
        

28 September 2018
ISSN 1996-0808 
DOI: 10.5897/AJMR
www.academicjournals.org 
  

OPEN AC C ESS

African Journal of 

Microbiology Research

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

The African Journal of Microbiology Research (AJMR) is published weekly (one volume per 
year) by Academic Journals. 
 
 

provides rapid publication (weekly) 
of articles in all areas of Microbiology such as: Environmental Microbiology, Clinical 
Microbiology, Immunology, Virology, Bacteriology, Phycology, Mycology and Parasitology, 
Protozoology, Microbial Ecology, Probiotics and Prebiotics, Molecular Microbiology, 
Biotechnology, Food Microbiology, Industrial Microbiology, Cell Physiology, Environmental 
Biotechnology, Genetics, Enzymology, Molecular and Cellular Biology, Plant Pathology, 
Entomology, Biomedical Sciences, Botany and Plant Sciences, Soil and Environmental 
Sciences, Zoology, Endocrinology, Toxicology. The Journal welcomes the submission of 
manuscripts that meet the general criteria of significance and scientific excellence. Papers 
will be published shortly after acceptance. All articles are peer-reviewed. 
 

 
Contact Us 

 

Editorial Office:                        ajmr@academicjournals.org  

Help Desk:                                helpdesk@academicjournals.org  

Website:                                   http://www.academicjournals.org/journal/AJMR 

Submit manuscript online     http://ms.academicjournals.me/ 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Editors 
 

 
 

Prof. Adriano Gomes da Cruz 
University of Campinas (UNICAMP), 
Brazil. 
 
Prof. Ashok Kumar 
School of Biotechnology 
Banaras Hindu UniversityUttar Pradesh, 
India. 
 
Dr. Mohd Fuat Abd Razak 
Infectious Disease Research Centre, 
Institute for Medical Research, Jalan 
Pahang, Malaysia. 
 
Dr. Adibe Maxwell Ogochukwu 
Department of Clinical Pharmacy and 
Pharmacy Management, 
University of Nigeria 
Nsukka, Nigeria. 
 
Dr. Mehdi Azami 
Parasitology & Mycology Department 
Baghaeei Lab. 
Isfahan, Iran. 
 
Dr. Franco Mutinelli 
Istituto Zooprofilattico Sperimentale delle 
Venezie Italy. 
 
Prof. Ebiamadon Andi Brisibe 
University of Calabar, 
Calabar, 
Nigeria. 
  
 
 
 
 
 

 
 

 

Prof. Nazime Mercan Dogan 
Department of Biology 
Faculty of Science and Arts 
University Denizli Turkey. 
 
Prof. Long-Liu Lin 
Department of Applied Chemistry 
National Chiayi University 
Chiayi County Taiwan. 
 
Prof. Natasha Potgieter 
University of Venda 
South Africa. 
 
Dr. Tamer Edirne 
Department of Family Medicine 
University of Pamukkale 
Turkey. 
 
Dr Kwabena Ofori-Kwakye 
Department of Pharmaceutics 
Kwame Nkrumah University of Science & 
Technology 
Kumasi, Ghana. 
 
Dr. Tülin Askun 
Department of Biology 
Faculty of Sciences & Arts 
Balikesir University Turkey. 
 
Dr. Mahmoud A. M. Mohammed 
Department of Food Hygiene and Control 
Faculty of Veterinary Medicine 
Mansoura University Egypt. 
  
  
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Dr. James Stefan Rokem 
Department of Microbiology & Molecular 
Genetics 
Institute of Medical Research Israel – 
Canada 
The Hebrew University – Hadassah 
Medical School Jerusalem, Israel. 
 
Dr. Afework Kassu 
University of Gondar 
Ethiopia. 
 
Dr. Wael Elnaggar 
Faculty of Pharmacy 
Northern Border University 
Rafha Saudi Arabia. 
 
Dr. Maulin Shah     
Industrial Waste Water Research 
Laboratory 
Division of Applied & Environmental 
Microbiology, Enviro Technology Limited 
Gujarat, India. 
 
Dr. Ahmed Mohammed 
Pathological Analysis Department 
Thi-Qar University College of Science 
Iraq. 
 
Prof. Naziha  Hassanein 
Department of Microbiology 
Faculty of Science 
Ain Shams University 
Egypt. 
 
Dr. Shikha Thakur 
Department of Microbiology 
Sai Institute of Paramedical and Allied 
Sciences India. 
 
 
 
 

 
 
 
 

Dr. Samuel K Ameyaw 
Civista Medical Center 
USA. 
 
Dr. Anubrata Ghosal 
Department of Biology 
MIT - Massachusetts Institute of Technology 
USA. 
 
Dr. Bellamkonda Ramesh     
Department of Food Technology 
Vikrama Simhapuri University 
India. 
 
Dr. Sabiha Yusuf Essack 
Department of Pharmaceutical Sciences 
University of KwaZulu-Natal 
South Africa. 
 
Dr. Navneet Rai     
Genome Center 
University of California Davis USA. 
 
Dr. Iheanyi Omezuruike Okonko 
Department of Virology 
Faculty of Basic Medical Sciences 
University of Ibadan 
Ibadan, Nigeria. 
 
Dr. Mike Agenbag 
Municipal Health Services, 
Joe Gqabi, 
South Africa. 
 
Dr. Abdel-Hady El-Gilany 
Department of Public Health & Community 
Medicine, Faculty of Medicine 
Mansoura University 
Egypt. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

African Journal of Microbiology Research 
 

 Table of Content:       Volume 12      Number 36     28 September, 2018 

 
ARTICLES 

 
 
Optimization of culture conditions for Paecilomyces lilacinus (Thom) Samson M-14                                                                                                                                                                                                                                                                                                                                     
Xiaoqing Wei, Changzhong Liu and Li Gao 
 
Indigenous arbuscular mycorrhizal fungi associated with tree species of the  
agroforestry systems of Rwanda and their potential to colonize maize roots                                                                                                                                                                                                                                                                                                                                                  
Jean de Dieu Habiyaremye, Catherine Muthuri, Viviene Matiru, John Nyaga,  
Athanase Mukuralinda, Vicky Ruganzu, Jean Damascene Ngabonziza and Fergus Sinclair 
 
Candida albicans interdigital foot infection: A case report highlighting  
the importance of antifungal susceptibility testing 
Yahaya Hassan, Sharif Alhassan Abdullahi and Leslie Thian Lung Than 
 
 
 



 

Vol. 12(36), pp. 873-878, 28 September, 2018 

DOI: 10.5897/AJMR2017.8721 

Article Number: EFC5E5F58955 

ISSN: 1996-0808  

Copyright ©2018 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJMR 

 

 
African Journal of Microbiology Research 

 
 
 
 
 
 

Full Length Research Paper 
 

Optimization of culture conditions for Paecilomyces 
lilacinus (Thom) Samson M-14 

 

Xiaoqing Wei1,2, Changzhong Liu1 and Li Gao2* 
 

1
College of Plant Protection, Gansu Agricultural University, Lanzhou, China. 

2
State Key Laboratory for Biology of Plant Disease and Insect Pests, Institute of Plant Protection, Beijing, China. 

 
Received 27 September, 2017; Accepted 18 January, 2018 

 

Paecilomyces lilacinus is known as an effective parasite on nematodes which cause diseases to plants. 
P. lilacinus shows potential as a biocontrol agent against plant parasitic nematodes. The objective of 
this study is to optimize culture methods including nutritional requirements and environmental factors. 
The optimized culture conditions for biomass yields of P. lilacinus M-14 were spore suspension on 
basal medium (sucrose 19.00 g, soy peptone 4.06 g, K2HPO4 1.00 g, KCl 0.50 g, MgSO4 0.50 g, FeSO4 
0.01 g and 17.00 g Bactor) for the first stage culture of 4 days under room condition for fungal growth, 
and then moved to another medium (maltose 5.00 g, soy peptone 2.50 g, ZnSO4·7H2O 0.25 gL

-1
, 

Na2MoO4·2H2O 0.005 gL
-1

, H3BO4 0.005 gL
-1

, CuSO4·5H2O 0.01 gL
-1

 and 17.00 g Bactor) for another 4 days 
culture. The environmental factors combination was water potential -1.2 MPa/pH 3/light 12 
h/temperature 29°C for biomass yields, and for sporulation of P. lilacinus M-14 under the environmental 
conditions, it was water potential -1.2 MPa/pH 3/24 h light/29°C. It will provide valuable insight into 
culturing of the biocontrol fungus. 
 
Key words: Biomass, environment, Paecilomyces lilacinu, biocontrol fungus. 

 
 
INTRODUCTION 
 
With the increase in awareness of the harmful effects of 
chemical pesticides and the changing public attitude 
towards environmental pollution, chemical pesticides is 
losing their popularity among farmers (Pandey et al., 
2000; Anastasiadis et al., 2008). Environmental concerns 
for the quality of the environment and food safety have 
created social and legislative pressure to remove many 
agricultural pesticides from the market (Noling and 
Dickson, 1992; McKenry et al., 1994). Biological control is 
considered  as  the  most  safe  and  effective  alternative 

tochemical control methods (Kutschera and Hossfeld, 
2012; Sharma et al., 2014; Liu et al., 2017). Biocontrol 
agent, like Paecilomyces lilacinus, is a soil-inhabiting 
fungus that has shown great potential (Morgan-Jones et 
al., 1984; Jatala, 1986; Dube and Smart, 1987; Khan et 
al., 2006, Kepler et al., 2017; Chaverri et al., 2015; Yu et 
al., 2013), which has been reported to reduce 
Meloidogyne incognita (one of the most destructive pests 
of a wide range of crops, causing more than 10% loss in 
the world’s total crop production) populations and this the  
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world’s total crop production) populations and this 
reduction was showed in the tomato yield (Lara et 
al.,1996; Topp et al., 1998). Mani et al. (1989) found that 
it has good biocontrol efficiency on many root-knot 
nematodes. 

The aim of this study is to optimize the biomass yields 
of P. lilacinus based on its growth on a broad culture 
medium, such as PDA, PDB, PCA, Czapek and which 
have better growth and sporulation on Czapek, after 8 
days culture, and has 1.10 g 50 mL

-1
 mycelia and 

28.50×10
6 

mL
-1

 spore yields (Li et al., 2005). Suebsak 
(1996) found that the optimal culture medium was the 
juice of soy or potato, which contain more than 0.4 M Mg

2

＋
and 0.1×10

-3
 M Cu

2＋
 and have great suppression on the 

growth of this fungi. P. lilacinus could also grow on nature 
basis, including plant leaf, rice, wheat, and green pea 
(Mani et al., 1989; Abu-Laban and Saleh, 1992). Different 
nutrition leads to different mycelia and spore yields; it 
could produce more spores on rice than a green pea 
(Zaki and Bhatii, 1991; Xue et al., 2013). Siddiqui and 
Mahmood (1994) reported that the leaf extracts and 
residues of Peristrophe bicalyculata and Dalbergia sissoo 
were best as culture substrates in 17 plants for P. 
lilacinus in the fields. 

Villanueva and Davide (1984) found that better mycelia 
growth was acid as compared to alkalescence, with a 
normal growth at 15-35°C, and a better growth and 
sporulation at 25-30°C. Suebsak found that the optimal 
culture medium was the juice of soy or potato under the 
temperature of 31°C with 220 to 270 r min

-1
 (Sun et al., 

1997). Relative humidity is the key to germination of P. 
lilacinus, when RH reaches 85%, it began to germinate, 
with the highest germination at 98% RH under 25°C 
(Huang et al., 1994). 

The combination effects of culture conditions, including 
nutrition and environmental factors on the growth and 
sporulation of P. lilacinus is reported in this study. This 
method is different from previous reports (Gao et al., 
2009). This information will provide more details on the 
fungus' mass production. 
 
 

MATERIALS AND METHODS 
 
Fungal strain 
 
The tested nematophagous fungus, P. lilacinus M-14 was originally 
isolated from Heterodera glycines from Heilongjiang (China), and 
deposited in the CGMCC in Institute of Microbiology, CAS. 
 
Nutrition for the sporulation of P. lilacinus M-14  
 
Yeast extract (Sigma Chemical Co.), maltose, MgSO4, sucrose, 
starch soluble, FeSO4, urea, K2HPO4, (Beijing Chemical Reagents 
Company, Beijing China), KCl (Nanjing Chemical Reagents 
Company, Nanjing China) and soy peptone (Shanghai Chemical 
Reagents Company, Shanghai China) were used in this study. 

The basal medium included 17.00 g Bactor (Difco) agar, sucrose 
19.00 g (equal to 8 g carbon), soy peptone 4.06 g (equal to 0.33 g 
nitrogen), K2HPO4 1.00 g, KCl 0.05 g, MgSO4 0.50 g, FeSO4 0.01 g 
per liter. This medium was used for the first stage culture for 4 days. 

 
 
 
 
Effects of carbon concentrations and carbon to nitrogen ratios 
 
Sucrose (42% carbon): 1, 2, 4, 8 and 16 gL-1 was used to adjust 
carbon concentrations, soy peptone (8% nitrogen): 0.2, 0.4, 0.8 and 
1.6 gL-1 was used to adjust nitrogen concentrations, which resulted 
in C:N ratios ranging from 0.625:1 to 80:1. This was used for the 
second stage culture for sporulation for another 4 days. The optimal 
carbon concentration of 2 gL-1 with carbon to nitrogen ratio of 10:1 
was obtained (Gao and Liu, 2009). 
 
 
Effects of carbon and nitrogen sources combination 
 
The combinations of sources include maltose, sucrose, starch 
soluble, soy peptone and yeast extract. Based on the carbon 
concentration, 2 gL-1 and C/N ratio of 10:1, the combinations of 
different carbon and nitrogen sources for sporulation with this novel 
method was obtained. For each combination, they were added to 
the basal medium to replace the sucrose and soy peptone as 
sporulation medium for the second stage culture of more 4 days. 
The basal medium for sporulation of another 4 days was used as a 
control. 
 
 
Effects of mineral elements 
 
After testing the components and concentration gradients of six 
mineral elements for sporulation of these two isolate with one-
factor-at-a-time method, the optimal components for the sporulation 
of P. lilacinus M-14, including ZnSO4·7H2O 0.25 gL-1, Na2MoO4· 
2H2O 0.005 gL-1, H3BO4 0.005 gL-1, and CuSO4· 5H2O 0.01 gL-1 
was obtained. 
 
 
Effects of environmental conditions on sporulation of P. 
lilacinus M-14 using the method 
 
The two-stage cultivation method in the plates was used to evaluate 
the effects of pH, water potential, dark/light cycle and temperature 
on the second stage culture of 4 days more on sporulation of the 
biocontrol fungi. Water potential includes -0.3, -0.8, -1.2, -2.1,-3.9 
and -7.3 MPa; pH includes 3, 4, 5, 6, 7, 8, 9, dark/light cycle 
includes 24/0 h, 12/12 h, 0/24 h, temperature includes 20, 23, 26, 
29 and 32°C. In this study, two better levels of the orthogonal 
experiment were selected as shown in Table 1. 
 
 
Optimization of the culture conditions 
 
After the nutrition combination by full experiment, the combination 
of nutrition together with environmental factors was optimized for 
sporulation of P. lilacinus M-14 by L16(2

15). 
 
 
Statistical analysis 
 
One-way analysis of variance (ANOVA) was used. Duncan’s 
multiple range test was done using Statistical Analysis System 
(Version 8.2, SAS Institute, Cary, NC) to test the significant 
differences at P = 0.05. 

 
 
RESULTS 
 

The sources combination of carbon and nitrogen  
 
The  combination  of  carbon  and  nitrogen   sources   on  
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Table 1. Effects of environmental factors on sporulation of P. lilacinus M-14. 
 

Factors Water potential (MPa) pH Light (h) Temperature (°C) 

Level 1 -0.3 5 24 29 

Level 2 -1.2 3 12 26 

 
 
 

Table 2. Effect of carbon and nitrogen source on the sporulation of P. lilacinus M-14 (105 /ml). 
 

Carbon sources 
Nitrogen sources 

CK LSD 
Yeast extract Soy peptone 

Starch soluble 72.8
d
 79.2

d
 

45.0
e
 12.21 Maltose 39.7

e
 319.3

a
 

Sucrose 142.5
b
 126.0

c
 

 
 
 
sporulation of the isolates showed significant effects 
(Table 2). The combination of maltose and soy peptone 
showed the best sporulation.  
 
 
Optimization of the conditions 
 
According to the four factors and two levels shown in 
Table 1, L16(2

15
) was used to optimize the experimental 

conditions (Table 3). Based on the orthogonal method, 
the results are showed in Table 3, and the order of effects 
of all factors on mycelia growth could be determined as 
32.12 (water potential) > 16.62 (pH) > 6.71 (light) > 4.29 
(temperature) according to R (maximum difference) in 
Table 4. 

ANOVA results showed that the water potential had 
significant effects on biomass yields and pH had 
significant effects on sporulation (Table 5). The effect of 
combinations of four factors on biomass yields and 
sporulation is shown in Table 6. The combinations of 
B2/A2, A1/C2, B2/C2, A1/D2, D1/B2 and D2/C2 could 
produce more biomass yields (176.25, 173.17, 165.67, 
172.67, 169.75 and 161.75 (mg per colony), 
respectively). The optimum factors for high mycelia yields 
are water potential -1.2MPa (A2)/pH 3 (B2)/12 h light 
(C2)/29°C (D2) (Table 4). The optimum factors for high 
spore yields are water potential- 1.2 MPa (A2)/pH 3 (B2) 
/24 h (C1) light /29°C (D2). 
 
 
DISCUSSION 
 
Cultivation with two-stage method 
 
The method was used to optimize the biomass and 
sporulation of nematophagous fungus separately. With 
the help of membranes of cellophane, the basal medium 
for first stage of 4 days for fungal growth was transferred 
to the second stage  of  4  days  sporulation  culture.  The 

nutrition and two better levels of 4 environmental factors 
on sporulation of P. lilacinus M-14 were then combined by 
orthogonal matrix method to obtain better combinations. 
 
 
Effects of carbon and nitrogen sources 
 
Some nutritional components could accelerate the 
sporulation of P. lilacinus M-14, while their combination 
may not be the best for its sporulation. These results 
proved this phenomenon, which also indicated that the 
full experiment of nutrition was necessary, and also the 
orthogonal method was essential for the sporulation of P. 
lilacinus M-14 on nutrition and environmental factors. 
 
 

Optimization by orthogonal matrix method 
 

Based on the results, the research combined the 
nutritional components environmental factors, which is 
different from other reports which only referred to one 
fields. In this study, water potential played an important 
role in biomass, while pH was the key to sporulation. 
 
 

Combinations of the three fields 
 

The nutritional components can significantly influence 
growth and sporulation of many fungi (Culbreath et al., 
1986; Tiganomilani et al., 1995; Rao et al., 1997), which 
showed the essential to optimize nutrition for the fungus. 
The nutrition for the fungal biomass and sporulation may 
not necessarily correlate under the orthogonal matrix 
method, which also indicated the essential of two-stage 
method. 
 
 

Basis for formulation and storage conditions 
 

Instability   of   the   biofungicide    greatly    limited    their 
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Table 3. Orthogonal experiment of L16(2
15) of biomass yields and sporulation of P. lilacinus M-14. 

 

Exp. 
group 

A B A×B* C A×C B×C  D A×D B×D  C×D    
Biomass yields (mg per 

colony) 
Sporulation (105 

per colony) 

1*** 1** 1 1 1 1 1 1 1 1 1 1 1 1 1 1 147.33 ± 36.02**** 2.79 ± 0.47 

2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 173.67 ± 6.35 3.06 ± 0.01 

3 1 1 1 2 2 2 2 1 1 1 1 2 2 2 2 176.33 ± 5.03 2.80 ± 0.21 

4 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1 174.33 ± 1.53 2.09 ± 0.04 

5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 164.00 ± 6.08 2.89 ± 0.20 

6 1 2 2 1 1 2 2 2 2 1 1 2 2 1 1 192.33 ± 2.89 3.21 ± 0.06 

7 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1 182.67 ± 7.64 3.16 ± 0.07 

8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2 162.00 ± 18.08 3.11 ± 0.03 

9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 165.33 ± 6.66 2.40 ± 0.07 

10 2 1 2 1 2 1 2 2 1 2 1 2 1 2 1 176.67 ± 4.73 2.74 ± 0.03 

11 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1 149.33 ± 4.04 2.93 ± 0.06 

12 2 1 2 2 1 2 1 2 1 2 1 1 2 1 2 151.67 ± 9.07 2.48 ± 0.06 

13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 110.33 ± 34.50 2.85 ± 0.23 

14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2 91.67 ± 5.51 2.91 ± 0.07 

15 2 2 1 2 1 1 2 1 2 2 1 2 1 1 2 131.67 ± 31.50 2.82 ± 0.05 

16 2 2 1 2 1 1 2 2 1 1 2 1 2 2 1 143.00 ± 9.85 2.87 ± 0.02 
 

*A×B, A×C, B×C, A×D, B×D and C×D indicates the interactions between the factors: water potential and pH, water potential and light, pH and light, water potential and temperature, 
pH and temperature, light and temperature, respectively. ** The columns were categorized as orthogonal design for L16(2

15
). ***Every row of the experimental group number represents 

one experimental replicate, and every experimental group was replicated thrice.
 
**** Values are mean ± SD of triple determinations. 

 
 
 

Table 4. Analysis of environmental factors on biomass production and sporulation of P. lilacinus M-14 with this novel method.  
 

    A B A×B C A×C B×C 
 

D A×D B×D 
 

C×D 
   

B* K1 1376.66 1314.66 1148.33 1221.33 1253.00 1286.34 1172.67 1230.99 1237.34 1227.32 1248.33 1217.99 1197.00 1241.00 1279.99 

  K2 1119.67 1181.67 1348.00 1275.00 1243.33 1209.99 1323.66 1265.34 1258.99 1269.01 1248.00 1278.34 1299.33 1255.33 1216.34 

  k1 172.08 164.33 143.54 152.67 156.63 160.79 146.58 153.87 154.67 153.42 156.04 152.25 149.63 155.13 160.00 

  k2 139.96 147.71 168.50 159.38 155.42 151.25 165.46 158.17 157.37 158.63 156.00 159.79 162.42 156.92 152.04 

  R 32.12 16.62 24.96 6.71 1.21 9.54 18.87 4.29 2.71 5.21 0.04 7.54 12.79 1.79 7.96 

  O 1 1 2 2 1 1 2 2 2 2 1 2 2 2 1 

S† K1' 23.19 21.29 22.19 22.85 23.05 22.95 23.29 22.64 23.02 22.80 21.48 21.48 22.28 21.86 22.64 

  K2' 22.00 23.82 22.92 22.26 22.06 22.16 21.82 22.47 22.09 22.31 23.63 23.63 22.83 23.28 22.47 

  k1' 2.90 2.66 2.77 2.86 2.88 2.87 2.91 2.83 2.88 2.85 2.69 2.69 2.79 2.73 2.83 

  k2' 2.75 2.98 2.87 2.78 2.76 2.77 2.73 2.81 2.76 2.79 2.95 2.95 2.85 2.91 2.81 

  R' 0.14 0.32 0.09 0.07 0.12 0.10 0.18 0.02 0.12 0.06 0.27 0.27 0.07 0.17 0.02 

  O' 1 2 2 1 1 1 1 1 1 1 2 2 2 2 1 
 

*Biomass yields (mg per colony). † Sporulation (105 conidia per colony). K1 and K2 are the total content of biomass yields from the level 1 and level 2 separately; k1 and k2 are the mean value of levels 
1 and 2 separately.K1' and K2' are the total spore yields from the level 1 and level 2 separately; k1' and k2' are the mean value of levels 1 and 2 separately. R is the maximum of k1, k2 minus the 
minimum of k1, k2 and R' is the maximum of k1, k2 minus the minimum of k1, k2 respectively. O is the optimal level of biomass yields and O' is the optimal value of spore yields. 
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Table 5. The variance analysis of L16(2
15 ) orthogonal test on optimation of environmental factors for biomass yields and sporulation of P. 

lilacinus M-14. 
 

 Parameter  
Variance 
source 

Sum of square 
deviation (SS) 

Degree of 
freedom (v) 

Mean square (MS) F-ratio Significance level† 

Biomass 
yields (mg 
per colony) 

A 4127.74 1 8555.78 8.80 * 

B 1105.40 1 1764.21 2.36 
 

C 180.03 1 1.00 0.38 
 

D 73.75 1 1024.16 0.16 
 

A×B 3738.35 1 3738.35 1.59 
 

A×C 1252.39 1 1252.39 0.53 
 

A×D 1275.85 1 1275.85 0.54 
 

B×C 1610.82 1 1610.82 0.69 
 

B×D 1355.16 1 1355.16 0.58 
 

C×D 1476.68 1 1476.68 0.63 
 

Error 2345.49 5 
       

     

Sporulation 
(10

5 
conidia 

per colony) 

A 0.08 1 0.22 1.32 
 

B 0.40 1 0.01 6.85 * 

C 0.022 1 0.002 0.38 
 

D 0.01 1 0.01 0.01 
 

A×B 0.044 1 0.044 0.15 
 

A×C 0.072 1 0.072 0.25 
 

A×D 0.07 1 0.07 0.23 
 

B×C 0.05 1 0.05 0.17 
 

B×D 0.026 1 0.026 0.09 
 

C×D 0.30 1 0.30 1.04 
 

Error 0.290 5 
    

†F0.1 (1,5) = 4.06, F0.05 (1,5) = 6.610, F0.01 (1,5) = 16.3. *F-ratio >F 0.1. **F 0.1 < F-ratio < F0.05. *** F-ratio < F0.01. 
  
 
 

Table 6. Effects of combinations of environmental factors on biomass yields and sporulation of P. lilacinus M-14. 
 

B, C or D 

A 
   

B 
   

C 
   

A1 
 

A2 
 

B1 B2 C1 
 

C2 
 

B† S‡ B S B S B S B S B S 

B1 167.92 2.69 119.17 2.86 
        

B2 160.75 2.64 176.25 3.09 
        

C1 155.50 2.82 157.75 2.95 148.92 2.89 164.33 2.88 
    

C2 173.17 2.51 137.67 3.01 138.17 2.66 172.67 2.85 
    

D1 163.00 2.70 146.34 2.96 139.58 2.84 169.75 2.82 151.50 2.76 157.84 2.90 

D2 165.67 2.62 149.08 3.00 147.50 2.71 167.25 2.91 161.75 2.61 153.00 3.01 
 

A1, A2, B1, B2, C1, C2, D1, D2 represent the 1 and 2 levels of water potential, pH, light and temperature. † Represent the biomass yields (mg per colony). ‡ Represent spore yields (105 conidia per 
colony).    
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application, with better nutrition and environmental 
storage conditions helping in their resistant to 
unfavorable conditions (Miller et al., 1997). These results 
could also help in selecting better material to formulate 
for a longer shelf life (for example, some fungi are 
sensitive to light, and the material resistant to light can be 
chosen). In addition, chitin helps in stabilizing the fungi 
and also for a better activity in microbiology with a better 
control efficiency in pests (Rodriguez et al., 1984; Sun et 
al., 1997). 
 
 
Conclusion 
 
In summary, the culture conditions for biomass yields and 
sporulation of P. lilacinus M-14, were optimized, which will 
provide valuable information on mass production (both 
yields of biomass and spore) of the potential biocontrol 
agent. 
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Arbuscular Mycorrhizal Fungi (AMF) form symbiotic associations with plant roots and can help mobilize 
nutrients from soil to the plant. The current study hypothesized that agroforestry systems of Rwanda 
harbor AMF with the potential to colonize roots of crops and hence enhance productivity. AMF spores 
were extracted from soil samples collected around most dominant tree species in Bugesera and 
Rubavu districts, respectively, representing semi-arid and sub-humid agro-ecological zones of Rwanda. 
The spores were morphologically identified and trap cultures for the most three predominant AMF 
spore morphotypes were made. This was followed by in-situ inoculation of maize with the fresh inocula 
from the trap cultures. Four different AMF genera were detected; Glomus, Gigaspora, Scutellospora and 
Acaulospora. All genera were found in both agroecological zones and in soil samples from all the host 
tree species with Glomus being the predominant group. All the maize inoculated with AMF had their 
roots colonized and Gigaspora performed best. The mean percentage root colonization varied between 
40 and 70%. The study showed that soils under agroforestry systems of Rwanda harbor AMF with 
capability to colonize maize roots. These findings could be exploited in a view of selecting and 
developing well performing and adapted inocula to be used as bio-fertilizer.  
 
Key words: Arbuscular Mycorrhizal Fungi, agroforestry system, root colonization, maize. 

 
 

INTRODUCTION 
 

Crop productivity is decreasing in Rwanda mainly due to 
the decline in soil fertility associated with many other 

constraints such as, the overexploitation of lands caused 
by high population density, land degradation and
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fragmentation, deforestation, and water scarcity 
(Habiyaremye et al., 2015).  Maize, as one of the most 
important crops in Rwanda, was identified among the 
priority crops by the Government of Rwanda within the 
context of the National Crop Intensification Programme. 
The plant plays an important role in food security and 
income generation for the majority of Rwandese and the 
whole sub-Saharan Africa (Nyaga et al., 2017). Maize is 
planted in most parts of Rwanda but requires substantial 
inputs of nutrients to produce high yield. While most 
options to improve crop productivity involve the use of 
expensive inputs that inherently increase environmental 
risks that farmers are often unable or unwilling to bear, it 
is necessary to investigate alternative eco-efficient 
options that farmers can afford in order to raise their 
production systems. In this perspective, much focus 
should be given to better understanding of the impact of 
trees on soil microorganisms with specific emphasis on 
Arbuscular Mycorrhizal Fungi (AMF).   

AMF, plant root-inhabiting soil fungi, form obligate 
symbiotic associations with over 80% of terrestrial plant 
families (Smith and Read, 2008; Harley and Smith, 
1983). AMF are ubiquitous in almost all plant 
communities in both natural and managed ecosystems, 
even though their number has decreased due to tillage, 
removal of topsoil, erosion, fumigation and over-
fertilization (Rajah and Tang, 2005). They are widespread 
in tropical soils and are associated with a wide variety of 
plant species, including both crops and trees (Sieverding, 
1991; Atayese et al., 1993; Adjoud-Sadadou and Halli-
Hargas, 2000). AMF form an interface between soil and 
plant roots (Power and Mills, 1995; Ingleby, 2007) and 
increase the absorptive surfaces of the roots (Manjunath 
and Habte, 1988). This is due to the extra-radical hyphae 
of the AMF extending beyond plant roots and acting as 
their extensions in acquiring nutrients from the soil 
(Rhodes and Gerdemann, 1975). AMF therefore absorb 
mineral nutrients from soil through their extended hyphal 
network and deliver them to their host plants in exchange 
for carbohydrates (Oehl et al., 2003). AMF provide other 
benefits to the host plants like enhancing their tolerance 
against abiotic stresses such as drought and metal 
toxicity (Meharg and Cairney, 2000).  

As AMF are not host-specific (Ingleby, 2007), the same 
fungi associated with trees can colonize crop species and 
therefore enhance both tree and crop growth in 
agroforestry systems. In this regards, the tree species 
can act as a „reservoir‟ of AMF, from which roots of 
growing crop seedlings can quickly form mycorrhizal 
associations. All the soils harbor AMF spores despite the 
different structural and chemical differences of the 
cropping fields (Don-Rodrgue et al., 2013).  

Plant root colonization by AMF is an important key and 
a strong basis for all the benefits the plant can expect to 
get from the fungi. This has been studied and shown to 
improve productivity of several field crops, including 
maize (Chen et al., 2004). Plant root colonization by AMF  

 
 
 
 
depends on plant species (Panja et al., 2014). This was 
observed among AMF isolates belonging to different 
species, as well as among isolates of the same species 
(van der Heijden et al., 1998; Klironomos, 2003). On the 
other side, for the same plant species, the effects and 
contribution of AM fungi vary according to the fungal 
isolates, reflecting the differences in the symbiotic 
efficiency of the fungus (de Novais et al., 2014). Plant 
responses to AMF depend also on environmental 
conditions such as pH, soil nutrient availability, water, 
light intensity and temperature (Porras-Soriano et al., 
2009; Smith and Smith, 1996). Colonization is restricted 
to root cortex and does not enter the vascular cylinder. 
The nature and abundance of propagules of these fungi 
determine their resistance during periods of inactivity, 
response to disturbance, and resistance to predation by 
other soil organisms (Brundrett and Abbott, 1994).   

AMF are proven essential to increase the sustainability 
of agricultural systems (Cardoso and Kuyper, 2006). 
Even though numerous studies have reported the 
positive effect of AMF inoculation on crop production 
(Nyaga et al., 2014), a majority of past field AMF 
inoculation attempts have focused on the use of exotic 
strains, disregarding the potential of the indigenous 
strains (Njeru et al., 2014), yet native species have been 
regarded as more adapted to the soil environment than 
introduced strains (Klironomos, 2003). This may be cited 
among the possible reasons behind failure in the field 
inoculation attempts. In this regards, use of native AMF 
species can constitute an environmentally friendly method 
of soil fertility amendment over time (Nyaga et al., 2015). 
The current study aimed therefore to identify indigenous 
AMF species of agroforestry systems of Rwanda and 
investigate their potential to colonize maize crop. 
 

  
MATERIALS AND METHODS 
 

Description of the study sites 
 

Bugesera is a district located in Eastern province of Rwanda. The 
district altitude varies between 1300 and 1667 m with soft slopes 
and its relief is mainly constituted of a succession of low plateau, 
valleys and swamps. It has an annual precipitation ranging from 
700 to 900 mm and the mean atmospheric temperature is between 
21 and 29°C. Soils in the region are sandy-loam of moderate fertility 
(Habiyaremye et al., 2015; JICA, 2006; MINITERE, 2003). 
Dominant crops of the region are banana, maize, beans and 
cassava; and trees are Acacia species, Senna spectabilis, Grevillea 
robusta, and Eucalyptus species (Kiptot et al., 2013; CRA, 2005).  

Rubavu, one of the Western province districts of Rwanda, is 
characterized by an altitude ranging between 2000 and 3000 m with 
higher slopes (the mean slope is 35%). The atmospheric 
temperatures are generally cool with an average of 10°C. The 
region annual mean rainfall is 1800 mm. Dominant crops in the 
region include maize, Irish potatoes, climbing beans, wheat and 
vegetables such as carrots and cabbages along with tea plantations 
on valley bottoms. The major trees are Alnus acuminata along the 
contours, Markhamia lutea on farm, Eucalyptus spp. woodlots, G. 
robusta, bamboo, avocado and some indigenous trees such as 
ficus (Kiptot et al., 2013). 
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Figure 1. Agro-ecological map of Rwanda - Selected sites (sectors). 

 
 
 
Sampling 
 
Soil was sampled around most dominant tree species selected in 
Nyundo and Rweru sites of Rubavu and Bugesera districts, 
respectively, representing semi-arid and sub-humid agro-ecological 
zones of Rwanda (Figure 1). The soil pH and phosphorus which are 
important in AMF presence and colonization ranged, respectively of 
5.0 to 6.5 and 25.0 to 58.4 mg/kg at Bugesera and of 4.9 to 5.8 and 
10.1 to 19.7 mg/kg at Rubavu. The two sites were chosen because 
they represent areas with ongoing complimentary project activities 
on tree-crop interactions with a wide range of participatory trials by 
the farmers. 

Soil samples were collected using a soil auger at 0 to 10 cm 
depth, around individual trees of the four most common tree 
species found in the study area. Sampled AMF host trees species 
were M. lutea, A. acuminata, G. robusta and Eucalyptus spp. for 
Rubavu and S. spectabilis, Acacia polyacantha, G. robusta and 
Eucalyptus spp. for Bugesera.  

Three tree replicates were sampled and soil samples were 
collected at three distances from the tree trunk: 0.5 m from the tree 
trunk, the edge of the tree canopy and 3 m from the edge of the 
tree canopy. At every distance, the soil was sampled in the east 
and west directions of the tree and the two samples were pooled 
into a composite sample, so to have a total of 72 soil samples. The 
collected soil samples were stored and transported in plastic bags 
to the laboratory and kept at 4°C until processing.  
 
 
Extraction of AMF spores 
 
The extraction of AMF spores was done using the method adapted 
from Gerdemann and  Nicolson  (1963),  Habte  and  Osorio  (2001) 

and Ingleby (2007). This consists of mixing 50 g soil with water to 
obtain a 1 L suspension, which was then strongly agitated to 
disperse the soil aggregates and release AMF spores. The liquid 
was then poured onto a nest of sieves (200 µm pore size on top to 
allow flow of spores by retaining large soil and organic matter 
particles, and 45 µm on the bottom to retain AMF spores yet allow 
passage of the finest soil particles). The collected residue in the 
smallest sieve was washed and transferred into 50 ml centrifuge 
tubes and centrifuged with water for 5 min at 1,800 rpm. The 
supernatant was then discarded and the pellet re-suspended in 
48% (w/v) sucrose and centrifuged again for 1 min at 1,800 rpm. 
The supernatant (with spores) was poured onto 45 µm sieve and 
rinsed with water to remove the sucrose. The remaining residues on 
the sieve were transferred to a Petri dish for initial observation and 
collection of AMF spores under dissecting microscope with 40× 
magnification. 
 
 
Morphological identification of AMF spores 
 
Thirty AMF spores were randomly picked from a pool of spores 
extracted around individual host tree species of each agro-
ecological zone. This resulted in a total of 240 spores prepared for 
identification. The morphological identification of AMF spores was 
done using the method adapted from INVAM (2004) and Ingleby 
(2007). Spores were grouped into different morphotypes according 
to their morphological characteristics. After the uniformity of the 
morphological groups was confirmed under a dissecting 
microscope, microscopy slides were prepared for each different 
spore morphotype with polyvinyl-alcohol and polyvinyl-alcohol plus 
Melzer‟s solution with 1:1 ratio. The different morphotypes were 
examined  under  a   stereomicroscope   at   400×   and   tentatively 
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identified to the genus level. This morphological spore identification 
was mainly based on spore size, shape, color, wall structure, 
hyphal attachment, ornamentation and Melzer‟s solution reaction. 
 
  

AMF spores multiplication and maize inoculation  
 

AMF spores propagation through trap cultures development 
 

The aim of the cultures was to maintain a living collection of the 
organisms under study and obtain fresh spores for further 
inoculation. The trap cultures were set in pots and soil sampled 
from Bugesera agroforestry system was randomly chosen to be 
used. Three pots were filled with a mixture of sterilized soil and 
sand in a ratio 1:1 at ¾. The three most predominant isolated 
morphotypes of AMF spores were sown in the three pots, 
respectively. Seeds of sorghum were sown in each pot as symbiotic 
partner plant to AMF. As one of the most effective symbiotic 
partners of AMF, sorghum had been previously used for 
multiplication of AMF spores. Fast germination and growth as well 
as large root density of this plant favor rapid formation of numerous 
infection points which result in contact with greater number of 
spores (Carrenho et al., 2002). The trap cultures were maintained 
in green house for 8 weeks with regular watering. 
 
    

Inoculation of maize with AMF 
 

The experiment was conducted in 5 L pots in a greenhouse with 
natural lighting and temperature. Treatments were factorial 
combinations of two factors; including AMF inoculation (AMF 
inoculum vs. non-mycorrhizal control) and P addition (0, 0.9, 1.9 
and 2.9 g P per pot). The experiment was arranged in a design with 
three replicates for each treatment. A total of 96 pots including 84 
pots of maize plants treated with AMF inoculum and 12 controls 
were organized into 32 treatments and tested for AMF colonization. 
Fertilizers N and K were added as 1.9 g of N per pot in the form of 
urea and 1.9 g per pot in the form of KCl. All the amounts of added 
N, P and K per pot were determined based on a fertilizer‟s NPK 
ratio % of 17-17-17 at 300 kg NPK fertilizer per hectare as being 
applied in maize farming in Rwanda. The maize variety used in the 
experiment was ZM607 because of its high productivity, rapid 
growth and resistance against various diseases. 

Mycorrhizal inoculum consisted of soil, spores, mycelium and 
infected root fragments picked from the trap cultures. Each pot was 
inoculated with 100 g inoculum for the AMF treatment. Each pot 
was filled with 5 kg of autoclaved soil. The inoculum was placed 20 
mm below the seeds prior to sowing. Maize seeds were surface 
sterilized in a 70% alcohol solution for 5 min then washed several 
times with distillated water. Five seeds of maize were sown in each 
pot and thinned to three after seedling emergence. Watering was 
done daily and plants were harvested 60 days after germination. 
 
 
Evaluation of maize roots colonization  
 
To be able to observe the infection of roots by AMF, washed root 
samples were to be cleared in potassium hydroxide, bleached in 
alkaline hydrogen peroxide, acidified in hydrochloric acid and 
stained with trypan blue. The roots were then de-stained, mounted 
on a glass microscope for microscopic observation, and the 
frequency of AMF colonization recorded and expressed in 
percentage (Ingleby, 2007; Habte and Osorio, 2001). 
 

 
Collection of maize roots samples 
 
Entire roots of maize were picked from the soil, washed free  of  soil  

 
 
 
 
and tertiary roots were collected to obtain a representative sample. 
Roots samples were stored in plastic vials within 70% ethanol 
before staining for AMF assessment. 
 
 
Roots clearing, staining and de-staining 
 
Maize roots previously stored in 70% ethanol were stained for AMF 
assessment. Ethanol was poured and 2.5% KOH was added for 
clearing root samples. The roots were heated in an oven at 70°C for 
1 h; KOH was poured and roots were rinsed with tap water. Alkaline 
hydrogen peroxide (comprised of 60 ml of 20 to 30% NH4OH and 
90 ml of 30% H2O2 and 840 ml distilled water) was added to remove 
the phenolic substances. The roots were placed in the oven at 70°C 
for 20 min. The roots were then rinsed with tap water, 1% HCl was 
added and the root samples were left for 24 h. HCl was poured and 
without rinsing the roots, 0.05% trypan blue (500 ml glycerol, 450 
ml water, 50 ml of 1% HCl and 0.5 g trypan blue) staining reagent 
was added and placed in the oven for 1 h at 70°C. The stain was 
then poured and de-staining solution, acidic glycerol (500 ml 
glycerol, 450 ml water, 50 ml of 1% HCl) was added.  
 
 
Slide preparation and roots analysis for AMF colonization 
 
Roots were removed from the de-staining solution and placed in a 
Petri dish. A small amount of water was added into the Petri dish, 
and with forceps and a surgical blade on a holder, roots were cut 
into approximately 1 cm pieces. Pieces of roots (10) for each 
specimen were mounted on a glass microscope slide and a drop of 
lactic acid added as a mounting reagent. The cover slip was gently 
lowered from the edge and roots gently squashed. Slides were 
examined under the compound microscope at 100× magnification 
and the frequency of AMF colonization (arbuscules, vesicles, 
internal and external hyphae) was recorded for each sample. 
 
  
Statistical analyses 
 
To evaluate the data on maize roots colonization by AMF, the 
analysis of variance (ANOVA) was used. Comparison among 
different morphotypes‟ performance in colonizing maize roots was 
carried out at p = 0.05 significant level.  
 
 
RESULTS 
 
Morphological characterization of AMF Spores 
 
Based on major differences in spore morphological 
appearance, four different types (genera) of spores were 
detected from the agroforestry systems in the semi-arid 
and sub-humid agroecologies of Rwanda. The 
characteristics shown by the different types of spores are 
indicated in Table 1. These morphotypes AMF1, AMF2, 
AMF3 and AMF4 were identified into four genera, that is, 
Glomus, Gigaspora, Scutellospora and Acaulospora, 
respectively (Figure 2) based on their morphological 
features.   

All spore types were found in soil samples from all the 
host tree species. In general, of the assessed AMF spore 
from Bugesera agro-ecological zone, 45.83% were 
Glomus, 25.00% Gigaspora, 15.83% Scutellospora and 
13.33% Acaulospora. From Rubavu agro-ecological
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Table 1. AMF spores morphological characteristics. 
 

Rapid diagnosis (under dissecting  microscope)  Deep diagnosis (Under compound microscope) 
Genus 

Morphotype Size Color  Reaction in Melze’s reagent Hyphae Wall layers Ornamentation 

AMF1 Small Light yellow to brown  Yes + 1 or 2 laminated No Glomus 

AMF2 Big White to gray  No + 3 laminated No Gigaspora 

AMF3 Small Brown  Yes + 2 Non-laminated Yes Scutellospora 

AMF4 Big Brown to black  No - 2 or 3 non-laminated Yes Acaulospora 
 

+Presence of subtending hyphae; - absence of subtending hyphae (sessile). 

 
 
 

 
 
Figure 2. Photomicrographs of AMF spores (400× magnification). 
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Figure 3. Mycorrhizal root colonization frequency of tested AMF genera in response to P fertilizer addition.   

 
 
 
zone, 46.66% were Glomus, 31.66% Gigaspora, 14.16% 
Scutellospora and 7.50% Acaulospora. Combining data 
from both agro-ecological zones, 46.25% were Glomus, 
28.33% Gigaspora, 15.00% Scutellospora and 10.4 % 
Acaulospora.   

In all, Glomus was the predominant genus; the second 
dominant AMF genus encountered was Gigaspora. The 
third was genus Scutellospora and the last was the genus 
Acaulospora. 
 
 
Maize roots colonization by AMF  
 
Potential of the tested AMF genera to colonize maize was 
evaluated in terms of root colonization frequency. All the 
plant roots in the treatments with AMF were colonized by 
abuscules and/or vesicles of the AMF. The percentage of 
root colonization detected ranged from 10 to 100% with a 
mean colonization of 40% for the least performing AMF 
treatment, and 70% for the most performing. Root 
colonization frequency in all treatments without 
mycorrhizal inoculation was always zero. Mycorrhizal root 
colonization frequency versus phosphorus fertilization 
application for Glomus, Gigaspora and Scutellospora is 
as shown in Figure 3. In this study, the tested levels of P 
fertilization did not show significant effect on AMF root 
colonization and the noticed fluctuations of the fungi 
performance were not consistent (Figures 3, 4, 5, and 6).     

The analysis of variance (ANOVA) showed that 
Gigaspora performed better than Glomus (p=0.004) and 
Scutellospora (p=0.022), respectively. When combined to 
Glomus and Scutellospora (Figure 4), the root 

colonization frequency of Gigaspora statistically 
decreased with p = 0.03 and 0.008, respectively. When 
all the genera Glomus, Gigaspora and Scutellospora 
were united to test their combined potential, the root 
colonization frequency of Gigaspora was not significantly 
affected. When similar combinations were applied to 
Glomus and Scutellospora, their individual performance 
was not significantly affected. Figures 5 and 6 show 
different combinations involving Glomus and 
Scutellospora as well as the fluctuations observed on 
their performance, but no significant difference was 
tested. 
 
  
DISCUSSION  
 
Characterization of AMF spores 
 
Taxonomy of AMF can be done based upon the 
morphology of large asexual spores the fungi produce in 
the soil (Mohammadi et al., 2011). In this research, four 
AMF genera were morphologically recovered from soil 
samples and Glomus was the predominant taxonomic 
group. The predominance of Glomus was also reported in 
dry afromontane forests of Ethiopia (Tesfaye et al., 
2003b), in tropical rain forest of Xishuangbanna, China 
(Zhao et al., 2001), in tropical rain forest in Mexico 
(Guadarrama and Alvarez-Sanchez, 1999), and in arid 
and semi-arid lands of North Jordan (Mohammad et al., 
2003). Glomus spp. were also the most frequently 
encountered AMF in the fecal samples collected from 
terrestrial and arboreal  small  mammals  in  a  Panamian
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Figure 4. Gigaspora root colonization frequency in various combinations with other genera.  

 
 
 

 
 

  
 

Figure 5. Glomus root colonization frequency in various combinations with other genera. 

 
 
 

 
 

   
 

   
 

Figure 6. Scutellospora root colonization frequency in various combinations with other genera.  

 
 
 
cloud forest with 87% frequency of occurrence in the 
samples (Mangan and Alder,  2000).  Million  (2002)  also 

reported that more than 80% spore extracted beneath 
Acacia tortilis was Glomus. Similarly Munro et  al.  (1998)  
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found out that Glomus spores were the dominant beneath 
the host tree A. tortilis. According to Frioni et al. (1999), 
acidic soil favors Glomus abundance than other genera. 
The sampled soils of a pH ranging between 5 and 6.5 in 
Bugesera and between 4.9 and 5.8 in Rubavu may 
explain why Glomus dominated other genera in the 
present findings. Gigaspora, the second dominant AMF 
genus in the sampled agroforestry systems, was also 
reported to be abundant at lower pH (Frioni et al., 1999). 
The least dominant spore type was the genus 
Acaulospora. Less occurrence of Acaulospora was also 
noticed by Sewnet and Tuju (2013) in their research on 
AM fungi associated with shade trees and Coffea arabica 
L. in a coffee-based agroforestry system in Bonga, 
Southwestern Ethiopia.  

Even though the fungi encounter different soil 
environment and different host plant species, and despite 
large geographic separation and agro-ecological 
differences between Rubavu and Bugesera, diversity of 
AMF spores was similar in all the sampled soils and in 
both agro-ecological zones. Bugesera and Rubavu 
contained similar communities of AMF spores; all genera 
Glomus, Gigaspora, Scutellospora and Acaulospora were 
found in both habitats. The present results concur with 
previous findings that the AMF community can adapt to 
different environmental conditions and host plants (Yang 
et al., 2009). In addition, the two agroforestry systems 
have fairly similar pH. Furthermore, AMF are ubiquitous 
and non-host specific (Don-Rodrgue et al., 2013; Ingleby, 
2007; Rajah and Tang, 2005).  
 
 
Colonization of maize roots by AMF  
 
Indigenous AMF associated with tree species of the 
agroforestry systems in the semi-arid and humid 
agroecologies of Rwanda demonstrated ability of 
infecting maize roots. One of the reasons to explain this 
observation may be the noticed ability of AMF to form 
symbiotic associations with plant roots which is generally 
non-specific (Carrenho et al., 2002); the fungi can 
consequently form associations with a wide range of 
plant species. In this regards, the same fungi associated 
with a tree can infect roots of crop species (Ingleby, 
2007). The study also confirmed results from many 
previous researches that maize can easily and fast form 
mycorrhizal associations (Mohammadi et al., 2011), and  
permits wide proliferation of AMF in its roots. This may be 
partly due to the larger root density of the plant, extension 
and branching (Robertson et al., 1980), allowing 
therefore contact with a greater number of AMF 
propagules. Compatibility between AMF and maize could 
also be explained by anatomic characteristics of the plant 
roots which favor the early stages of the plant-fungus 
interaction (Brundrett and Kendrick, 1990). For instance, 
maize possesses a root surface covered by two kinds of 
mucilage: a gelatinous material produced by the root cap  

 
 
 
 
and another firmer and uniformly thickened, attached to 
the epidermal cells. When the roots elongate in maize, 
the mucilaginous mantle is detached only with epidermal 
and hypodermic cells contrary to some other plants in 
which this mucilaginous mantle is detached with the 
cortical cells. These anatomical root characteristics may 
influence AMF development and be responsible for the 
high maize roots infection with AMF since the roots keeps 
the sites where symbiosis is established (cortex) (Mc 
Cully, 1987). 

Contrarily to negative effects of P on AMF reported in 
many previous researches, in this study P fertilization did 
not show significant effects on AMF root colonization. 
Similar results of no significant P fertilizer effect were 
reported by Wang et al. (2018) in their investigation on 
the effect of N-P fertilization on AMF root colonization.  
Results of the current study are also in agreement with 
Grant et al. (2005) who reported that P fertilization does 
not always reduce mycorrhizal association. This lack of 
consistency among various research findings on impact 
of fertilization on AMF plant root colonization pushed 
Wang et al. (2018) to suggest that the effects of 
fertilization on AMF may be context-dependent and many 
other factors may be involved. However, much 
experimental evidence shows that a high level of plant P 
status rather than that of the soil regulates mycorrhizal 
colonization (Lu et al., 1994; Koide and Li, 1990). 

Root colonization frequency by Gigaspora was 
significantly higher than that of the other tested genera. 
This may be an indication that the phenomenon is related 
to inoculum infectivity. However, the current study was 
not able to show the reason behind the noticed higher 
performance of Gigaspora. Although AMF colonization 
was significantly lower for Glomus and Scutellospora, it 
was never zero. Thus, all the tested AMF may still be 
able to colonize roots of crops and contribute to crop 
nutrition regardless of the genus.  

Therefore, the ability of AMF native of Rwanda to 
colonize maize roots as an important key and a strong 
basis for all the benefits the plant can expect to get from 
the fungi were noticed. This is also a proof that, once well 
studied, the indigenous AMF of Rwanda can be exploited 
as a bio-fertilizer and extensively used by farmers. 
 
  
Conclusion 
 
The current study demonstrated that agroforestry 
systems of Rwanda harbor AMF with the potential to 
colonize roots of crops and hence enhance productivity. 
AMF native to Rwanda could be considered to be a future 
tool in agriculture especially as a bio-fertilizer. Therefore, 
there is a need for an inventory of AMF in all agroforestry 
systems of Rwanda with a deep study on their ecology 
and host range before application. Their relation with 
nutrient dynamics and other soil characteristics of 
Rwanda territory should also be evaluated.  
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Candida species are opportunistic fungal pathogens which are often isolated from 
immunocompromised individuals. Candida albicans is the most frequently isolated species in both 
superficial and invasive candidiasis. Non-albicans species are equally striving in their pathogenic 
ability, but it is noticed that C. albicans continues to exert its relevance as the leading cause of 
candidiasis. This is confirmed by this case report finding, from the traditional laboratory culture-based 
phenotypic methods to molecular diagnostic methods and finally DNA sequencing. Antifungal 
susceptibility pattern was performed using E-test strip to determine the minimum inhibitory 
concentrations (MICs) of eight antifungal agents from the three main classes against C. albicans 
isolate. The MIC results were read at 24 and 48 h incubation according to Clinical and Laboratory 
Standards Institute (CLSI) guidelines. The results indicate susceptibility of C. albicans to amphotericin 
B with MIC value of 0.47 µg/mL, anidulafungin with MIC of 0.32 µg/mL; micafungin with MIC of 0.94 
µg/mL and caspofungin with MIC of 0.125 µg/mL. The isolate was found to be resistant to all the four 
azole derivatives tested: fluconazole MIC ≥256 µg/mL; itraconazole, posaconazole and voriconazole 
with MIC values ≥32 µg/mL, indicating that the isolate may be azole resistant strain. Determination of 
the susceptibility pattern of this isolate is paramount for effective management of the case. Use of any 
echinocandins derivatives may be of help in the treatment of such fluconazole resistant strain. Here, we 
report a case of interdigital space infection (between 4

th
 and 5

th
 digits) due to C. albicans in a 41 year 

old African man. 
 
Key words: Candida albicans, E-test, interdigital, African, superficial.  

 
 
INTRODUCTION 
 
Very  few  Candida  species  namely,  Candida   albicans,  Candida glabrata, Candida dubliniensis and Candida
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parapsilosis are successful colonizers of human hosts. C. 
albicans is the commonest opportunistic human 
pathogen, more than any other Candida species, residing 
in the epithelial surfaces; it is in optimum check by the 
immune system and protective bacterial microbiome 
(Ventolini et al., 2016). When the defense system of the 
host becomes compromised, candidal infection may 
occur, due to these infective species, which ranges from 
superficial to life-threatening invasive candidiasis. 
Significant rise in the candidal infection due to C. albicans 
continues to be noticed as a result of increase in the 
population of immunocompromised individuals and the 
advances in the diagnosis of infections (Wagner et al., 
2018). The success of C. albicans in causing cutaneous 
candidiasis is based on its ability to thrive in many 
environmental factors by exploring many pathogenic 
mechanisms to facilitate its survival. These mechanisms 
include; yeast–to–hyphae transition; biofilm formation, 
sensing and thigmotropistic growth; presence of adhesion 
molecules; secretion of enzymes e.g. hydrolases and 
phenotypic switching among others. Other important 
factor is the genetic predisposition that makes the skin 
more susceptible to candida infection, e.g. autoimmune 
polyendocrinopathy-candidiasis-ectodermal dystrophy 
(APECED), popularly known as polyglandular 
autoimmune syndrome type 1 (PAS-1) caused as a result 
of mutations in autoimmune regulator gene (AIRE) 
(Kämpe et al., 2018). There are many types of superficial 
candidal infections; common ones include erosio 
interdigitalis blastomycetica, intertrigo, diaper dermatitis, 
perianal dermatitis, and candidal balanitis with symptoms 
such as scaling, redness, itching, and pain due to 
pressure exertion. Here, we report a case of C. albicans 
isolated from the interdigital space between 4th and 5th 
digits of the right foot of an immunocompetent individual. 
Antifungal susceptibility testing is crucial in the selection 
of the antifungal therapy. Ketoconazole and fluconazole 
were used as topical and oral treatment respectively, 
prior to clinical diagnosis, though the infection is not yet 
resolved.  
 
 

CASE REPORT 
 

A 41 year old African man, with suspected fungal 
infection on his right foot between 4

th
 and 5

th
 digits, 

presented with symptoms of scaling, fissure, itching and 
pain due to pressure exertion because of the massive 
growth and scaling of the entire space. The infection 
throve for a long time from the onset of its symptoms till 
presentation due to favourable environment such as 
moisture and high relative humidity enjoyed by the 
aetiologic agent. These factors are attributed to his 
frequency in the use of cover shoes during laboratory 
hours that provides favourable condition of humidity for 
fungal growth and coupled with commonly available 
climatic  conditions  in   his   home   country,   where   the 

 
 
 
 
infection sets in. The condition further worsened, since he 
came to Malaysia where higher rainfall of almost 10 
months in a year is experienced. This suggests high 
relative humidity which is required by the infective agent 
and that led to the presentation for diagnosis. The 
importance of this report is to provide available data for 
researchers as well as provide identity of the aetiologic 
agent for the choice of appropriate treatment, since the 
important Candida species had the history of drug 
resistance. On day 0, the scales of the affected area 
were aseptically scraped, after cleaning the area with 
70% alcohol and placed in 10% KOH to remove the 
debris of the epithelial cells and to release the infective 
organism from the compacted scales. The cells were 
cultured on Sabouraud dextrose agar (SDA) (Merck, 
Germany) and the process of identification continued up 
to day 13, where the direct DNA sequencing of the 
organism was done. The sequences obtained were 
subjected to BLAST software using the National Center 
for Biotechnology Information (NCBI) database for 
confirmation of the organism identity. The clinical tests 
conducted are sequentially described in Figure 1. 
 
 
MATERIALS AND METHODS 

 
Laboratory culture 

 
The laboratory culture was carried according to the protocol of 
Wagner et al. (2018). The scaly sample scraped from the site was 
first dissolved in 10% KOH preparation to soften and release the 
yeast cells from the scaly sample. Then a direct microscopy using 
40x objective for basic yeast features was made (data not shown) 
and inoculation was subsequently done on primary inoculation 
media, SDA and incubated overnight at 37°C as shown in Figure 
2A. The pure isolate in plate B as indicated in Figure 2B was 
obtained by sub-culturing onto another sterile SDA plate and 
incubated in the same way as in plate A for 72 h.  

 
 
Culture on CHROMagars candida  

 
The suspected Candida species was cultured on commercially 
prepared plate of CHROMagar Candida media (Isolab, Malaysia), 
and incubated over night at 37°C for growth and colour 
appearance.  

 
 
Gram staining technique 

 
Gram staining was carried out by staining the dried and heat fixed 
light smeared colony using distilled water on a clean grease free 
slide; crystal violet was used the primary stain, Lugol’s iodine as 
mordant, acid alcohol as decolorizer and safranin as secondary 
stain. It was washed briefly  using distilled after each step as 
described by Boyanova (2018).  

 
 
Germ tube test 

 
The germ tube test was carried out by incubating the  single  colony 
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Figure 1 A and B. Clinical appearance of interdigital cleft infection between 4th and 
5th digits with C. albicans before and after treatment with ketoconazole and 
fluconazole drugs (arrows: scales formed on the affected area). 

 
 
 

 
 

Figure 2. A) Inoculated SDA plate after scraping and treating of sample with 10% 
KOH. B) Pure clinical isolate of C. albicans grown at 37°C for 72 h on SDA media 
sub-cultured from plate A. 

 
 
 
of the isolate in 3 ml of human serum at 37°C for 3 h as described 
by  Jan et al. (2018). 
 
 
PCR based identification method 
 
The DNA was extracted using phenol-chloroform based method. 
The PCR amplification was run using BioRad Gradient PCR 
machine (U.S.A) and Taq DNA polymerase enzyme (Thermo 
scientific, U.S.A) together with ITS1 (5’-
TCCGTAGGTGAACCTGCG-3’) and ITS4 (5’-
TCCTCCGCTTATTGATATGC-3’) primers in a 25 µL volume of 
PCR reaction. The PCR reaction cycles  were  carried  out  in  three 

basic steps (denaturation, annealing and extension). The initial 
denaturation occurred at 95°C, for 3 min, for 1 cycle, then followed 
by denaturation at 95°C, for 30 s and 30 cycles. After denaturation, 
then there was the annealing stage with temperature (Ta) of 55°C, 
for 30s and 30 cycles, followed by the extension stage at 72°C for 1 
min using 30 cycles. At the end, the final extension occurred at 
72°C for 5 min using 1 cycle. 
 
 
Gel electrophoresis  
 
The gel was prepared at 0.8% and the PCR products were loaded 
in their respective wells; it  was  submerged  in  the  electrophoresis  
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Figure 3. Suspected C. albicans pure 
isolate grown on CHROMagars Candida 
plate, with green colour appearance. 

 
 
 

 
 

Figure 4. Gram stain reaction of yeast smear 
indicating Gram positive yeasts with purple 
colour appearance using 40x objective.  

 
 
 

 
 

Figure 5. Result of germ tube produced by C. 
albicans (arrows: indicate germ tubes produced) 
using 40x objective. 

 
 
 
 
tank containing 1x TBE buffer, using 5:1 ratio of sample to loading 
dye. The electrophoresis was set at 70V and 400 mA for 75 min. 
 
 
DNA sequencing analysis 

 
The PCR product obtained after carrying out the PCR reaction was 
purified using GeneAll® Expert purification kit (Seoul, Korea) and 
sent to 1st Base Scientific, Malaysia for direct DNA sequencing 
analysis.  

 
 
Antifungal susceptibility testing using E – test strip 

 
The E - test (Liofilchem, Italy) susceptibility testing was carried out 
according to the manufacturer’s protocol using antifungal agents; 
amphotericin B, fluconazole, voriconazole, posaconazole, 
itraconazole, micafungin, anidulafungin and caspofungin test strips 
plated over Mueller Hinton Agar (MHA) supplemented with 2% 
glucose and 0.5 µg/mL methylene blue. The inoculum was adjusted 
to a final concentration of 0.5 to 2.5 x103 CFU/mL and swabbed on 
the dried MHA prepared plates and incubated at 35°C for 24 to 48 h 
for MIC determination of eclipse zone of inhibition.  
 
 

RESULTS 
 

Laboratory culture result 
 

The isolate developed creamy to white yeasty and 
smooth surface colonies after 24 h incubation as shown 
in Figure 2A for initial culture and 2B for pure colony 
formation.  
 
 

CHROMagars Candida result 
 

The isolate appeared green in colour on the CHROMagar 
Candida culture plate as shown in Figure 3, suggesting 
that the isolate was either C. albicans or C. dubliniensis. 
Therefore, further analysis was required to unravel the 
two suspecting isolates. 
 
 

Gram staining results 
 

The yeast cells upon tested using Gram staining 
technique appeared purple, round to oval large budding 
cells indicating Gram positive reaction, a characteristic of 
yeast cells (Figure 4).  
 
 

Germ tube result 
 

The germ tube was produced and it appeared as a short 
outgrowth of hyphae, which is 3 – 4 times longer than its 
yeast origin as shown in Figure 5. This is suggestive that 
the isolate could be C. albicans, but the test is not 
sensitive to confirm it until further analysis is done. That 
led to the PCR based assay to confirm the causative 
isolate.  



 

 

 
 
 
 
PCR gel electrophoresis result 
 
Following the end of the electrophoresis separation, the 
gel was visualized under the UV light using 
AlphaImager® 2200 gel documentation system (Protein 
Simple, U.S.A). All the six sample wells (lanes 2 to 7) 
showed a band size of approximately ~ 600 bp and 
likewise the expected positive control of 943 bp (Lane 1) 
as shown in Figure 6.  
 
 
DNA sequencing results 
 

The following nucleotide sequence obtained from 
sequencing result was subjected to BLAST software 
using NCBI database and the causative agent was 
identified as C. albicans with 99% homology to NCBI 
GenBank database (Table 1). 
 
 
DNA sequence of C. albicans obtained from 
sequencing analysis 
 
DNA sequence of C. albicans obtained from sequencing 
analysis was: 
 

5’AACATCCGCTACTGAGGCATCCCTGCTTGGTTTCTT
TTCCTCCGCTTATTGATATGCTTAAGTTCAGCGGGTA
GTCCTACCTGATTTGAGGTCAAAGTTTGAAGATATAC
GTGGTGGACGTTACCGCCGCAAGCAATGTTTTTGGT
TAGACCTAAGCCATTGTCAAAGCGATCCCGCCTTAC
CACTACCGTCTTTCAAGCAAACCCAAGTCGTATTGCT
CAACACCAAACCCAGCGGTTTGAGGGAGAAACGACG
CTCAAACAGGCATGCCCTCCGGAATACCAGAGGGCG
CAATGTGCGTTCAAAGATTCGATGATTCACGAATATC
TGCAATTCATATTACGTATCGCATTTCGCTGCGTTCT
TCATCGATGCGAGAACCAAGAGATCCGTTGTTGAAA
GTTTTGACTATTAAGTAATAATCTGGTGTGACAAGTT
GATAAAAAATTGGTTGTAAGTTTAGACCTCTGGCGGC
AGGCTGGGCCCACCGCCAAAGCAAGTTTGTTTCAAA
GAAAAACACATGTGGTGCAATTAAGCAAATCAGTAAT
GATCCTTCCGCAGGTTCACCTACAGAAACCTTGTGTT
CAACGACTAAATAATT3’ 
 
 
Antifungal susceptibility testing results 
 
Antifungal susceptibility testing was performed on the 
identified C. albicans isolate using E - test method 
(Liofilchem, Italy). The susceptibility pattern of the isolate 
was determined using published MIC breakpoint of CLSI 
(M27-A3) and literature guidelines for in vitro susceptibility 
testing of C. albicans (Table 2). Eight antifungal agents 
were tested on the isolate as indicated in Table 3.  The 
MIC reading was determined where the relevant inhibition 
eclipse intersects the strip and the MIC was read and 
evaluated  on  the scale as indicated in  Figure  7  by  the 
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same two investigators with a third investigator 
designated to resolve results discrepancies. 
 
 

DISCUSSION  
 
C. albicans is basically an asexual, polymorphic fungus 
that grows as either ovoid-shaped budding yeast or an 
elongated ellipsoidal yeast cells, with constriction at the 
septa (pseudohyphae). Its success as a pathogen lies on 
its genetic, biochemical, and morphological flexibility 
which facilitate its adaptation to a wide range of host 
niches. It is the most prevalent and best studied Candida 
species, and acts as both commensal and human 
pathogen as described by da Silva Dantas et al. (2016). 
Its change of status from commensal to pathogenic 
depends on the slight change of environmental conditions 
leading to expression of virulence factors like adhesins 
and invasins on its cell surface, production of hydrolases 
that mediate adhesion to susceptible host and biofilms 
formation as reported by Mayer et al. (2013). C. albicans 
is also associated with interdigital space infection and 
found to be conformed to the findings of Metin et al. 
(2018) which indicated that C. albicans, has a strong 
predilection for the intertriginous areas of the inguinal 
folds, intergluteal cleft, axillae, inframammary folds, 
umbilicus and the web spaces, particularly between the 
third, fourth, and fifth digits of the hands or feet.  

The frequent isolation of C. albicans justifies its 
pathogenicity and is supported by the presence of 
underlying predisposing factors such as cancer, diabetes, 
prolonged use of antibiotics, hormonal therapy, oral 
contraception and pregnancy as reported by Metin et al. 
(2018). The global burden of superficial fungal infection 
(skin, hair and nail) was put to approximately one billion 
and is mostly associated with candida clade with C. 
albicans on the lead in causing mucosal disease, 
Trichophyton in skin diseases and Aspergillus fumigatus 
in allergic fungal disease (Bongomin et al., 2017). In 
Malaysia, according to the laboratory-based surveillance 
on Candida species between 2000 and 2013 conducted 
on hospitalized patients, with samples obtained from 
different anatomical sites, indicated fifteen Candida 
species. Occurrence of candidiasis on the skin of the 
lower extremities e.g. foot and hand, corroborated the 
findings of Mandengue and Denning (2018) that reported 
active penetration of yeast, also breakdown of the 
physical skin barrier as a contributing factor.  

The molecular based technique of identifying the 
suspected aetiologic agent was based on amplification of 
target sequences in the internal transcribed spacer (ITS) 
regions of the noncoding ribosomal RNA operon as 
described by Okata-Karigane et al. (2018) using specific 
ITS 1 and 4 primers, because the region has the ability of 
discriminating or characterizing several Candida species 
based on species specific DNA polymorphism. In 
conclusion, here we report a case of C. albicans  isolated 
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Table 1. DNA sequence analysis result of C. albicans when subjected to BLAST software using NCBI database. 
 

Code 
used 

Suspected 
genera 

Identified 
species 

Product 
length (bp) 

Sequencing 
query length 

Percentage of homology 
to NCBI GenBank 

database 

NCBI accession 
number 

Yeast Candida 
Candida 
albicans 

~600 601 575/579 (99%) KY101880.1 

 
 
 

Table 2. CLSI (M60/M27-A2) and literature guidelines for in vitro susceptibility testing of C. albicans.  
 

Antifungal 
agent 

Interpretative criteria (µg/ml) 

Susceptible  

(S) 

Intermediate 

(I) 

Susceptible dose-dependent 

(S - DD) 

Resistant 

(R) 

Amphotericin B - - - - 

Fluconazole ≤2 - 4 ≥8 

Itraconazole  ≤0.125 0.25 – 0.5 - ≥1.0 

Voriconazole ≤0.125 0.25 – 0.5 - ≥1.0 

Posaconazole ≤0.125 0.25 – 0.5 - ≥1.0 

Micafungin ≤0.25 0.5 - ≥1.0 

Anidulafungin ≤0.25 0.5 - ≥1.0 

Caspofungin  ≤0.25 0.5 - ≥1.0 
 

CLSI, Clinical and Laboratory Standards Institute, MIC: minimal inhibitory concentration. 

 
 
 

Table 3. MICs (μg/ml) of antifungal agents for C. albicans clinical isolate determined by E-test after 24 h incubation. 
 

Candida isolate Antifungal agent MIC (μg/ml)/(Range) Range references 

 Amphotericin B 0.47 (0.125 – 8 ) Arendrup et al. (2017) 

 Fluconazole ≥256 (0.125 – 0.25) Fothergill et al. (2014) 

 Itraconazole  ≥ 32 (0.015 – 0.12.5) Dadar et al. (2018) 

 Voriconazole ≥32 (0.0313 – 4) Siopi et al. (2015) 

C. albicans Posaconazole ≥32 (0.03 – 8) Badiee et al. (2017) 

 Micafungin 0.94 (0.015 – 8) Fothergill et al. (2014) 

 Anidulafungin 0.32 (0.019 – 0.5)  Kidd et al. (2018) 

 Caspofungin  0.125 (0.03 – 0.5) Mahdavi Omran et al. (2018) 

 
 
 

from the foot of an immunocompetent individual, in order 
to find the best treatment option. Determination of 
antifungal susceptibility pattern for Candida species is 
often important and necessary for clinical decision and 
better patient management, as a result of increase in 
frequency of resistant Candida species isolation in many 
infections. Larkin et al. (2018) reported high MIC value of 
fluconazole antifungal in resistant C. albicans. The 
resistance to azole antifungals may be due to resistance 
to fluconazole. According to Eldesouky et al. (2017), 
there is strong positive correlation (R = 0.9) between the 
MIC of fluconazole (MIC ≥16 μg/ml) and the MICs (≥2 
μg/ml) of posaconazole, itraconazole, voriconazole and 
ravuconazole, suggesting cross resistance. This 

especially occurs in C. glabrata and agrees with our 
findings where all the four azole derivatives tested 
indicate resistance with high MIC values (≥32 μg/ml). 
 
 
Treatment  
 
Though no any clinical test was conducted then to 
determine the identity of the aetiologic agent, oral 
(fluconazole) and topical (ketoconazole) antifungal 
agents were used for 1 to 4 weeks. Such treatment only 
subdued the infection for a while, without completely 
curing the mycosis. After the diagnosis, same 
ketoconazole was also prescribed by the examining
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Figure 6. Gel result of the separated C. albicans internal transcribed 
spacer amplified DNA. Lanes M = 1 kb plus DNA ladder bands; lane 1= 
positive control (PC: 943 bp); lanes 2 to 7 showed positive isolate bands 
(side arrow: ~ 600 bp). 

 
 
 

 
 

Figure 7. A. C. albicans susceptible to amphotericin B antifungal (MIC = 
0.47µg/mL) (right left E-test strip); C. albicans resistant to voriconazole 
antifungal (right strip). B. From right: C. albicans susceptible to anidulafungin 
antifungal (MIC = 0.32 µg/mL); from left: C. albicans resistant to itraconazole 
antifungal. C. From right:  C. albicans susceptible to caspofungin antifungal 
(MIC = 0.25µg/mL); from left: C. albicans resistant to fluconazole antifungal. D. 
From right:  C. albicans susceptible to micafungin antifungal (MIC = 0.94µg/mL); 
from left: C. albicans resistant to posaconazole antifungal. 
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doctor and it is yet to yield any positive response. 
 
 
Conclusion  
 
The susceptibility testing results confirmed the reason for 
treatment failure, using fluconazole and ketoconazole 
before diagnosis of the isolate. Non-susceptibility of the 
isolate to four azole antifungals tested indicates 
resistance and therefore azole antifungal is not an option 
for the treatment of such case. In contrast, the low MIC 
values of anidulafungin, micafungin and caspofungin 
within the range of 0.125 to 1.0 µg/mL show promising 
option on the use of echinocandins for the treatment of 
fluconazole resistant C. albicans. 
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