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Abstract
Sclerocarya birrea is a multipurpose species which is recognized as a plant species
of commercial, medicinal and cultural importance in Africa. However, it remains
in the wild and its production and existence are dependent on the vagaries of the
weather. This study was carried out to improve this plant growth by mycorrhizal
inoculation. In this study, Sclerocarya birrea was grown in the greenhouse for nine
months and inoculated with three mycorrhizal inocula. The height and the collar
diameter were measured at three and nine months after sowing. The shoot, root
and total biomass as well as the relative growth rate in height and the collar
diameter were evaluated at nine months after sowing. The results of this study
show that the roots of Sclerocarya birrea are relatively mycorrhized by arbuscular
mycorrhizal fungi (AMF) and the M1 inoculum appears to be the best of all the
inocula used. This inoculum improves height growth by 31.72% (9th month after
sowing), collar diameter by 77.27% and 80.15% (respectively at 3rd and 9th month
after sowing) and relative growth rate in height by 71.43%, shoot biomass of
Sclerocariat birrea by 59.95%, root biomass by 101.75% and total biomass by 66.99%
compared to the control.
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1. Introduction
Sclerocarya  birrea (A. Rich) Hochst.,  subspecies caffra (family: Anacardiaceae) is an important food, commercial,
cultural and ethnomedicinal plant in Africa (Ojewole et al., 2010). It’s a deciduous tree that produces abundant
yellowish green and plum shaped fruit, that contain sour sweet pulp covered by a tough skin (Ndhlala et al.,
2007). The tree is highly valued in southern Africa for its delicious fruit and ethnomedicinal properties, and
has received great attention in terms of domestication and commercialization (Viljoen et al., 2008). In Burkina
Faso Sclerocarya birrea occurs in all climatic zones, sometimes in pure and dense populations (Bationo/Kando
et al., 2008). The plant is the subject of multiple uses in this country and it’s considered by the populations of
certain areas of the Sahel as one of the priorities woody species (Ouédraogo and Belem, 1999). It’s one of the
most widely used spontaneous woody plants for human consumption (Belem et al., 2008) and the main
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product used is the fruit (Bationo/Kando et al., 2009). Despite its importance, this plant has remained essentially
wild, hence the interest in its domestication both to protect the tree as a resource and to allow its exploitation
in a sustainable way. However, in Burkina Faso as in many countries, plant growth faces a number of constraints
such as poor soil and drought. However, previous studies (Muok and Ishiim, 2006) have mentioned the ability
of Sclerocarya birrea to associate with arbuscular mycorrhizal fungi (AMF). In addition, the ability of AMF
to improve the growth of their host plants even when they grow on soils relatively poor in mineral elements
has already been shown for certain plants (Haro et al., 2012 and 2016; and Haro and Sanon, 2020). This
study was initiated with the aim to improve the Sclerocarya birrea growth in order to contribute to its
domestication.

2. Materials and methods

2.1. Plant and fungal materials

The local seeds of Sclerocarya birrea were used. These seeds were trampered in tap water for 24 h and then
washed thoroughly with water. They were surface disinfected by soaking in 96% ethanol for 3 min, rinsed
thoroughly with sterile distilled water and then disinfected in calcium hypochlorite solution (CaCl2O2 at 3.3%,
w/v) for 3 min and finally rinsed thoroughly with sterile distilled water before sowing. These seeds were sown
at a rate of two seeds per pot.

The fungal material was composed of three inocula of AMF including an efficient local mixed inoculum
isolated from the rhizosphere of cowpea cultivated in Burkina Faso [Scutellospora sp., Gigaspora sp., Glomus sp.
(M1)] (Haro, 2016) and two fungal inoculum from the collection of Laboratoire Commun de Microbiologie
(LCM) of Senegal [Glomus aggregatum, (M2) and Rhizophagus irregularis (M3)]. The inocula were obtained by
multiplication of AMF (Haro et al., 2012). The inoculum constituted of spores, mycorrhizal root fragments and
soil.

2.2. Culture substrate

The growing substrate was a sterilized soil of Ouagadougou and its physico-chemical characteristics were as
follows: 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 (mg.kg-1) 172.52, available phosphorus (mg.kg–1)
1.74 and pH H2O: 6.44. Culture substrate was homogenized, sieved with a 2 mm sieve and sterilized at 121 °C
for 1 h.

2.3. Greenhouse experiment

The experiment was conducted for nine months in 4 L pots containing 4 kg of sterilized culture substrate. The
inoculation was carried out at the sowing time with 10 g of inocula [each inoculum constituted of spores,
mycorrhizal root fragments and soil and was kept at room temperature (about 25 °C)] (Haro et al., 2017) for
each inoculated treatment. The inoculation consisted to place in the middle of each pot containing the culture
substrate, 10 g of inoculum at 2 cm or 3 cm deep. Control pots weren’t inoculated. There were 10 replicates per
treatment (n = 3 mycorrhizal inocula + 1 control x 10 replicates = 40 plants). Sclerocarya birrea was sown at the
rate of two seeds per pot and a wedge was carried out two weeks after the plants emergence to allow only one
plant per pot. The experimental design used was a simple randomization complete block design.

To estimate the effect of mycorrhizal inoculation on Sclerocarya birrea, the height, the collar diameter, the
rate of relative growth in height and the rate of relative growth of the collar diameter were calculated at the 3rd

and at the 9th month after sowing. Height growth was measured from the growing tip to the base of the stem.
The relative growth rate in height (RGRh) was calculated according to the following formula:
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with h: height, T: time, 1: initial and 2: final.

The collar diameter was measured using a caliper at the separation zone between the root system and the
aerial part at the 3rd and at the 9th month after sowing. The relative growth rate of the collar diameter (TCRdc)
was calculated by the following formula:
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with Dc: Collar diameter, T: time, 1: initial and 2: final.

2.4. Shoot, root and total biomass measurement
At nine months after sowing, each plant was carefully removed in order to recover the aerial part and all the
roots of the plants. All these parts were dried in an oven at 70 °C for 72 h for the measurement of shoot, root and
total biomass. After the biomass measurement, the roots were used for the mycorrhizal infection study.

2.5. Staining for mycorrhizal colonization
About 10 g of roots from each treatment were thoroughly washed and placed in falcon tubes and then cleared
using 10% KOH. They were heated in 90 °C water bath for 1 h. The roots were 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 min (Phillips
and Hayman, 1970) and the observation was done under microscope (OLYMPUS BH-2) (magnification = 10x).
The mycorrhizal frequency and intensity were estimated by Trouvelot et al. (1986) method.

2.6. Data analysis
Data were statistically analyzed using a one-way analysis of variance (ANOVA) with XLSTAT 2018 statistical
software and the means were compared using the Newman-Keuls test (p < 5%).

3. Results and discussion

3.1.  Mycorrhization parameters measurements
Sclerocarya birrea mycorrhization varies according to the mycorrhizal inoculum (Figure 1). The frequency of
mycorrhization is generally high while the intensity of mycorrhization is medium. Statistical analyzes show
significant differences between the different treatments and the highest values were obtained with the M1
inoculum for both the frequency (85.71%) and the intensity (28.06%) of mycorrhization. These results could be

Figure 1: The mycorrhizal frequency and intensity of Sclerocarya birrea plants inoculated or not with (M1,

M2 and M3)

Note: Values of the same parameter (mycorrhizal frequency or intensity) with the same letter are not significantly different
according to the Newman-Keuls test (p < 0.05); Significance level for mycorrhizal frequency and intensity (p <
0.0001); and Standard error of the mean (n = 10).
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explained by the fact that Sclerocarya birrea is a mycotrophic plant. These results are in agreement with those of
Muok and Ishiim (2006) who showed that Sclerocarya birrea had a root colonization of AMF reaching 48.5%.
However, the roots of the control treatments aren’t mycorrhizal. The absence of mycorrhizal infection on the
controls roots could be justified that the treatments are free from any endomycorrhizal contamination. These
results corroborate those of Muok and Ishiim (2006) who found no mycorrhization on the roots of uninoculated
Sclerocarya birrea. The growth and biomass parameter stimulation between the different treatments compared
to the control could be attributed to the effect of inoculated AMF. The growth parameter results show that
inoculation significantly improves Sclerocarya birrea height and collar diameter.

3.2. Growth and biomass production parameters measurements
The growth parameters measurements are presented in Table 1. The statistical analyzes show significant
differences (p < 0.05) between the different treatments for all the growth parameters except the height measured
at three months after sowing (p > 0.05).

At three months after sowing, no significant difference was statistically observed for the height of Sclerocarya
birrea inoculated treatment or not. The inoculation did not improve the Sclerocarya birrea height. These results
could be justified by the fact that the culture substrate contains the necessary nutrients and directly accessible
by the plant roots. As a result, the roots of the plant manage to supply it with adequate nutrients, hence the
ineffectiveness of mycorrhizal inoculation. However, the collar diameter was significantly improved by
mycorrhizal inoculation compared to the control. This improvement varies according to the mycorrhizal

Table 1: Plant height, the collar diameter, the rate of relative growth in height and the rate of relative

growth of the collar diameter of Sclerocarya birrea inoculated or not with 3 mycorrhizal inocula (M1, M2

and M3)

Treatments Height 1 Height 2 RGRh Diameter 1 Diameter 2 TCRDc
(cm) (cm) (cm/day.cm) (mm) (mm) (mm/day.mm)

Control 29.75 ± 1.66a 33.2 ± 1.43b 0.0007 ± 0.00011b 3.08 ± 0.3c 4.08 ± 0.34c 0.0014 ± 0.0002c

M1 35.5 ± 1.47a 43.73 ± 1.73a 0.0012 ± 0.00009a 5.46 ± 0.19a 7.35 ± 0.24a 0.0017 ± 0.0001b

M2 34.36 ± 1.79a 41.79 ± 1.77a 0.0011 ± 0.00007a 4.69 ± 0.14b 7 ± 0.18ab 0.0022 ± 0.0002a

M3 34.89 ± 2a 39.36 ± 1.93a 0.0007 ± 0.00099b 5.19 ± 0.2ab 6.29 ± 0.23b 0.0011 ± 0.0001c

Significance level NS 0.0005 0.0001 <0.0001 <0.0001 0.0001

Note: For the same parameter, 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 = 10); Height 1 and 2: height measured respectively at 3 and 9
months after sowing; Diameter 1 and 2: collar diameter measured respectively at 3 and 9 months after sowing; NS:
not significant.

 Table 2: Sclerocarya birrea shoot, root and total biomass 9 months after the sowing of Sclerocarya birrea

inoculated with 5 mycorrhizal inocula (M1, M2 and M3)

Treatments Shoot biomass (g) Root biomass (g) Total biomass (g)

Control 8.59 ± 0.33c 1.71 ± 0.16c 10.3 ± 0.37c

M1 13.74 ± 0.56a 3.45 ± 0.14a 17.2 ± 0.69a

M2 13.49 ± 0.42a 3.13 ± 0.13ab 16.62 ± 0.53a

M3 11.51 ± 0.51b 2.78 ± 0.15b 14.29 ± 0.64b

Significance level <0.0001 <0.0001 <0.0001

Note: For the same parameter, 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 = 10).
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inoculum and the highest values were obtained with the M1 inoculum (5.46 mm). This inoculum improved the
collar diameter by 77.27% compared to the control. For this parameter, the plant seems to have a more pronounced
nutritional need than for height. The content of mineral elements in the culture substrate would no longer
allow the plant roots to adequately ensure its nutrition. Therefore, the plant uses mycorrhizae to boost its
mineral nutrition, hence the effectiveness of mycorrhizal inoculation. These results corroborate those of Haro
and Sanon (2020) who reported the effectiveness of mycorrhizal inoculation at the height of Sesamum indicum.

At nine months after sowing, the statistical analyzes showed significant differences (p < 0.05) for the
height, the collar diameter, the rate of relative growth in height and in collar diameter (Table 1) as well as the
biomass production (Table 2). The highest values were obtained with the M1 inoculum for the height (43.73
cm), the collar diameter (7.35 mm), for the relative growth rate in height (0.0012 cm/jour.cm), for shoot (13.74
g), root (3.45 g) and total biomass (17.2 g). This inoculum improved the height by 31.72%, the collar diameter by
80.15%, the relative growth rate in height by 71.43%, the shoot biomass by 59.95%, the root biomass by 101.75%
and the total biomass by 66.99%compared to the control. These could be justified by the better efficacy of the
inoculum M1 in improving the Sclerocarya birrea mineral absorption. These results corroborate those of Muok
and Ishiim (2006) who found that AMF can be used to improve the Sclerocarya birrea growth in arid and semi-
arid areas. Similar results were found by Haro et al. (2016) on cowpea. These authors reported that mycorrhizal
inoculation improves Vigna unguiculata growth and biomass production.

For the relative growth rate in collar diameter, the highest values were obtained with the inoculum M2
(0.5%) which improves it by 35.14%. Thus, the inoculum M2 which seems more effective while the best collar
diameter is obtained with the inoculum M1. This further confirms the effectiveness of the M1 inoculum on
improving the Sclerocarya birrea growth.

4. Conclusion
The objective of this study was to improve the Sclerocarya birrea growth has shown that this plant responds
well to mycorrhizal inoculation. From this study, it emerges that the M1 inoculum appears to be the best of all
the inocula used. The results of this study are promising and deserve to be deepened by planting Sclerocarya
birrea inoculated in situ.

Acknowledgment
This study received funding from the Burkinabè State through the National Fund for Research and Innovation
for Development [Fonds National de la Recherche et de l’Innovation pour le Développement (FONRID)]. The
authors thank Dr Diallo Ousmane dit Boukari for having associated them with this project.

Conflicts of interest
The authors declare that they have no conflicts of interest.

References
Bationo/Kando P., Hilou, A., Traore E. R., Nanema R. K. and Zongo J. D. (2009). Variabilité de quelques

caractères biochimiques des fruits deSclerocarya birrea(A. Rich.) Hochst. au Burkina Faso. Fruits. 64(6),
351-360. DOI: 10.1051/fruits/2009031

Bationo/Kando P., Zongo, J. D. , Nanema, R. K. and Traore, E. R. (2008). Etude de la variation de quelques
caractères morphologiques d\’un échantillon de Sclerocarya birrea au Burkina Faso. International Journal
of Biological and Chemical Science. 2(4), 549-562.

Belem, B., Boussim, J. I., Bellefontaine, R. and Guinko, S. (2008). Stimulation du drageonnage de Bombax
costatum par blessure des racines au Burkina Faso. Bois et forêts des tropiques. 295(295), 71-79.

Haro, H. and Sanon, K. B. (2020). Réponse du sésame (Sesamum indicum L.) à l’inoculation mycorhizienne avec
des souches des champignons mycorhiziens arbusculaires indigènes du Burkina Faso. International
Journal of Biological and Chemical Science. 14(2), 417-423. DOI: https://dx.doi.org/10.4314/ijbcs.v14i2.9

Haro, H., Sanon, K. B., Blagna, F. and Fofana, B. (2016). Effect of native arbuscular mycorrhiza fungi inocula on
the growth of Cowpea [Vigna unguiculata (L.) Walp.] in three differents agro ecological zones in Burkina
Faso. Journal of Applied Biosciences. 108, 10553-10560. DOI: http://dx.doi.org/10.4314/jab.v108i1.8

https://dx.doi.org/10.4314/ijbcs.v14i2.9
http://dx.doi.org/10.4314/jab.v108i1.8


Hadou Haro et al. / Afr.J.Bio.Sc. 3(1) (2021) 104-109 Page 109 of 109

Haro, H., Sanon, K. B., Diop, I., Kane, A., Dianda, M., Houngnandan, P., Neyra, M. and Traoré, A. (2012).
Réponse à l’inoculation mycorhizienne de quatre variétés de niébé [Vigna unguiculata (L.) Walp.] cultivées
au Burkina Faso et au Sénégal. International Journal of Biological and Chemical Science. 6(5), 2097-2112.
DOI: http://dx.doi.org/10.4314/ijbcs.v6i5.18

Haro, H., Sanon, K. B., Le Roux, C., Duponnois, R. and Traoré, A. S. (2017). Improvement of cowpea productivity
by rhizobial and mycorrhizal inoculation in Burkina Faso. Symbiosis. 1-14. DOI: 10.1007/s13199-017-
0478-3

Muok, B. O. and Ishiim T. (2006). Effect of arbuscular mycorrhizal fungi on tree growth and nutrient uptake of
sclerocarya birrea under water stress, salt stress and flooding. Journal of the Japanese Society for Horticultural
Science. 75(1), 26-31. DOI: 10.2503/jjshs.75.26

Ndhlala, A. R., Kasiyamhuru, A., Mupure, C., Chitindingu, K., Benhura, M. A. and Muchuweti, M. (2007).
Phenolic composition of Flacourtia indica, Opuntia megacantha and Sclerocarya birrea. Food Chemistry.
103(1), 82-87. DOI: 10.1016/j.foodchem.2006.06.066

Ojewole, J. A., Mawoza, T., Chiwororo, W. D. and Owira, P. M. (2010). Sclerocarya birrea (A. Rich) Hochst.
[‘Marula’] (Anacardiaceae): a review of its phytochemistry, pharmacology and toxicology and its
ethnomedicinal uses. Phytother Res. 24(5), 633-639. DOI: 10.1002/ptr.3080

Ouédraogo, S. J. and Belem, M. (1999). Prioritisation ou préférence paysanne et amélioration de la production
des espèces agroforestières du Burkina Faso. Vers une approche régionale des ressources génétiques
forestières en Afrique sub-saharienne, IPGRI, Rome, Italie: 219-226.

Phillips, J. M. and Hayman, D. S. (1970). Improved procedures for clearing roots and staining parasitic and
vesicular-arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the British
Mycological Society. 55(1), 158-161.

Trouvelot, A., Kough, J. L., Gianinazzi-Pearson, V. and Gianinazzi, S. (1986). Mesure du taux de mycorhization
VA d’un système radiculaire. Recherche de méthodes d’estimation ayant une signification fonctionnelle.
Mycorrhizae: Physiology and Genetics. 217-221.

Viljoen, A. M., Kamatou, G. P. P. and Baºer, K. H. C. (2008). Head-space volatiles of marula (Sclerocarya birrea
subsp. caffra). South African Journal of Botany. 74(2), 325-326. DOI: https://doi.org/10.1016/
j.sajb.2007.10.005

Cite this article as: Hadou Haro, Kadidia Semdé, Kadidiata Bahadio and Kadidia B. Sanon (2021). Improved
Sclerocarya birrea (A. Rich.) Hochst. growth by mycorrhizal inoculation. African Journal of Biological Sciences.
3(1), 104-109. doi: 10.33472/AFJBS.3.1.2021.104-109.

http://dx.doi.org/10.4314/ijbcs.v6i5.18
https://doi.org/10.1016/

	Title and Authors
	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Plant and fungal materials
	2.2. Culture substrate
	2.3. Greenhouse experiment
	2.4. Shoot, root and total biomass measurement
	2.5. Staining for mycorrhizal colonization
	2.6. Data analysis

	3. Results and discussion
	3.1. Mycorrhization parameters measurements
	3.2. Growth and biomass production parameters measurements

	4. Conclusion
	Acknowledgment
	Conflicts of interest
	References
	Cite this article as

