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Abstract 

Arbuscular mycorrhizal fungi represent a functionally important component of soil microbial 
community, which is of particular significance for plant mineral nutrition in agro-ecosystems. A pot 
experiment was conducted under greenhouse conditions to evaluate the effects of different Glomale 
mycorrhizal fungal inoculants with varying chemical phosphate fertilizer rates on biomass production 
and root colonization of two orange fleshed sweetpotato (OFSP) varieties SPK004 and Kabode. The 
inocula were tested as separate single species of Glomus mosseae, G. etunicatum, G. intraradices and G. 
aggregatum or as mixtures in granular formulation containing spores, root fragments and other 
propagules. These were tested in combination of varying rates of phosphorus (P) fertilizers at 0 kg 
P/ha, 20 kg P/ha and 40 kg P/ha. Mixed species inoculation recorded the highest root colonization 
compared to the separate single species. Singly, G. intraradices out-performed the other single species 
in terms of root colonization while G. aggregatum recorded the lowest root colonization. Application of 
chemical fertilizer at 40kgP/ha increased sweetpotato biomass production but reduced root 
colonization by the fungi. It was concluded that there is a functional complementarity among species 
within the Arbuscular mycorrhizal fungi community and that varieties may respond differently to 
infection by them. Optimal condition for the Arbuscular mycorrhizal fungi functioning in western 
Kenya therefore needs to be established.  
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Introduction 

Soil microorganisms are important components of many agricultural ecosystems because of their role in 
nutrient cycling (Cakmakci et al., 2006). They are involved in sustaining soil productivity through 
organic matter decomposition, nutrient transformations and cycling; thus reducing the need for 
chemical fertilizers. They also regulate the nutrient flow in the soil by assimilating nutrients and 
producing biomass and converting organically bound forms of nutrients especially carbon, nitrogen 
and phosphorus to mineral forms (Wani and Lee, 1995). Because of the great importance of plant-
microorganism interactions in the soil for ecosystem functioning and nutrient cycling, it is vital to 
identify the factors that influence these soil microbial communities.  

Fertilizers are usually added to the soil primarily to increase nutrient availability and crop productivity. 
Inorganic fertilizers, especially phosphorus and nitrogen, when applied continuously can directly or 
indirectly affect soil biological properties which, in the long run, can affect the quality and productivity 
of such soils (Acton and Gregorich, 1995).  

Arbuscular mycorrhizal fungi (AMF) belong to the phylum Glomeromycota (Schüβler et al., 2001) and 
have the ability to form symbiosis with about 250,000 species of plants worldwide (Smith and Read, 
1997). They propagate in soil as spores, hyphae, or colonized root fragments. During the plant-AMF 
symbiosis, the fungus penetrates the root cortical cell walls and forms highly branched intracellular 
fungal structures termed arbuscules, which are specialized hyphae that form as intercalary structures 
between coil hyphae and are thought to be the main site of nutrient exchange between fungus and plant 
(Hodge, 2000). The hyphae of AMF provide the host plant roots with an increased surface to explore a 
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greater soil volume for nutrients and water. Arbuscular mycorrhizal fungi influence plant growth in 
several ways (Klironomos, 2003). The extra radical hyphae of AMF extend several centimetres into the 
soil and help the plants in uptake of mineral nutrients especially the immobile nutrients such as 
phosphorus, zinc and copper (Marschner and Dell, 1994). Arbuscular mycorrhizal fungi role in nitrogen 
uptake has also been demonstrated (Toussaint et al., 2004; Govindarajulu et al., 2005; Atul-Nayyar et al., 
2009). The AMF hyphae also play an important role in the stabilization of soil aggregates (Wilson et al., 
2009). The soil fungal mycelium entangles soil particles within the hyphae network and cements 
particles together through exudation of extracellular polysaccharide compounds such as glomalin 
(Rilling, 2004; Treseder and Turner, 2007). Glomalin stores carbon in both its protein and carbohydrate 
(glucose or sugar) subunits and it permeates organic matter thereby binding it to silt, sand, and clay 
particles which is described as a major factor in the formation of soil aggregates (Bossuyt et al., 2001; 
Miller and Jastrow, 2002). Studies have shown that AMF also enhance plant resistance to pathogens 
(Lingua et al., 2002) and tolerance to environmental stresses (Newsham et al., 1995). 

Sweetpotato (Ipomoea batatas L. (Lam.) is an important secondary food crop for many Kenyans whose 
staple diet is based on cereals, particularly maize (Gakonyo, 1993). In Kenya, sweetpotato growing is 
mainly concentrated in the Western districts of Kakamega, Bungoma, Busia, Homa-Bay, Rachuonyo 
and Kisii districts and to a less extent at the Coast and Central provinces. In these areas; sweetpotato 
acreage has been steadily increasing, rising from about 55,000Ha in 1988 to about 77,821Ha in 2009 
(FAOSTAT, 2009). It is an important food security crop especially when maize is in short supply or in 
years of drought (Mutuura et al., 1992). Its productivity is however hampered by among others poor 
soils. Orange fleshed sweetpotato varieties were recently introduced and have gained popularity in the 
Western Kenya region. They are rich in beta carotene, a precursor of vitamin A, and as such important 
in alleviating vitamin A deficiency nutritional disorders which are on the rise in Kenya (MoA and 
UNICEF, 1995). 

Mycorrhizal infection has been shown to increase sweetpotato growth and yield in a number of studies. 
For instance Paterson et al. (1987), Kandasamy et al. (1988), Mulongoy et al. (1988), Khasa et al. (1992), 
Paula et al. (1992), Dowling et al. (1994) and Floyd et al. (1988) have reported that the extent of 
mycorrhizal infection is positively correlated with yield, and negatively correlated with the crop 
response to phosphorus fertilizer over a range of soils. In other studies however, the effect is greatest 
under low phosphorus fertility, while in others arbuscular mycorrhizal fungi (AMF) may have no 
benefit or even a negative effect on crops which are well supplied with phosphorus (Negeve and 
Roncadori, 1985). Demonstration that AMF are capable of increasing productivity in mycorrhizal plants 
compared to non-mycorrhizal plants has created much interest in AMF symbioses in agriculture, 
forestry and  rehabilitation of environments where practices have altered the soils’ native state (Friberg, 
2001; Cuenca et al., 1998). Therefore, the objective of this study was to determine the response of the 
orange fleshed sweetpotato to arbuscular mycorrhizal fungi inoculation and fertilizer application in 
Western Kenya. 

Materials and methods  

Plant preparation: Clean orange fleshed sweetpotato cuttings of varieties Kabode and SPK004 were 
obtained from the Roots and Tubers program at the Kenya Agricultural Research Institute (KARI)-
Kakamega and raised in the greenhouse for use. Single species of arbuscular mycorrhizal fungi (AMF) 
that is; Glomus mosseae, Glomus etunicatum and Glomus intraradices were sourced by the Tropical 
Soil Biology and Fertility Institute of the International Centre for Tropical Agriculture (TSBF-CIAT) 
from Dudutech Naivasha. The other species Glomus aggregatum was sourced from the National 
Museums of Kenya Mycology laboratory. Chemical phosphorus fertilizer in the form of triple 
superphosphate (TSP) was bought from a localagrochemical shop. 

Soil preparation and treatment: Soil for the study was collected from KARI-Kakamega. Samples of the 
soil were analysed for organic carbon, available phosphorus, pH, total nitrogen, exchangeable bases 
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and texture following methods outlined in Okalebo et al. (2002). In preparation for planting, the soil was 
autoclaved at 700 C twice at an interval of 24 hours and allowed to cool. A factorial experiment with six 
treatment levels of AMF, three triple super phosphate (TSP) fertilizer levels and two varieties of orange 
fleshed sweetpotato (OFSP) replicated five times was set up. The OFSP varieties were SPK004 and 
Kabode. Arbuscular mycorrhizal fungi (AMF) treatments were made up of: T1: Control (no AMF 
inoculation), T2: Glomus aggregatum, T3: Glomus mosseae, T4: Glomus etunicatum, T5: Glomus 
intraradices, T6: mixed inoculum (Glomus mosseae + Glomus etunicatum + Glomus intraradices). The 
fertilizer treatments were applied once at planting at three rates i.e., 0 kg P/ha, 20 kg P/ha and 40 kg 
P/ha. The treatments were placed in planting trays (Plate 1) measuring 27 cm by 47 cm. Each tray 
contained 66 cells, each with a capacity of 37.68cm3. These trays were used for mycorrhization of the 
OFSP cuttings.  

The Arbuscular mycorrhizal fungi (AMF) inoculation was done at the rate of 66 kg/ha (0.059 
gAMF/cell) wherebythe inoculum was mixed with the pasteurized soil and put into the respective 
cells. The inoculum-soil mixture was moistened with distilled water before planting  a single mini OFSP 
cutting in each cell. The cuttings were allowed to grow in these trays for eight weeks. Thereafter, they 
were transplanted into bigger gauge 200 polythene bags (Plate 2) measuring 5 x 9 x 10 cm each 
containing two kilograms of soil.  

The plants were watered daily to field capacity regularly misted using distilled water to maintain high 
humidity. Plants were maintained in these bags for another eight weeks in a greenhouse at a 
temperature range of 14.3-28.30C and mean relative humidity of 40.7-87.3%. At harvesting, about 120 
days after planting, the plant tops were cut at the base and the roots carefully harvested from the pots. 
The roots were washed free of soil using tap water and weighed. The number of root branches was 
determined and roots scanned on an EPSON Perfection V700 photo scanner to estimate root length. The 
roots were then divided in two samples, one for staining to assess AMF root colonization, and the other 
portion oven dried at 70oC to a constant weight for determining dry weight. The plant tops were also 
weighed and then oven dried at 70oC to a constant weight and their dry weight taken. Fungal spores 
were extracted from 25 g soil samples from each treatment by the Ingleby and Mason (1973) wet sieving 
technique and enumerated by counting healthy spores under a dissecting Leica Zoom 2000 microscope. 
Different fungal morphotypes were recorded depending on colour, size, shape and presence or absence 
of hyphae attachments. Spores were recorded as representatives of arbuscular mycorrhizal fungal 
species present in the 25g soil sample. In order to describe and identify the arbuscular mycorrhizal 
fungi species, permanent slides of the extracted spores were prepared following the process developed 
by Ingleby and Mason (1973). Each of the slides was labelled appropriately, mounting date stated and 
examined under a Leica EC3 compound microscope, at x 400 magnification. Observations were 
specially made for wall layers, hyphal features, properties, ornamentation, development features-
saccule/scar, germination shield and reaction with Melzer’s reagent. Photographs of the spores were 
taken on a Leica Application Suite LAS EZ. 

Root staining and colonization assessment: The roots for staining were cleared with 2.5% KOH (25 g 
KOH in 1000 ml water) by heating in an oven at 70º C for one hour and then rinsed with tap water. To 
remove phenolic substances, alkaline hydrogen peroxide (60 ml of 28-30% NH4OH, 90 ml of 30% H2O2 
and 840 ml distilled water) was added and roots left standing in a hood for twenty minutes. The roots 
were thereafter rinsed with tap water and acidified with 1% HCl and left for 30 minutes. The HCl was 
decanted and without rinsing the roots, a staining reagent 0.05% trypan blue in acid glycerol (500 ml 
glycerol, 450 ml water, 50 ml of 1% HCl and 0.5 g trypan blue) was added and roots placed in the oven 
for 1hour at 70ºC. The stain was decanted and a de-staining solution comprising of acid glycerol (500 ml 
glycerol, 45 0ml water, and 50 ml of 1% HCl) was added. Fine root segments were cut into 
approximately 1cm-long pieces and 30 pieces randomly picked, mounted on slides and observed under 
a compound microscope to assess the frequency and intensity of AMF colonization. The presence of 
arbuscules, vesicles, internal and external hyphae was examined. The frequency of arbuscular 
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mycorrhizal fungi (AMF) was recorded as the number of root fragments infected with AMF while the 
intensity of their colonization was recorded as percentage cover of infective propagules in each 1cm 
root fragment. 

Data analysis: Data were subjected to analysis of variance (ANOVA) to determine significance of 
treatment effects. Treatment means were compared using the least significant difference (LSD) test at a 
significant level of 0.05. The analyses were performed using GENSTAT software version 14 for 
windows.  

Results 

Soil analyses 

Results of initial soil chemical and physical characteristics are presented in Table 1. The results 
indicated that the study soils were moderately acidic with a pH (water) of 5.49 with low exchangeable 
bases except for Na (2.61 g/kg) and Ca (1.64 g/kg) which were relatively high. The cation exchange 
capacity was very low at 1.4 mg/kg. The soil total nitrogen was low at 0.122% while organic carbon was 
moderate at 2.4 % C. Soil available phosphorus was moderately supplied at 8.64 mg/kg and the soil 
texture was described as sandy clay. 

Table 1: Chemical characteristics of the soil used for study of mycorrhizal inoculation of 
sweetpotato seedlings in a greenhouse at the World Agroforestry Centre in 2011 

pH (water) 5.50 

Available P (mg/kg) 8.64 

Soil organic matter (%) 2.40 

Total N (%) 0.12 

Exchangeable K (g/kg) 0.23 

Exchangeable Ca (g/kg) 1.64 

Exchangeable Mg (g/kg) 0.15 

Exchangeable Na (g/kg) 2.61 

Exchangeable acidity (mg/kg) 1.40 

Texture Sandy clay 

 

Mycorrhizal inoculation 

The two varieties responded differently to arbuscular mycorrhizal fungi (AMF) inoculation and 
chemical fertilizer application in terms of biomass production. In terms of vine yield, SPK004 had a 
faster growth and produced more biomass than Kabode. The highest vine yield of 18.02 t/ha was 
recorded from SPK004 that was inoculated with G. etunicatum and fertilized with TSP at the rate of 40 
kgP/ha. The same AMF treatment recorded the least vine yield for SPK004 (6.19 t/ha) with no TSP 
application. For Kabode, on the other hand responded well on mixed inoculant and fertilizer at 40 
kgP/ha giving a vine yield of 16.36 t/ha against 5.22 t/ha for plants that were inoculated with G. 
etunicatum with no chemical fertilizer applied (Figure 1). 
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Figure 1: Effect of arbuscular mycorrhizal fungi inoculation and fertilizer rate on vine yield 
production for the sweetpotato varieties SPK004 (left) and Kabode (right) at the World Agroforestry 
Centre during the 2011cropping season 

 

In terms of fresh root production, there were significant differences on the varieties response to AMF 
and fertilizer application. Overall, Kabode recorded the highest fresh root yield of 12.17 t/ha on plants 
inoculated with G. mosseae and fertilized at 40 kgP/ha. From the same variety, the least root yield (2.43 
t/ha) was obtained from plants that were not treated with fertilizer but inoculated with G. etunicatum. 
For SPK004, the highest root yield of 11.42 t/ha was recorded from AMF un-inoculated plants that 
received TSP at 20 kgP/ha. The least root yield (3.33 t/ha) was in the G. etunicatum inoculated plants 
with no fertilizer application (Figure 2). 

 

Figure 2: Effect of arbuscular mycorrhizal fungi inoculation and fertilizer rate on SPK004 (left) and 
Kabode (right) variety fresh root yield at the World Agroforestry Centre during the 2011cropping 
season 

 

With regard to spore count, plants that were inoculated with a mixed species inoculum and fertilized at 
20 kgP/ha recorded a higher number of spores (7.50 spores/g soil) from Kabode while SPK004 
recorded a spore count of 6.00 spores/g soil from G. etunicatum and 20 kgP/ha treatment. The lowest 
counts were obtained from un-inoculated and unfertilized soils (Fig. 3). 
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Figure 3: Effect of arbuscular mycorrhizal fungi soil inoculation and chemical fertilizer rate on 
spore count at the World Agroforestry Centre during the 2011cropping season 

 

All the inoculation treatments formed mycorrhizal structures within the roots of the evaluated orange 
fleshed sweetpotato varieties. Root infection rates by the AMF inoculants varied widely in terms of 
frequency and intensity. The mixed inoculant showed greater root infection rates than the single 
isolates. The highest root infection frequency (49.00%) was recorded in Kabode roots that received 
mixed inoculation and were fertilized with TSP at 20kgP/ha. The lowest root infection frequency 
(1.33%) for Kabode roots was in un-inoculated and both 0 kgP/ha and 40kgP/ha treated plants. 
Arbuscular mycorrhizal fungi root infection frequency of SPK004 roots was highest (35.33%) in mixed 
inoculum treated plants that did not receive any chemical fertilizer. The lowest root infection for 
SPK004 (0.33%) was recorded in un-inoculated and 0kgP/ha treated roots (Fig. 4). 

 

Figure 4: Effect of arbuscular mycorrhizal fungi and fertilizer rate on SPK004 (left) and Kabode 
(right) root infection frequency at the World Agroforestry Centre during the 2011cropping season 
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In terms of root colonization intensity the highest infections, Kabode (27.50 %) and SPK004 (17.70 %) 
were recorded from mixed inoculum and 20 kgP/ha fertilizer treated roots. The lowest infection 
intensities were in the un-inoculated and 0kgP/ha treated plants at 0.10 % for SPK004 and 0.40 % for 
Kabode at 40 kgP/ha (Figure 5). 

 

Figure 5: Effect of arbuscular mycorrhizal fungi soil inoculation and fertilizer rate on root 
infection intensity for SPK004 (left) and Kabode (right) at the World Agroforestry Centre during the 
2011-------cropping season. 

Discussion 

The soils of the study site were low in plant nutrients such as N, P and basic cations, conditions that 
could be associated with continuous cropping coupled with non-application of fertilizer. The soils of 
the study site are low in plant nutrients such as N, P and basic cations and this could be associated with 
continuous cropping coupled with non-application of fertilizer. Another reason could be due to the 
previous crop grown and in this case, cassava which is a heavy feeder and derives most of its nutrients 
from the soil. Burning of crop residues or removal of the residues from the farm, which is also a 
common practice during land preparation reduces the organic resources that should otherwise be 
returned to the soil to improve on its resource base (Karanja et al., 2006; Achieng et al., 2010). The 
practice reduces the soil organic matter (SOM) thus affecting available soil nutrients such as N and P 
since SOM is important in storing and releasing nutrient stocks through mineralization hence offsetting 
nutrient deficiency in crops. This is likely to result also in a reduction of water and nutrient retention 
capacity which negatively impacts on fertilizer use efficiency and generally affects provision of 
ecosystem services (Bationo et al., 2006). This condition could be reversed by appropriate management 
of agricultural lands and efficient recycling of organic resources (Bationo and Buerkert, 2001). 

Many tropical soils are fragile and have characteristics that constrain crop production. Such 
characteristics are low nutrient capital, low pH, high P fixation and loss of soil biodiversity (Sanchez et 
al., 2003). Studies by Jama et al., (2000), Okalebo et al., (2003 and 2007) and Achieng et al., (2010) have 
shown that phosphorus is one of the most limiting nutrients in western Kenya and its deficiency in soil 
is often accompanied by very low crop yields. In many acid soils, when phosphate fertilizers are 
incorporated in the soil, the major share of P is fixed thereby making it unavailable to plants (Janssen, 
2006). In such cases, soil P can be replenished by addition of inorganic fertilizers or organic matter. 
However, application of chemical fertilizers alone in acid soils is uneconomical due to high costs and 
low use efficiencies due to high P fixation.  

Tropical crops, such as cassava, sweetpotato and cowpea are often heavily colonized by arbuscular 
mycorrhizal fungi (AMF) under natural conditions. However, environmental conditions affect the 
formation of AMF and influence the extent of root colonization and hence its effectiveness. The results 
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obtained from root colonization indicate that sweetpotatoes are mycorrhizal. O’Keefe and Sylvia, (1993) 
and Harikumar and Potty, (2007) reported mycorrhizal symbiosis in sweetpotato. Studies by Johnson et 
al., (1992, 1997) and Jansa et al., (2002) have shown that individual species of AMF and even fungal 
isolates in one species, differ in their ability to promote plant growth, and that promotion of plant 
growth depend on the particular matching of plant and fungal species. When tested on a single plant 
species, the fungal isolates can increase, decrease, or have little effect on plant growth and as such these 
inter- and intraspecific variations make it essential to screen for efficient AMF for particular host-plant 
species. There was wide variation in the degree of functional compatibility between sweetpotato and 
the arbuscular mycorrhizal fungal isolates tested. In terms of AMF root infection, the sweetpotato 
plants varied in their response to inoculation with different mycorrhizal fungi. The increase in root 
infection by the mixed inoculant confirms previous work done by Koide (2000) and Alkan et al., (2006) 
who observed that the greater the diversity of AMF in the soil, the more the benefits conferred to the 
host crop i.e. sweetpotato in this study. This is because the mycorrhizal communities tend to offer a 
broader range of functions, so that t if a plant is colonized by AMF species that are complementary in 
their functions, they may be more beneficial for the plant as a mixture than as individual  species 
separately.  

In this study, application of TSP fertilizer at varied rates had significant effect on AMF root infection 
rates that ranged from positive to negative. It was observed that lower concentration of P at 20 kgP/ha 
enhanced AMF root infection. Lower concentration of TSP at 20 kgP/ha showed higher mycorrhizal 
root colonization and spore number compared to high concentration of 40 kgP/ha. Similar observations 
were made by Kahiluoto et al., (2001), Harwani (2006) and Johansson et al., (2004) who found that 
increased chemical fertilizer application reduced AMF development. Azcon-Aguilar and Barea, (1996) 
in their study observed that the overall level of arbuscular mycorrhizal fungi colonization and spore 
number decreased with increasing availability of soluble P. The observations from this study indicated 
that application of P fertilizers influenced plant-AMF interactions concurring with studies by 
Covacevich et al., (2007), Liu et al., (2000); Bohrer et al. (2001), van der Heijden, (2010) and Treseder, 
(2004) that high P levels in soil negatively impacted on the abundance of AMF and benefits associated 
with them. 

Conclusion and recommendation 

In view of  the importance of sweetpotato in western Kenya and in the light of the fact that the current 
soil fertility status cannot support optimum productivity, approaches that are affordable  with 
minimum negative effects to the soil and the environment are necessary. This study on Arbuscular 
mycorrhizal fungi has shown that in some situations, they can have significant effect on sweetpotato 
yields. It is not clear, however, what these conditions are. For example, their effect was variety specific. 
Varietal characteristics that influence their performance need to be investigated. There was also 
interaction between arbuscular mycorrhizal fungi effectiveness with level of soil P, with high levels of 
this nutrient suppressing its effects. Therefore critical levels of soil P amount that interact with AMF to 
give a positive response may also need to be established. This however requires facilitation in 
microbiology laboratory facilities in sweetpotato growing regions for ease of research.  
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