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Abstract

Shea tree is a major economic plant contributing to household income through
the sale of edible fruits, kernels and shea butter. Shea butter is used indu-
strially in the production of cosmetic products, chocolates and margarines.
Fruits are used by human and also by birds. This study aimed to explore
strategies for the improvement of shea yield through pollination. Two types
of pollination (manual and natural pollination) were applied for the compar-
ison of fruits set and their ripening. The fruits set and ripening index as well
as average weight of ripe fruits and kernels were estimated. The results showed
a significant difference between the fruits set Index of manual pollination and
natural pollination (H(1) = 33.437, p = 7.361 x 107°). Similarly, there was a
significant difference between the ripening Index of manual pollination and
natural pollination (H(1) = 4.5113, p = 0.03367). However, the mode of pol-
lination did not influence the weight of ripe fruits and kernels. Therefore, the
manual pollination enhances pollen supply to receptive stigmas for fertiliza-
tion and improved fruit yield in Vitellaria paradoxa.

Keywords

Pollination Service, Shea Tree, Beekeeping, Foraging Activity,
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1. Introduction

The shea tree ( Vitellaria paradoxa C. F. Gaertn) is a major multipurpose tree in
the landscape in West Africa and according to [1] it is the dominant species in
many parts of agroforestry production system for its several ecosystem func-

tions. It also serves as refuge to migratory birds and wild bees that provide a di-
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rect link between birds, bees and shea parklands [2].

According to the [3], the shea sector is one of the promising sectors identified
by the various documents of policies and development strategies of Burkina Fa-
s0, a sector with potential for economic development, therefore likely to contri-
bute to accelerating economic growth, the creation of local jobs and the fight
against poverty, particularly of the most vulnerable groups, such as women and
young if it is better valued. Burkina Faso in terms of shea, it is first of all
280,802,860 feet of shea trees with a production potential of shea kernels esti-
mated at 1,247,295 tons per year. It produces shea butter used in diverse prod-
ucts such as cosmetics, chocolates and others confectionery. The sale of fruits,
kernels and butter provides income for rural poverty alleviation and contribute
to Sustainable Development Goals (SDG).

Unfortunately, several factors impact the production and the productivity of
shea tree ( Vitellaria paradoxa). Studies like those of [4] [5] [6] have shown that
production depends on biotic and abiotic factors. Studies conducted by [7], on
relationship between vitellaria and pollinators through three kinds of pollination
have shown that production depends on pollination service. In addition [8] [9]
have noted that Vitellaria paradoxa is melliferous plant species. And then, ac-
cording to [10] [11], Vitellaria paradoxa dependence on insect pollination is
evident in its breeding system and it is generally cross-pollinated [2] [12] [13].

The aim of this study is to highlight the role of pollinators notably honey bee
Apis mellifera adansonii Lateille in shea tree production in Burkina Faso.

2. Material and Methods
2.1. Location of Study Areas

Torem village was located about 10 km North-East to the city of P6, Capital of
Nahouri Province. The P6 city is located on the coordinates 1°09' West and
11°11' North at an altitude of 321.5 m and bordering the North of Ghana
(Figure 1).

The choice of the sites was based on the ability to have at least ten (10) shea
trees with sufficient number of inflorescences likely to meet the requirements of

the experiment.

2.2. Assessments of the Impact of Pollination on the Shea Tree
Production

Two sites located at least 2 km apart were selected in the Torem village. In each
site, ten (10) shea trees were randomly selected. On each plant, six (6) inflores-
cences were randomly selected. Two (2) pollination treatments (natural pollina-
tion and manual pollination) were applicated. Three (03) inflorescences per treat-
ment were done. The natural pollination (open-pollination) had inflorescences
unrestricted to pollination by insects. The manual pollination inflorescences
were subjected to hand pollination. The buds initiating flowers of each were
counted every fortnight as used in [7] [14] [15]. During the fruiting period,
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Figure 1. Location of study areas.

fruits set per inflorescence were recorded every two weeks until maturation. Ma-
tured fruits per inflorescence were harvested, counted and weighed with an elec-
tronic scale. The fruits were depulped and fresh nuts were dried during one (1)
month before they were cracked, opened to remove kernels. The dry kernels per

inflorescence were weighed also with an electronic scale.

2.3. Data Processing and Analysis

To determine the effect of pollination mode on fruits set, fruits set Index (In)
was calculated per inflorescence according to the following formula: In = (N/F)
where N is the number of fruits formed and F the number of flowers initially
borne [16]. After that, Student test was carried out to check the normality of dis-
tribution of fruits set index. Student test was then performed to compare the
fruits set index of manual pollination and natural pollination.

To determine the effect of fruits pollination mode on fruits ripening, ripening
Index was calculated per inflorescence according to the following formula: Imr =
(M/F) where M is the number of ripe fruits and F the number of fruits initially
formed [17].

The Student test was carried out to verify the normality of the distribution of

fruit ripening index. Since the data was not normally, distributed, a chi-Square
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test was performed to compare the ripening index of the manual and natural
pollinated.

To determine the effect of pollination mode on weight of ripe fruits and ker-
nels the average weight of ripe fruits and kernels were calculated and then a com-
parison was made with the non-parametric T-test to determine the impact of the

type of pollination on these different parameters.

3. Results

3.1. Effect of Pollination Mode on Vitellaria paradoxa Fruits Set

The mode of pollination influences the fruits set of Vitellaria paradoxa. There
was a significant difference between the fruits set Index of manual pollination
and natural pollination (H (1) = 33.437, p = 7.361 x 107°).

The fruits set Index ranges from 0 - 0.83 for manual pollination whist that of

natural pollination ranges between 0 and 0.17 (Figure 2).

3.2. Effect of Pollination Mode on Vitellaria paradoxa
Fruits Ripening

The mode of pollination has a significant effect on the maturation of Vitellaria
paradoxa fruits (H (1) = 4.5113, p = 0.03367). The ripening Index varies between
0.80 and 0 with a median of 0 for manual pollination whilst ripening Index of

natural pollination ranges between 0.08 and 0 (Figure 3).

3.3. Effect of Pollination Mode on Ripe Fruits Weight of
Vitellaria paradoxa

The mode of pollination did not significantly influence weight of mature fruits
(H (1) = 0.18756, p = 0.665). The mean weight of mature fruit per inflorescence

ranges from 9.29 to 40.71 g in manual pollination whilst that of natural pollination
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Figure 2. Fruits set Index in manual and natural pollination.
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ranges from 11.04 - 34.46 g (Figure 4).

3.4. Effect of Pollination Mode on Kernel Weight of
Vitellaria paradoxa

The mode of pollination did not signficantly influence the weight of kernels pro-
duced (H(1) = 1.0421, p = 0.3073). Kernel mean weight vary between 6.93 and
1.48 g with a median of 2.75 g for manual pollination whilst natural pollination
ranges between 5.83 and 1.89 g with a median of 3.46 g (Figure 5).
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Figure 3. Fruits ripening Index of manual and natural pollination.
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Figure 4. Mean weigth of fruits in manual and natural pollination.
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Figure 5. Mean weight of kernels in manual and natural pollination.

4. Discussion

The results highlighted the role of pollination on shea fruits set and their ripen-
ing. The analysis of the fruits set Index (In) reveals a statistically significant dif-
ference between the fruit set and maturation Index of manual pollination and
natural pollination. These can be explained by several factors including the lack
of pollination and the quantity and/or the quality of the pollen grains. And ac-
cording to [4], the absence of pollination services results in abscission of mature
flowers. The lack of pollination could be an outcome of several factors including
the decline in pollinators population, the lack of floral or nesting resources re-
quired by insect pollinators in the local landscape [18] [19], poor beekeeping
practices and climate change [8] [20]. These results emphasis the importance of
pollination in Vitellaria paradoxa fruiting [7].

The quantity and quality of the pollen deposited on the the stigma of the gy-
noecium can also be factors limiting pollination. Several studies have revealed
that the success of sexual reproduction in plants is limited by the amount of pol-
len deposited on the stigma [21] [22]. The high fruits set and ripening Index of
manual pollination would be linked to a significant supply of pollen on the stig-
ma, which would increase the chance to have germinated pollen and promote
better pollen selection [2] [23].

The significant effect of manual pollination would therefore be linked to the
high contribution of pollen from other shea trees (cross pollinating) as well as
the quality of the pollen provided.

The results revealed that the average weight of the fruits and kernels is signif-
icantly influenced by pollination mode. Our results seem to indicate that the

type of pollination only influences the quantity (number) of fruits produced but
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not the weight (quality) of the fruits. This collaborated the findings of [7], where
there was no significant difference in fruits and seeds weight between hand and

open pollinated treatments.

5. Conclusion

These results show that pollinators influence fruiting and ripening of shea. In-
deed, the lack of pollinators limits pollen transport resulting in non-fertilization
of flowers and leading to low fruits production, whereas, the massive presence of
pollen on the stigma due to manual pollination, induces fertilization, fruiting and
fruits ripening. This challenges us to actions to strengthen the roles of pollina-
tors by protecting pollinators and their nests by developing living spaces, and
adopting of modern apiculture technique for enhancing pollinators population.
The fruits are also eaten by birds and that increases the relationship between

bees, birds and shea trees in particular and the biodiversity in general.

Acknowledgements

We thank the Non-Governmental Organizations “Association des amis de la na-
ture” (NATURAMA) and BirdLife International who funded this work. We thank
also the NATURAMA teams and the inhabitants of Torem village for their as-

sistance.

Author Contributions

All the authors have contributed to the field work, the data analysis, the manu-

script writing and have given their consent for publication.

Conflicts of Interest

The authors declare no known conflicting interests.

References

[1] Nasare, L.I., Kwapong, P.K. and Doke, D.A. (2019) Insect Pollinator Dependence of
Shea (Vitellaria paradoxa C.F. Gaertn.) in the Guinea Savanna Zone of Ghana. Eco-
logical Processes, 8, 48. http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13717-019-0202-8

[2] Delaney, A., Dembelé, A., Nombré, I, Lirasse, F.G., Marshall, E., Nana, A., Vickery,
J., Tayleur, C. and Stout, C.J. (2020) Local-Scale Tree and Shrub Diversity Improves
Pollination Services to Shea Trees in Tropical West African Parklands. Journal of
Applied Ecology, 57, 1504-1513. https://doi.org/10.1111/1365-2664.13640

[3] Ministére du commerce, de 'industrie et de 'artisanat (2014) Monographie de la fi-
liere karité. Agence Pour La Promotion Des Exportations Du Burkina, Ouagadou-
gou.

[4] Lamien, N., Ouédraogo, S.J., Diallo, O.B. and Guinko, S. (2004) Productivité frui-
tiére du karité ( Vitellaria paradoxa Gaertn. C. F., Sapotaceae) dans les parcs agrofo-
restiers traditionnels au Burkina Faso. Fruits, 59, 423-429.

https://doi.org/10.1051/fruits:2005004
[5] Byakagaba, P., Eilu, G. and Mwavu, E.N. (2012) Shea Butter Tree ( Vitellaria para-

DOI: 10.4236/0je.2023.139036

603 Open Journal of Ecology


https://doi.org/10.4236/oje.2023.139036
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13717-019-0202-8
https://doi.org/10.1111/1365-2664.13640
https://doi.org/10.1051/fruits:2005004

I. Nombré et al.

(7]

(10]

(11]

[12]

(13]

(14]

(15]

(16]

(17]

doxa C. F. Gaertn) Fruit Yield in Relation to Dendrometric Traits and Land-Use in
Uganda. Research Journal of Applied Sciences, 7, 92-99.
https://doi.org/10.3923/rjasci.2012.92.99

Aleza, K., Villamor, G.B., Nyarko, B.K., Wala, K. and Akpagana, K. (2018) Shea ( Vi-
tellaria paradoxa Gaertn C. F.) Fruit Yield Assessment and Management by Farm
Households in the Atacora District of Benin. PLOS ONE, 13, €0190234.
https://doi.org/10.1371/journal.pone.0190234

Stout, J.C., Nombré, I., Bruijn, de B., Delaney, A., Doke, D.A., Kamano, T.G.F,,
Kelly, R., Lovett, P., Marshall, E., Nana, A., Nasare, L.I., Roberts, J., Tankoano, P.,
Tayleur, C., Thomas, D., Vickery, J. and Kwapong, P. (2018) Insect Pollination Im-
proves Yield of Shea ( Vitellaria paradoxa subsp. Paradoxa) in the Agroforestry Park-
lands of West Africa. Journal of Pollination Ecology, 22, 11-20.
https://doi.org/10.26786/1920-7603(2018)two

Nombré, 1., Schweitzer, P., Sawadogo, M., Boussim, J.I. and Millogo-Rasolodimby,
J. (2009) Assessment of Melliferous Plant Potentialities in Burkina Faso. African
Journal of Ecology, 47, 622-629. https://doi.org/10.1111/j.1365-2028.2009.01034.x
Lassen, K.M., Nielsen, L.R., Lompo, D., Dupont, Y.L. and Kjer, E.D. (2016) Honey
Bees Are Essential for Pollination of Vitellaria paradoxa subsp. paradoxa (Sapota-
ceae) in Burkina Faso. Agroforestry Systems, 92, 23-34.
https://doi.org/10.1007/s10457-016-0007-z

Okullo, J.B.L., Obua, J. and Okello, G. (2004) Use of Indigenous Knowledge in Pre-
dicting Fruit Production of Shea Butter Tree in Agroforestry Parklands of North-

Eastern Uganda. Uganda Journal of Agricultural Sciences, 9, 360-366.

Kwapong, P.J., (2018) Insect Pollination Improves Yield of Shea (Vitellaria para-
doxa subsp. Paradoxa) in the Agroforestry Parklands of West Africa. Journal of Pol-

lination Ecology, 22, 11-20. https://doi.org/10.26786/1920-7603(2018)two

Gemmill-Herren, G., Aidoo, K., Kwapong, P., Martins, D., Kinuthia, W., Gikungu,
M. and Eardley, C. (2014) Priorities for Research and Development in the Manage-
ment of Pollination Services for Agriculture in Africa. Journal of Pollination Ecolo-
gy» 12, 40-51. https://doi.org/10.26786/1920-7603(2014)1

Nasare, L.I., Stout, J.C., Lovett, P. and Kwapong, P.K. (2022) Determinants of Shea
(Vitellaria paradoxa C.F. Gaertn.) Fruit Yield: A Review of Research Approaches
and Current Knowledge. Scientific African, 17, e01371.
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sciaf.2022.e01371

Delaplane, K.S., Dag, A., Danka, R.G., Freitas, B.M., Garibaldi, L.A., Goodwin, R.M.
and Hormaza, J.I. (2013) Standard Methods for Pollination Research with Apis mel-
lifera. Journal of Apicultural Research, 52, 1-28.
https://doi.org/10.3896/IBRA.1.52.4.12

LeBuhn, G., Droege, S., Barbara, Gemmill-Herren, C. and Azzu, N. (2016) Protocol
to Detect and Monitor Pollinator Communities. Guidance for Practitioners. Food
and Agriculture Organization of the United Nations, Rome.

Tchuenguem Fohouo, F.N., Messi, J. and Pauly, A. (2001) Activité de Meliponula
erythra sur les fleurs de Dacryodes edulis et son impact sur la fructification. Fruits,
56, 179-188. https://doi.org/10.1051/fruits:2001121

Djongwangwe, D., Tchuenguem-Fohouo, F.N., Messi, J. and Briickner, D. (2011)
Impact de Iactivité de butinage de Apis mellifera adansonii Latreille (Hymenoptera:
Apidae) sur la pollinisation et la chute des jeunes fruits du karité Vitellaria paradoxa
(Sapotaceae) a Ngaoundéré (Cameroun). International Journal of Biological and Che-

DOI: 10.4236/0je.2023.139036

604 Open Journal of Ecology


https://doi.org/10.4236/oje.2023.139036
https://doi.org/10.3923/rjasci.2012.92.99
https://doi.org/10.1371/journal.pone.0190234
https://doi.org/10.26786/1920-7603(2018)two
https://doi.org/10.1111/j.1365-2028.2009.01034.x
https://doi.org/10.1007/s10457-016-0007-z
https://doi.org/10.26786/1920-7603(2018)two
https://doi.org/10.26786/1920-7603(2014)1
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.sciaf.2022.e01371
https://doi.org/10.3896/IBRA.1.52.4.12
https://doi.org/10.1051/fruits:2001121

I. Nombré et al.

(18]

[19]

(20]

(21]

(22]

(23]

mical Sciences, 5, 1538-1551. https://doi.org/10.4314/ijbcs.v5i4.19

Steffan-Dewenter, 1., Miinzenberg, U., Biirger, C., Thies, C. and Tscharntke, T. (2002)
Scale-Dependent Effects of Landscape Context on Three Pollinator Guilds. Ecology,
83, 1421-1432.
https://doi.org/10.1890/0012-9658(2002)083[1421:SDEOLC]2.0.CO;2

Sheffield, C.S., Ngo, H.T. and Azzu, N. (2016) A Manual on Apple Pollination. Pol-
lination Services for Sustainable Agriculture. Food and Agriculture Organization of
the United Nations, Rome.

Borketey-La, E.B., Kwapong, P., Botchey, M.A. and Vanderpuije, G. (2019) Assess-
ment of Knowledge of Shea Nut Tree ( Viterallia paradoxa) Stakeholders (Shea Nut
Collectors, Processors and Exporters) in Pollination. Shea Pollinators, Their Roles
and the Need for Their Conservation in the Northern Region of Ghana. Journal of
Entomology and Zoology Studies, 7, 990-995.

Larson, B.M.H. and Barrett, S.C.H. (2000) A Comparative Analysis of Pollen Limi-
tation in Flowering Plants. Biological Journal of the Linnean Society, 69, 503-520.
https://doi.org/10.1111/j.1095-8312.2000.tb01221.x

Aizen, M.A. and Feinsinger, P. (2003) Bees Not to Be? Responses of Insect Pollina-
tor Faunas and Flower Pollination to Habitat Fragmentation. In: Bradshaw, G.A.
and Marquet, P.A., Eds., How Landscapes Change, Ecological Studies, Vol. 162,
Springer, Berlin, 1-21. https://doi.org/10.1007/978-3-662-05238-9 7

Kanazoé, W.I. (2018) Amélioration de la fructification du Karité ( Vitellaria para-
doxa C.F. Gaertn.). Cas des parcs agroforestiers du village de Torem dans le Centre
Sud du Burkina Faso. Mémoire de Master, Université Ouaga I Pr Joseph KI-ZERBO,
Burkina Faso.

DOI: 10.4236/0je.2023.139036

605 Open Journal of Ecology


https://doi.org/10.4236/oje.2023.139036
https://doi.org/10.4314/ijbcs.v5i4.19
https://doi.org/10.1890/0012-9658(2002)083%5b1421:SDEOLC%5d2.0.CO;2
https://doi.org/10.1111/j.1095-8312.2000.tb01221.x
https://doi.org/10.1007/978-3-662-05238-9_7

	Shea Parklands Pollination in Burkina Faso, Some Techniques to Improve the Production
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Location of Study Areas
	2.2. Assessments of the Impact of Pollination on the Shea Tree Production
	2.3. Data Processing and Analysis

	3. Results
	3.1. Effect of Pollination Mode on Vitellaria paradoxa Fruits Set
	3.2. Effect of Pollination Mode on Vitellaria paradoxa Fruits Ripening
	3.3. Effect of Pollination Mode on Ripe Fruits Weight of Vitellaria paradoxa
	3.4. Effect of Pollination Mode on Kernel Weight of Vitellaria paradoxa 

	4. Discussion
	5. Conclusion
	Acknowledgements
	Author Contributions 
	Conflicts of Interest
	References

