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Abstract: This study is Shea Park restoration contribution. In this study, Shea butter was cultivated for 12 months on non-sterile 

culture substrate and then inoculated with arbuscular mycorrhizal fungi (AMF). The mycorrhizal parameters were evaluated at 12 

months after sowing and the growth parameters of the plants at 4 and 12 months after sowing. The results showed mycorrhizal 

infection of all treatments and stimulation of Shea’s growth according to inocula. Yac 2 mix allowed a better improvement Shea 

growth. This inoculum improved Shea height growth by 10.34% at 4 months and 29.02% at 12 months after sowing compared to 

the treatment inoculated with Glomus aggregatum, by 46.02% at 4 months and 80.71% at 12 months after sowing compared to 

controls. Glomus aggregatum improved Shea height by 32.33% at 4 months and 40.06% at 12 months after sowing compared to 

controls. This inoculum also improved the Shea collar diameter by 12% at 4 months and 28.53% at 12 months after sowing 

compared to the treatment inoculated with Glomus aggregatum, by 53.86% at 4 months and 75.85% at 12 months after sowing 

compared to controls. Glomus aggregatum improves the Shea height by 37.38% at 4 months and 36.81% at 12 months after 

sowing compared to controls. Yac 2 mix also improves the height relative growth rate by 33.33% and the collar diameter relative 

growth rate by 54.54% compared to the controls. This study has shown promising results for the restoration of the Shea Park and 

deserves to be deepened by extending it to other mycorrhizal strains. 
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1. Introduction 

Shea (Vitellaria paradoxa C.F. Gaertn.) is ecological and 

economic importance tree. It is an important source of non-

timber forest products (mainly for butter extracted from 

almonds) [1, 2]. In Burkina Faso, it is the fourth-largest 

export product after gold, cotton and the live stock sector. 

This country is the second-largest producer of Shea butter in 

the world after Nigeria and is ranked third exporting 

countries behind Nigeria and Mali. With 195 million Shea 

trees in an area of 28% of the national territory, the 

production of Shea in Burkina Faso varies between 450,000 

and 600,000 tons per year. The contribution of this sector to 

the domestic product is in order of USD 60 million $, which 

represents between 0.5% and 1% of all activities. In Burkina 

Faso, there are several activities around the Shea sector. In 

this sector, the Shea production is one of the most important 

activities and mainly involves women. However, in this 

country, the Shea Park is very aging because its difficult 

regeneration, linked to its long juvenile phase (flowering 

begins at 10–25 years after sowing) and its slow growth 

which discourages Shea tree plantations. Only the process of 

natural regeneration currently ensures the renewal of its feet 

[3]. The Shea sector therefore faces the difficulties of 

maintaining and growing production due to the decrease in 

the frequency of trees in the field. This species density in the 
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Sudanian zone increased from 230 trees/ha in 1940 [4] to 11 

trees/ha in 2000 [5]. Thus, it becomes necessary and even 

urgent to interest in its regeneration, but the soils of Burkina 

Faso are generally poor in nutrients mainly nitrogen and 

phosphorus [6] and these trees growth depends on the 

climatic conditions. So, it appears essential to renew Shea 

Park by developing methods to shorten the juvenile phase 

while improving the Shea plant growth. However, the Shea 

roots establish symbiosis with arbuscular mycorrhizal fungi 

(AMF) [7]. Mycorrhizal symbiosis with AMF, a mutually 

beneficial association in which fungi enhance the growth of 

their hosts even when it grows on relatively nutrient poor 

soils [8]. However, inoculation lack responses in field 

experiments are frequently reported [9]. This is linked to 

inoculum-used competitiveness and efficiency. In addition, 

mycorrhizal inoculation can also cause host plant depression 

[9], hence the need to select the best fungi beneficial to Shea. 

This study was initiated with the aim to contribute to Shea’s 

regeneration by improving these growths by AMF 

inoculation. 

2. Materials and Methods 

2.1. Plant and Fungal Materials 

Shea nuts were used in this study. Fungal material was 

composed of two AMF inocula including an efficient local 

mixed inoculum isolated from the rhizosphere of cowpea 

cultivated in Burkina Faso [9] [Yac 2 mix (Scutellospora sp., 

Gigaspora sp., Glomus sp.)], and a fungal inoculum from the 

collection of the “Laboratoire Commun de Microbiologie 

(LCM)” of Senegal [Glomus aggregatum (Ga)]. The 

inoculum was produced in greenhouses [10]. Mycorrhizal 

inoculum production consisted of multiplying AMF. Thus, 

maize (Zea mays) is grown in greenhouses in 7 liter pots 

containing 7 kg of sterile soil and inoculated with AMF. The 

control pots also received 7 kg of sterile soil each, but were 

not inoculated. Each treatment is repeated 3 times and the 

test lasted 6 months. The inoculum is composed of a mixture 

of spores, mycorrhized roots fragments and soil. This 

inoculum is stored at 4°C. 

2.2. Culture Substrate 

The culture substrate was a non-sterile soil whose 

physicochemical characteristics are: clay: 3.92%; total silt: 

5.88%; total sand: 90.2%; total organic matter: 0.331%; total 

carbon: 0.192%; total nitrogen: 0.016%; C/N: 12; total 

phosphorus: 172.52 ppm; available phosphorus: 1.74 ppm; 

pH H2O (w/v: 1/2.5), 6.44. 

2.3. Test Implementation 

The test consisted of Shea growing in 7 liter pots 

containing 7 kg of culture substrate. The Shea nuts were 

sown at the rate of 1 per pot and the inoculation was carried 

out at sowing time with 10 g of inocula (as described by Haro 

et al. [8]) per pot for each inoculated treatment. Control pots 

were not inoculated. This device was composed of 3 

treatments [two inoculated treatments (Yac 2 mix and Ga) 

and one control] with 40 replicates per treatment has been 

retained. The experimental design used was a simple 

randomization complete block design. This experiment lasted 

12 months. 

To estimate the Shea growth response of mycorrhizal 

inoculation, grow parameters were measured. 

2.4. Grow Parameters Measurement 

To estimate the Shea growth effect of mycorrhizal 

inoculation, the height, the collar diameter, height relative 

growth rate and collar diameter relative growth rate were 

calculated at the 4th and at the 12th month after sowing. The 

height relative growth rate (RGRh) was calculated according 

to the formula (1) [11-13]: 
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with H: height, T: time, 1: initial, 2: final. 

The collar diameter was measured using a caliper at the 

separation zone between the root system and the aerial part of 

4 and 12 months after sowing. The collar diameter relative 

growth rate (RGRDc) was calculated according to the 

formula (2) [11-13]: 
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with Dc: collar diameter, T: time, 1: initial, 2: final 

2.5. Staining for Mycorrhizal Colonization 

The fine roots from each treatment was thoroughly washed 

and placed in falcon tubes then cleared using 10% KOH. 

They were heated in 90°C water bath for one hour. The roots 

were washed with tap water for 30 minutes’ bath in 7.5% 

hydrogen peroxide is added to the procedure in order to 

achieve better root discoloration [14]. The roots were again 

washed with tap water. Staining was then done by adding 

0.05% trypan blue in lactic acid and heating in 90°C water 

bath for 30 minutes as described by Phillips, Hayman [15] 

and observation was made under the microscope 

(magnification = 10x). The mycorrhizal frequency and 

intensity were estimated by Trouvelot et al. [16] method. 

2.6. Statistical Analysis 

Data were statistically analysis with the statistical software 

XLSTAT 2019. When the variable from which the sample is 

drawn follows a normal distribution and the samples 

variances are homogeneous, the data (height relative growth 

rate) are analyzed using a one-way analysis of variance 

(ANOVA) and the variables means were compared using the 

Newman Keuls test (p < 5%). 

All other data (height, collar diameter, collar diameter 

relative growth, mycorrhization frequency and intensity) 

were analyzed using a Kruskal-Wallis test and row means 

were compared using the Conover-Iman test (p < 5%). 
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3. Results and Discussion 

3.1. Mycorrhization Evaluation 

Shea mycorrhizal infection results (table 1) shows that 

mycorrhization was variable from mycorrhizal strains. The 

Shea mycorrhization frequency and intensity are generally 

low. The control treatment shows mycorrhizal infection 

traces. These traces of mycorrhizal infection on the controls 

roots show that the substrate used contains AMF. This could 

be explained by the fact that the culture substrate was not 

sterilized. Similar results were obtained by Haro et al. [10] 

who found cowpea roots was mycorrhizal on the non-sterile 

substrate. The highest values are obtained with the Yac 2 mix 

inoculum both the frequency (37.75%) and the intensity of 

mycorrhization (15.61%). Statistical analyzes show 

significant differences (p<0.05) between the different 

treatments. Mycorrhizal infection is higher on the inoculated 

treatments compared to the control. These results are justified 

by the fact that the mycorrhizal strains used would be more 

competitive than those of the substrate. However, inoculation 

is only beneficial if the strains used are more competitive 

than the existing strains in the soil [17]. The low mycorrhizal 

infection of the control treatment would so be linked to the 

number of fungal propagules initially present in the substrate 

compared to inocula. Therefore, the stimulation of growth 

between the inoculated treatments compared to the control 

could be attributed to the effect of the inoculated arbuscular 

mycorrhizal fungi since the effects of the symbiosis with the 

AMF and the plants depend on the intra and interspecific 

competitiveness of the communities [18], the functional and 

physiological compatibility between the symbionts and the 

interactions between plants, soil and fungi [19]. Similar 

results were found by Zaouchi et al. [20] on Jacaranda 

mimosifolia. The fungal propagules number determination 

would have made it possible to better discuss these results. 

Table 1. Vitellaria paradoxa mycorrhizal frequency and intensity 60 days 

after sowing inoculated with 2 mycorrhizal inocula [Yac 2 mix and Glomus 

aggregatum (Ga)]. 

Treatments 
Mycorrhizal 

frequency (%) 

Mycorrhizal 

intensity (%) 

Yac 2 mix 35.25±1.19a 15.61±0.63a 

Ga 37.75±0.91b 5.55±0.31b 

Control 2.75±0.02c 0.05±0.02c 

Significance level <0.0001 <0.0001 

For the same column, data followed by the same letters are not significantly 

different according to the Conover-Iman test (p < 0.05). 

Standard error of the mean (n = 40). 

3.2. Grow Parameters Evaluation 

Table 2 presents the Shea grows parameters measurement 

results. The results of Shea’s height are variable and depend 

on the inoculum. Statistical analyzes show significant 

differences (P<0.0001) between the different treatments for 

4 months and 12 months after sowing. Heights are generally 

higher for inoculated plants compared to uninoculated ones. 

The highest values are obtained with the Yac 2 mix 

inoculum at 4 months (15.58 cm) and at 12 months (30.72 

cm) after sowing. This inoculum improves the Shea height 

growth by 10.34% at 4 months and 29.02% to 12 months 

after sowing compared to the treatment inoculated with 

Glomus aggregatum, by 46.02% at 4 months and 80.71% to 

12 months after sowing compared to controls. The Glomus 

aggregatum inoculum improves the Shea height growth by 

32.33% at 4 months and 40.06% to 12 months after sowing 

compared to controls. The collar diameter results are 

similar to those obtained from the height. The highest 

values are obtained with Yac 2 mix inoculum at 4 months 

(13.17 mm) and at 12 months (19.73 mm) after sowing. 

This inoculum improves the Shea collar diameter grow by 

12% at 4 months and 28.53% to 12 months after sowing 

compared to the treatment inoculated with Glomus 

aggregatum, by 53.86% at 4 months and 75.85% to 12 

months after sowing compared to controls. The Glomus 

aggregatum inoculum improves the Shea collar diameter 

grow by 37.38% at 4 months and 36.81% to 12 months after 

sowing compared to controls. 

These improvements could be explained by the increased 

Shea mineral nutrition. Similar results were obtained by 

Haro, Sanon [21]. Indeed, these authors have shown that 

mycorrhizal inoculation improves Sesamum indicum growth 

and biomass production. These results corroborate those of 

Song et al. [22] who found that inoculum had a direct impact 

on maize growth. These results are in agreement with those 

of Elliott et al. [23] who showed that mycorrhizal inoculation 

increased phosphorus uptake in wheat by up to 30%. 

The improvement in growth depends on the inoculum and 

in this study; the inoculum Yac 2 mix allows a better 

improvement of Shea’s growth. These results are justified by 

the fact that the effectiveness of this symbiosis depends on 

the compatibility between the plant material used and the 

fungal strain present. These results are in agreement with 

those of Mensah et al. [24] who showed that the response of 

plants to mycorrhizal inoculation with AMF ranges from 

very beneficial to harmful. 

The improvement in Shea’s growth by mycorrhizal inocula 

is more noticeable at 12 months than at 4 months after 

sowing, suggesting that the effect of these AMF increases 

over time. This could be justified by the fact that the effect of 

arbuscular mycorrhizal fungi on host plants depends on the 

mineral composition of the soil. Thus, more the soil is rich in 

mineral elements, less the beneficial effect of AMF will be 

perceptible on the host plants. However, the culture substrate 

contained mineral elements directly accessible to the roots of 

the test start. These nutrients were depleted over time as the 

plants grew. Similar results were obtained by Haro et al. [25]. 

These authors showed that mycorrhizal inoculation that was 

ineffective at the test start (the first 30 days after sowing) was 

very beneficial for Mucuna pruriens by improving its growth 

and production of shoot, root and total biomass at 60 days 

after sowing. 

Statistical analyzes at the height relative growth rate show 

significant differences (P <0.001) between the treatment 

inoculated with Yac 2 mix and the other treatments. 
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However, these statistical analyzes shows no significant 

difference between the treatments inoculated with Glomus 

aggregatum and the control. The same is true for the collar 

diameter relative growth rate. The highest values are 

obtained for inoculation with Yac 2 mix (0.0028 

cm/month.cm for RGRh and 0.0017 mm/month.mm for 

RGRDc). Similar results were found by Haro et al. [26] on 

maize. 

Table 2. Plant height, the collar diameter, the height of relative growth rate and the collar diameter of relative growth rate of Vitellaria paradoxa inoculated 

with 2 mycorrhizal inocula [Yac 2 mix and Glomus aggregatum (Ga)]. 

Treatments Height 1 (cm) Height 2 (cm) 
RGRh 

(cm/month.cm) 

Collar diameter 1 

(mm) 

Collar diameter 2 

(mm) 

RGRdc 

(mm/month.cm) 

Yac 2 mix 15.58±0.31a 30.72±0.59a 0.0028±0.0001a 13.17±0,13a 19.73±0.26a 0.0017±0.0001a 

Ga 14.12±0.43b 23.81±0.35b 0.0022±0.0001b 11.76±0.26b 15.35±0.22 a 0.0012±0.0001b 

Control 10.67±0.44c 17±0.7c 0.0021±0.0001b 8.56±0.29c 11.22±0.22c 0.0011±0.0001b 

Significance level <0.0001 <0.0001 0.001 <0.0001 <0.0001 <0.0001 

For the same column (height, collar diameter and RGRdc), data followed by the same letters are not significantly different according to the Conover-Iman test 

(p < 0.05). 

For the RGRh column, data followed by the same letters are not significantly different according to the Newman-Keuls test (p < 0.05). 

Standard error of the mean (n = 40). 

4. Conclusion and Recommendation 

This study, which aimed to improve the Shea growth, 

showed that this plant responds positively to mycorrhizal 

inoculation. From these results, it is now established that 

mycorrhizal inoculation with arbuscular mycorrhizal fungi 

enhances the Shea growth. It would therefore be possible to 

improve the Shea adaptation of soils lacking in mineral 

elements. From this study, it appeared that the effect of 

inoculation varied depending on the inoculum. This suggests 

that the beneficial effect of mycorrhizae on Shea’s growth 

may be optimized by selection from combinations of multiple 

mycorrhizal strains. Hence the need to deepen this study by 

increasing the number of inocula. 
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