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ABSTRACT 
 

Background and Aims: The sylviculture of Pterocarpus erinaceus is still in its infancy due to lack of 
information on its biology. The aim of this study is to investigate its mycorrhizal status in order to 
better address its sylviculture. 
Place and Duration of Study: The study was performed on the field from May 2019 to December 
2020 and data were analyzed at the laboratory from January to March 2021. 
Methodology: The frequency and intensity of mycorrhization were determined under a microscope 
after staining with trypan blue of fine roots collected at a depth of 20 cm under adult plants at 5 sites, 
3 in the Guinean zone and 2 in the Sudanian zone in Togo. The spore density was obtained on soil 
samples taken at the same depth under the same trees. 
Results: Results indicate, without significant differences (P value = 0.166) among sites, and show 
that P. erinaceus is frequently mycorrhized (88% to 94%). However, there were significant 
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differences (P value = 0.001) in spore densities between sites located in the Sudanian zone (16.53 
± 1.25 and 10.66 ± 0.71 spores per gram of soil – SPGS – respectively for the Fazao-Malfakassa 
and Oti-Kéran-Mandouri) and those located in the Guinean zone (4.54 ± 0.3, 2.93 ± 0.43 and 3.76 ± 
1.01 SPGS respectively at Abdoulaye, Hahomegbe and Togodo). There are significant differences 
between mycorrhization intensities Togodo which has a mycorhization intensity of 33.52 ± 2.54            
and other sites. The redundancy analysis carried out by taking into account substrates’                              
chemical characteristics shows that spore density remains low when phosphorus and nitrogen are 
important in the rhizosphere whereas the intensity of mycorhizations is low when PHKCl is                      
high. 
Conclusion: This study provided evidence of mycorrhizal symbiosis in Pterocarpus erinaceus 
whether in the Sudanian or Guinean zone. Chemical quality of the growing substrate has an 
influence on parameters of mychorization. Further studies should therefore allow an assessment of 
the degree of dependence of this species with respect to the possible benefits associated with this 
symbiosis. 

 

 
Keywords: Pterocarpus erinaceus; mycorrhization intensity; mycorrhization frequency; sporulation; 

Togo. 
 

1. INTRODUCTION 
 
The excessive exploitation of forest species is 
one of the main causes of the loss of biodiversity 
and forest cover in tropical environments [1]. This 
over-exploitation of forests, combined with the 
devastating effects of wildfires, leads to the 
disappearance of certain high economic value 
species, such as Pterocarpus erinaceus, 
commonly known as “vène” wood. This species, 
whose natural range is limited to West Africa 
[2,3], is facing difficulties in maintaining stable 
and viable populations because of its many uses 
[3–7]. Overuse of natural stands of P. erinaceus 
throughout West Africa [8,9] impacts its 
regeneration and consequently its survival [10]. 
In order to compensate for the strong pressure 
on this species, it becomes urgent, even vital, to 
increase its production through silviculture and/or 
efficient and rational management. To achieve 
this, it is essential to understand the biology of 
the species and to remove all the ambiguities 
that have so far hindered its silviculture [11,12]. 
The main difficulties associated with the 
silviculture of P. erinaceus include the poor 
growth of young seedlings (from seedlings) and 
their generally creeping lifeform in the juvenile 
state [13,14].  
 
While the importance of mycorrhizae in plant 
development is definitely accepted [15–17], the 
mycorrhizal status of many tropical forest species 
such as P. erinaceus remains almost unknown. 
Indeed, several studies have revealed that 
among the functional groups including soil 
microflora, there are mycorrhizal fungi that 
colonize the majority of plant species with 

beneficial effects applicable to agriculture, 
horticulture and forestry [18]. Le Tacon [15] 
shows that in reforestation sites without 
propagules such as treeless areas, mine spoil, 
etc., non-mycorrhized plants do not develop and 
most of the time die. This work also argues that 
the success of a forest plantation is totally 
dependent on the mycorrhizae associated with 
the seedlings from the original nursery.  
 
Despite the mixed results of the work done on 
the silviculture of P. erinaceus, little attention has 
been paid to the biology of the species and the 
potential symbiotic relationships, especially with 
mycorrhizal fungi, that the species may have in 
its natural environment, which could provide an 
opportunity for domestication of the species. In 
fact, in tropical Africa, as in Togo for example, 
studies on mycorrhizal symbiosis and its 
consideration in the production techniques of 
seedlings for reforestation in view of the 
domestication of certain valuable species remain 
very limited. This domestication should allow 
diversification of the reforested species and 
promotion of native biodiversity by avoiding the 
exclusive importance given to the exotic species 
in reforestation programs.  
 
The general objective of this study is to 
contribute to the mastery of P. erinaceus 
silviculture through a better knowledge of its 
mycorrhizal status in natural stands. Specifically, 
the aim is to (i) evaluate the degree of 
sporulation of soils collected under natural 
stands of P. erinaceus, and (ii) evaluate the 
mycorrhizal colonization of P. erinaceus roots in 
its natural environments. 
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2. METHODOLOGY 
 

2.1 Study Area 
 

In order to highlight the mycorrhizal symbiotic 
relationships in P. erinaceus, soil and fine root 
samples of the species were collected at 5 sites 
spread over the whole Togolese territory in order 
to covering the ecological heterogeneity of the 
species' habitat in the country [3]. Three sites in 
the Guinean zone (Togodo national park - 
ecological zone V -; Hahomegbe Community 
Forest and Abdoulaye Wildlife Reserve - 
ecological zone III -); and two sites in the 
Sudanian zone (Fazao-Malfakassa National Park 
(FMNP) - ecological zone II - and Oti-Kéran-
Mandouri national park (OKM) - ecological zone I 
-) (Fig. 1). Ecological Zone I correspond to the 
plains in the extreme north of the country. It has 
a Sudanian type climate with annual rainfall 
varying between 800 and 1000 mm/year. The 
predominant vegetation is the Sudanese 

savannah. In this zone, there are a few patches 
of dense dry forests and gallery forests along the 
waterways. Ecological zone II corresponds to the 
northern part of the Togo Mountains, where the 
vegetation consists of a mosaic of dry mountain 
forests and gallery forests. The climate in this 
zone is Sudano-Guinean with an average rainfall 
(1200-1600 mm/year). With a tropical Guinean 
climate and a rainfall of 1000-1500 mm/year, 
ecological zone III (central plains) is covered 
essentially by a Guinean savanna. There are 
pockets of semi-deciduous and dense dry forest. 
Ecological zone IV corresponds to the part of 
Togo with semi-deciduous forests. The rainfall 
sometimes exceeds 1600 mm/year. Ecological 
zone V has a dry sub-equatorial climate, with 
800-1200 mm/year. It is covered by a mosaic of 
savannahs, dense semi-deciduous and typical 
wetland ecosystems such as mangroves, flooded 
savannahs and flooded grasslands [19].                    
The sampling sites are located as shown on Fig. 
1.

 

 
 

Fig. 1. Localization of soil and fine roots of P. erinaceus sampling sites in Togo 
*OKM: Oti-Keran-Mandouri national park; FMNP: Fazao-Malfakassa National Park 
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2.2 Characteristics of Sampled Soils 
 
The chemical composition of the soil from each 
site was determined at the reference soil 
laboratory in the “Institut Togolais de Recherche 
Agronomique” (ITRA) (Table 1). 
 

2.3 Methodology 
 
2.3.1 Collection of soil and root samples 
 
Fine root and soil samples were collected from 
under adult P. erinaceus plants at all five sites. 
Sampling was done by taking two 250 g soil 
samples with a probe from a depth of about 20 
cm at two points on either side of the tree within 
a 1-meter radius. Soil collected from under the 
same tree at two symmetrical points was used to 
create a composite sample for the tree. At each 
site, 4 adult P. erinaceus trees were sampled. 
The sampled soil was dried at room temperature 
for two days and stored in a refrigerator.  
 
Fine root sampling was done at the same time as 
soil sampling following the same procedure. The 
labeled root samples were stored in a refrigerator 
at 4°C. 
 
2.3.2 Estimation of spore density of 

mycorrhizal fungi 
 
Spores were isolated using the wet sieving 
technique of Gerdemann and Nicolson [20]. 
Thus, 100 g of each soil sample was washed in 
500 ml of tap water. To promote homogenization, 
the mixture was shaken for a long time and then 
allowed to stand for 1 minute. The suspension is 
passed through a series of 500 μm, 200 μm, 100 
μm, and 50 μm mesh sieves, respectively 
arranged one above the other with the smallest 
at the bottom of the series. This operation is 
repeated three times with the same amount of 
soil. 
 
The suspensions from the last 3 strainers (200 
μm, 100 μm, and 50µm) are each transferred 
separately, each into centrifuge tubes. The tubes 
are then centrifuged (3000 rpm) in a 70% 
sucrose solution at a temperature of 4°C for 3 
minutes. The contents of each centrifuged tube 
are rinsed thoroughly with tap water. These 
contents are then distributed in petri dishes with 
a grid base for the observation and counting 
under a binocular magnifying glass of the 
mycorrhizal fungi spores present. Thus, the 
number of spores is counted in the contents of 
the last three grids and in each of the three 

replicates of soil sample considered for each site. 
The density of mycorrhizal fungus spores in each 
soil sample was determined and reported per 
gram of soil. 
 
2.3.3 Observation and estimation of 

mycorrhizal infection of P. erinaceus 
roots 

 
Root samples stored in the refrigerator after 
removal were washed thoroughly with water, cut 
into one-centimeter long fragments, and 
processed according to the method of Philips 
and Hayman [21]. They were placed in a 10% 
potash solution heated in a water bath (80°C) for 
30 minutes, and then washed thoroughly with 
distilled water and acidified with 1% HCl for a few 
minutes to neutralize the KOH and bleach the 
fragments for subsequent staining. They are 
rinsed again with distilled water and stained with 
a 0.1% Trypan blue solution for 30 minutes in a 
water bath at 80°C. The treated fragments were 
again rinsed thoroughly one last time with 
distilled water. A total of 30 fine root fragments 
from each P. erinaceus plant were mounted 
between slides in glycerol at a rate of 10 
fragments per slide for microscopic 
examinations. Thus 120 fragments from the 4 
plants from each site were observed to 
determine mycorrhizal structures such as 
hyphae, spores and vesicles [22]. The 
assessment of the mycorrhizal proportion of each 
root fragment is quantified according to the 
presence and abundance of mycorrhizal 
structures present in a fragment. The intensity 
and frequency of mycorrhization are determined 
using the scale of Trouvelot et al. [23]. 
 

2.4 Data Analysis 
  
The influence of the chemical characteristics of 
the soil samples taken from each stand was 
evaluated on mycorrhization parameters 
(mycorrhization frequency and intensity, number 
of spores per gram of soil). For this purpose, 
redundancy analyses (RDA) were performed 
considering the mycorrhization and sporulation 
parameters in relation to the chemical 
characteristics of the soil of each site. Each of 
these RDAs was performed using the three-
mycorrhization parameters as response variables 
and the chemical characteristics of the 
substrates of the 5 sampling sites as posteriori 
explanatory environmental variables. The 
environmental variables are Carbon, Total 
Nitrogen, Carbon/Nitrogen ratio, assimilable 
Phosphorus, Calcium, Potassium, Sodium, 
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Exchange Capacity, Electrical Conductivity, 
PHH2O and PHKCl (Table 1). RDAs were 
performed using the "vegan" library [24] in the R 
version 3.6.3 statistical analysis environment [25] 
and the graphical outputs were obtained using 
the "cleanplot.pca" function [26]. 
 
The Levesne test was used to test the 
homogeneity of variances of mycorrhization 
frequencies, mycorrhization intensities and spore 
density per gram of the different soil samples.  
 
An analysis of variance (ANOVA) was then 
performed on the dataset in order to compare the 
parameters between studied sites. 
 

3. RESULTS 
 
3.1 Mycorrhization intensity and 

Frequency of Pterocarpus erinaceus 
roots 

 
Mycorrhizal structures such as hyphae, vesicles 
and spores of mycorrhizal fungi were found in the 
roots of P. erinaceus in Togo (Fig. 2). The results 
indicate that mycorrhization frequencies 
regardless of site are not significantly different (P 
value = 0.166) and range between 88% and 
94%. The Togodo site has the lowest 
mychorization frequency at 88% while the OKM 
and FMNP sites have the highest mychorization 
frequencies around 94%. The Abdoulaye and 
Hahomégbé sites have respectively 93% and 
89% frequency of mychorization. The intensities 
of mychorization are between 33.32% and 
45.07% with a significant difference (P value = 
0.001) of the intensity of mychorization observed 
at the Togodo sites (33.52%) compared to the 
Abdoulaye site (44.49%), the FMNP site 
(45.07%), the Hahomégbé site (44.22%), and the 
OKM site (44.55%). 
 

3.2 Degree of Sporulation in the 
Rhizosphere of Pterocarpus 
Erinaceus Plants 

 
Spores of mycorrhizal fungi were found in soil 
samples collected from underneath P. erinaceus 
plants. Analysis of the results indicate a 
significantly higher spore density (P value = 
0.001) at the two sites in the Soudanian zone, 
FMNP and OKM, with 16.53 spores per gram of 
soil and 10.66 spores per gram respectively 
compared to the three sites in the Guinean zone 
namely Abdoulaye, Hahomégbé and Togodo 

with 4.54 spores per gram, 3.76 spores per gram 
and 2.93 spores per gram of soil respectively. 
 
Comparison of average spore densities per gram 
of soil indicates that there is no significant 
difference (P value = 0.166) between the spore 
density at the FMNP and OKM sites located in 
the Sudanian zone. Also, no significant 
difference (P value = 0.166) was noted between 
spore density of mycorrhizal fungi observed 
between the densities of the spore at the sites 
located in the Guinean zone, namely Abdoulaye, 
Hahomegbe and Togodo. However, there is a 
significant difference in spore densities sites 
located in the Guinean zone. There was also a 
significant difference in spore densities between 
the sites in the two zones (Table 2). 
 

3.3 Influence of Soil Chemical 
Components on Mycorrhization and 
Sporulation 

 
The RDA indicates that sporulation and 
mycorrhization intensity depend on certain soil 
chemical components (Fig. 2). Axis 1 of the RDA 
alone explains 90.64% of the relationship 
between substrate chemical components and 
mycorrhizal symbiosis in P. erinaceus. This axis 
is associated with phosphorus and nitrogen 
content in the soil and allows discrimination 
between sites in the Guinean zone (Togodo, 
Hahomegbe and Abdoulaye) and sites in the 
Sudanian domain (FMNP and OKM). Indeed, a 
high degree of sporulation is associated with low 
soil phosphorus and nitrogen content, which is 
characteristic of Sudanian soils, as opposed to 
Guinean soils. Axis 2 of the RDA explains about 
9.31% of the relationships between mycorrhizal 
activity and substrate characteristics. It is 
significantly associated with mycorrhization 
intensity. Mycorrhization intensity is low when 
PHKCl is high in the substrate (Fig. 3). 
 
The Togodo site with the highest PHKCl 
compared to all other sites (PHKC l= 5.93) 
recorded the lowest mycorrhization intensity 
(33.52% ± 2.54), which is significantly different 
from the mycorrhization intensities recorded at 
the Abdoulaye, FMNP, Hahomégbé and OKM 
sites. On the other hand, the chemical 
composition of the soil samples did not 
significantly determine the frequency of 
mycorrhization of P. erinaceus roots, although it 
may be associated to some extent with an 
increase in PHKCl. 
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Table 1. Chemical composition of the soil at the five identified sites 
 

Soil chemical characteristics Study sites 

Togodo Abdoulaye Hahomegbe OKM FMNP 

Carbon (C) 3.46 2.4198 2.889 3.035 2.231 

Total nitrogen (N) 2.007 1.403 1.675 0.123 0.095 

Ratio C/N 18.86 13.92 19.95 14.293 13.594 

Assimilable Phosphorus  3.93 3.21 3.82 2.81 2.34 

Calcium (Ca) 4.003 2.508 1.992 3.754 1.791 

Potassium (K) 0.48 0.296 0.204 0.158 0.188 

Sodium (Na) 0.017 0.017 0.015 0.012 0.017 

Exchange capacity (T) 12.97 19.601 9.926 12.025 10.646 

Electrical conductivity 35 14 29 21 18 

PHH2O 6.99 6.11 6.14 6.29 5.73 

PHKCl 5.93 5.16 5.30 5.14 4.58 

*FMNP: Fazao-Malfakassa National Park; OKM: Oti-Keran-Mandouri national park 

 
Table 2. Mycorrhization characteristics for the study sites 

 

Study sites Mycorrhization 
intensity (%) 

Frequency of 
mycorrhization (%) 

Number of spores per 
gram of soil 

Abdoulaye 44,49 ± 2,52 
a
 93,32 ± 4,71 

a
 4,54 ± 0,3 

b
 

FMNP 45,07 ± 3,27 
a
 94,99 ± 4,30 

a
 16,53 ± 1,25 

a
 

Hahomegbe 44,22 ± 3,07 
a
 88,50 ± 1,91 

a
 2,93 ± 0,43 

b
 

OKM 44,55 ± 1,91 
a
 94,99 ± 4,3 

a
 10,66 ± 0,71 

a
 

Togodo 33,52 ± 2,54 
b
 89,16 ± 6,8 

a
 3,76 ± 1,01 

b
 

*FMNP: Fazao-Malfakassa National Park; OKM: Oti-Keran-Mandouri national park. “a” and “b” represent the 
groups to which belong each site after a Tuckey Hudson test for comparison of sites’ mean values for each of the 

3 experienced variables 

 

 
 

Fig. 2. Mycorrhizal structures of a root of Pterocarpus erinaceus observed by a microscope 
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Fig. 3. Influence of soil chemical components on mycorrhization parameters 
*Fazao: Fazao-Malfakassa National Park; OKM: Oti-Keran-Mandouri national park; Freq_myco: Frequency of 

mycorrhization; Intens_myco: Intensity of Mycorrhization; Sporulation: Spore density per gramme of soil 

 

4. DISCUSSION 
 
The purpose of this study was to investigate the 
mycorrhizal status of P. erinaceus in order to 
draw lessons for its successful silviculture. The 
results showed that mycorrhizal structures such 
as vesicles, intercellular spores, arbuscules and 
hyphae within the root system and spores in the 
rhizosphere of the species in the natural 
environment were present at all the study sites. 
The presence of these structures shows that the 
species performs arbuscular-type 
endomycorrhizal symbioses similar to other 
tropical forest species [16,27]. However, 
arbuscular structures are less abundant than 
other mycorrhizal structures present in the roots. 
These results are similar to work done on Ceiba 
pentandra in Côte d'Ivoire [28]. Many other works 
have also highlighted the rarity of arbuscules 
among the mycorrhizal structures of many 
tropical forest species [16,29]. Assessment of 
mycorrhization frequency indicates 
mycorrhization frequencies that range from 88% 
to 94% demonstrating that P. erinaceus is a 
frequently mycorrhized species regardless of the 
site. 
 
Mycorrhization intensities ranged from 33.52 ± 
2.54 to 45.07 ± 3.27 are similar to those obtained 
on Ceiba pentandra in Côte d’Ivoire [28]. Still, 
these results indicate a significant difference 

between the mycorrhization intensity of P. 
erinaceus roots at the Togodo site compared to 
the other sites. In contrast to mycorrhization 
frequency, mycorrhization intensity appears to be 
negatively correlated with increasing PHKCl in the 
environment. This suggests that P. erinaceus 
shows a more pronounced mycorrhizal 
association as the soil becomes more acidic. 
 
The characteristics of mycorrhization frequencies 
(88% - 94%) and intensities (33.52% ± 2.54 - 
45.07% ± 3.27) are quite high and could induce 
significant effects according to work done by 
Diagne and Ingleby [30] who revealed that 
beyond 12% of mycorrhization intensity, 
symbiotic plants benefit from this symbiotic 
relationship. Sporulation seems to be very 
important when the soil is poor in basic mineral 
elements such as nitrogen and phosphorus (see 
Fig. 2). Indeed, the spore density of mycorrhizal 
fungi is significantly different between the target 
sites in the Sudanian zone, which record 16.53 ± 
1.25 and 10.66 ± 0.71 respectively at FMNP and 
OKM, and the density of the other sites located in 
the Guinean zone, which record lower spore 
densities of 2.93 ± 0.43, 3.76 ± 1.01, and 4.54 ± 
0.3 respectively for the sites at Hahomegbe, 
Togodo and Abdoulaye. However, spore 
densities taken at sites within the same climatic 
zone did not differ significantly from one another. 
This difference in sporulation could be explained 
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by the specificity of environmental conditions 
including soil type, tree cover and climate [31].  
 
These results on mycorrhization parameters also 
indicate that although there is no significant 
difference between the mycorrhization 
frequencies at the different sites, whether they 
are in the Sudanian (FMNP and OKM) or 
Guinean (Abdoulaye, Togodo and Hahomegbe) 
zones, spore densities seem to have higher 
values in the Sudanian zone. Given the 
characteristics of mycorrhization, early 
association of mycorrhizal fungi with young P. 
erinaceus seedlings from the nursery stage could 
be effective in the further development of the 
species after transplanting in the field. 
 

5. CONCLUSION 
 
This study provided evidence of mycorrhizal 
symbiosis in Pterocarpus erinaceus. It is clear 
from this study that P. erinaceus has a strong 
need for mycorrhizal symbiotic association 
whether in the Sudanian or Guinean zone. The 
obtained frequencies and intensities of 
mycorrhization suggest that the mycorrhizal 
symbiotic relationship can fundamentally 
determine the development of the species in its 
environment. The plant frequently associates 
with arbuscular mycorrhizal fungi regardless of 
its environment, but at intensities dependent on 
the nature or quality of the substrate. This 
microbial association is more pronounced when 
the substrate is poor in the basic mineral 
elements essential for the good development of 
terrestrial plants, namely phosphorus and 
nitrogen. In the Sudanian domain, the plant tends 
to form more pronounced symbiotic associations 
than in the Guinean domain.  
 
Further studies should therefore allow an 
assessment of the degree of dependence of this 
species with respect to the possible benefits 
associated with this symbiosis. In a context 
where the domestication of this species is not yet 
perfected, it would be wise to isolate the species 
of fungi in order to study their specificity through 
subsequent studies. These host specificity 
studies should make it possible to test the 
adaptation of this species to biotic and abiotic 
conditions. 
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