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Abstract

The high pressures on Pterocarpus erinaceus Poir. severely affect its natural stands in West Africa.
Chemical nutrients The measures taken to reverse this trend are still inefficient due to plantlets production constraints.
Microorganisms This study aims to understand the importance of growing substrates on seedlings growth in nursery.
Pterocarpus erinaceus Composite soil samples were collected at 20 cm depth from 4 seed trees in 5 different sites in Togo
Seedlings growth (West Africa). Two batches were made for each site, one of which was sterilized by autoclave and the
West Africa other has received no treatment. Three growing parameters (length of stem, number of buds and
number of leaves) of the plantlets obtained from sterilized seeds were measured during 20 weeks in the
nursery. Results show for each site a significantly better growing rate of seedlings on unsterilized
substrates, compared to sterilized substrates. At the end of the experiment, plantlets were 8.75 + 2.32
cm mean height on sterilized substrates when they reach 19.20 £ 5.00 cm on unsterilized substrates.
The mean number of buds and leaves per plantlet varies from 2.23 + 1.71 buds and 3.00 + 1.86 leaves
to 10.73 + 3.28 buds and 11.09 + 2.48 leaves at the same date, respectively on sterilized and
unsterilized substrates. The low growing rate on sterilized substrates should be linked to the low
capacity of plantlets in mobilizing phosphorus, potassium and nitrogen without microorganisms.
Negative impacts of sterilization were highlighted on seedlings by necrosis of buds and leaves from
the 7th week of growth, demonstrating a positive effect of soil microorganisms on the proper
development of the seedlings.
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Introduction

Global objectives of sustainable development impose
enormous challenges in terms of environmental
management and particularly on issues related to
degradation of forest ecosystems and loss of
biodiversity (Alkemade et al., 2009; Giddings et al.,

2002). Considering the management of these paradigms
could significantly  positively  influence  the
sustainability of ecosystem goods and services essential
to improve the living conditions of populations. The
many pressures on forest ecosystems, especially in
tropical areas, for the provision of ecosystem goods and
services are compromising the survival of species of
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high socio-economic value such as Pterocarpus
erinaceus Poir. (Rabiou et al., 2017b; Segla et al.,
2015a). This species is widely used in West Africa for
the treatment of several diseases, in the manufacture of
tools (Dumenu, 2019; Segla et al., 2015a) and also as
fodder (Nacoulma et al., 2011; Solly et al., 2020).

P. erinaceus timber has been very well prized by
economic operators in the timber sector throughout the
West African sub-region since 2000 (Adjonou et al.,
2010). In Togo, its exploitation reached record levels,
with volumes intended for export growing from 3,500
m?® in 2007 (Adjonou et al., 2010) to 9,690 m® in 2012
(Segla et al., 2016), and more than 183,131 m* only for
the year 2014 according to official figures. The interest
in this wood is justified by its exceptional physical and
mechanical properties which make it suitable for
different uses (Segla et al., 2015b). Its wood has a
density of 0.88 g/cm® with low tangential and radial
shrinkage (5.8% and 3.3% respectively) and a lower
shrinkage anisotropy, making it a hardwood and stable
multipurpose material.

Many kinds of pressures exerted on P. erinaceus have
had negative impacts on its stands (Nacoulma et al.,
2011; Solly et al., 2020). These pressures impact the
development and regeneration of the species, making it
one of the most endangered species in Burkina Faso and
Niger (Nacoulma et al., 2011). This is why it is now
included on the Red List of the International Union for
Conservation of Nature (IUCN) in the category of
"Endangered" species (IUCN, 2020).

To stem the extinction of P. erinaceus, a better
management and silviculture is essential as a lasting
solution insofar as the species is an integral part of the
socio-cultural and economic heritage of countries in the
West African sub-region (Rabiou et al., 2017b). To
date, attempts at domestication and silviculture of the
species have yielded contrasting results. The use of
cuttings has shown that even if there are difficulties in
obtaining budding and bud break on stem fragments
(Rabiou et al., 2017a), thicker fragments of more than 2
cm at section offer good prospects for the reproduction
of the species by cuttings, especially when using Indole
Acetic Acid (IAA) as growth hormone (Ouinsavi et al.,
2019). Similar works have shown that air layering is
also possible with 3 to 4 cm in diameter stems (Rabiou
et al., 2017a). In spite of all these results, vegetative
propagation methods have limits; on the one hand on
their capacity to provide a large number of seedlings to

meet the needs of large-scale reforestation at country
level and on the other hand, in complexity of these
multiplication techniques that complicated their
adoption by planters and seedling producers (Alaba et
al., 2020). Otherwise, it has been demonstrated that the
seeds of P. erinaceus have a good germination rate
(Bamba et al., 2018) which would offer good prospects
for massive production of plants intended for large-scale
reforestation. Despite the high potential for seed
germination (Bamba et al., 2018; Zida et al., 2005),
multiplication of P. erinaceus by seed also has
limitations. Indeed, the young plants cross the first years
of life with difficultly and show low growth rate
(Duvall, 2008).

In addition, previous works have shown that the
distribution of plant species in the natural environment
is determined by ecological factors such as the chemical
composition of the soil (Imane et al., 2019; Neyra et al.,
2012). What then are the chemical characteristics of the
environment that determine growth and survival of
young seedlings reared in nurseries?

Other studies have also indicated that microorganisms
play an essential role in improving the growth and
survival of plants, particularly by increasing the
bioavailability of mineral elements, which generally
constitute the main constraint on their growth (Abbas et
al., 2013; EI-Siddig, 2006; Sali et al., 2011). Furthermore,
it is reported that some plant species cannot grow
normally without associating with one or more symbiotic
microorganisms (Gobat et al., 2010; Meena et al., 2017;
Rincon et al., 2008). Understanding what role soil
microorganisms play in the survival and growth of young
seedlings in nursery then becomes crucial.

This study aims to help overcome the constraints on
survival and growth of P. erinaceus seedlings in the
nursery for the needs of intensive production.
Specifically, it aims to analyze (i) the importance of soil
microorganisms on the growth of seedlings and (ii) the
influence of chemical characteristics of the substrate on
the growth of P. erinaceus seedlings in nursery.

Materials and methods
Study area
The study is based on plant material and substrates

collected in 5 protected areas in Togo (Fig. 1). The
choice of sites was made to cover the ecological
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variability (Ern, 1979) of the preferred area of
occurrence of Pterocarpus erinaceus in Togo (Adjonou
et al., 2020). The affected sites are located in the Oti-
Keran-Mandouri National Park - OKM (10°07'19.87
"N, 0°55'53'08" E; ecological zone 1), the Fazao-
Malfakassa National Park - FMNP ( 8°5121.7 "N,

0°0'0"
1

0°56'41.89" E; ecological zone II), the Abdoulaye
wildlife reserve (8°46'31.02 "N, 1°26'56.84" E;
ecological zone Ill), the community forest of
Hahomegbe (6°57'06.67 "N, 1°02'40.60" E; ecological
zone 111) and the Togodo national park (6°5523.36 "N,
1°26'09.95 "E; ecological zone V).
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Fig. 1: Location of sites where seeds and substrates were collected. OKM: Oti-Kéran-
Mandouri national park; FMNP: Fazao-Malfakassa National Park.

Ecological zone | corresponds to the plains in the
extreme north of the country, subjected to a Sudanese-
type climate with annual precipitation varying between
800 and 1000 mm / year. The predominant vegetation is
the Sudanese savannah, with a few patches of dense dry
forests and forest galleries along the rivers. Ecological
zone 1l corresponds to the northern part of the Togo
Mountains. Its vegetation is made up of a mosaic of dry
mountain forests and forest galleries. The climate is
Sudano-Guinean type, receiving 1200-1600 mm / year

of precipitation. Ecological zone Il (central plains) is
mainly covered by the Guinean savannah with a tropical
Guinean climate and rainfall of 1000-1500 mm / year.
There are pockets of semi-deciduous forests and dense
dry forests. Ecological zone V enjoys a dry
subequatorial climate, with a rainfall between 800 and
1200 mm / year. It is covered with a mosaic of
savannas, dense semi-deciduous forests and typical
wetland ecosystems such as mangroves, flood savannas
and flood plains (Ern, 1979).
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Methods

The experimental design is a 2-level factorial test: (i)
the "biological characteristic of the substrate” factor
which consists of sterilized substrate on the one hand
and unsterilized (native soil) substrate on the other
hand; (ii) the "chemical characteristic of the substrate"
factor which comprises 5 levels corresponding to 5
provenances of substrate.

Collection of growing substrates

At each of the 5 sites, soil samples were collected at 20
cm depth under 4 different fertile trees of P. erinaceus
selected randomly in the habitat with a minimum
distance of 100 m between trees. All the soil samples
collected from each of the seed companies were made up
of a composite sample from the site considered and
labelled.

All the substrate samples collected at each site were
mixed up to make a composite sample of the site
considered. The chemical analyses of the collected
substrates were performed at the referral soil
laboratory of the Togolese Institute of Agronomic

Research (ITRA). The chemical characteristics of the
collected substrates were as recorded in Table 1.

Substrate preparation

For each site, the composite substrate was subdivided
into 2 batches. A first batch consisted of the fresh,
unsterilized substrate constituting the control for the
site in the experimental design. The second batch of
each site was sterilized in an autoclave at a
temperature of 120°C and under a pressure of 1.2 bar
for 1 hour (Riedacker, 1993) in order to eradicate
microorganisms. Each batch was used to fill 45 pots
each with 2 kg of substrate (polyethylene pots), taking
care to avoid mixing of substrates or dust from the two
batches. The final experimental design consists of 5
sets of 9 pots (repetition), belonging to the 5 sites for
each of the 2 batches of substrate. The pots filled with
substrate in a batch were placed on 10 wooden trays of
1.2 m2 each at 1 m height, to allow the water overflow
from the pots to flow downwards in the event of
excessive watering. Each of the 10 trays was separated
from the other by at least 1 m to avoid contamination
between substrates.

Table 1. Chemical characteristics of the substrates. TG: Togodo; ABD: Abdoulaye: HAM: Hahomegbe; OKM: Oti-Kéran-

Mandouri national park; FMNP: Fazao Malfakassa National Park.

Soil parameters Sites
TG ABD HAM OKM FMNP
Organic matter (%) Carbon (C) 3.46 2.420 2.889 3.035 2.231
Total nitrogen (N) 2.007 1.403 1.675 0.123 0.095
CIN 18.860 13.920 19.950 14.293 13.594
Phosphorus (ppm) Assimilable Phosphorus  3.930 3.210 3.820 2.810 2.340
Absorbent complex Calcium (Ca) 4.003 2.508 1.992 3.754 1.791
(meq/1009) Potassium (K) 0.480 0.296 0.204 0.158 0.188
Sodium (Na) 0.017 0.017 0.015 0.012 0.017
Exchange capacity (T) 12.970 19.601 9.926 12.025 10.646
Salinity (uS/cm) Electrical conductivity 35 14 29 21 18
pH pH (H,0) 6.990 6.110 6.140 6.290 5.730
pH (KCI) 5.930 5.160 5.300 5.140 4.580

Notes: Values are the mean obtained over 4 soil samples, collected at 20 cm depth under 4 different fertile trees of P. erinaceus
selected randomly in the habitat with a minimum distance of 100 m between trees.

Seed preparation and sowing

The seeds were collected on fertile trees at the study
sites (Fig. 1). Only healthy seeds without mycelium and
without deterioration were kept for the study. The
obtained seeds were immersed in a beaker containing 30
ml of 5% calcium hypochlorite for 5 minutes. These

seeds were then rinsed thoroughly with sterilized water
(4 times) and immersed in 95% ethanol for 5 minutes.
The seeds were thoroughly rinsed again with sterilized
water (4 times) and germinated directly in the 90
previously well-watered pots. The sowing of seeds was
done in such a way as to avoid any contamination
between different sets of substrates.
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Experiments managing

The experiment was carried out in the nursery of the
Direction of Plant Protection (DPV) in Lomé where the
temperature varies between 26 and 28 °C with a
photoperiod of 12 hours of light and 12 hours of darkness.
Watering of the seedlings was done regularly twice a day
(morning and evening) with tap water. Two weeks after
germination, growth parameters relating to length of stem,
number of leaves and number of buds were regularly
measured every two weeks during 20 weeks in the nursery.

Data analysis

To assess the importance of the chemical characteristics
of the substrate in the growth of the seedlings, two
redundancy analyses (RDA) were performed. The first
analysis consisted in measuring seedlings growing on
sterilized substrates and the second concerns seedlings
growing on unsterilized substrates. Each of these RDAs
was carried out using the 3 growth parameters namely (i)
number of leaves, (ii) length of stem and (iii) number of
buds, as response variables and the chemical
characteristics of the substrates of the 5 sampling sites as
explanatory environmental variables. The chemical
components of substrates are Carbon, Total Nitrogen,
Carbon / Nitrogen ratio, Assimilable Phosphorus,
Calcium, Potassium, Sodium, Exchange Capacity,
Electrical Conductivity, pH (H20) and pH (KCI). The
RDAs were performed using the “vegan” library
(Oksanen et al., 2019) in the R version 3.6.3 environment
(R Core Team, 2020). Graphical outputs were performed
using the “cleanplot.pca” function (Borcard et al., 2018).

The differences in growth observed when considering the
biological characteristics of substrates were highlighted
using boxplots representing the growth stage of the plants
measured at the same dates throughout the experiments.
In order to test the statistical significance of the observed
differences in seedling growth, analyses of variances
(ANOVA) at 5% confidence level were performed on all
the 3 growth parameters taken separately as response
variables and considering substrates sterilization as the
explanatory factor.

Results

Importance of soil-based microorganisms in the
growth of P. erinaceus seedlings in nursery

Normal growth of seedlings was observed on unsterilized

substrates throughout the experiment (Fig. 2), unlike
those growing on sterilized substrates. In fact, on
unsterilized substrates, the average seedlings height
increased from 5.3 £ 1.79 cm after 2 weeks of growth, to
10.78 £ 4.07 cm after the 4th week of growth in the
nursery. Similar observations were made for seedlings
growing on sterilized substrates which grew from 5.21 +
1.68 cm height after 2 weeks to 7.77 + 2.31 cm mean
height at the 20th week. A stagnation of the height
growth of young plantlets growing on sterilized
substrates was observed from the 4th week until the end
of the experiment (8.75 £+ 2.32 cm after 20 weeks; Fig.
2A). On the other hand, the seedlings developing on
unsterilized substrates were able to reach at the same date
an average height of 19.20 £ 5.00 cm.

Differences in budding (Fig. 2B) and leafing (Fig. 2C)
did not appear significant until the 7th week of growth.
The evolution of budding and leafing of seedlings
shows 3 distinct phases in sterilized substrates. After a
first phase of normal growth of all seedlings, a second
phase of growth stagnation was observed between the
7th and the 14th weeks, followed by the necrosis of
buds and leaf dropping after 14 weeks of growth (Fig.
2B and 2C), only on sterilized substrates. Indeed, the
average number of buds per plantlet was almost the
same for the two batches (4.71 £ 1.10 buds for the
plantlets growing on unsterilized substrates and 4.12 +
1.08 buds on sterilized substrates) after 6 weeks of
growth. At the 14th week of growth, the average
number of buds greatly increased to reach 9.16 + 2.16
buds in seedlings growing on unsterilized substrates
against 4.97 + 2.17 buds in seedlings growing on
sterilized substrates. After this date, unlike seedlings
growing on unsterilized substrates, the average number
of buds begins to regress in seedlings growing on
sterilized substrates (2.23 + 1.71 buds at the 20th week
of growth) following necrosis of existing buds. The
mean number of leaves borne by both seedlings
growing on unsterilized (5.74 = 0.96) and sterilized
(5.26 + 0.98) substrates were almost similar at week 6
of growth. However, the differences started by widening
between the two batches of seedlings from the 7th week
to reach 9.86 + 2.18 leaves for the seedlings growing on
unsterilized substrates against barely 5.89 + 2.21 leaves
for those growing on sterilized substrates at the 14th
week of growth. After this date, the seedlings growing
on sterilized substrates began by gradually losing their
leaves to reach an average of 3.00 + 1.86 leaves per
seedling while the leaves were almost stabilized in the
seedlings growing on the unsterilized substrates (11.09
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+ 2.48 leaves at the 20th week of growth; Fig. 2C).

The detrimental effect of the development of seedlings
on sterilized substrates is shown by their physiological
appearance. The appearance of seedlings growing on

unsterilized substrates is distinguished by the greenness
of their leaves and vigour of the seedlings (Fig. 3A)
while the seedlings that grow on sterilized substrates
show a tendency to pigmentation deficits (chlorophyll)
followed by defoliation and necrosis of buds (Fig. 3B).
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Fig. 2: Effects of sterilization of culture substrates on the growth of P. erinaceus seedlings in nursery. (A) Effects on height
growth; (B) Effects on budding; (C) Effects on leafage; NS = Not Sterilized substrate and ST = Sterilized substrate; W = Week.
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Importance of the chemical characteristics of the
substrate on the growth of P. erinaceus seedlings in
nursery

The growth (leafing, budding and height growth) of P.
erinaceus seedlings depends on the chemical
characteristics of the substrate on which they grow (Fig.
4). Their growth is significantly correlated with carbon
levels of (p-value = 0.008), calcium (p-value = 0.005)
and pH (H20) (p-value = 0.028) of the substrates in an
unsterilized conditions. However, these chemical
constituents of the substrates do not alone explain the
observed differences in growth between seedlings.
According to the RDA of seedlings grown on
unsterilized substrates (Fig. 4A), the first two axes
together explained about 99.75% of the overall variation
in the seedlings’ growth. The first two axes of the RDA
of sterilized substrates’ seedlings (Fig. 4B) explained
about 98.39% of the overall variation in seedlings’

growth. For both RDAs, axis 1 represents the growth in
height, while axis 2 is correlated to budding and leafing.
The more seedlings bear buds, the less they bear leaves.
On unsterilized substrates, seedlings bear few leaves
and more buds when the substrate contains more
Calcium, Carbon and is less acid (high pH (H;0)).
Analysis of growth parameters for sterilized substrates
(Fig. 4B) shows that almost all the chemical
constituents of the substrate with the exception of
Calcium (p-value = 0.156) are determining in the
growth in height, leafing and budding of seedlings.
Among these parameters, Phosphorus (p-value = 0.001),
Nitrogen (p-value = 0.001), Potassium (p-value =
0.001), Carbon / Nitrogen ratio (p-value = 0.001) and
pH (KCI) (p-value = 0.001) explain the differences in
budding and leafing of seedlings in nursery. Seedlings
bear more leaves with the increase in Nitrogen and
Potassium in the substrate. A better height growth is
obtained with lower Phosphorus, pH and C/N ratio.

RDAZ (14.25%)

RDA2 (10.22%)

(A)  RpAL (é5.50%)

(B) RDA1 (88.17%)

0.5 0.0 0.5

Fig. 4: RDA plots of the importance of chemical characteristics of the substrate on the growth of seedlings of Pterocarpus
erinaceus growing (A) on unsterilized substrates; (B) on sterilized substrate.

Discussion

This study shows that telluric microorganisms play a
determining role in the growth of Pterocarpus erinaceus
seedlings in  nursery. Indeed, seedling growth
parameters on sterilized and unsterilized substrates from
5 sites are significantly different. The beneficial actions
of the infectious potential of the microorganisms of the
substrates taken from the natural habitat of the species
could explain the differences in growth observed
between the seedlings of sterilized substrates and those

of unsterilized substrates, starting from the 4th week for
height growth and from the 7th week for budding and
leafing. Several authors have highlighted the importance
of nitrogen-fixing rhizobia and mycorrhizal fungi as
essential elements involved in improving the
bioavailability of soil nutrients and plant productivity
(Mohammadi and Sohrabi, 2012). It was demonstrated
that in forest ecosystems, trees cannot survive without
mycorrhizae (Le Tacon et al., 1997). Other similar
works show that some plant species cannot grow
normally without associating with a fungal partner
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(Gobat et al., 2010; Janos, 1980). These fungal partners
are involved in all stages of the development of tree
species (Smith and Smith, 1997; Smith and Read,
2010). Nitrogen-fixing rhizobia especially found in the
Leguminosae have been widely touted as equally
beneficial microorganisms as mycorrhizal fungi.

A wide range of Plants Beneficial Rhizospheric
Microorganisms (PBRMs) like rhizobacteria, fungi and
actinomycetes are beneficial to plants. While associated
with plant roots, they promote the growth of the host
plant under natural agro-ecosystem through various
mechanisms, namely biological nitrogen fixation
(Meena et al., 2017; Recous et al., 2017), the
solubilization of phosphorus (Gupta et al., 2020; Rawat
et al., 2021), potassium (Bahadur et al., 2016; Nath et
al.,, 2017), production of plant growth regulators
(Beauchamp, 2005; Ma et al., 2011; Shi et al., 2017).
The inoculation of Mucuna pruriens in a controlled
conditions (Haro et al., 2020) with a mixed inoculum of
Scutellospora sp., Gigaspora sp. and Glomus sp (Haro,
2016) of on the one hand and Glomus aggregatum on
the other hand, revealed an improvement in height
growth of 225.76%, aboveground biomass of 56.79%,
root biomass of 70% and total biomass of 61.16 %
relative to uninoculated controls. Furthermore, the
results of agronomic trials after co-inoculation of
Rhizobium leguminosarum and Azotobacter
chrococcum showed an increased aerial biomass by
14% in comparison with inoculation of the Rhizobium
leguminosarum strain alone.

The results of the present study support the conclusions
that soil microorganisms in general, are essential for
tree species’ proper growth, without however making a
distinction between the actions of the different types of
microorganisms present in the growing substrate. It is
possible that these different types of microorganism
play complementary roles, some in the fixation of
nitrogen (especially rhizobia), others in the mobilization
of other soil nutrients such as Phosphorus and
Potassium. In addition, it is also possible that the
microorganisms are different from one site to another,
with  potentially different nutrients mobilization
potentials. The withering tendency observed on all
batches of plants grown on sterilized substrates from the
7th week of growing, unlike those grown on unsterilized
substrates, could therefore be explained by the lack of
microorganisms following sterilization of substrates.

The current study also sheds light on the influence of

soil nutrients on growth height, leafing and budding of
plants. Seedling budding and leafing are linked to
concentrations of Phosphorus, Nitrogen, Potassium,
Carbon / Nitrogen ratio and pH (KCI) in sterilized
substrates. These growth differences, which do not
depend on microorganisms’ potentials, demonstrate the
role of soil nutrients in the growing of P. erinaceus
seedlings at their first stage of growth. These results
show that in the nursery, plants need these chemical
elements in the soil to grow properly (Leroy et al.,
1973; Lévy, 1975; Meena et al., 2017). However, it is
important to note that the influence of the chemical
constituents on the growth of seedlings seems negligible
compared to the presence of microorganisms. Seedlings
have enormous difficulty in passing a certain level of
development in the absence of microorganisms,
regardless of the chemical composition of the substrate.
These results show unequivocally that the normal and
sustained development of the plantlets of P. erinaceus
necessarily involves the presence of microorganisms
and some chemical constituents in the substrate. These
results show that for the production of P. erinaceus
seedlings, microorganisms should constitute a
determining biological factor in the success of the
nursery. It would then be interesting to determine the
role of each type or species of microorganism in the
proper development of seedlings.

Conclusions

This study has revealed the importance of
microorganisms for the growth of P. erinaceus
seedlings in the nursery. These microorganisms are
essential for the proper development of seedlings and
are decisive for their survival both in nursery and in
the plantation. Microorganisms play a key role in
mobilizing soil nutrients such as Phosphorus,
Potassium and Nitrogen for the benefit of young
seedlings. The study makes it possible to overcome the
difficulties relating to the survival of young seedlings
during their growth in the nursery. It is now advisable
in the technical itineraries of the production of P.
erinaceus seedlings to use natural substrates,
especially those taken from the natural stands of the
species in order to increase the chances of obtaining
the beneficial effect of microorganisms naturally
growing in association with it.
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