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Impact of endomycorrhization on the nursery
growth of seedlings of a threatened Ivorian
forest species Pterygota macrocarpa K. Schum
(Malvaceae)

ABSTRACT

Aims: Pterygota macrocarpa, a common species in the forests of Cote d'lvoire, is
threatened with extinction due to overexploitation. Protective measures for P. macrocarpa
could consist in the integration of arbuscular mycorrhizae in the reforestation of this species.
The objective of this study was to evaluate the impact of arbuscular mycorrhizae inoculation
on the resistance and development of P. macrocarpa plants.

Study design: The design is completely randomized and includes one (1) plant species
(Pterygota macrocarpa), three (3) treatments (local inoculum 1, commercial inoculum 2 and
non-inoculated control) and 20 seedlings per treatment.

Place and Duration of Study: The experimental study was set up at the border of the
experimental forest of the Northern site of INP-HB (National Polytechnic Institute Houphouét-
Boigny, Yamoussoukro, Cote d’lvoire) from February to May 2018.

Methodology: Thus, from seedlings collected in the arboriculture of the INP-HB of
Yamoussokro, the effects of mycorrhization through treatments on the mineral nutrition and
on the growth parameters of P. macrocarpa were evaluated during 120 days of culture in
nursery.

Results: The mycorrhised plants survived 100% while the control plants had 90% survival
rate. The mycorrhizal intensity of the roots was 19.21% for inoculum 1 and 10.40% for
inoculum 2. The plants treated with inoculum 1 had the highest mineral content, especially
phosphorus (0.3 ppm) and nitrogen (2.6%). The vegetative growth of inoculum 1 treated
plants was more accelerated than that of the other two treatments. Local inoculum 1 was
more effective than commercial inoculum 2.

Conclusion: The integration of local mycorrhizal inocula in the reforestation of P.
macrocarpa seedlings could be a sustainable solution for the restoration of degraded forests.
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1. INTRODUCTION

The timber industry played an important role in the economy of Céte d'lvoire from 1950 to
1980. Timber was (along with coffee and cocoa) one of the essential pillars of the national
economy: through the foreign exchange earned from its export, through its industrializing
power and through its role in land-use planning [1]. But because of the overexploitation of




forest species, the extension of cash crop agriculture and the galloping demography, this
industry is threatened. Timber harvesting has dropped from 5.321 million m3 in 1977 to 2
million m3 in 2018. The scarcity of timber species directly handicaps the wood industry
sector, which is nevertheless a provider of employment [2]. Indeed, almost all of the most
exploited Ivorian forest species are present on the IUCN red list of threatened species [3].
Pterygota macrocarpa common a species of the Ivorian forests is on the IUCN Red List in
the "vulnerable" category due to the loss of its environment and overexploitation. In 1995,
the country exported 2,000 m3 of peeled P. macrocarpa veneer at a price of US$ 406/m3 and
2,000 m3 of sliced veneer at a price of US$ 963/m3, but also 5,000 m? of logs at an average
price of US$ 567/m3. In 2004, Cbte d'lvoire exported 32,000 m3 of sawn timber from P.
macrocarpa at US$ 397/m3, and in 2005, 25,000 m3 at US$ 439/m3. Also, in Céte d'lvoire,
this tree is perfectly integrated in the agroforestry system in cocoa production. It is kept as a
shade tree in cocoa plantations, its large leaves protect cocoa plants, especially the
youngest ones, from excessive sunlight and high temperatures. Unfortunately, despite the
overexploitation of P. macrocarpa, other species such as Milicia excelsa, Tectona grandis or
Triplochiton scleroxylon are favored in reforestation campaigns in Ivorian classified forests.
The exploitation of P. macrocarpa wood should therefore be regulated and protective
measures implemented. These measures could consist of developing an effective
reforestation policy for this species by reintroducing young seedlings into degraded forests.
Taking into account the context of climate change, the pedoclimatic requirements of the
plant and the natural biological interactions that it could maintain in its ecosystem. Generally
in Céte d'lvoire, these last aspects are not integrated in reforestation policies. This explains
the failures in the attempts to reconstitute degraded forests initiated by SODEFOR (Forestry
Development Society). Also, previous works have shown that the rate of natural
regeneration by seeds of forest species commonly exploited in Céte d'lvoire is low [4;5].
Thus, very few forests have been restored [6]. Biological interactions beneficial to plants
include mycorrhizae in general and arbuscular and vesicular mycorrhizae in particular.
Arbuscular mycorrhizae (AM) result from symbiosis between plant roots and fungi belonging
to the phylum Glomeromycota [7]. AM fungi are considered to have been essential for the
colonization of terrestrial habitats by green plants [8]. Their primary function is to contribute
to plant mineral and water nutrition, particularly phosphorus (P) [9], which is often a limiting
resource in soils [10;11]. They also allow trees to better resist certain root diseases and
make the best use of water resources. In addition to the above functions, AM fungi are
involved in the organization and structuring of plant communities [12] and soil microbiota
communities [13; 14]. Also in the tropics, the primary role of endomycorrhizal fungi in
reforestation has already been demonstrated in the Sahel [15]. Mycorrhizal inoculation has
allowed the successful reforestation of more than 5,10* ha out of 11.7,10° ha planned. Thus
the integration of arbuscular mycorrhizae in the reforestation of Ivorian forest species could
be a solution for the sustainable recovery of degraded forests. The main objective of the
study was to evaluate the impact of arbuscular mycorrhizal inoculation on the growth of
Pterygota macrocarpa seedlings. More specifically, it was to evaluate the effects of
mycorrhization on plant mineral nutrition and to assess the impact of mycorrhization on the
growth parameters of P. macrocarpa.

2. MATERIAL AND METHODS

2.1 Characteristics of mycorrhizal inocula

2.1.1 Characteristics of inoculum 1

Inoculum 1 (local inoculum) was produced by trapping arbuscular mycorrhizal fungi (AMF) in
the forest soil of the INP-HB (National Polytechnic Institute Houphouét-Boigny) in
Yamoussoukro. Yamoussoukro region, in the center of Céte d'lvoire, is located between
6°15 and 7°35 North latitude and 4°40 and 5°40 West longitude. The trapping technique is a




bioassay, which allows to obtain AMF spores in quality and quantity to initiate inoculation
tests [16]. Cowpea, which has a 60-70 day cycle, was chosen as the host plant. Cowpea
seeds disinfected with 12°-10% bleach and rinsed once for 2 minutes with sterile water were
pre-germinated. Plants of the same size were selected and sown in 2-| plastic pots
containing a mixture of 700 g of gardener's potting soil + sand (1v/1v) previously sterilized
(110°C, 2 kg/cm2, 3 h) and 150 g of forest soil serving as inoculum (2 plants per pot).

After 3 months, the number of AMF propagules (spores) from the trap culture was
established. Spores were extracted by wet sieving and decanting [17] using sieves of
different sizes (45, 90, 125, and 500 uym) and the modified sucrose density gradient
centrifugation method (Walker et al. 1982). For identification of AMF spores, healthy spores
were mounted on microscope slides and stained with polyvinyl alcoholhollacto-glycerol
(1vol/1vol) (PVLG) mixed with and without Melzer's reagent [16; 18]. The morphotype of AMF
spores was based on Oehl description [19] and the revision of Glomeromycota genera [7].
The number of AMF propagules (spores) in inoculum 1 (substrate in pots) was estimated to
be 700 spores per gram.

2.1.2. Characteristics of inoculum 2

Inoculum 2 is a commercial monospecific inoculum of Glomus intraradices produced by the
Canadian company Myke Pro whose density was estimated by the manufacturer at 3000
propagules per gram.

2.2. Collection of Pterygota macrocarpa seedlings

To harvest the seedlings, furrows were made around the plant with a daba, then it was dug
up with the clod of soil present on the roots. The roots were then removed from the clod and
rinsed thoroughly with water to remove surface microorganisms. On each plant, at the lateral
roots, a sample of the finest roots likely to be colonized by native AM was removed for a
colonization check according to [20]. Only seedlings with 0% colonization were retained for
the study.

2.3. Inoculation process of Pterygota macrocarpa seedlings

Seedlings of the same size (about 10 cm high, about 0.185 mm in diameter) at the 4-leaf
stage were selected for planting in 5 | plastic bags containing a mixture of 2000 g sterilized
potting soil (autoclaved at 110°C, 2 kg/cm2, 3 h; characteristics: pH = 6. 8; organic matter =
2.57%; total nitrogen = 0.16%; available phosphorus = 75 mg/kg; cation exchange capacity
= 7.4 cmol.kg-1) and 200 g of inoculum (1 plant per pot). The roots of the seedlings were
placed in direct contact with the inoculum to optimize mycorrhizal colonization. Seedlings in
control bags were grown in 2000 g of sterilized potting soil + 200 g of sterilized substrate
(autoclaved at 110°C, 2 kg/cm2, 3 h). Each bag was watered with 500 ml of water every 3
days until the end of the experiment.

2.4, Experimental design

The experiment took place in an open area at the edge of the experimental forest at INP-HB.
The design is completely randomized and includes one (1) plant species (Pterygota
macrocarpa), three (3) treatments and 20 seedlings per treatment. The treatment factor has
three levels: Inoculum 1 (local inoculum), Inoculum 2 (commercial inoculum) and Control. A
total number of 60 seedlings were used.

2.5. Assessment of root colonization

Fine roots were sampled at 150 days of culture, with three replicates per treatment. Each
treatment contained three plants. Roots were rinsed and cut into 1 cm fragments. These root
fragments were cleaned by boiling in 10% (w/v) KOH and stained with 0.05% (v/v) trypan



blue in lactoglycerol using the method of [21]. Ten pieces of roots per plant were placed in
glycerol (50%) between a slide and a coverslip [22] and observed under a light microscope.
Root colonization was assessed by two parameters: mycorrhization intensity and
mycorrhization frequency. Mycorrhization intensity indicates the rate of mycorrhizal
structures in a colonized root fragment. Mycorrhization frequency represents the percentage
of root fragments with mycorrhizal structures out of the total number of fragments observed.
Colonized roots were observed and evaluated according to [19].

2.6. Measurement of mineral nutrition parameters

After drying in an oven at 60°C for 5 days, the samples of aerial parts (leaves and stems)
were reduced to fine powder with a mortar. Then the mineralization of the powders was
performed in a muffle furnace at 500°C. The ashes were solubilized with HCI. The extracts
obtained were then filtered on ash-free filter paper and made up to 50 ml with distilled water.
The resulting stock solutions were stored in vials and thus ready for the determination of the
mineral elements. Nitrogen was determined by the Kjeldahl method [23] with mineralization
in the presence of glucose to avoid losses of nitrate and catalysts (SO4K2, SO4Cu, and
Selenium). Phosphorus was determined by phopho-vanado-molybdate colorimetry [24];
potassium and calcium by flame photometry after ion exchange; magnesium by the
complexometric method.

2.7. Collection of growth data

Measurements were made on the first day of transplantation (DO), the 30th day (D30), the
60th day (D60), the 90th day (D90), the 120th day (D120) corresponding to the number of
days necessary to judge the resistance to transplantation stress. Data collected were
survival rate, seedling height, collar diameter and leaf area. The survival rate was
determined according to the following formula:

Survival rate (%) = (number of growing plants)/(hnumber of initial number of plants) X 100.

Plant height was measured with a 30 cm ruler. Plant collar diameter was measured with a
Vernier caliper. The number of leaves was obtained by counting. The total leaf area of each
individual plant sampled per treatment was determined as follows: leaves were classified
into "large" (L) and "small" (S) batches based on whether they had reached maximum
growth. For each batch of leaves, a sample of 2 leaves was considered for the determination
of the average leaf area using the MESURIUM software. The leaf area of each batch of
leaves was obtained by multiplying the number of leaves by the corresponding average
area. Thus, the total leaf area (TLA) is calculated from the following formula:

SFT = STG + STP with STG = total leaf area of the "large" batch of leaves and STP = total
leaf area of the "small" batch of leaves.

2.8. Statistical analysis of the data

The data obtained in this study were processed by a one-factor analysis of variance
(ANOVA) with 3 modalities (Control: no inoculum, Inoculum 1: local inoculum; Inoculum 2:
commercial inoculum). This analysis was performed by STATISTICA 7.1 software. Tukey's
HSD test (p< 0.05) was used to identify truly different means when analysis of variance
revealed a significant difference. The Tukey HSD test was also used to perform multiple
comparisons of means to form homogeneous groups.



3. RESULTS AND DISCUSSION

3.1 Mycorrhizal colonization rate of Pterygota macrocarpa roots

The rate of mycorrhization of Pterygota macrocarpa roots specifically the intensity and
frequency for each treatment is shown (Table I). At 120 days, the roots of the control plants
showed no mycorrhizal structure. The results showed a significant difference between the
different mycorrhizal inocula (Inoculum 1 and inoculum 2). Inoculum 1 recorded the highest
intensity (19.21%) as well as the highest frequency (70%) of mycorrhization; whereas with
inoculum 2, lower mycorrhization parameters were observed, i.e. an intensity of 10.40% for a
frequency of 55%. Thus, this study revealed that Pterygota macrocarpa is a mycotrophic
plant because mycorrhizal structures were observed in the inoculated seedlings. Arbuscular
mycorrhizal fungi are able to colonize tree roots and thereby provide benefits for better
growth and also adaptation to degraded ecosystems [25]. The use of arbuscular mycorrhizae
is more common in agriculture to improve crop production [26]. In forestry, ectomycorrhizae
are more commonly used as inoculum to promote the growth of forest species [27].
However, in tropical and subtropical regions of Africa, where botanical diversity is very high,
arbuscular mycorrhizal fungi predominate [28; 29]. Moreover, studies dealing with
mycorrhizal associations with tropical tree species have revealed arbuscular mycorrhizal
associations in about 500 forest species [30; 31; 32]. Some of these trees are used in
agroforestry systems [33; 34]. During this work, it was observed that mycorizogenic power of
local polyspecific inoculum 1 was higher than that of exotic monospecific inoculum 2. Some
previous studies found that polyspecific inocula were more effective than monospecific
inocula [35]. Also inoculum 1 was produced from the forest soil from which the Pterygota
macrocarpa seedlings were collected, while inoculum 2 was exotic. These results are
consistent with authors who state that the behavior of mycorrhizal fungi and their efficiency
would be related to their environment of origin and specifically to environmental factors in
their habitat [36]. These factors could be climate and soil conditions [37; 38]. Indeed local
inocula in general colonize plants better than inocula of foreign origin. It appears that
mycorrhization of local strains should be preferred, as they are better adapted to
environmental conditions.

Table I. Mycorrhizal colonization at 120 days

Treatment Mycorrhization intensity (%) Mycorrhization frequency (%)
Control 00 00

Inoculum 1 19,21+1,22°% 70+8,27°

Inoculum 2 10,40+1,36" 55+10,41°

F (1, 8) 115,50 6,35

p 0,00 0,03

Values with the same letters are not statistically different at the 5% threshold of Fisher's LSD test

3.2. Impact of mycorrhization on plant mineral nutrition
The average mineral element contents of the aerial parts are represented (Table Il). The
proportion of mineral nitrogen in the plants was highest for plants treated with inoculum 1



(2.6%) followed by plants treated with inoculum 2 (2.24%). The lowest nitrogen proportions
were obtained with the control plants (2.1%). Similarly, phosphorus levels were lowest in the
control plants (0.23 ppm). There was no significant difference between the phosphorus
content of plants treated with inoculum 1 (0.3 ppm) and inoculum 2 (0.27 ppm). In terms of
exchangeable bases, inoculum 1 treated plants had the highest potassium (1.99 cmol/kg),
calcium (1.73 cmol/kg) and magnesium (0.49 cmol/kg) contents. The potassium content of
inoculum 2 treated plants (1.83 cmol/kg) and control plants (1.8 cmol/kg) were not
statistically different. Control plants had lower calcium levels (1.54 cmol/kg) than inoculum 2
plants (1.66 cmol/kg). However, the inoculum 2 plants had lower magnesium content (0.42
cmol/kg) than the control plants (0.48 cmol/kg). The study demonstrated that mycorrhization,
especially the local polyspecific inoculum, allows a better absorption of mineral elements
from the soil by the young plants of Pterygota macrocarpa. This confirms that arbuscular
mycorrhization could be beneficial to woody species. These results regarding the
improvement of mineral nutrition and in particular phosphate nutrition by mycorrhizae are
confirmed by several other previous works [9; 39; 40; 41].

Table Il: Mineral content of leaves at 120 days

Nitrogen Phosphorus Potassium Calcium Magnesium
Traitment

(%) (ppm) (cmol/kg) (cmol/kg) (cmol/kg)
Control 2,1+0,1° 0,23+0,05°  1,8+0,08° 1,54+0,05° 0,48+0,06%

Inoculum 1 2,6+0,13* 0,3+0,03* 1,99+0,11*  1,73+0,05° 0,49+0,07°

Inoculum 2 2,24+0,09° 0,27+0,02%  1,83+0,01°  1,66+0,07° 0,42+0,04°

F (2, 27) 51,24 9,018 6,97 21,67 4,61

p 0,00 0,00 0,00 0,00 0,01

Values with the same letters are not statistically different at the 5% threshold of Fisher's LSD test

3.3. Impact of mycorrhization on plant growth parameters

3.3.1 Survival of seedlings under transplanting stress

The survival rate of seedlings under transplanting stress is presented (Figure 1). The
inoculum 1 and inoculum 2 treatments resulted in 100% survival of the seedlings until day
120, while 90% of the non-inoculated control seedlings survived until day 120.

Low mortality of transplanted Pterygota macrocarpa seedlings was observed even with
uninoculated seedlings (90% survival rate). However, in general, with forest species,
significant mortality is observed at the time of transplantation due to the adaptation crisis
[42]. P. macrocarpa seedlings would be more naturally resistant. However, inoculated plants
(inoculum 1 and inoculum 2) survived 100%. P. macrocarpa seedlings increased their
resistance to transplanting stress through mycorrhization. Concordant results were obtained
with arbuscular mycorrhizae. Other authors had already achieved 100% survival of Acacia
holosericea with Glomus mosseae (Glomeraceae) [43]. Arbuscular mycorrhization would
therefore be able to improve plant adaptation to stressful conditions or changing ecosystems
[44; 45; 46]. Inoculation would confer vigor to the seedlings and allow them to benefit early




from the advantages granted by the mycorrhizal symbiosis. Indeed; it has been shown that
mycorrhization improves edaphic conditions including soil structure [47], inhibition of some

soil pathogens [48; 49, 35]. And these benefits would be favorable for the survival of
transplanted seedlings.
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Figure 1. Survival rate of Pterygota macrocarpa seedlings to transplant stress
according to treatments

3.3.2 Impact of mycorrhization on plant height growth

The evolution of the height of Pterygota macrocarpa plants as a function of time is shown
(Figure 2). At time TO the plants have the same height (about 10 cm) whatever the type of
treatments applied. Then, for each treatment, there is a progressive increase of this height
until reaching a maximum peak at T120. The treatment with inoculum 1 recorded the
greatest height of the plants from day 60 (13.57 cm) to day 120 (17.53 cm), followed by the
plants treated with inoculum 2 whose heights evolved from 12.86 to 15.86 cm from day 60 to
day 120. The lowest heights were obtained with the control plants whose heights from day
30 to day 120 ranged from 10.83 to 14.34 cm.
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Figure 2: Evolution of the height of Pterygota macrocarpa plants as a function of time
Values with the same letters are not statistically different at the 5% threshold of Fisher's LSD test.

3.3.3. Impact of mycorrhization on the evolution of the diameter at the crown of the
plants

The evolution of the diameter at the crown of Pterygota macrocarpa plants as a function of
time is presented (Figure 3). At time TO the plants have almost the same diameter (about
0.29 cm) whatever the treatment. Then, a progressive increase of this height is observed
until T120 according to the different treatments applied. The treatment with inoculum 1
recorded the largest diameter of the plants from day 60 (0.34 cm) to day 120 (0.37 cm)
followed by inoculum 2 whose plants reached an average diameter of 0.35 cm at day 120.
The control plants had the lowest diameters, 0.32 cm at day 120.
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Figure 3. Evolution of the diameter at the collar of Pterygota macrocarpa plants as a

function of time
Values with the same letters are not statistically different at the 5% threshold of Fisher's LSD test.



3.3.4. Impact of mycorrhization on the evolution of the total leaf area of the plants

The evolution of the total leaf area of Pterygota macrocarpa plants as a function of time is
presented (Figure 4). At time TO the plants have almost the same leaf area (about 11.9 cm2)
regardless of the treatment. Then there is a progressive increase of this area until T120 for
each different treatment applied. No significant difference was observed between plants
treated with inoculum 1 and those treated with inoculum 2 from TO to T60. However, the
treatment with inoculum 1 recorded the largest leaf area of the plants from day 90 (36.54
cm?2) to day 120 (60.31 cm2). The control plants had the smallest leaf area between 11.84
and 28.09 cm2 from day 30 (36.54 cm2) to day 120.

In relation to a better absorption of mineral elements, but especially of phosphorus and
nitrogen, the inoculated plants experienced an accelerated vegetative development
compared to the control plants. Indeed, from the first 30 days, the height, the diameter at the
collar and the leaf surface of the mycorrhized plants were higher than those of the control
plants. Also, local inoculum 1 was more efficient for the growth of Pterygota macrocarpa
seedlings compared to exotic inoculum 2. The integration of arbuscular mycorrhization
technology into the reforestation of P. macrocarpa would be crucial for the recovery of lost
forest space and thus the removal of this forest species from the IUCN red list. Overall,
inoculum 1 appears to perform better than inoculum 2. These results are consistent with the
majority of studies comparing the efficiency of local and exotic inocula. These studies have
shown that native multispecific inocula have a better impact on plant nutrition and growth
compared to exotic monospecific commercial inocula [50; 35].
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Figure 4: Evolution of the total leaf area of Pterygota macrocarpa plants as a function
of time
Values with the same letters are not statistically different at the 5% threshold of Fisher's LSD
test.

4. CONCLUSION

The present study showed that Pterygota macrocarpa is a mycotrophic plant capable of
establishing symbiosis with arbuscular mycorrhizal fungi. The inoculated P. macrocarpa
seedlings obtained 100% survival rate, better mineral uptake which induced a more
accelerated vegetative growth especially by inoculum 1. The local polyspecific inoculum 1



was more efficient than the exotic monospecific inoculum 2. Thus, the development of a
technology based on local mycorrhizal inocula is necessary. The integration of these inocula,
first in the realization of nurseries and then in the growth and development of young plants in
plantation could be a solution for the reconstitution of degraded forests and by this fact a
sustainable source of raw material for the wood industry in difficulty.]
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