymerase (5u/µl)(Promega, n.d.) 

• Forward AML1: 5’ ATCAACTTTCGATGGTAGGATAGA 3’ 

Reverse AML2: 5’ GAACCCAAACACTTTGGTTTCC 3’ 

Amplicon size ~800bp 

Forward AMADF: 5‘ GGGAGGTAGTGACAATAAATAAC 3’ 

Reverse AMDGR: 5’ CCCAACTATCCCTATTAATCAT 3’ 

Amplicon size ~420 

3.2.3 Results and discussion 

3.2.3.1 Extraction + nanodrop 

After extracting the DNA using the Qiagen DNeasy® Plant Pro Kit, the concentration and 

purity were assessed with a Nanodrop. The Nanodrop measurements revealed low values 

and indicated poor purity, which likely complicated the PCR process. 

PCR sample id DNA concentration 
(ng/µl) 

a 10.1 

b 6.0 

c 14.5 

d 8.4 
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e 6.3 

f 5.5 

g 9.6 

 

3.2.3.2 Optimization PCR protocol 

Below, the ingredients and protocol for the different attempts are outlined. In the first 

three attempts, only two samples were used to test the protocol. It is likely that there was 

an issue with the extraction of these samples, as testing with another sample was 

successful. 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

5µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.125µl 1.25u 
dNTP Mix 0.5µl 0.2mM each dNTP 
Forward primer: AML1 0.5µl  
Reverse primer: AML2 0.5µl  
Template DNA 1µl  

Nuclease-free water to 25µl  
 

PCR attempt 1 AML1-AML2 (Promega Tm Calculator, n.d.; Victorino et al., 2020) 

Temperature Time Repeat 

95 °C 15min  
95 °C 60s x35 
57 °C 60s x35 
72 °C 60s x35 
72 °C 7min  
4 °C hold  

 

PCR attempt 2 AML1-AML2 (NEB Tm Calculator, n.d.; Victorino et al., 2020) 

Temperature Time Repeat 

95 °C 15min  
95 °C 60s x35 
49 °C 60s x35 
72 °C 60s x35 
72 °C 7min  
4 °C hold  

 



 

 

 

 

 
  PAGE 

34/46 

PCR attempt 3 AML1-AML2 

Temperature Time Repeat 

95 °C 15min  
95 °C 60s x35 
53 °C 60s x35 
72 °C 60s x35 
72 °C 7min  
4 °C hold  

 

After observing a faint band in Sample a, we aimed to improve the results by increasing 

the concentration of primers and GoTaq® DNA polymerase to eliminate any potential 

limitations. Additionally, the concentration of template DNA was raised, and a hot start 

was tested with some samples for comparison. The hot start had minimal impact on the 

results, so it was omitted in subsequent steps. The best results were achieved by raising 

the annealing temperature to 57°C, which allowed the primers to bind more specifically 

to the DNA target sequence. 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.5µl 1.25u 
dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AML1 1µl onverdund 
Reverse primer: AML2 1µl onverdund 
Template DNA 10µl  

Nuclease-free water to 50µl  
 

PCR attempt 3 AML1-AML2 

Temperature Time Repeat 

95 °C 10min  
80 °C 5min Add GoTaq 
94 °C 45s x35 
53 °C 60s x35 
72 °C 60s x35 
72 °C 7min  
8 °C hold  

 

PCR attempt 5 AML1-AML2 
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Temperature Time Repeat 

95 °C 10min  
94 °C 60s x35 
57 °C 60s x35 
72 °C 60s x35 
72 °C 7min  
8 °C hold  

 

3.2.3.3 Nested PCR 

Following the initial PCR, a nested PCR was performed. However, the process encountered 

issues with the formation of dimers. To address this problem, the annealing temperature 

was increased to 58°C, and various concentrations of the PCR product from the previous 

reaction were tested. Ultimately, a concentration of 1.5 µl was found to be optimal for 

these samples, resulting in a visible band on the gel electrophoresis (see figure). 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.125µl 1.25u 
dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AMADF 1µl onverdund 
Reverse primer: AMDGR 1µl onverdund 
Template DNA 10µl  

Nuclease-free water to 50µl  
 

PCR attempt 1 AMADF-AMDGR 

Temperature Time Repeat 

95 °C 10min  
94 °C 40s x30 
54 °C 40s x30 
72 °C 45s x30 
72 °C 7min  
8 °C hold  

 

PCR attempt 2 AMADF-AMDGR 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.125µl 1.25u 
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dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AMADF 0.5µl onverdund 
Reverse primer: AMDGR 0.5µl onverdund 
Template DNA 1µl  

Nuclease-free water to 50µl  
 

Temperature Time Repeat 

95 °C 10min  
94 °C 40s X25 
58 °C 40s X25 
72 °C 45s X25 
72 °C 7min  
8 °C hold  

 

PCR attempt 3 AMADF-AMDGR 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.125µl 1.25u 
dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AMADF 0.5µl onverdund 
Reverse primer: AMDGR 0.5µl onverdund 
Template DNA 5µl  

Nuclease-free water to 50µl  
PCR attempt 1 AMADF-AMDGR 

 

Temperature Time Repeat 

95 °C 10min  
94 °C 40s X30 
58 °C 40s X30 
72 °C 45s X30 
72 °C 7min  
8 °C hold  

 

PCR attempt 4 AMADF-AMDGR 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 
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GoTaq® G2 DNA polymerase 0.125µl 1.25u 
dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AMADF 0.5µl onverdund 
Reverse primer: AMDGR 0.5µl onverdund 
Template DNA 1.5-2-3µl  

Nuclease-free water to 50µl  
 

Temperature Time Repeat 

95 °C 10min  
94 °C 40s X25 
58 °C 40s X25 
72 °C 45s X25 
72 °C 7min  
8 °C hold  

 

PCR attempt final AMADF-AMDGR 

Component Final volume Final concentration 

5X Green GoTaq Reaction 
buffer 

10µl 1X (1.5mM MgCl2)2 

GoTaq® G2 DNA polymerase 0.125µl 1.25u 
dNTP Mix 1µl 0.2mM each dNTP 
Forward primer: AMADF 0.5µl onverdund 
Reverse primer: AMDGR 0.5µl onverdund 
Template DNA 1.5µl  

Nuclease-free water to 50µl  
 

Temperature Time Repeat 

95 °C 10min  
94 °C 40s X25 
58 °C 40s X25 
72 °C 45s X25 
72 °C 7min  
8 °C hold  

 

To conclude this section, a few recommendations are offered. Given the poor DNA quality 

after extraction, it is crucial to use a sufficiently high DNA concentration in the PCR 

mixture. Additionally, maintaining a high concentration of primers is important to ensure 

effective binding. Lastly, the annealing temperature should not be too low, as this can 

reduce primer specificity and lead to suboptimal results. 
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3.3 Identification 

3.3.1 Aim 

This experiment aims to map the genetic diversity of the mycorrhizal fungi to evaluate the 

benefits of using local inoculum, with the potential to produce such inoculum to enhance 

soil fertility. Following PCR, we sought to identify the possible fungal species present in 

the samples. Due to the extensive nature of next-generation sequencing, we opted for a 

more straightforward Sanger sequencing approach. The results of this analysis are 

presented below. 

3.3.2 Specific Materials and Methods 

The DNA was sent to Eurofins using the Mix2Seq kit for sequencing. The results were then 

emailed back. BioEdit was used to process the sequences, which were subsequently 

BLASTed using the NCBI database. 

 

3.3.3 Results and discussion 

During the alignment process, it quickly became apparent that Sanger sequencing was not 

an adequate method for obtaining a comprehensive view of species richness. Overlapping 

base pair detection in the chromatograms complicated the alignment of forward and 

reverse strands, resulting in very short sequences of 160-200 base pairs. This issue likely 

arises from the presence of multiple AMF species in a single sample. To address this, the 

best samples were selected for BLAST analysis. The results, including the top five hits 

from each BLAST search, are presented below, with query cover, E-value, and percentage 

identity reported. Query cover measures the proportion of the query sequence aligned 

with the database sequence, E-value indicates the likelihood of obtaining the alignment 

by chance, and percentage identity reflects the proportion of identical residues between 

the aligned sequences. 

In every sample, a member of the Glomeromycota family was consistently identified. 

Although the results showed good values for the three parameters, the relatively short 

sequences limited the precision of species identification. Nonetheless, these findings 

confirm the presence of AMF in the samples, indicating that the PCR was successful. The 

results suggest that Glomus species are predominant, with possible presence of 

Septoglomus, Funneliformis, and Rhizophagus. However, these results should be 

considered illustrative. 

To obtain a more accurate representation of AMF diversity, the application of next-

generation sequencing techniques, such as Illumina sequencing, is recommended for 
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future research. This approach offers greater potential for in-depth analysis and 

understanding of AMF communities. 

 

Sample b 

Scientific Name Query cover E value Percentage 
Identity 

uncultured Glomus 100% 3e-52 100% 
uncultured Glomus 100% 3e-52 100% 
Septoglomus sp. 100% 3e-52 100% 
Glomus sp. 100% 3e-52 100% 
Funneliformis sp. 100% 3e-52 100% 

 

Sample c 

Scientific Name Query cover E value Percentage 
Identity 

uncultured 
Rhizophagus 

 

100% 0.0 98.45% 

uncultured Glomus 100% 0.0 98.45% 
uncultured Glomus 100% 0.0 98.45% 
Rhizophagus sp. 
MAY-2012 

100% 0.0 98.45% 

uncultured Glomus 100% 0.0 98.45% 
 

Sample e 

Scientific Name Query cover E value Percentage 
Identity 

Glomeromycotina 
sp. 

100% 1e-61 100% 

Fungal endophyte 
sp. 

100% 1e-61 100% 

uncultured Glomus 100% 1e-61 100% 
uncultured Glomus 100% 1e-61 100% 
uncultured Glomus 100% 1e-61 100% 

 

Sample f 
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Scientific Name Query cover E value Percentage 
Identity 

Glomus sp. MUCL 
41833 

100% 8e-69 99.33% 

Glomus 
microcarpum 

100% 1e-67 99.33% 

Glomus 
microcarpum 

100% 1e-67 99.33% 

Glomus 
microcarpum 

100% 1e-67 99.33% 

Glomus 
microcarpum 

100% 1e-67 99.33% 

 

Sample g 

Scientific Name Query cover E value Percentage 
Identity 

Rhizophagus sp. 100% 1e-38 100% 
Glomus sp. 100% 1e-38 100% 
Glomus sp. 100% 1e-38 100% 
Glomus sp. 100% 1e-38 100% 
Glomus sp. 100% 1e-38 100% 
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4 CONCLUSION 

This study aimed to evaluate the mycorrhizal colonization of Melia volkensii across 

various locations, focusing on factors such as vegetation, tree type, and land use. The 

findings reveal that while mycorrhizae were present at every site, Site 9, which lies 

outside the natural range of Melia volkensii, exhibited significantly lower colonization 

frequency. This is likely due to the mycorrhizae at this site being less adapted to colonize 

Melia volkensii. Additionally, environmental factors such as the site's coastal location and 

recent wet conditions might have contributed to reduced investment in mycorrhizal 

symbiosis by the trees. 

Statistical analysis of colonization intensity using the Kruskal-Wallis and Dunn’s tests 

indicated significant differences among sites. Locations 8 and 9 stood out with distinct 

differences compared to other sites, which clustered together, suggesting that 

geographical and possibly environmental factors significantly impact mycorrhizal 

colonization. The results also demonstrated that vegetation and land use are important 

factors influencing colonization. Specifically, an agroforestry model was found to 

support better colonization compared to a plantation model, contrary to expectations 

based on soil disturbance levels. 

The nested PCR approach used for species identification encountered issues with low 

DNA quality and short sequence lengths, which impacted the accuracy of species 

identification. The use of next-generation sequencing methods, such as Illumina 

sequencing, is recommended for future research to provide a more comprehensive 

understanding of AMF diversity and distribution. 

In summary, the study highlights the importance of considering both environmental 

conditions and land use practices when evaluating mycorrhizal colonization. Future 

research should address the limitations encountered in DNA sequencing and explore the 

application of advanced sequencing technologies to better characterize AMF 

communities and their interactions with Melia volkensii. 
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