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Generativity is a Core Value of the ESJ:
A Decade of Growth

Erik Erikson (1902-1994) was one of the great psychologists of the
20th century®. He explored the nature of personal human identity. Originally
named Erik Homberger after his adoptive father, Dr. Theodore Homberger, he
re-imagined his identity and re-named himself Erik Erikson (literally Erik son
of Erik). lronically, he rejected his adoptive father’s wish to become a
physician, never obtained a college degree, pursued independent studies under
Anna Freud, and then taught at Harvard Medical School after emigrating from
Germany to the United States. Erickson visualized human psychosocial
development as eight successive life-cycle challenges. Each challenge was
framed as a struggle between two outcomes, one desirable and one
undesirable. The first two early development challenges were ‘trust’ versus
‘mistrust’ followed by ‘autonomy’ versus ‘shame.” Importantly, he held that
we face the challenge of generativity versus stagnation in middle life. This
challenge concerns the desire to give back to society and leave a mark on the
world. It is about the transition from acquiring and accumulating to providing

and mentoring.

Founded in 2010, the European Scientific Journal is just reaching
young adulthood. Nonetheless, generativity is one of our core values. As a
Journal, we reject stagnation and continue to evolve to meet the needs of our
contributors, our reviewers, and the academic community. We seek to

innovate to meet the challenges of open-access academic publishing. For us,

L Hopkins, J. R. (1995). Erik Homburger Erikson (1902-1994). American Psychologist, 50(9),
796-797. doi:http://dx.doi.org/10.1037/0003-066X.50.9.796
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generativity has a special meaning. We acknowledge an obligation to give
back to the academic community, which has supported us over the past decade
and made our initial growth possible. As part of our commitment to
generativity, we are re-doubling our efforts in several key areas. First, we are
committed to keeping our article processing fees as low as possible to make
the ESJ affordable to scholars from all countries. Second, we remain
committed to fair and agile peer review and are making further changes to
shorten the time between submission and publication of worthy contributions.
Third, we are looking actively at ways to eliminate the article processing
charges for scholars coming from low GDP countries through a system of
subsidies.  Fourth, we are examining ways to create and strengthen
partnerships with various academic institutions that will mutually benefit
those institutions and the ESJ. Finally, through our commitment to publishing
excellence, we reaffirm our membership in an open-access academic
publishing community that actively contributes to the vitality of scholarship

worldwide.

Sincerely,

Daniel B. Hier, MD

European Scientific Journal (ESJ) Natural/Life/Medical Sciences
Editor in Chief
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Résume

La rareté apparente des malformations néonatales cliniqguement
décelables au Nord Togo a motivé la présente étude de série de cas visant a
décrire I’aspect épidémiologique de ces malformations en milieu hospitalier.
La prévalence des malformations néonatales était de de 3,6 pour 1000
naissance  vivantes. Les malformations retrouvées concernaient
essentiellement la téte et la face (37,2%), les membres (33%) et la colonne
vertébrale (14,9%), les organes génitaux externes (9,4%) et I’abdomen (6,3%).
Les nouveau-nés malformes étaient issus pour la plupart des meres ageées entre
26 et 30 ans (31,25%), ménageres (67,2%), et de niveau scolaire primaire
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(47%). Les facteurs de risque susceptibles d’étre responsables de la survenue
des malformations congénitales sont I’age maternel avancé, le bas niveau
socio-économique, I’alcoolisme, et la multiparité (43,7%).

Mots clés: Malformation, Congénitale, Epidémiologie, Facteur De Risque,
Prévalence, Togo

Epidemiology of Morphological Birth Defects in Hospital
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Abstract

The apparent rarity of clinically detectable neonatal malformations in
North Togo motivated the present case series study aimed at describing the
epidemiology of these malformations in hospital settings. The prevalence of
neonatal malformations was 3.6 per 1000 live births. The malformations found
mainly concerned the head and face (37.2%), limbs (33%) and spine (14.9%),
external genitalia (9.4%) and abdomen (6.3%). The malformed newborns were
mostly from mothers aged between 26 and 30 years (31.25%), housewives
(67.2%), and primary school level (47%). The risk factors likely to be
responsible for the occurrence of congenital malformations are maternal
advanced age, low socioeconomic status, alcoholism, and multiparity (43.7%).

Keywords: Malformation, Congenital, Epidemiology, Risk Factor,
Prevalence, Togo
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Introduction

Les malformations congénitales sont la conséquence de plusieurs
facteurs génétiques, infectieux, médicamenteux ou environnementaux mais
dont le mécanisme n’est pas encore élucidé a ce jour.
En Europe, la prévalence des malformations congénitales est d’environ 2,5%
avec une létalité néonatale comprise entre 20 et 25% (OMS, 2010).
Dans les pays a ressources limitées, les politiques de santé publique s’orientent
vers les trois principales causes de mortalité néonatale (asphyxie périnatale,
prématurité et infection néonatale) bien que les malformations congénitales
soient également une cause de déces néonatale (Sabiri et al., 2013). Ainsi, peu
de données sur la prévalence des malformations néonatales sont disponibles.
La prévalence des malformations varient de 2,9 & 9 pour 1000 naissances
vivantes selon les études hospitaliéres souvent peu exhaustives (Sabiri et al.,
2013 ; Youl, 2011 ; Lubala, 2011 ; Assimady et al., 1997).
Les malformations congenitales, en plus d’étre vécues comme un cauchemar
compte tenu des difficultés de prise en charge, sont considérées comme des
faits mystiques et religieux en Afrique (Lubala, 2011).
La présente étude visait a décrire le profil épidémiologique des malformations
néonatales cliniqguement decelables au CHU Kara (Togo). De facon
spécifique, I’étude avait pour objectifs de déterminer la prévalence des
malformations, d’identifier leurs principaux facteurs de risque et de décrire
leur prise en charge en milieu sous-équipé et en équipe pluridisciplinaire.

Patients et méthodes

Les services de pédiatries et de gynéco-obstétriques de référence
publique de la ville de Kara a savoir le Centre Hospitalier Universitaire (CHU)
et le Centre Hospitalier Régional (CHR-Tomde) nous ont servi de cadre
d’etude.

Il s’est agi d’une étude de série de cas colliges de janvier 2014 a février
2019 dans les deux principaux centres hospitaliers de la ville de Kara (Nord
Togo). L’étude a porté sur tous les nouveau-nés (mort-nés ou nés vivants)
présentant une malformation congénitale cliniquement visible a la maternité
et/ou en hospitalisation pédiatrique.

L’outil de collecte de données utilisé était une fiche d’enquéte
structurée en trois parties. La premiére partie a concerné les variables
sociodémographiques des meres, la deuxieme partie les antécédents de la mére
et la troisieme partie les variables sur le nouveau-né. L’administration
indirecte par un personnel soignant de questionnaire, le dépouillement des
registres d’accouchement et des observations, et des dossiers medicaux des
nouveau-nés ont été les techniques de collecte utilisées. L’anonymat des
enfants malformés et sur le consentement éclairé de leurs meres étaient
respectés lors de la collecte des données.
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L’analyse et le traitement des données ont été faits a I’aide du logiciel Excel
2007 et Word 2013.

Résultats

Prévalence des malformations

Pendant la période d’étude, nous avons enregistré 64 cas de
malformations sur un effectif de 13363 accouchements, soit une prévalence de
3,6 pour 1000 naissances.
Différents types de malformations

Au total nous avons identifié 19 types de malformations que
présentaient les nouveau-nés vivants et les mort-nés. Les plus fréquentes
étaient : les pieds bots et ou équins (21,9%), I’hydrocéphalie (15,6%) et le
spina-bifida (12,5%). Les différents types de malformations sont présentés

dans le tableau |.
Tableau | : Répartition des différents types de malformations en fonction de leur

localisation
Effectif Pourcentage (%)

Téte et cou 25 39
Hydrocéphalie 11 17,2
Anencéphalie 5 7,8

Fente palatine 5 7,8
Myéloencéphalocéle 2 3,1
Microcéphalie 2 3,1
Membres 20 31,3
Pieds bots et ou équins 14 21,9
Polydactylie ou syndactylie 6 9,4
Colonne vertébrale 9 14
Spina-bifida 9 14,0

Paroi abdominale 4 6,3
Laparoschisis 3 4,7
Omphalocéle 1 1,6
Organes génitaux externes 6 9,4
Hypospadias 5 7,8

Aphalie (absence compléte de 1 1,6

sexe)

Variables sociodémographiques des meres

L’age moyen des meéres des enfants malformés était de 31 ans avec des
extrémes de 16 et 41 ans. Deux meéres (3,2%) étaient des adolescentes et dix-
huit méres avaient un age supérieur a 38 ans.
Les méres avaient un niveau scolaire primaire (47%), secondaire (30%), mais
des analphabetes dans 23% des cas.
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Concernant leurs occupations, les meres étaient des ménageres
(67,2%), des commercantes (23,4%), des fonctionnaires (6,3%) et des
étudiantes (3,1%).

Les nouveau-nés étaient de sexe féminin (37%) ou masculin (61%). Le sexe
était absent dans un cas.

Facteurs de risques maternels

Les meres ne souffrant d’aucune maladie chronique représentaient
90,6% des cas. Les antécédents pathologiques (9,4% des cas) étaient dominés
par la co-infection hépatite B et I’infection au virus de I’immunodéeficience
humaine (3 cas), I’hépatite virale B isolée (2 cas), le diabéte (1 cas),
I’hypertension artérielle (1 cas).

Les multigestes représentaient 42,2% et 9,4% étaient des grandes multigestes.
Les primigestes et les paucigestes représantaient respectivement 25% et 23,4%
des cas.

Les multipares représentaient 43,7% et 6,3% étaient des grandes
multipares. Les primipares et les paucipares représentaient respectivement
24% et 26% des cas.

Les nouveau-nés issus d’un accouchement par voie basse étaient de 41
soit 64,1% des cas et 23 étaient issus d’un accouchement par la voie haute
(césarienne) soit 35,9% des cas.

Les meres qui consommaient de I’alcool recensées dans cette étude
représentaient 17,2% des cas.

Variables concernant les nouveau-neés

La grossesse était menée a terme dans 56 cas (87,5%) et la prématurité
a été notée dans 8 (12,5%).

Vingt-trois nouveau-nés étaient réanimés soit 35,9% des cas et 41 non

réanimés soit 64,1% des cas. Les nouveau-nes vivants étaient 52 (81,2%) et
12 mort-nés (18,8%).
La taille moyenne a la naissance était 43,5 cm avec des extrémes de 36 cm et
51 cm. Le périmétre cranien moyen a la naissance était de 35,5 cm avec des
extrémes de 20 cm et 51 cm. Le poids moyen a la naissance était de 2700
grammes aves des extrémes de 1100 grammes et 4300 grammes.

Prise en charge
Dans 43,8% des cas, les nouveau-nés admis en pédiatrie nécessitaient

une intervention chirurgicale (tableau II).
Tableau 11 : Répartition des cas de malformations en fonction de la décision médicale

Effectif Pourcentage (%)
Intervention chirurgicale 28 43,8
Aucune décision médicale nécessaire 12 18,8
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Immobilisation platrée et rééducation 12 18,8
Non précisée 10 15,6
Ligature pour polydactylie 1 1,6
Immobilisation platrée, rééducation et 1 1,6
badigeonnage
Total 64 100
Discussion
Prévalence

La prévalence des malformations congénitales cliniquement
décelables en milieu hospitalier a Kara était de 3,6 pour 1000 naissances.
Cette prévalence est inférieure a celle de Kamla et al (2017) dans leur étude
sur I’épidémiologie des malformations congénitales visibles a la naissance a
Yaoundé en 2017 qui trouvaient une prévalence de 9 cas pour 1000 naissances
vivantes dans 10 maternités. Elle est largement inférieure a celui de Lubala
(2011) a Lubumbashi. La variabilité de ces résultats s’expliquerait par les
méthodes utilisées et la durée des études.

Dans notre étude, il y avait une prédominance des malformations de la

téte et de la face (37,2%) suivies des malformations des membres (33%) et de
la colonne vertébrale (14,9%). Les anomalies du créne (33,5%) et de la face
(29,5%) etaient prédominantes (Coulibaly et al., 1997). Cependant, les
malformations de membres étaient les plus fréquentes dans 63,93% des cas a
Cotonou (Fiogbe et al., 2012) et dans (35,4%) a Ouagadougou (Youl, 2011).
Il y avait une prédominance masculine dans notre travail, ce qui est similaire
aux résultats rapportés a Abidjan en milieu hospitalier (Mouafo et al., 2004).
Ce résultat pourrait s’expliquer par le fait qu’on accouchait plus le sexe
masculin dans les centres étudiés. D’autres auteurs rapportent au contraire une
prédominance féminine (Konaté, 2008 ; Youl, 2011).
Un nouveau-neé sans organe genital externe (aphalie) a été retrouvé dans cette
étude. Kamla et al. (2017) ont retrouvé quatre nouveau-nés polymalformés
sans organes génitaux externes. Cette predominance étant variable, nous ne
pouvons pas tirer de conclusion entre le sexe et la survenue de malformations
congénitales. Néanmoins certaines malformations sont spécifiques au sexe
masculin (hypospadias et kyste du cordon).

Facteurs de risque

L’age moyen des meres était de 31 ans, la tranche d’age comprise entre
26 et 30 ans (31,3%) a été la plus concernée. Ces resultats sont proches de
ceux retrouvés a Rabat au Maroc (Benzerouale, 2017) ou I’age moyen des
meéres était de 29,5 ans et un pic constaté pour la tranche d’age de 20-35 ans.
Ce résultat pourrait s’expliquer par le fait que cette tranche d’age correspond
a I’age moyen de la procréation. Le risque de malformation est élevé apres
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I’age de 38 ans (Shawky et al., 2011). En effet, les études génétiques montrent
bien que I’&ge maternel avancé est un facteur déterminant dans I’apparition
d’enfants porteurs d’anomalies génétiques et par conséquent de malformations
congénitales (Hollier et al., 2000 ; Nazer et al., 2007).

Dans 67,2% cas, les nouveau-nés étaient issus d’une mere ménagere.

Youl et Alassane ont fait le méme constat en trouvant respectivement 92,5%
et 83,7% (Youl, 2011 ; Alassane,2006). La non adhésion des femmes a la
supplémentation systématique en fer acide folique et le mauvais suivi de la
grossesse pourraient expliquer certaines malformations a I’instar du spina
bifida. Le niveau socio-économique représente un facteur de risque puisqu’il
est responsable dans la majoriteé des cas des malformations du tube neural ainsi
que des fentes palatines (Benzerouale, 2017). Un bas niveau socio-
économique est souvent correlé a un mauvais suivi de la grossesse et a une
insuffisance dans la prévention des malformations.
Le risque de malformations était réduit chez les primipares (12%) et
s’accroissait chez les multipares (43,7%). Youl a fait le méme constat en
trouvant une fréquence de 51,5% et expliquait que le risque de malformations
congeénitales augmentait avec la parité de facon significative (Youl, 2011). Par
contre Konaté (Konate, 2008) avait trouvé que les malformations congeénitales
étaient plus fréquentes chez les primipares.

Cing meres etaient suivies pour des pathologies chroniques (7,8%).
Le diabéte maternel, I’asthme et d’autres affections chroniques ont été
incriminés dans la survenue de malformations congénitales (Sabiri et al.,
2013 ; Agence de la santé publique du Canada, 2013 ; Benzerouale, 2017).
Les maladies chroniques peuvent expliquer I’apparition des malformations
congenitales dans notre étude, c’est le cas de I’hypertension artérielle,
I’hepatite B, le diabete, I’asthme et le VIH/SIDA.

Dans cette étude, les meres consommatrices d’alcool pendant leur
grossesse etaient de 17,2%. Cette fréquence est supérieure aux 12,5%
retrouvés a Lubumbashi (Lubala, 2011). Les effets de I'éthanol sur le feetus
peuvent se classer en 4 catégories : retard de croissance, anomalies
neurologiques, dysmorphies faciales et autres malformations (Gillerot, 2005).
La prévention du spina bifida se fait par une prise périconceptionnelle
réguliere de I’acide folique (Gillerot, 2011) chez les femmes a risque de
carence en vitamine B9. Ce médicament est disponible a moindre colt dans
notre pays.

Conclusion

Les malformations congénitales sont méconnues par la population et
sous évaluées a Kara. Elles concernent surtout les pieds bots, I’hydrocéphalie,
le spina bifida et les polydactylies. Les facteurs de risque incriminés dans la
survenue des malformations congénitales étaient: le niveau socio-économique
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bas, la multiparité, et I’alcoolisme au cours de la grossesse. Certaines de ces
malformations engagent le pronostic vital et surtout fonctionnel des nouveau-

nes

References:

1.

10.

Agence de la santé publiqgue du Canada (2013). Les anomalies
congénitales au Canada: rapport de la surveillance sur la santé
périnatale. Ottawa, septembre 2013.

Alassane, S. (2006). Etude des malformations congénitales dans le
service de pédiatrie de I’hopital Gabriel TOURE a propos de 98 cas.
Bamako, These, Médecine, 73P.

Assimady, K, Atakouma, DY, Goujard, J, Dormons, S, Du Ong, Q,
Hodonou, K, Ategbo, S, Schmitt Ehry G. (1977). Enquéte
épidémiologique sur les malformations congénitales a Lomé. Journée
APANF, abstrat, 4-6 , p.35.

Benzerouale, O. Les anomalies morphologiques du nouveau-né. Etude
rétrospective a propos de 68 cas colligés au niveau du centre
hospitalier provincial de kenitra. (2017). Thése médecine, Rabat N°98,
120p. [En ligne] https://docplayer.fr/81324317-Les-anomalies-
morphologiques-du-nouveau-ne-etude-retrospective-a-propos-de-68-
cas-colliges-au-niveau-du-centre-hospitalier-provincial-de-
kenitra.html

Coulibaly-Zerbo, F, Amorissani-Folquet, M, Kacou-Kacou, A, Sylla,
M. (1997). Etude épidémiologique des malformations congénitales.
Médecine d’ Afrique Noire, 44 : 409-414.

Fiogbe, MA, Goudjo, E, Gbenou, AS, Fiogbe, DA, Tonato-Bagnan,
AJ. (2013). Les malformations congénitales cliniqguement visibles et
facteurs de risque répertoriés chez les nouveau-nés a Cotonou. J Rech
Sci Univ Lome, 15 (1): 67-74.

Gillerot, Y, Dan, B. (2005). Le syndrome d'alcoolisme fcetal.
Education du patient et enjeux de sante, 23 (3): 70-72.

Gillerot, Y. (2011). Prévention du spina bifida et d’autres
malformations par I’acide folique. IPG-Centre de Génétique Humaine
de Loverval, 41, 1-3.

Kamla, JI, Kamgaing N, Nguifo Fongang, EJ3, Fondop, J, Billong, S,
Djientcheu, VP. (2017). Epidémiologie des malformations
congénitales visible a la naissance a Yaoundé. Health Sci. Dis, 18 (4):
53-62.

Konaté-Lankoandg, C T. (2008). Malformations congénitales externes
des nouveau-nés dans les services de Gynécologie et d’Obstétrique du
CHU-YO et de Chirurgie du CHU-CDG.A propos de 49 cas. These de
Médecine/Université de Ouagadougou; No 3, 99p.

www.eujournal.org 8



http://www.eujournal.org/
https://docplayer.fr/81324317-Les-anomalies-morphologiques-du-nouveau-ne-etude-retrospective-a-propos-de-68-cas-colliges-au-niveau-du-centre-hospitalier-provincial-de-kenitra.html
https://docplayer.fr/81324317-Les-anomalies-morphologiques-du-nouveau-ne-etude-retrospective-a-propos-de-68-cas-colliges-au-niveau-du-centre-hospitalier-provincial-de-kenitra.html
https://docplayer.fr/81324317-Les-anomalies-morphologiques-du-nouveau-ne-etude-retrospective-a-propos-de-68-cas-colliges-au-niveau-du-centre-hospitalier-provincial-de-kenitra.html
https://docplayer.fr/81324317-Les-anomalies-morphologiques-du-nouveau-ne-etude-retrospective-a-propos-de-68-cas-colliges-au-niveau-du-centre-hospitalier-provincial-de-kenitra.html

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

11.

12.

13.

14.

15.

16.

17.

Lubala, TK. (2011). Etude des malformations congenitales
cliniquement visibles a la naissance Lubumbashi, p.4, [En
ligne].http://www.memoireonline.com. [Consulté le 13/01/19].
Mouafo, TF, Mohe, N, Diath, AG. (2004). Malformations ano-rectales
dans le service de chirurgie pédiatrique du CHU de Yopougon.
Abidjan, Cote d’lvoire. Mali médical, 35-38.

Nazer, HJ, Cifuentes, OL, Aguila, RA, Ureta, LP, Bello, PMP, Correa,
CF, Melibosky, RF. (2005). Edad materna y malformaciones
congeénitas: un registro de 35 afos. 1970-2005 [L’association entre
I’age maternel et les malformations congénitales]. Révérend Med
Chil., 135(11):1463-9.

Organisation Mondiale de la Santé: Anomalies congénitales. A63/10.
Avril 2010. [En ligne] http://apps.who.int/gh/ ebwha/pdf_files/
WHAG63/A63_10-fr.pdf. [Consulté le 10/01/19].

Sabiri, N, Kabiri, M, Razine, R, Kharbach, A, Berrada R, Barkat, A.
(2013). Facteurs de risque des malformations congénitales: étude
prospective a la maternité Souissi de Rabat au Maroc. Journal de
pédiatrie et de puériculture, 26 (4) : 198-203.

Shawky, RM, Sadik, DI. (2011). Congenital malformations prevalent
among Egyptian children and associated risk factors. The Egyptian
Journal of Medical Human Genetics, 12 (1): 69-78.
https://doi.org/10.1016/j.ejmhg.2011.02.016

Youl, H.(2011). Malformations congenitales reconnaissables a la
naissance chez les nouveau-nés dans le département de pédiatrie du
CHU SOURO SANOU. Université de Ouagadougou. Theése de
médecine. [En ligne].
http://www.beep.ird.fr/collect/uouaga/index/assoc/
M12613.dir/M12613.pdf [Consulté le 10/02/19]

www.eujournal.org 9



http://www.eujournal.org/
http://apps.who.int/gb/
https://www.sciencedirect.com/science/article/pii/S0987798313000789?via%3Dihub#!
https://doi.org/10.1016/j.ejmhg.2011.02.016
http://www.beep.ird.fr/collect/uouaga/index/assoc/%20M12613.dir/M12613.pdf
http://www.beep.ird.fr/collect/uouaga/index/assoc/%20M12613.dir/M12613.pdf

=y

European Scientific Institute

ESJ Natural/Life/Medical Sciences

Sustaining Water Systems in Rural and Small Towns in
Ghana: The Role of Traditional Authorities in the Krachi
West District

Raymond Kwasi Boasinke,
Department of Sociology and Anthropology, University of Cape Coast
Cape Coast, Ghana
Imoro Braimah,
Department of Planning Kwame Nkrumah University of Science and

Technology
Do0i:10.19044/esj.2022.v18n3p10
Submitted: 22 July 2021 Copyright 2022 Author(s)
Accepted: 04 January 2022 Under Creative Commons BY-NC-ND
Published: 31 January 2022 4.0 OPEN ACCESS

Cite As:

Boasinke R.K.,& Braimah 1., (2022). Sustaining Water Systems in Rural and Small Towns in
Ghana: The Role of Traditional Authorities in the Krachi West District European
Scientific Journal, ESJ, 18 (3), 10.

https://doi.org/10.19044/esj.2022.v18n3p10

. _________________________________________________________________________________________________________________________|
Abstract

The sustainability of water systems in rural communities and small
towns in Ghana has been a major challenge that has engaged the attention of
government, Non-governmental Organisations, and academics. There have
been several attempts at developing models that will ensure the sustainability
of water systems in Ghana. This study examined the role of traditional
authorities in the management of water systems in rural communities and
small towns in the Krachi West District in the Oti Region of Ghana. Using a
qualitative research design, the study purposely selected and interviewed 69
respondents. The study revealed that traditional authorities play critical roles
in ensuring the sustainable management of water systems in rural communities
and small towns in Ghana. It also revealed that respondents want a community
management model that has traditional authorities as members of an official
advisory board to the Water and Sanitation Management Teams (WSMTSs). It
further revealed that the traditional authorities and the WSMTs have a cordial
working relationship. The study, therefore, recommends that traditional
authorities should officially be recognised and their roles spelled out in the
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community management model of water systems in Ghana.

Keywords: Traditional Authorities, Water Systems, Sustainability, Rural
Communities, Small Towns

Introduction

Before colonialism in Africa, the management of natural resources was
mainly under the control of traditional authorities. Traditional authorities in
this study refer to chiefs and their council of elders who form the traditional
political structure in many communities in Africa.

Natural resources such as water bodies, wetlands, forests, gold, and wildlife

were managed and regulated through traditional norms, beliefs, and practices
that found expression in the cultural heritage of communities. The reverence
given to traditional authorities and the awe that characterised community
taboos on the use of such communal resources resulted in complete adherence
to “the rules of the game” about the use of these resources (Daneel, 1996).
However, colonial structures for the management of natural resources, which
were based on the western models, largely weakened the influence and
authority of traditional authorities in resource governance (Turner, 2000 cited
in Mawere, Mabeza, and Shava, 2014). In particular, the ‘new’ structures for
managing natural resources limited traditional authorities’ participation in,
authority, and control over natural resources, which have traditionally been
under their jurisdiction (Scoones and Matose, 1993).

Today, many decentralised policies on natural resource management
are silent on the exact roles of traditional authorities in the management of
these natural resources. Mawere, Mabeza, and Shava (2014) observed the lack
of clarity on the specific roles of traditional leadership in Zimbabwe in the
management of natural resources as exemplified in the Traditional Leaders
Act (1998). Ghana’s Water Policy and the Community Water and Sanitation
Agency Act did not also provide explicit roles for traditional authorities in the
management of water resources. These limitations notwithstanding, members
of communities on the continent recognise traditional authorities as custodians
of these resources. They continue to wield some form of power over natural
resources, albeit informal (Sulemana, 2010).

Broadly, traditional authorities have been recognised as agents of
development. Some nation-states such as Ghana, Nigeria, and Zimbabwe have
enshrined the roles of chiefs in their national constitutions. Houses and
councils of chiefs have been established in some of these countries to facilitate
the work of chiefs from the national to regional or provincial levels (Baloyi,
2016). Despite these attempts to involve traditional authorities in modern
governance, their power in the management and control over natural resources
is largely limited. The real power that they wielded during the pre-colonial era
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is lost with the introduction of new governance mechanisms that some critics
perceive to be alien to traditional norms and practices (Khunou, 2011). But
more importantly, these developments have generated debates about whether
or not traditional authorities are crucial in the management of resources.

In Ghana, the inability of the state to explicitly legislate the roles that
traditional authorities should play in the management of water and other
natural resources sometimes creates a challenge of power struggles between
traditional authorities and the bodies that manage such resources. This study
contends that the absence of clear legislation on the explicit roles of traditional
authorities in the management of such resources is at variance with how
community members perceive ownership and control of their resources. Apart
from anecdotal evidence that exists on traditional authorities and community
management models of water systems in rural communities and small towns,
there have been little systematic attempts to establish the exact roles traditional
authorities play in ensuring the sustainability of such water systems. This
study examined the roles that traditional authorities play in the management
of water systems in the Krachi West District with the view to determine the
roles of traditional authorities in the management of water systems; to assess
the relationship that exists between water management bodies and traditional
authorities and the implications thereof; and to determine the acceptability of
a model that involves traditional authorities either directly or as members of
advisory boards to the Water and Sanitation Management Teams (WSMTSs).

Traditional Authorities and Water Resource Management

The role of traditional authorities in the management of natural
resources in the post-colonial era has significantly reduced. The reduction is
premised on the notion that traditional authorities are based on hereditary and,
therefore, are undemocratic (Khunou, 2011). Khunou (2017:30-31 ) argued
that traditional leaders such as the one among the Bakofeng in South Africa
exhibit tenets of democracy such as the existence of checks and balances
through "traditional structures that play oversight roles over their traditional
authority." In Baloyi’s (2016) study of traditional leadership and local
government, respondents indicated that traditional leaders should be consulted
in the planning of projects and should also be involved in the monitoring of
such projects if rural development was to be enhanced. As far back as 1975,
the United Nations Research Institute for Social Development observed that
cooperatives that used existing local leadership and kinship structures in their
operations usually got positive management results (United Nation Research
Institute for Social Development 1975 cited in Kwashie, 2009).

Traditional authorities such as headmen, leaders of lineage as well as
spiritual leaders have been identified to be playing important roles in the
allocation of natural resources such as land, and the resolution of conflict
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among others (Serra, 2001; Bloom, 2000; Virtanen, 2000 cited in Mowo et al.,
2013). In countries such as Mali, Burkina Faso, and Niger, similar structures
exist in the management of natural resources. Informal structures that are
largely based on traditional authority or leadership determine who has access
to natural resources and also provide appropriate sanctions to those who do
not comply with rules governing the management of natural resources (Mowo
et al., 2013). Compliance with the management arrangements, which involve
traditional authorities is generally high since their authority is recognised as
legitimate by the people (Derbile, 2012; Mowo et al., 2013). Mowo et al.
(2013) also found in their study of the highlands of Ethiopia and Tanzania that
traditional leaders and councils of elders generally resolved conflicts over
management and use of natural resources.

The local traditional authority, that is the chief and his council of
elders, was found to be the most powerful and had the dominant influence on
access and control over forest resources in the management of Ongoye forest
in the KwaZulu-Natal province of South Africa (Phadima and Lawes, 2015).
The community members revere and fear the chief (Inkosi) and would not
want to breach the rules and regulations governing the use of forest resources
so that they would be brought before the chief for disciplinary actions.
Phadima and Lawes (2015) concluded that the existing management structure,
which involved the chief and his council of elders as well as the local wildlife
authority, was largely sustainable.

In Ghana, the traditional political structure is decentralised with a
hierarchical order in terms of authority and responsibilities. At the top of the
hierarchy is the paramount chief who heads all the paramountcy. Divisional
Chiefs are at the next level of authority. Under the divisional chiefs are
sectional chiefs or heads and household heads. Chiefs at the lower levels pay
allegiance to those that are immediately above them. The chiefs have a council
of elders who assist them to administer the areas under their jurisdictions. In
some parts of Northern Ghana, the chief and the earth priest or Tindana coexist
to ensure that the traditional duties are performed. The chief primarily plays
the political functions and the earth priest who is referred to as the Tindaana
or Tigatuu among the Grune and Kassem respectively plays spiritual roles
such as offering sacrifices to the earth or river gods before the planting season
begins (Derbile, 2012).

Derbile (2012) found that traditional authorities play critical roles in
the management of irrigation facilities in some communities in two districts
namely Gumbrungu in the Bongo District and Nangalkinia in the Kassena-
Nankana East District both in the Upper East Region. These roles include
giving legitimacy and authority to Water Users Associations (WUAS) in the
performance of their functions; intervening to resolve protracted conflicts
associated with the irrigation projects; and under certain circumstances getting
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involved in the allocation of land and water resources management to ensure
fairness (Derbile, 2012). Similarly, in a study of Binaaba in the Bawku District
of the Upper East Region of Ghana, Sulemana (2010) observed that traditional
authorities in the area were tasked with the responsibility to inform the Ghana
Irrigation Development Authorities (GIDA) about major faults on the dam
such as the repair of the walls of the dam. They were also responsible for the
resolution of conflicts and the determination of punishments or fines for those
who breach the rules and regulations on the management of dams and other
water sources in their communities. Offenders are usually fined to pay cash or
livestock such as goats for polluting the dam. Traditional authorities which
comprised the village heads, the chiefs, or headmen together with the members
of the community designate areas for washing, watering of livestock, and
drawing drinking water (Sulemana, 2010). Sulemana (2010) posited that the
communities have been using traditional authorities together with Water Users
Association (WUA) in water resources management. Therefore, any attempt
to introduce the new Integrated Water Resource Management will render the
traditional practices redundant. She further called for the modernisation of this
traditional water management to ensure the sustainability of water resources.

On the community water management model, Kwashie (2009) found
that traditional leadership, in this case, the clan and family heads who had an
enormous influence on their kinsmen were able to ensure compliance with
water regulations governing water use in the North Tongu District. He further
observed that the Water and Sanitation Management Teams (WSMTSs)
received such support from traditional authorities because they gave due
recognition and respect to such authorities.

At the District level, the District Water and Sanitation Teams play
oversight and supervisory roles over community water management teams in
the communities. The District Assemblies are expected to provide ongoing
institutional support to the community water management teams to enhance
their capacity for efficient service delivery at the community level. The
WSMTs in the communities are responsible for the day-to-day management
of water systems. In essence, the success of the community management
model hinges on how well the WSMTs can analyse the changing environments
in their operations. This will help them to be able to set the right tariffs, engage
in regular maintenance, account to members of the community, adopt effective
record-keeping, and generally adopt a sustainability narrative that would carry
beneficiaries along to commit to the sustainable operation of their water
systems.

The private sector predominantly plays roles in the engineering and
technical aspect of the model by mostly drilling water systems and ensuring
the proper siting of water facilities to ensure that such systems do not become
non-functional after a few years of operation. Some NGOs in the subsector
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such as World Vision have enhanced the management framework by
introducing the Pump Maintenance Volunteers (PMVs) within the community
management model to ensure effective and prompt maintenance of water
facilities (Braimah et al, 2016 ). What is clear in the institutional framework
is the silence on the exact roles that traditional authorities are supposed to play
in the community water management model.

Underpinnings of the Community Management Model

The community management model is underpinned by the principle of
subsidiarity implied in the decentralised water governance. The decentralised
governance posits that the varied needs of sub-national units are best catered
for when decision-making about such needs is left in the hands of
decentralised structures. Central governments are unable to diagnose such
needs and are unable to respond appropriately to the needs of the local units.
The theory argues that central governments are more likely to implement
policies and programmes that are blanket. This disposition of central
governments makes it difficult for policies and programmes to meet the
diverse needs of sub-national units. The differential impacts of such policies
on sub-national units present the most compelling reason for decentralisation.

Proponents of the principle of subsidiarity argue that the provision of
public goods like water is likely to meet the developmental needs of local units
in a decentralised system. This is so because local levels of governance are
more likely to develop policies that reflect and respond to local, regional
diversities, encourage greater participation, and empower local actors of the
population to take charge of their own needs (Koethenbueger, 2007; Oates,
1993). Oates (1999), for example, argued that the fact that decentralised
government structures are situated within the catchment areas where they are
supposed to perform their roles provides an added impetus to such
decentralised bodies to design and implement projects and regulations that
address the specific felt-needs of the people.

This principle and its basic tenets are in sync with the decentralised
rural communities and small-town water management being practiced in
Ghana and other developing countries. This is because the basic institutional
framework within which the decentralised water system operates recognises
local specificities and provides for flexibilities to enable rural communities
and small towns in the country to operate and manage their water facilities to
ensure maximum efficiency and sustainability. The other advantage of this
decentralised system is that it eventually empowers community members to
develop a sense of self-worth and become empowered. It also allows
communities to harness all the local expertise including those of traditional
authorities to ensure efficient management of community programmes and
projects.
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This principle and its associated management models have been
criticised by academics and experts alike. The basis of the criticisms emanates
from the numerous assumptions upon which they are anchored. However,
these assumptions, in most cases, do not seem to hold (Scott, 2009). Scott
(2009) argues that decentralisation, contrary to some perceptions, is not the
remedy to all the challenges in developing countries. It has in most cases been
unable to improve service delivery, enhance social cohesion and promote
economic development in developing countries. In Asia, Africa, and Latin
America, decentralisation did not have a significant impact on the quality and
efficiency of public service. In some cases, the quality of such services has
either experienced a decline or remained unchanged (Robinson, 2007 cited in
Scott, 2009). This study argues that although these challenges may be
experienced, they do largely stem from poor implementation. The tenets of
this principle are still relevant for the management of common-pool resources.

Material and Methodology

The study was undertaken in the Krachi West District of the Oti Region
in Ghana. The District was established by Legislative Instrument 2078 2012.
It lies between latitude 0° 10'0” W and 0°10’0" and longitude 7° 400" N and 8°
0’0" N. It is bounded to the East by the Krachi East District, to the North by
the Krachi Nchumuru and the West by the Sene West District. The District’s
total land area is 4,169 square kilometers. About 37 percent of the entire
surface area of the district is covered by water, mainly the VVolta Lake and the
Oti River. The district is largely rural as 81.8 percent of the population of the
district lives in rural areas (Ministry of Finance and Economic Planning,
2016).

About sanitation, the district has pit latrines and public toilet facilities,
but with no facilities for the disposal of liquid waste, so residents resort to
throwing waste indiscriminately (GSS 2014). The dominant mode of water
source is boreholes fitted with hand pumps. Figure 1 below shows a map of
the Krachi West District showing some settlements.
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Figure 1: A map of the Krachi West District showing some settlements
Source: Cartographic Unit, Department of Geography and Regional Planning, UCC (2018)

Study Design and Sampling Technique

A total of 69 respondents were purposively selected comprising 2
members of the District Water and Sanitation Team (DWST), 19 members of
traditional authorities, and 48 members of the WSMTs. The 48 members of
WSMTs were selected from twenty communities in the study area. They were
primarily made up of chairpersons, secretaries, and treasurers of WSMTSs in
the communities. One member of each traditional authority, mainly the chief,
was selected and interviewed. Nineteen instead of 20 members of traditional
authorities were selected because two of the communities that were randomly
selected for this study had one chief. Two members of the DWST were
selected because they were the most active members of the team.

Interview guides were used to elicit information from respondents. To
ensure that the information was reliably captured, the responses were
simultaneously written down and tape-recorded with prior permission. On
average, the interviews lasted for about 40 minutes each. The recorded
interviews were transcribed. Themes were identified and based on the themes,
the results and discussions were done. Compelling voices that succinctly
captured particular themes were quoted verbatim.
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Findings and Discussion
Sustainability of Water Systems: The place of traditional authorities

The interviews revealed that traditional authorities play key roles
including the following: ensuring that the WSMTs were transparent and
accountable to the communities; providing financial support in critical times;
taking over the entire management of water facilities in the absence of a
WSMT in their communities; helping with the resolution of conflicts and
enforcing by-laws on water systems. In the Tatakope community, for instance,
the water system was being managed by the headman and his elders who
constituted the traditional authority in the community. According to them, the
members of the previous committee have either migrated or died and since
then, they had assumed the management of the water system. They had
managed the water system for nearly two years in the absence of a WSMT.
This was an exceptional case that came to the researcher as a serendipitous
finding since the normal practice was for the DWST to assist the community
in getting a WSMT.

In some communities such as Abujuro, it was revealed that traditional
authorities sometimes gave financial support to the WSMT when money was
not readily available for the maintenance of the water systems. According to a
member of the Ntewusae WSMT, the traditional authorities provide them with
a fraction of the money they generate from the sale of lands and from leasing
out a piece of land to a telecommunications company to erect a mast. This,
according to him, has provided the WSMT with sufficient revenue to maintain
their water systems. Due to this support, the WSMT can procure spare parts
for the water systems in advance, which enables them to promptly fix their
water systems when they break down. This kind of support reflects the level
of mutual trust and cooperation that exists between the WSMT and the
traditional authorities in those communities. The traditional authorities were
willing to support their water management systems if they had more financial
resources. A member of traditional authorities from the Abujuro community
expressed the following thoughts:

I think the traditional authorities could have done better if we had

enough money. We could have mobilized ourselves to have our hand

pumps fixed or appealed to the relevant stakeholders in the water

sector to give us additional hand pumps.
Notwithstanding the roles that the traditional authorities are playing in the
management of the communities’ water systems, they felt that they could have
done better if they had the means to do so. In other words, they were willing
to enhance their support for the communities to ensure that they had a constant
and uninterrupted water supply. The diverse roles played by the traditional
authorities in the community management of water systems reflect the fact
that historically the management of water and other natural resources were
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spearheaded by the members of the traditional authorities, especially chiefs.
The study revealed that traditional authorities were concerned with the
sustainability of their water systems and were determined to ensure that their
water systems served the communities well. The roles that were identified as
being played by traditional authorities lie at the heart of the sustainability of
water systems. The findings are in line with the position of Kwashie (2009)
that traditional leadership was able to ensure compliance with water
regulations governing water use in the North Tongu District. These findings
also confirm the views of Derbile (2012) and Suleimana (2010) that traditional
authorities generally help to ensure compliance with rules by imposing fines
on offenders and resolving conflicts that arise from the use of community
irrigation systems. The discussions thus far show that it will be practically
impossible to ensure sustainable management of water systems without the
involvement of traditional authorities. They are pivotal to the operation and
maintenance of the community water system that it will be inconceivable to
implement such a model without them. This probably explains why Suleimana
(2010) cautioned against attempts to exclude them from community-based
management models.

The Relationship between Traditional Authorities and WSMTs

The study also sought to establish the relationship that exists between
the traditional authorities and the WSMTs in the communities. The analysis
of the views of traditional authorities indicated that all of them had cordial
relationships with the WSMTs in their communities. Even in the few
communities where they were not satisfied with the work of the WSMTs, they
still indicated that they had a very cordial relationship with them. They
indicated that they work in close collaboration with the WSMTs in the
communities. They often discussed issues concerning the management of the
water systems together with the WSMTs to find solutions to problems. They
also empower the committees to enforce the by-laws and to deal with anyone
who refuses to pay the water user fees prescribed by the community. One of
the most repetitive expressions in their narratives is “they are our children”.
This indicates a strong cordial relationship between them and the WSMTs.

The WSMTs, on the other hand, confirmed this relationship. They all
recognised traditional authorities as to the superior authorities as far as their
work was concerned. They also saw the traditional authorities as the
custodians of the water systems and saw themselves as people who had
volunteered to work for them. Consequently, they did not take any major
decisions without first seeking the consent of the traditional authorities.
Normally, one would expect that the communities see the District Assembly
as the custodian of the water system. However, this was not the case. They
rather saw traditional authorities as those who hold the water systems in trust
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for the communities. This shows how highly members of the WSMTSs regard
their traditional authorities in the study area. All the members of the WSMTs
interviewed were of the view that they had a cordial relationship with the
traditional authorities. Members of the WSMTs explained, among other
things, that they were united with the traditional authorities in their work as
managers of the water systems. They saw the traditional authorities as their
appointing authority in the management of the water systems of their
communities and therefore, had cordial working relationships with them.
Factors such as these together with the fact that traditional authorities gave
them the needed attention and cooperation were what led all of the water
managers to conclude that they had a very cordial relationship with them.

Members of WSMTSs were of the view that such a working relationship
with traditional authorities greatly helped to enhance their work as managers
of the water systems in their communities. The WSMTs received wise counsel
or advice from the traditional authorities in times of difficulties. Also with
their help, the WSMTs were able to exact compliance from recalcitrant
community members who refuse to pay for water user fees or fail to comply
with the by-laws governing the usage of water in the community. The
traditional authorities sometimes lend money to some of the WSMTs when
money is not readily available for the maintenance of their water systems.
About how such a cordial relationship helps them, a member of the WSMT in
the Twereso community made this statement:

We work in close collaboration with them; when there is a challenge

and they can assist, they do so. We also help the community when the

need arises. For example, there was a time when a rainstorm destroyed
the roof of our community school building so the Member of

Parliament of the area supported us with roofing sheets for the

building to be reroofed. While the work was going on, the WSMT

decided to support the community by providing food for the artisans.

They advise and encourage us to be decorous and tolerant when we

are dealing with members of the community.

Given the importance of the roles played by traditional authorities, it
was therefore not surprising that all the WSMTs had a cordial relationship
with their traditional authorities. This cordial relationship produced mutual
trust between traditional authorities and WSMTs which has helped to enhance
the sustainability of water systems. From the analysis, it is quite obvious that
the cordial relationship between stakeholders in the management of communal
resources is of considerable importance. The mutual trust and respect it brings
enhances productivity and ensures that quick decisions are taken to resolve
challenges. Such a working relationship between traditional authorities and
the water management bodies was what gave traditional authorities the
impetus to even provide additional funding to ensure the sustainable operation
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and maintenance of water systems, as was observed in Ntewusae. Overall, the
study showed that a cordial working relationship was helpful for the activities
of the WSMTs. These findings buttress the need to recognise traditional
authorities as an integral part of the development agenda. This kind of
relationship that exists at the decentralised level between these two key actors
is the management of water systems would have been difficult in a centralised
system where WSMTs are appointed from “outside”. This finding is in line
with Kwashie’s (2009) study in the Volta Region where he established that
WSMTs that gave traditional authorities due to recognition in their operation
were able to achieve better outcomes in the management of water systems.

Traditional Authorities as Official Members of WSMTs

The study sought to find out whether traditional authorities themselves
would want to officially be made a part of the WSMTSs in their communities
given the roles they play in the management of the water systems. The analysis
of the responses of the traditional authorities showed that the majority of them
were opposed to the idea of making traditional authorities an official part of
WSMTs in their communities. The commonest themes that ran through their
reason for taking such a position were that the WSMTs were doing a good job
with the management of the water systems and so there was no need for that.
The other explanation was that they were satisfied with the current
arrangement and their roles as de facto advisors and supervisors. The few who
indicated their willingness to be part of the committee indicated that their
inclusion in the committees will help to enhance the work of the committee.
The main theme that ran through their explanations was that traditional
authorities were revered by members of the community and therefore if such
elders were made part of the WSMTs it will help to ensure compliance with
rules and by-laws governing water systems in the communities. In line with
this, a few communities have representatives of traditional authorities who
serve on the WSMTs. Communities such as Adankpa and Kwakuae have
already selected representatives from traditional authorities to serve on
WSMTs. In Kwakuae, the secretary to traditional authorities is also a member
of the WSMT in the community. It was only four out of the 19 members of
traditional authorities that supported the inclusion of traditional authorities as
an official part of water management bodies in their communities. Three of
these communities have already appointed their representatives to be part of
committees and boards that are managing water systems. Analysis of the views
of WSMTSs on whether or not traditional authorities should be made an official
part of the WSMTs showed that the majority did not support the view that
traditional authorities be made an official part of the WSMTSs. Their reasons
are summed up into these three themes. First, traditional authorities were old
and the WSMTs also receive a lot of insults from the members of the
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communities. Second, traditional authorities have a very busy schedule and
might not be active members of the WSMTSs; and third, traditional authorities
could be dictatorial in their decision-making when they are made an official
part of the WSMTSs. The third explanation is in line with the argument of
Khonou (2011) that those who oppose traditional authorities often do so
because such authorities are based on hereditary and therefore are
undemocratic. It could be inferred that the first two reasons seek to protect
the sanctity of the chieftaincy institution as well as the health of the members
of traditional authorities.

A WSMT member in the Osramani community made the following
observation about these reasons:

I personally would not have any difficulty with traditional authorities

being made an official part of the WSMT at all. However, the reason

why we would not want them to be officially part of the team is that
there are a lot of insults and abuses in our line of work and this is
below the dignity of traditional authorities. How can a young man
insult a whole Odikro? For me, I am young and | can tolerate that, but

I would not want them to experience that. Besides, when we are abused

or insulted, they defend us a lot.

The third reason relates to the fear that traditional authorities could
take over the entire work of the water management bodies because they hold
enormous influence and authority. In other words, there was the fear that
members of traditional authorities could be dictatorial in their dealings with
the WSMTs, and their presence could intimidate the young ones and prevent
them from expressing themselves freely. Despite the enormous roles that the
District Water and Sanitation Team members indicated that the traditional
authorities play in ensuring the success of the community management of
water systems, they did not support the inclusion of traditional authorities as
official members of WSMTSs. They proposed that their activities should be
limited to the performance of advisory duties in the communities. One of the
members who was a representative from the Environmental Health Office
expressed his views as follows:

It is not advisable to make the traditional authorities a part of those
who manage the day-to-day affairs of the water systems in the
communities. This is so because when they are involved and there are
issues where will you take the case to? For example, when there is
embezzlement of funds and the chief is involved, it will be difficult to
deal with such an issue. Moreover, the chief could make the work of
the technical officers difficult when they offer professional advice; they
could lord it over them. Therefore, their roles should be limited to
serving as supervisors or advisors to the WSMTSs.
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Traditional Authorities as Members of an Advisory Board for WSMTSs

The study sought to test the possibility of a model which would include
traditional authorities as part of an advisory board to the WSMTs in the study
area. Among traditional authorities, the responses showed that all but one
member of the traditional authorities interviewed were in support of the
suggestion that the advisory board could include the traditional authorities and
other opinion leaders in the community. One of the study communities,
Osramani, has a similar board, which meets to make decisions on challenges
that affect the community and advise the water board in the community. A
member of the traditional authorities in the Kwakuae community was of the
view that such a board will be consistent with the already existing roles that
they were playing:

I think we are already doing the work of such an advisory board. This

IS so because when difficult situations arise in the management of the

water systems, we are the ones that the committee consults for advice.

However, some of the members of traditional authorities want such a
board to be expanded to include some other opinion leaders in the
communities. A member of the traditional authorities in the Abujuro
community explained it this way:

There is the need for such an advisory board. We could choose a five-

member advisory board from the lineages in the community with the

chief and the queen mother being part of it. Those who would serve on
the board should be opinion leaders from the lineages together with
traditional authorities.

The only member of traditional authorities who was opposed to such a
board came to that conclusion because he thought that the WSMTs were not
doing anything wrong that would necessitate the formation of such an advisory
board.

From the analysis, respondents were not in favour of a model that
would include traditional authorities in the day-to-day management of water
systems in the communities due to the reasons highlighted above. None of the
reasons provided gave an inkling of incompetence on the part of traditional
authorities; they had to do with socio-cultural dynamics within the
communities. However, they overwhelmingly support any model that would
include them as members of an advisory board to the WSMTs. As it was
observed by some of the members of traditional authorities, the creation of
such an advisory board would be consistent with the roles that they were
already playing about water systems. It was also observed that the members
of the WSMTs in the study area tended to support the creation of an advisory
board made up of traditional authorities. This would be a board that would
provide the needed advice to the WSMTSs in the communities about the best
way to sustainably manage water systems in the communities. Some also
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thought that when such an advisory board is added to the formal structure of
the Community Management Model, it will help to formalise the roles of
traditional authorities who have always served as advisors to the water
management bodies in the communities. The DWST as indicated above
preferred an advisory board to make traditional authorities an official part of
the day-to-day running of the water systems in the communities. This finding
will help to formally alter the structure of the current community management
model in the communities to include traditional authorities and other opinion
leaders as the formal advisory board to the WSMTSs. The establishment of such
a board will also bring about role clarity and resolve any potential power
struggle between traditional authorities and WSMTs.

5. Conclusions and Recommendations

The ability of communities to sustainably manage their water system
is one of the critical issues that underlie the achievement of the Sustainable
Development Goals on water by 2030. This study examined the roles that
traditional authorities play to ensure a sustainable community management
model of rural communities and small towns in the Krachi West District in
Ghana.

The study has established that traditional authorities play very
significant roles in ensuring the sustainable management of water systems in
the Krachi West District. Their roles range from ensuring compliance with by-
laws, lending money to communities for maintenance, and providing good
counsel to WSMTs among others. These roles have helped to ensure the
sustainability of water systems in the district. It can be concluded that in the
country’s quest to ensure sustainable models in the management of water
systems, the roles of traditional authorities should be harnessed. The reverence
that traditional authorities enjoy within communities in Ghana makes it
possible for them to ensure that by-laws and other regulations governing water
use are enforced.

It is therefore recommended that the current community water
management model be modified to include an advisory board composed of
traditional authorities. The study espouses that such an official inclusion will
ensure role clarity and help to preserve the cordial relationship that exists
between traditional authorities and WSMTSs.
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Abstract

The present work was initiated in order to evaluate the composition,
structure and diversity of the flora of the Manda National Park (MNP) to
contribute to its sustainable management. The survey area is a square plot of
1m x 1m and a semi plot of 10m x 10m respectively for grassy savannah and
shrub savannah and a rectangular plot of 50m x 20m for woodland and tree
savannah. The diameter at breast height and total height of all woody
individuals were measured. The floristic inventory resulted in a total of 12885
individuals belonging to 102 species, 81 genera and 34 families. The tree
savannah (78 species, 59 genera and 26 families) and woodland (65 species,
54 genera and 24 families) are richer in taxonomic groups than the shrub
savannah (38 species, 32 genera and 16 families) and the grassy savannah (19
species, 18 genera and 8 families) The average density of the park and its
Shannon index are respectively 1956 ind/ha and 2.82 bits. For these plant
formations, their density and Shannon index are highest in the tree savannah
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(3507 ind/ha and 3.11 bits) and lowest in the shrub savannah (1133 ind/ha and
2.03 bits). The Piélou index for each of the plant formations is low (0.19 to
0.25), indicating a poor equi- distribution of individuals between the different
species for the plant formations. In the woodland, the diametrical and vertical
distributions are bell-shaped and skewed to the right, centered on young
individuals. In contrast, in the Tree and Shrub Savannahs the distributions are
in the shape of an inverted "J", characteristic of a formation dominated by
juvenile individuals. These results lead to the conclusion that the Manda Park
has a good species diversity and is under anthropic pressure due to the
destruction of its vegetation cover.

Keywords: Composition, Structure, Diversity, Vegetation, MNP, Moyen-
Chari, Chad

Introduction

Tropical forests are the richest in biological diversity, but they are the most
threatened by anthropogenic activities due largely to population growth
(Ajavon et al., 2019). The characterization of the forest structure of tropical
forests is a major issue for the management of natural forests, is also one of
the most important sources of basic data especially for research on biological
diversity, development of forest management systems, management and
nature conservation (Masharabu, 2010; Ndotam et al., 2017). Knowledge of
forest attributes appears necessary to better understand the level of threat and
propose sustainable management strategies (Aboubacar et al., 2018). At a
large scale, forest attributes vary with climate and geomorphology (Paget,
1999; Steege et al., 2006; Grégoire et al., 2010). Thus, sustainable forest
management and biodiversity conservation require monitoring of the
condition of forest formations through effective methods of structural
vegetation analysis (Guynn et al. 2004; Leblanc 2014; Sandjong, 2018).
Biodiversity conservation is a cornerstone of sustainable forest management
and a key factor in maintaining forest ecosystem functioning (FAO, 2011).
Chad is considered one of the most biologically diverse countries in the
Sahelo-Saharan regions (Doumenge et al., 2015) and hosts a rich and highly
diverse flora (Anonymous, 2014). However, this threatened national
biodiversity is poorly documented and not well known (Doumenge et al.,
2015). According to various sources of available information, it is estimated
that there are about 4318 wild and domesticated higher plant species, including
71 endemic species including Ficus carica, Ficus salicifolia, Rauwolfia sp,
Adina microcephala, Clematis tibestica, Celsia tibestica, Artemisia tilhona
(endemic to Tibesti), etc. and 11 threatened species including Anogeissus
leiocarpus, Pteropcarpus enrinaceus, Vitex doniana, Detarium microcarpum,
Prosopis africana, etc (Anonymous, 2014). Thiombiano et al (2016) rightly
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remind us that forest inventories are unavoidable in sustainable wood resource
management policies. One cannot then claim to do nature reserve management
without knowing the structure, dynamics and functioning of phytocenoses
(Ndotam et al., 2017). The conservation of biological diversity contributes
decisively to limiting the magnitude of climate change and reducing its
harmful effects by making ecosystems and consequently human societies
more resilient (Anonymous, 2014). Classically forest structure parameters are
obtained by aggregating individual dendrometric measurements such as
diameter, height, etc. (Hall et al., 1998; Gregoire et al., 2010). Increasing
forest potential and conserving biodiversity has become a key concern of
sustainable development in recent years. This awareness has grown out of
bitter observations about the rate of decline of forest resources at the local,
continental and global levels (Mertens et al., 2019). However, biodiversity is
still very rich, and many flagship species are present in the parks. However,
the level of classification and protection of the various protected areas is not
always sufficient to ensure their long-term protection (IUCN/PACO, 2008).
This is the case of the Manda National Park, which suffers from pastoral
pressure, poaching, illegal fishing due to demographic pressure, etc. Given the
seriousness of the ecological situation in the Manda National Park, the need
for an action plan for the conservation and preservation of biodiversity is
imperative in order to curb the degradation of biological resources. It is in this
respect that the interest of our work lies, which aims to analyze the current
state of the MNP in order to provide attributes of management and
improvement adapted to current conditions. More specifically, it will be a
question of determining the composition, structure and floristic diversity of
this park.

1- Material and methods
2- 2-1 Study site

The study sites are located in the Manda National Park (MNP), which is 25
km northwest of Sarh, capital of the Barh-Kéh Department, Moyen-Chari
Province (Figure 1). It is located between 9°20" and 9°35' North latitude and
17°45" and 18°20' East longitude and at an altitude ranging from 344 to 691
m. The area is characterized by a tropical climate, with an average annual
rainfall of 1061.41 mm, an average annual temperature of 24.5°C, and a
relative humidity depending on the month of 32 to 85% (ASECNA, 2018).The
MNP was created in 1951 as a regional wildlife reserve, as was the Derby Elk
(Taurotragus derbianus) which characterises it. In 1965, the 108,000 ha
wildlife reserve became a National Park by Decree No. 243/PR/EFPC/PNR of
23 October 1967, which increased its area to 114,000 ha. According to the
latest IUCN classification, the PNM belongs to category 1l (PAPNM, 2010).

www.eujournal.org 29



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, No.03

WITE THE WITE HITE

CARTE DE LA LOCALISATION DU PARC NATI
DF MANOA DANS LA REGION DU NOYEN

R0 00 B

oe20 00 ™

h 4
I N
Légende
. | £1] : Savane arbustive

[ IForitclaiee [ Savane herbeuse
I Savane arborée || Bane de sable

o, CUAH) S|
T  EE—— @ E——  —
e WITE

—
WOTE T T T
T et "l

Figure 1: Location of the MNP in the Moyen-Chari region of Chad. (Source: Esaie Waya,
2019)

The soils are varied and the main types are: Erosion soils on acidic rocks that
are dominant on Mount Niellim; sesquioxides with ferruginous stains and
concretions and cuirasses that occur on lateritic slabs in the Niellim zone;
vertisols in certain flood zones between Koutou and Niellim; Ferralitic soils
that are widely exposed in the Koutou and Djoli zones; tropical ferruginous
soils in the center of the park, from Nguéré to Koutou; and hydromorphic soils
characteristic of soils in the south of the park (Pias, 1964). The MNP is served
by a hydrographic network, in its eastern part by the Chari River and in the
south by the Barh Sara. Two of the three main tributaries of the Chari have
their confluences in the MNP: the Bahr Sara and the Bahr Salamat. In addition,
13 temporary and 23 permanent pools have been identified in the park
(Tchago, 1999). The vegetation formations are gallery forests, shrub and tree
savannahs. On the whole, the vegetation is of the Sudanian type, the density
and distribution of which are a function of the topography and the nature of
the soil. Outside the plain, clear forest and wooded savannah with dominant
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legumes alternate with patches of dry forest or riparian forest (Pias, 1970). The
diversity of wildlife is underestimated. Only vertebrates are moderately
studied, with about ten wild families reported by IUCN/PACO (2008). The
riparian populations of the MNP are estimated at 85592 inhabitants
(Saradoum, 2012) and they are largely farmers, but there are increasing
numbers of fishermen and pastoralists. They belong to the large Sara ethnic
group, the majority in the southern part of Chad.

2-2 Floristic inventory

Data collection was carried out in the dry season because of the ease of
access to the site, for five (05) months, from November 12, 2019 to March 14,
2020. The inventory is therefore quasi-synchronous, because the duration of
the study is not likely to cause deep variations in the vegetation, except the
occurrence of an unpredictable disturbing event.

The method chosen for the floristic inventories was that of variable area
sampling. The size of the surveys was determined by taking into account the
work done in tropical environments by several authors (Sinsin, 1993;
Oumorou, 2003; Djego, 2006; Toko, 2008; Arouna, 2012) who used areas
varying between 1 and 1000 m? depending on the vegetation types. In the case
of our study, the survey area is a square plot of 1 m? (Im x 1m) and a square
sub-plot of 100 m2 (10m x 10m) respectively for grassy savanna and shrub
savanna and a rectangular plot of 2000 m2 (50m x 20m) for tree savanna and
woodland. The number of replicates varies according to the surface area of the
vegetation types and their floristic homogeneity and the topography of the
stations. In total, 148 plots were inventoried, divided into 20 plots for the
grassy savannah, 28 sub-plots for the shrubby savannah, and 46 and 54 plots
for the tree savannah and woodland respectively.

All woody species were identified and their local and scientific names
were recorded. For those not identified in the field, specimens were collected
and compared to existing floras (Flore illustrée du Tchad, 2019; Adventrop,
1995; Arbonnier, 2009; ligneux du sahel, 2008).

During the inventory, the diameter at breast height (DBH= 1.30 m) of all
individuals was measured with a tape measure and their height was determined
using the 7 m long graduated pole or Blum-Leiss.

2-3 Analysis and statistical processing of data
2-3-1 Species richness (R)

This is the number of plant species recorded per plot. This indicator is
not sufficient to measure specific diversity because it does not allow
differentiating between groups that have the same number of species but
different numbers.
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2-3-2 Shannon diversity index (H")
The diversity index expresses the diversity of species within plant groups. It
is calculated from the following formula:

n
H =-— Z Pilog2Pi
i=1

Where Pi =ni/N; ni = number of individuals of species i; N = total number of
individuals,
log2: Logarithm of base two (02), i ranging from 1 to S (total number of
species).
H' usually ranges from 0 to 5 and is expressed in bits. It measures the
dominance of the community by a few species, and is low when there is
dominance. The Shannon index is minimal (H' = 0) if all the individuals in the
stand belong to the same species. H' is maximum when all individuals are
equally distributed across all species (Miderho et al., 2017; Wanie, 2020) and
corresponds to environmental conditions that are favorable for the settlement
of many species; this is a sign of high environmental stability (Dajoz, 1985;
Ajavon et al., 2019). According to Arouna (2012) and Ajavon et al. (2019),
the threshold for assessing the Shannon index is as follows:
- If 0 < H' <2 bits, floral biodiversity is low;
- If 2 <H'< 2.5 bits, floristic biodiversity is medium;
- If H' > 2.5 bit, floristic biodiversity is high.
2-3-3 Pielou's equitability (E)
Pielou's equitability or evenness is a measure of the degree of diversity
achieved by the stand and corresponds to the ratio between the effective
diversity (H") and the theoretical maximum diversity (Hmax) which is equal
to the base 2 log of the number of taxa (Oumorou, 2003; Arouna, 2012). It is
thus determined from the following formula:

E =H’/log2R
H': represents the Shannon diversity index;
Hmax = log2R: the theoretical value of the maximum diversity achievable in
each formation.
Equitability varies between 0 and 1. It tends to O if nearly all the numbers
correspond to a single species in the stand and tends to 1 when each species is
nearly represented by the same number of individuals or the same cover. High
Pielou equitability may then be a sign of a balanced stand (Dajoz, 1985;
Ajavon et al., 2019). The threshold for assessing Pielou equitability:
0 <E <0.5, low diversity;
0.5 <E <0.7, medium diversity;
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E > 0.7, strong diversity.

2-3-4 Simpson's index (1-D)

The Simpson index measures the probability that two randomly selected

individuals belonging to the same species. It is given by the formula:
1-D=xL,P

Where Pi =ni/N; ni = number of individuals of species i; N = total number of

individuals,

This index will have a value of 0 to indicate maximum diversity and a value

of 1 to indicate minimum diversity. For the purpose of obtaining "more

intuitive” values, Simpson's diversity index represented by (1-D) may be

preferred; with the maximum diversity represented by the value 1, and the

minimum diversity by the value 0 (Butler, 2000; Ajavon et al., 2019). Note

that this index gives more weight to abundant species than to rare species.

Adding rare species to a sample, hardly changes the value of Simpson's

diversity index (Ajavon et al., 2019).

2-3-5 Jaccard's coefficient of floristic similarity

It is used to compare different collection units and assess the diversity f. It is

given by the formula:

PJ = _—<_x100;

etb—¢
Where a = number of species in list a; b = number of species in list b; ¢ =
number of species common to lists a and b. The similarity between habitats is
expressed by the high value of this index.
2-3-6 The Hamming distance
This is proposed by Daget et al. (2003) and is added to PJ to compare floristic
surveys according to the formula:
H = 100-PJ
where PJ is the Jaccard index. The thresholds used are shown in Table 1.

Table 1: Thresholds for comparison of floristic surveys according to Hamming distance

Thresholds Comparison
H<20 Very small floristic difference
20<H<40 Low floristic difference
40 <H <60 Floristic difference medium
60 <H <80 Floristic difference strong
80<H Floristic difference very strong

2-3-7 Diameter structure

The distribution of diameter classes is another important indicator
involved in the structural study of vegetation, its evolutionary trend and
regeneration dynamics (Sandjong, 2018). Diameter structures are indicative of
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stand life events (Rondeux, 1999; Arouna, 2012). Diameter structures are
generally histograms constructed from the relative frequencies of equal
magnitude diameter classes. Plants were grouped into four (04) diameter
classes of 10cm interval 1=] 0 - 10], 2=] 10 - 20], 3=] 20 - 30], 4=] 30 and
+o0].
2-3-8 Vertical structure

The description of the vertical structure of the ecosystem was done
based on the parameters such as height classes. The histogram of the height
distribution gives an idea about the vertical structure of the studied formation
(vegetation profile). The values are grouped in intervals of 3 m. The classes of
heights in meters of the same amplitude in the majority, restore a certain equity
in the vertical stratification of the individuals. Five (05) height classes are
retained and are as follows: 1=]3-6], 2=]6-9], 3=]9-12], 4=]12-15], 5=]15 and
+o0].
Composition, taxonomic structure, and diversity index were calculated using
Microsoft Excel 2010 software and XLSTAT 2016 software was used for
linear regressions between diameter and height.
3-Results
3-1 Specific composition of the MNP

The floristic inventory of the study area identified a total of 12,885
individuals belonging to 102 species (83 woody species and 19 herbaceous
species), 81 genera (63 and 18 woody and herbaceous genera respectively)
and 34 families, including 26 families for woody species and 8 families for
herbaceous species (Table 2). Tree savanna (78 species, 59 genera and 26
families) and woodland (65 species, 54 genera and 24 families) are richer in
species, genera and family than shrub savanna (38 species, 32 genera and 16
families) and grassy savanna (19 species, 18 genera and 8 families).
The most abundant species are Anogeissus leiocarpa (28.24%) in the
woodland, Detarium microcarpum (21.28 and 22.30%) respectively in the tree
savannah and shrub savannah, spermacoce chaetocephala (13.56%) in the
grassy savannah. The most represented families are Fabaceae (24 species),
Combretaceae (10 species), Poaceae (9 species), Rubiaceae and Malvaceae
with 8 species each. Those common to all four vegetation types studied are
Fabaceae, Malvaceae and Rubiaceae. The highest number of genera per family

is recorded in Fabaceae (22 genera) and Poaceae (8 genera).
Table 2: Number of individuals and taxa in the four vegetation types

Taxa FC SA suU SH Total
Individuals 6627 5217 982 59 12885
Species 65 78 38 19 102
Genera 54 59 32 18 81
Families 26 27 16 8 34

woodland (FC), Tree savannah (SA), Shrubby Savannah(SU), Grassy Savannah (SH)
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3-2 Density

The average density of the park is 1956 individuals per hectare,

including 1227 individuals per hectare for the woodland, 1133 individuals per

hectare for the tree savannah and 3507 individuals per hectare for the shrubby

savannah (Figure 2). The shrub savanna is the most dense in composition,
followed by the woodland and the shrub savanna.
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Figure 2: Density of woody plants in the three vegetation formations of the MNP,
Woodland (FC), Tree savanna (SA) and Shrub savanna (SU).

3-3 Basal area

The basal area of the entire stand in the study area is 373.26 m2/ha and

varies from 79.23 to 196.37 m%ha for shrub savanna and woodland

respectively (Figure 3 and Table 3). woodland dominates in terms of basal
area, followed by shrub savanna and finally shrub savanna.
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Figure 3: Basal area of the different vegetation types of the MNP

This basal area varies between species and according to the vegetation types
(Table 3). Indeed, the most dominant species in the MNP is Anogeissus
leiocarpa (75.77%) followed by Guiera senegalensis (29.41%), Catunargam
nilotica (2879%) and Detarium microcarpum (26.22%). The least represented
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species in the MNP are Erythrina sigmoidea and Maytenus senegalensis with
0.01% each. Between vegetation types, the most represented species are
Anogeissus leiocarpa (58.76%) and Guiera senegalensis (29.38%) in the
woodland, Anogeissus leiocarpa (13.17%), Detarium microcarpum (11.08%)
and Pseudocedrela kotschyi (11.84%) in the tree savannah, and Catunargam
nilotica (2879%) in the shrubby savannah. On the other hand, the species least
represented in each of the three vegetation types are Catunargam nilotica
(0.01%), Gardenia aqualla (0.01%) and Gardenia ternifolia (0.01%) in the
woodland, Maytenus senegalensis (0.01%), Moringa oleifera (0.01%) and
Ziziphus mucronata (0.01%) in the tree savanna and finally Pterocarpus

lucens (0.02%) and Trema orientalis (0.02%) in the shrub savanna.
Table 3: Specific and total basal area (m2/ha) in the three vegetation types of the MNP.

Species FC SA SU TOTAL Species FC SA SU TOTAL
Acacia polyacantha 0,02 0,23 0,00 0,25 Isoberlinia doka 0,00 0,33 0,00 0,33
Acacia sieberiana 0,99 0,32 0,00 1,31 Khaya senegalensis 6,99 0,57 0,00 7,57
Afzelia africana 0,32 0,38 1,12 1,83 Lannea acida 1,23 1,21 0,00 2,44
Albizia adianthifolia 0,42 0,00 0,00 0,42 Lannea schimperi 0,00 0,13 0,00 0,13
Allophylus africanus 0,26 0,02 0,00 0,28 Lonchocarpus laxiflora 0,00 0,05 0,00 0,05
Ambligonocarpus andongensis 0,48 0,16 0,00 0,64 Maytenus senegalensis 0,00 0,01 0,00 0,01
Annona senegalensis 0,32 0,03 0,00 0,35 Mitragyna inermis 0,96 0,05 0,00 1,00
Anogeissus leiocarpus 58,76 13,17 3,85 75,77 Moringa oleifera 0,01 0,01 0,00 0,02
Azadirachta indica 0,02 0,00 0,00 0,02 Parinari curatellifolia 2,06 1,19 0,50 3,76
Balanites aegyptiaca 0,15 0,08 0,00 0,23 Parkia biglobosa 0,44 1,19 0,00 1,63
Bombax costatum 0,63 0,17 0,00 0,80 Pericopsis laxiflora 1,85 0,73 0,28 2,86
Bridelia ferruginea 0,27 0,53 0,28 1,09 Piliostigma reticulatum 0,00 3,80 0,00 3,80
Burkea africana 1,12 2,91 0,85 4,88 Piliostigma thonningii 1,80 0,89 0,15 2,84
Carissa edulis 0,00 0,03 0,00 0,03 Prosopis africana 13,83 0,72 1,06 15,60
Cassia sieberiana 7,07 1,05 0,00 8,11 Pseudocedrela kotschyi 1,08 11,84 0,00 12,91
Catunargam nilotica 0,01 0,04 28,74 28,79 Pterocarpus lucens 11,51 0,40 0,02 11,93
Ceiba pantandra 0,00 0,04 0,00 0,04 Saba senegalensis 0,44 0,40 0,73 1,58
Celtis integrifolia 0,07 0,00 0,00 0,07 Sarcocephalus latifolius 0,39 0,29 0,55 1,23
Combretum collinum 2,59 2,09 3,52 8,21 Sclerocarya birrea 0,88 0,21 0,00 1,09
Combretum glutinosum 2,01 1,09 1,15 4,25 Securidaca longipedunculata 0,05 0,31 0,06 0,42
Combretum molle 0,70 0,57 0,09 1,37 Senna siamea 0,00 0,21 0,00 0,21
Combretum nigricans 0,00 0,10 0,00 0,10 Sida rhombifolia 0,00 0,10 0,00 0,10
Commiphora pedunculata 0,09 0,00 0,00 0,09 Sterculia setigera 6,02 3,95 4,20 14,17
Crossopteryx febrifuga 2,69 4,55 1,19 8,43 Stereospermum kunthianum 1,56 2,47 0,41 4,44
Daniellia oliveri 5,68 4,40 0,00 10,09 Strychnos innocua 0,04 0,11 0,81 0,96
Detarium microcarpum 4,41 11,08 10,72 26,22 Strychnos spinosa 0,52 0,96 2,71 4,18
Dichrostachys cinerea 0,00 0,00 0,00 0,00 Swartzia madagascariensis 0,08 0,38 0,80 1,25
Diospyros mespiliformis 0,46 0,11 0,00 0,57 Tamarindus indica 3,61 1,06 0,32 4,99
Entada africana 0,00 0,13 0,31 0,44 Terminalia avicennioides 0,00 0,04 0,00 0,04
Erythrina sigmoidea 0,00 0,00 0,00 0,01 Terminalia glaucescens 3,58 2,27 0,33 6,19
Ficus capensis 0,00 0,03 0,00 0,03 Terminalia laxiflora 8,12 7,66 2,84 18,62
Ficus dekdekena 0,00 0,02 0,00 0,02 Terminalia macroptera 0,00 0,48 0,00 0,48
Ficus glumosa 0,00 2,10 0,00 2,10 Trema orientalis 0,20 0,15 0,02 0,36
Ficus platyphylla 0,93 1,79 0,00 2,71 Vitellaria paradoxa 1,19 3,80 0,26 5,24
Ficus sycomorus 0,03 0,07 0,00 0,10 Vitex doniana 0,11 0,10 0,00 0,21
Gardenia aqualla 0,01 0,08 0,00 0,08 Vitex simplicifolia 0,56 0,13 0,37 1,06
Gardenia erubescens 0,01 0,08 0,53 0,62 Ximenia americana 0,03 0,13 0,16 0,32
Gardenia ternifolia 0,00 0,13 1,64 1,77 Ziziphus abyssinica 0,04 0,14 0,20 0,37
Grewia flavescens 0,17 0,01 0,05 0,23 Ziziphus mucronata 0,08 0,01 0,00 0,09
Grewia venusta 0,00 0,73 6,21 6,94 TATAL 196,37 97,65 79,23 373,26
Guiera senegalensis 29,38 0,03 0,00 29,41
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0,75
1,42
0,00

1,30
8,63
0,14
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woodland (FC), Tree savannah (SA), Shrubby Savannah (SU)

3-4 Diversity index, floristic equitability and similarity

Species richness, diversity index (Shannon and Simpson), and Piélou's
evenness vary among the three vegetation types of the MNP (Table 4). Species
richness decreases from woodland (6627) to shrub savanna (982) to tree
savanna (5217). Shannon's index, simpson's index, and Piélou's evenness are
highest in tree savanna (3.11 bits, 0.25, and 0.81), lowest in shrub savanna
(2.03 bits, 0.20, and 0.68), and intermediate in woodland (2.52 bits, 0.19, and
0.73). Piélou's evenness for each of the three vegetation types is low, as the
values for all three vegetation types are less than 0.5. With respect to
Simpson's index, the values obtained are approximately equal to 1 (1-D=1) in

all three vegetation types.
Table 4: Different floristic index by vegetation types,

Index FC SA SsuU
R 6627 5217 982
H’ 2,52 3,11 2,03
E 0,19 0,25 0,20

1-D 0,73 0,81 0,68

H": Shannon Index; E: Piélou evenness; 1-D: Simpson Index; R: Specificity Richness, FC:
woodland, SA: Tree Savanna and SU: Shrub Savanna.

3-5 Similarity among the park’s plant groupings

Table 5 presents the degree of similarity between the three vegetation
types in Manda National Park through Jaccard's index (J) and Hamming's
distance (H). The closer the Jaccard index value is to 100, the higher the
similarity of the vegetation types. Whereas for Hamming, the higher the
distance value, the less similarity the vegetation types show. The jaccard index
tends towards 100% (70.23%) and the Hamming distance is low (29.76%)
between the woodland and the tree savannah, indicating that the floristic
difference is low between these two vegetation types of the MNP. On the other
hand, between the woodland and the shrub savanna and between the shrub
savanna and the tree savanna the jaccard index are average respectively
56.06% and 45% and the Hamming distance are also average, respectively
43.93% and 55%. This indicates that the floristic differences of these

vegetation types of the MNP are average.
Table 5: Jaccard's index (J) and Hamming's distance (H) between the three vegetation
formations of the MNP.

Index FC-SA FC-SU SA-SU
J (%) 70.23 56.06 45
H (%) 29.76 43.93 55
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Floristic difference low medium medium
woodland (FC), Tree savanna (SA) and shrubby savanna (SU).

3-6 Distribution of diameter classes

Figures 4 and 5 provide information on the floristic evolutionary trends
of Manda National Park, in general, and its three vegetation formations in
particular. The distribution of diameter classes is L-shaped (or inverted J-
shaped) for the entire vegetation of the park (Figures 4), indicating that the
number of individuals is higher for the small diameter classes (0-10 cm) than
for the large classes (> 30 cm). That is, the number of individuals decreases
with increasing diameter. This suggests that the regeneration of this park is
good overall.

Between the three vegetation formations, the distribution of diameter
classes is of the asymmetrical bell shape to the right, centered on 10-20 cm
individuals for the woodland (Figures 5). Young individuals (0 - 10cm) and
adult individuals (20 - 30 and > 30 cm) are poorly represented. On the other
hand, for the tree savannah (SA) and shrub savannah (SU) these distributions
have the shape of an inverted "J" or "L", characteristic of a vegetation types
dominated by a large number of young subjects, a small number of individuals
with a large diameter, with a regular reduction in the number of individuals
when the diameter increases.
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Figure 4: Diameter class distribution of MNP Figure 5 Diameter class distribution of the 3 vegetation
vegetation as a whole formations of the MNP: woodland (FC), Tree savanna (SA)

and Shrub savanna (SU).

www.eujournal.org 38



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

3-7 Height Class Distribution

Like diameter, the height class distribution of woody species in the
park's overall vegetation is "L" shaped (Figure 6). The vegetation cover of the
MNP is dominated by young individuals ranging in height from 3 to 6 m.
These are more numerous than the mature individuals.

The height class distributions for the three vegetation types in the MNP
are different (Figure 7). In the woodland, the trend line of the height class
distribution is bell-shaped. In contrast, in the tree and shrub savannahs, the
height class distributions are "L" shaped, indicating a downward trend in the
number of individuals from lower to higher classes. The shrub savanna
contains a low proportion of individuals in height classes above 9 m.
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Figure 6: Height class distribution of Figure 7: Distribution of height classes of

woody vegetation in the MNP as a whole. woody plants in the three vegetation types of
the MNP: woodland (FC), tree savanna (SA)
and shrub savanna (SU).

3-8 Linear regressions between diameter and height

The relationships between diameter at 1.30 m and total height are
shown in Figure 8. These relationships are linear, positive and significant
(P<0.001), for the whole vegetation of the MNP in general, as well as for the
three (03) vegetation formations (FC, SA and SU) in particular. The
coefficients of determination (R2) vary from 0.328 for the woodland to 0.597
for tree savannah.
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Figure 8: Linear regressions between height and diameter of the vegetation of the MNP in
general and its three (03) vegetation formations: woodland (FC), Tree savannah (SA) and
Shrubby savannah (SU).

4-Discussion
4-1 Specific composition of the PNM

The results on the specific composition show that the vegetation of
MNP is very rich (102 species, 81 genera and 34 families). We also note a
dominance of species such as Anogeissus leiocarpa (28.24%) in the woodland,
Detarium microcarpum (21.28%) and (22.30%) respectively in the tree
savanna and shrub savanna, spermacoce chaetocephala (13.56%) in the grassy
savanna. The families most represented and common to the four vegetation
types studied are Fabaceae, Malvaceae and Rubiaceae. This result is similar to
that found by Kimpouni et al. (2019) (106 species, 83 genera, and 36 families)
but far from that of Saradoum (2012), who recorded 520 species, 295 genera,
and 82 families in the same study area. This great difference in species, genera
and families in 8 years between this article result (2020) and that of Saradoum
(2012), is explained by the fact that this article does not have the same
objective and this study did not take place in the same sites as Saradoum.
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However, according to Marcon (2011), increasing the sampling area is not
always a suitable solution in the tropics, since it always results in an increase
in the number of species. It is important to know that the larger the area, the
greater the chance of having a very high floristic diversity, especially in this
case study. This may also indicate that there is a strong pressure on the
vegetation of the MNP. The low richness of species, genera and families in
the savannahs (shrub and grassy) would be linked to the strong pressure
exerted by the local residents and livestock on the vegetation of these
savannahs. Madjimbe et al (2019) revealed in their research in the same area
that the most important families are Fabaceae and Combretaceae. Regarding
the highest number of genera per family and the most abundant species, these
results corroborate the results of Saradoum (2012), Ndotam et al. (2017) and
Kouyate et al. (2020). The latter, in their study found that species of the family
Combretaceae, Poaceae, Fabaceae, Rubiacea and Apocynaceae were the most
numerous and the most abundant species are Prosopis africana, Detarium
microcarpum, Flueggea virosa, Piliostigma reticulatum and Anogeissus
leiocarpa.

4-2 Density and Stand Basal Areas

The highest densities and lowest basal area are observed in the shrub
savanna, because the vegetation is dominated by species consisting not only
of small diameter individuals, but also in small numbers such as Grewia
flavescens, Grewia venusta and Bridelia ferruginea. The variation in density
and basal area between vegetation types is due to the size of the trees in the
vegetation types. The larger the trees in a vegetation types, the less dense they
are. Human pressure in woodland and tree savanna could be explained by the
low presence of reproductive individuals due to abusive exploitation,
especially of woody forest products (Kouyate et al., 2020). These results are
confirmed by Diouf et al. (2019) who indicate that the low basal area is
explained by the presence of a strong community of small diameter reflecting
a stand with shrub dominance. Regarding the species with high basal area,
these results of this article are similar to that of Wanie (2020) who found basal
area dominance is due to individuals with developed trunks such as
Anogeissus leiocarpa, Acacia polyacantha, Faidherbia albida, Tamarindus
indica, and Balanites aegyptiaca and those of Baggnian et al. (2019), the
lowest basal area because the flora is dominated by species such as Guiera
senegalensis and Hyphaene thebaica that are shrubs, with small trunks.

4-3 Diversity index

The calculated Shannon diversity indices indicate high species
diversity in woodland and tree savanna (H'>2.5bits), but moderate floristic
richness in shrub savanna (H'< 2.5 but >2). The low values of the equitability
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index in all vegetation units (between 0.19 and 0.25) indicate a poor equi-
representation of individuals between the different species and for the three
(03) vegetation types. As for Simpson's index, its values are close to 1 in the
different vegetation formations, reflecting the high probability that two
randomly selected individuals are of different species. The average floristic
diversity observed in the shrubby savannah would be linked to anthropic
activities. The low values of equitability of Piélou, according to Fongnzossie
et al. (2019) is a massif in transitional phase and under the influence of
disturbance stress. The comparison of the woody flora counted, in the different
vegetation types on the basis of the Jaccard index associated with the
Hamming distance shows a small floristic difference between FC and SA, with
the value of Jaccard index of 70.23% and the corresponding Hamming
distance is 29.76%. On the other hand, between FC and SU and between SA
and SU, the floristic difference is medium with respective Jaccard index values
of 56.06% and 45%, and the corresponding Hamming distances of 43.93%
and 55% respectively. There is thus a heterogeneity of the massif in relation
to the shrub savanna. The latter is distinguished from the other vegetation
types by its state of degradation. The differences between the vegetation types
would be due to the influence of anthropogenic activities such as bushfire and
livestock (Figures 9 and 10). Nyasiri (2018) believes that in addition to
anthropogenic activities, climatic and edaphic factors influence species
development.

Figure 9: Negative impact of bush fires on Figure 10: oxen grazing in the MNP

MNP vegetation

4-4 vegetation types characteristics

The distribution of diameter classes showed variation across
vegetation types. In the woodland the horizontal structure is asymmetrically
bell-shaped to the right, centered on individuals 10-20 cm (Figure 5). Young
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individuals (0- 10cm) and adult individuals (20-30cm and 30+) are poorly
represented. This type of distribution is characteristic of mono-specific stands
with very low regeneration potential (Kouyate et al., 2020). The "inverted J"
or "L" shape (Figure 5) was observed in the Tree Savanna and Shrub Savanna,
characteristic of a type 1 stand, dominated by a large number of young
individuals, a small number of large individuals with a regular reduction in the
number of individuals from one size class to the next. This type of structure is
characteristic of a stable stand with a strong presence of individuals in the
young classes (Diouf et al., 2019). This indicates that large individuals are
highly exploited as noted by Idrissa et al. (2020). This type of form is
characteristic of multi-species stands with a predominance of young
individuals ensuring a high regeneration potential (Sandjong, 2018). The
predominance of young individuals can be explained by the relationship
between species temperament and height distribution (Kouyate et al., 2020).
However, the survival of these young individuals is problematic due to bush
fires and overgrazing. In contrast, species that are resistant to bushfire have a
high proportion of mature individuals (Nkongmeneck et al., 2010; Kouyate et
al., 2020).

5. Conclusion

The floristic inventory of the Manda National Park has allowed us to
record a total of 12885 individuals belonging to 103 species, 81 genera and 34
families. The most represented families are Fabaceae (24 species),
Combretaceae (10 species), Poaceae (9 species), Rubiaceae and Malvaceae,
each with 8 species. The highest average density per hectare is found in the
shrubby Savanna (3507ind/ha). The highest basal area is observed in the
woodland and the highest rate of natural regeneration of species in the shrub
savannas. However, analysis of the diameter structure in the tree and shrub
savannas showed the existence of a high regeneration potential in contrast to
the woodland. There is a floristic richness in the woodland and the tree
savannah, but the low values of the equitability index (less than 0.5) indicate
a poor distribution of individuals between the different species and for the
three (03) vegetation types. These results allow us to conclude that the Manda
Park has a good specific diversity and is under anthropic pressure through the
destruction of its vegetation cover. In order to promote good management of
the park, it is essential to conduct such analyses on biological traits, in a
staggered manner in time and space. Strategies must be developed to ensure
conservation, survival of natural regeneration, and allow for low-cost
propagation activities of local forest species.
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Abstract

Background: Low Dose Rate (LDR) brachytherapy necessitates a more
extended treatment duration. This technique maintains the patient on the
treatment machine for a longer length of time, which may cause changes in
the applicators' position due to vaginal packing soaking and patient movement
for incident learning justification.

Objective: The purpose of this study is to evaluate pre- and post-
dosage variation to points 'A" and 'B," as well as vital organs (i.e. bladder and
rectum), for low dose rate (LDR) brachytherapy at Komfo Anokye Teaching
Hospital and justify the need for incident learning system.
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Method: Forty (40) patients with invasive cervical cancer were treated with
LDR brachytherapy equipment (A Curietron Cesium Manuel (AMRA)-
France, CA 98.22) to point 'A" at doses ranging from 30 to 35 Gy. Adult
patients selected for the study ranged from 25 to 60 years simulated. For each
patient, orthogonal images of anterior-posterior (AP) and (LAT) were taken
by positioning the patient on the Varian Acuity Simulator Couch at 00 and
900, respectively, and two sets of orthogonal images (before and after
treatment), in each case, were considered. The treatment was then planned
using the AP and LAT images obtained based on the four arrangements used,
namely 1-2-5, 1-3-5, 1-4-5, and 1-5. The treatment planning system used for
the study was the Prowess Panther system 4.6.

Results: The dosage disparity at point 'A" was determined to be 1.16 per cent,
which is highly commendable compared to previous research that established
dose variations of 2%, 35%, 8%, and 20%. In this study, the dosage variation
at point B was 0.75 per cent. The bladder and rectum had average alterations
of 2.32 per cent and 0.30 per cent, respectively.

Conclusion: The difference observed between prescribed, and
deposited dosage was 2.11 per cent for quality assurance and incident learning
reasons. Unrealistic expectations, reliance on reminders and quick remedies,
and faults in the systemic view of failure were discovered and addressed as
managerial issues. It is critical not to underestimate these difficulties because
they are frequently significantly more severe than the technical issues being
addressed. Incident issues were not recorded per patients under review, but
near misses and non-conformance were observed. The geometric variances
between the Intracavitary Brachytherapy Treatment (ICBT) applicators and
the essential organs change during the treatment process, resulting in dosage
changes. Does variance is within the required standard limits; it can be stated
that Komfo Anokye Teaching Hospital's practice satisfies the international
standard and is an intrusion into the Directorate Incident Learning System.

Keywords: Low dose rate (LDR) Brachytherapy (BT), Cervical cancer, Point
A, Point B, Intracavitary Brachytherapy Treatment

Introduction
Cancer is a disease that occurs at the cellular deoxyribonucleic acid

(DNA) level. 1t is an uncontrolled growth of human cells, spreading to
surrounding and remote tissues. Cancer can invade other body parts through
the hematopoietic and lymphatic systems. There are over one hundred types
of cancers and are mostly named by the organ or kind of cell they attack
(cancer that begins in melanocytes of the skin is melanoma). Cervical cancer
begins in cells lining the cervix. The squamous cells and glandular cells are
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the two main cells covering the cervix. The meeting place of these types of
cells is known as the transformation zone. Early detection of the tumour makes
its treatment quite easier and effective. If there is uncontrolled cell growth, it
will end up in the individual's death (Chaffer et al., 2011). The past years have
observed a great development towards treating and understanding the
previously proposed cancer hallmarks (Hanahan and Weinberg, 2000). With
improvements in early detection and the different treatment modalities, many
cancers have become curable (Pollack et al., 2009). Cervical cancer is the
fourth most occurring cancer affecting women globally, after breast,
colorectal, and lung cancers, with 528 000 new cases every year; it is most
common in the lower resource countries of sub-Saharan Africa (WHO, 2012).
Cancer of the cervix is responsible for the death of an estimated 231000
women annually, with over 80% of these deaths occurring in developing
countries (Domfeh et al., 2008). In Ghana, mortality due to cervical cancer is
on the rise due to the absence of an organised and effective cervical cancer
prevention and control program (Adams, Nortey, Dortey, Asmah, & Wiredu,
2019). The second most prominent female malignancy in sub-Saharan Africa
is cervical cancer (Parkin et al., 2003). Southern and Eastern Africa, with
respectively 43 per 100000 women and 37 per 100000 women, reported the
maximum incidence rates in the world (WHO, 2008). The most common
cancer type varies among countries. Certain cancers, such as cervical cancer,
are much more common in countries at the lower end of the human
development index (HDI) than in high-HDI countries. Incident cases of 569
847 for Cervix uteri (WHO, 2020). The corresponding mortality rates are 34
per 100000 women and 23 per 100000 women. For instance, the incidence rate
for all races is 8.2 per 100000 women in the United States (Leaver and
Labonte, 2010), while Makin and Kamanu (2010) noted that mortality rates in
resource-rich countries seldom exceed 5 per 100,000 women. This difference
between Africa and the advanced world is enormous, and the success in the
latter is attributed largely to widespread comprehensive cervical cancer
screening control programs (WHO, 2008; Adewole et al., 2005). In Africa,
with 267.9 million women aged 15 years or greater, estimates are that 78897
women are diagnosed with cervical cancer annually, and 61671 (78%) die
from the disease (Denny, 2010). Radiotherapy, in the form of External Beam
Radiotherapy (EBRT), brachytherapy or both, constitutes an essential aspect
of treating carcinomas. Cancers such as those of the breast, prostate, cervical
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and skin are usually treated by combining EBRT and brachytherapy. In Ghana,
brachytherapy is usually used to manage cervical and sometimes prostate
cancers. Margaret Cleaves first performed intracavitary brachytherapy (ICBT)
in 1903, which involves placing uterine tandem and vaginal ovoids (Koushik
et al., 2010). The three types of brachytherapy machines or processes
developed are high dose rate (HDR), medium dose rate (MDR) and low dose
rate (LDR) brachytherapy. In using LDR brachytherapy, the displacement and
motion of the applicator as a result of prolonged treatment time and
unavailability of rigid applicator fixation is one of the most major problems
(Ljunggren et al., 1987). In some cases, only two ovoids are used when the
patient has undergone total or partial hysterectomy. Low dose rate
intracavitary brachytherapy involves the delivery of radiation at a continuous
rate of 0.4-2 Gy/hr, and this means delivering 30 to 35 Gy will take around 30
to 50 hours. Due to this long treatment time, soakage of vaginal packing and
patient movement can change the position of the applicators. These changes
go a long way to defeat the intent of the oncologist and make most of the
patients have some complications such as fistula after treatment. Given this,
there is the need to evaluate the dose variation to the critical point and organs
due to the prolonged treatment time, hence, the justification for incident
learning and safer radiotherapy. This is achieved by evaluating the geometric
movement of the fixed reference points in LDR brachytherapy patients and
determining the actual dose difference, in turn to critical structures and the
clinical outcome. Incident Reporting and Learning System (IRLS) is a unique,
empirical safety mechanism in radiotherapy practice. It thoroughly addresses
patient and personnel protection and high-quality practice in the Radiotherapy
setting in all facets of the radiotherapy community as a necessary condition
for safer radiotherapy care. In the Departments of Radiation Oncology, IRLS
is gaining the momentum needed to be used as a precondition for improving
quality health care and patient safety. Numerous organisations such as Safety
in Radiation Oncology (SAFRON) system, the Radiation Oncology Incident
Learning System (RO-ILS) system, the National System for Incident
Reporting (NSIR-RT), and the Radiotherapy Incident Reporting and Review
System (RIRAS) advise on this (Kohn, Corrigan, and Donaldson, 2000). As a
result of advances in treatment techniques, and advanced irradiation
equipment, radiotherapy has evolved into a scientific discipline involving
personnel from various backgrounds, including radiation oncologists, medical
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physicists, biomedical engineers, quality experts, and radiation therapy
technologists.

Material And Methods
In this study, materials used for patient set up and absorbed dose

calculations include Fletcher type brachytherapy applicators. Others are the
Varian Acuity simulator, Prowess Panther system 4.6 treatment planning
system (TPS) and Cs-137 Curietron (AMRA) Fletcher- France (CA 98.22)
LDR brachytherapy system. The age group of adult patients for the study was
between 25 and 60, all females with the tumour stage I-1V at KATH.
Orthogonal images of anterior-posterior (AP) and lateral (LAT) were taken for
every patient using the Varian Acuity simulator. In each case, two sets of
orthogonal images (before and after treatment) were considered to decide
various parameters relating to the applicator geometry and its spatial relation
to the bony pelvis. In order to see the bladder and rectum, Urografin (radio-
opaque substance) was passed through a catheter into the organs. The gauze
was packed into the vagina in order to stabilise the applicators. Reference
planes (X, y, z) were also defined for each set of images by using the patient's
bone landmarks to evaluate changes in the positioning of applicators relative
to fixed bony landmarks of the patient. The exact patient positioning for the
post-treatment images was identified with marks on the patients.

Figure 1: (a) AP image of the pelvis of a patient (b) LAT image of the pelvis of a patient

The Curietron LDR brachytherapy treatment machine has five channels where
the ovoids (marked V') and tandem (marked 'U’) connect. During treatment,
only one channel of the "U" was selected and used depending upon the
measured length of the tandem that protruded. It has been found that channel
two was required to be used if the protruded tandem's measured length (L) is
< 4 cm. Alternatively, if the measured length of the protruded tandem was
between 4 and 5 cm, then channel three was required to be used. If the
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measured length of the protruded tandem was found to be >5 cm, then channel
four was required to be used. This study used four source arrangements or
channel combinations, namely 1-2-5, 1-3-5, 1-4-5, and 1-5. The channel 1-5
combination was used when the patient had undergone total or partial
hysterectomy. After the various combinations, the Cs-137 radioactive sources
in the brachytherapy system were called in (moved into treatment positions)
from their respective storage locations. The time at which the sources were
called from its safe was noted.

o
;/
T
Z
;

Figure 2: A schematic diagram of channel arrangement in AMRA-Curietron intracavitary
brachytherapy system

The treatment was planned using the AP and LAT images obtained. The
outline shape of the ovoid (on the lateral image) was obtained, and the centre
was located. The new diameters of the ovoid and tandem on the image were
measured (1), with the original diameter of 20 mm and 6 mm for the ovoid and
tandem, respectively. Equation 1 was used to estimate the magnification of the
images (given tandem dtandem = 6 mMm, dovoid 20 mm).

. . Image size
Magnification (M) = ——9°=22 1
Object size
I I
Migndgem == Mopoia = 5= 2
6 20

The average of the magnifications of ovoid and tandem was then estimated

and taken as the magnification factor of the lateral image M, ;.
Mtandemt Movoid
Mg = 3

2
The active source length (17.2 mm) was then multiplied by the image
magnification, to obtain the active source length which was used for the
treatment planning.

source lengthgpyarent = Mige x 17.2 mm 4
The centre of the tandem was identified and the sources were allocated on it
using a pair of vernier calipers including the interval between sources (given
actual interval 3.1 mm).

intervalgpparent = Mige x 3.1 mm 5
A perpendicular line was drawn through the last point of the line source. One
active source length () was subtracted from ovoid length (apparent), then the
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average was found. A vernier calliper was used to demarcate the points from
both ends of the ovoid. The centre between two sources was noted, and a
perpendicular line was drawn parallel to the perpendicular line drawn
through the last point source. Point ‘A’ was located 2 cm above the
intersection of the ovoid, and the perpendicular line passing through the
centre of the source was located in the ovoid and traced adjacent to the
tandem. Point ‘B’ was located 3 cm away from point A lateral to the tandem
on the AP image. Both points ‘A’ and ‘B’ were located on the image as
multiples of the image magnification.

Diefisdifen of Foind A,
Poirs B, Rectal and
Bladder Relerenoe
Points

Figure 3: The pdsition of dosage points A and B.

The LAT and AP X-ray images were digitized to generate a plan for treatment
delivery. Beginning with the lateral, then to the AP, the points on the images
were transferred unto the TPS. The absorbed dose to tissue/medium is given

by,

Dinea = Dair (%)Z:'d 6
Dnea = ¥ (*2) (22)"™ 7
Where, (%) = 33797] ;(‘%) is the mass energy absorption coefficient, and

X been exposure rate in the air. The mathematical equation for the treatment
time is given as;
t== 8
where D = Prescribed dose,
D = Dose rate of cesium-137
Dmed =absorbed dose to tissue/medium,
Dair = absorbed dose in air,
Uen, = energy absorption coefficient,
p = density of the medium
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Results

Variability in doses to points 'A’, 'B', bladder, and rectum resulting
from change or movement of applicators have been studied for forty (40)
patients. Thirty-four (34) of the patients had their cervix present, whiles six
(6) patients had undergone hysterectomy. The variations were studied in ()
difference in pre and post-treatment calculated doses and; (b) difference in
prescribed and delivered doses.
The dose variations at point 'A' for 34 patients with their cervix present is
shown in Figures 4, 5, and 6 below;

DOSE RATE VARIATION TO POINT A FOR PRE & POST
B Dose Rate Variation to Point A

. (Pre)
.E 250 ¥ Dose Rate Variation to Point A
= (Post)
£ 200
<
'—
< 150
o
o
@ 100
=
2 s0-
w
v
8 o

1 2 3 4 5 6 7 8 9 10

PATIENT NUMBER

Figure 4: A bar chart of dose rate variation to point ‘A’ for pre & post-treatment for first 10
patients

DOSE RATE VARIATION TO POINT A FOR PRE & POST
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W Dose Rate Variation to Point A (Pre)
W Dose Rate Variation to Point A (Post)

DOSE RATE TO POINT A (PRE & POST) (Gy/hr)

11 1z 13 14

18 15 20 21 22

15 16 17
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Figure 5: A bar chart of dose rate variation to point 'A' for pre & post-treatment for the next
set of 12 patients
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DOSE RATE VARIATION TO POINT A FOR PRE & POST
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Figure 6: A bar chart of dose rate variation to point ‘A’ for pre & post-treatment for
the last 12 patients

Figure 7 show the dose variation at point A for 6 patients who had undergone
hysterectomy

DOSE RATEVARIATION TO POINT A FOR PRE & POST
¥ Cose Rate to Point A (Pre)
- 180 W Taz= Rate fo Point A [Post)
8 160
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Ty
8 35 36 37 38 39 40
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Figure 7: A bar chart of dose rate variation to point ‘A" for pre & post-treatment for 6
hysterectomy patients

The dose prescribed and received for 40 patients are as below

www.eujournal.org 56



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, No.03
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Figure 8: A bar chart of dose prescribed and received for the first 20 patients
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Figure 9: A bar chart of dose prescribed and received for the last 20 patients

Point ‘B’ is 5¢cm lateral from the midline at the same level as point ‘A’. The
dose variations at point ‘B’ for 34 patients with their cervix present is shown
in Figures 10, 11, and 12;
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Figure 10: A bar chart of dose rate variation to point '‘B' for pre & post-treatment for first 10

patient
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Figure 11: A bar chart of dose rate variation to point 'B' for pre & post-treatment for the next
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DOSE RATE VARIATION TO POINT B FOR PRE & POST
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Figure 12: A bar chart of dose rate variation to point '‘B' for pre & post-treatment for the last
12 patients

The dose variation for the Bladder and Rectum are as shown below in figure
13, 14, 15, and 16;
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Figure 13: A bar chart of total dose received to the bladder for pre- &post treatment
calculation for the first 20 patients
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Figure 14: A bar chart of total dose received to the bladder for pre- & post-treatment

calculation for the last 20 patients
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Figure 15: A bar chart of total dose received to the rectum for pre-and post-treatment
calculation for the first 20 patients
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Figure 16: A bar chart of the dose received to the rectum for pre-and post-treatment
calculation for the last 20 patients

Discussion

In low-dose-rate brachytherapy, clinicians prescribe doses to point ‘A’
since it is usually located within the tumour volume. Doses prescribed to point
‘A" are usually 30 or 35Gy. The geometrical point 'A’ often occurs in a high
gradient region of the pear-shaped volume of isodose distribution, based on
the anatomy of the patient's pelvic region in the geometrical arrangement of
the radioactive source. The slightest change in position can result in significant
differences in delivered dose. The minimum deviation between most of the
pre-treatment calculated dose and post-treatment calculated dose for patients
2,4,7,8,15,21, 29 and 34 showed large deviations of 125, 13, 11, 15, 13, 12,
16 and 23%, respectively. The deviations occurred due to loose packing of the
applicators, patient transport from the simulation room to the brachytherapy
room, and instability of patients during the treatment. Patient 2 showed an
outrageous deviation, with more than 100% dose increment. It was observed
that the tandem turned to the opposite direction, making it move closer to the
point 'A’, thereby doubling the dose received. Patient 19 also showed a sharp
decline in both pre-and post-treatment calculated doses. This resulted from a
short tandem used with only two source allocations, thereby reducing the dose
rate to point 'A'. The dose rates to point 'A' for pre-and post-treatment
calculated doses do not differ much (since the time taken for treatment is
shorter) for the patients who had undergone total or partial hysterectomy. For
hysterectomy patients, point 'A" was located in the middle of the vaginal
ovoids within the source. Therefore, as the dose increases, the time also
becomes shorter, resulting in less patient movement during treatment. Two
patients (i.e. Patients 39 and 40) showed a 10% deviation which was the
highest for the hysterectomy patients.
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High variation between doses prescribed and delivered to point ‘A" was not of
much concern (i.e. when it does not lead to an underdose of the tumour) since
it was delivered to the tumour and not to the organs at risk. This was not of
much concern since further investigations of the same patient showed no
alarming increase of the doses to the organs at risk. The total bladder dose for
the same patient after treatment was 65.05 Gy, whiles that of the rectum was
69.55 Gy. QUANTEC dose limit for LDR BT for the bladder was 80 Gy,
whiles that of the rectum was 75 Gy. Some patients also showed lesser
delivered doses than prescribed which was also not of concern since it did not
lead to underdosing of the tumour. The incident categories are near-misses,
non-conformance and incidents. A near-miss category occurred when the error
was detected after prescription and before dose delivery. Non-conformance
errors occurred when the procedure varied from the standard practice. An
incident error was considered when dose variation occurs and categorised into
levels (minor, major and severe). Point 'B' does not rotate; hence minimal
deviation was observed between the pre and post-treatment calculated doses.
The dose rate was meagre compared with that of the critical organs. This was
assessed to find out the difference in the lymph node area. Patients 15 and 18
showed very high deviations (12% and 21%, respectively). This deviation was
attributed to the movement of the applicators due to loosening packing.

The bladder and rectum are the critical organs of interest during a cervical
brachytherapy procedure. Particular interest was given to these organs to
ensure that they do not exceed the acceptable limits of radiation exposure
based on the volume of that organ receiving a particular dose. The American
Brachytherapy Society (ABS) has given recommendations on the acceptable
levels of radiation exposure to these organs at risk (Nag et al., 2004). The
quantitative analysis of the average tissue effect in the clinics (QUANTEC)
has set 80 Gy as the bladder tolerance dose for LDR brachytherapy
(Viswanathan and Thomadsen, 2009). Patients 11 and 21 have their doses
calculated for both pre-and post-treatment exceeding the bladder dose limit of
QUANTEC. According to Sheybani et al. (2013), filling the bladder, packing
with gauze, and the patient's anatomy can lead to increased doses to the
bladder. This may explain why Patients 11 and 21 had both pre and post doses
being high. Patients 7, 16, and 26 also had their pre-treatment calculated doses
above the tolerance level, but their post-treatment calculated doses showed a
reduction of the doses (lower than the tolerance level). Pre- and post-treatment
images of the patient's treatment showed that the bladder had moved further
away from the applicators, which in effect reduced the dose to the bladder.
On the contrary, Patients 17 and 23 had their pre-treatment calculated doses
below the tolerance level. However, their post-treatment calculated doses
increased the doses (higher than the tolerance level). Comparing the pre and
post-treatment images of the patients showed that the bladder had moved
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closer to the applicators, which increased the dose to the bladder. Average
doses of 69.26Gy and 71.09Gy were obtained for the pre-and post-treatment
with an average deviation of 2.32%.

The quantitative analysis of average tissue effect in the clinics (QUANTEC)
has set 75Gy as the rectum tolerance dose for LDR brachytherapy
(Viswanathan and Thomadsen, 2009). Patient 31 had the dose calculated for
both pre and post-treatment, exceeding the rectum dose limit set by
QUANTEC. According to Sheybani et al. (2013), filling the rectum with gauze
and the patient's anatomy can lead to increased doses to the rectum, which may
explain why Patient 31 had both pre and post doses been high. Patients 7, 14,
20, 27, and 33 also had their pre-treatment calculated doses above the
tolerance level, but their post-treatment calculated doses showed a reduction
of the doses (lower than the tolerance level). Comparing the pre-and post-
treatment images of the patients showed that the rectum had moved further
away from the applicators, which in effect reduced the dose to the rectum.
On the contrary, Patients 8, 18, 19, and 20 had their pre-treatment calculated
doses below the tolerance level. However, their post-treatment calculated
doses increased the doses (higher than the tolerance level). Comparing the pre
and post-treatment images of the patients showed that the rectum had moved
closer to the applicators, which in effect increased the dose to the rectum. An
average dose of 67.02 Gy and 66.64 Gy were obtained for the pre-and post-
treatment with an average deviation of 0.30%.

After treatment, patients must visit the clinic after the first week, monthly,
quarterly, and annually to monitor their condition.

Limitations of the study

This research was limited to developing a patient treatment record
analytical platform embedded in an effective radiotherapy patient
management system. Regarding data privacy, the study has already been
cleared for exemption by the Kwame Nkrumah University of Science and
Technology ethics committee and the Komfo Anokye Teaching Hospital's
ethical board. The researchers took no particular notice of patient names on
the various medical records collated for the study as the main focus was on
dose analysis of patient treatment. Patient identities are duly hidden, and all
clues that might trace back to the patient as an individual were cleaned from
the data. Hence their identities do not appear in any report or publication of
this research.

Conclusion

Applicator displacement, such as the tandem and ovoids, can
substantially influence patient dosimetry and, therefore, the learning process.
The geometric relationships between intracavitary brachytherapy applicators
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and the critical structures differ significantly during the brachytherapy LDR
procedure. Source movement results in considerable dose alterations to the
critical organs, generating an increased rate of complications that can
influence the cure rates. The disparity in dose to point ‘A" was found to be 1.16
% which is very laudable compared to other studies that established dose
variations of 2, 35, 8, and 20% (Corn et al., 1993). This wide range is because
the studies were performed with radium, iridium, and caesium sources.
Variation in dose at point 'B" in this work was 0.75%, while (Corn et al., 1993)
showed this variation to be 1.7%. As per the guidelines, there was only one
rectal point chosen by most researchers, but in this study, three rectal and
bladder points were respectively used to assess rectal and bladder mobility.
Studies done by Corn and Pham have found dose dissimilarities in the rectum
and bladder of 3 and 10%, respectively (Corn et al., 1993); (Pham et al., 1998).
This study found average variations of 2.32 and 0.30% for the bladder and
rectum, respectively. The variation found between prescribed and deposited
doses was 2.11% for quality assurance purposes. It can be concluded that the
findings are within an acceptable range. Hence, the practice at KATH meets
international standards. When safety-critical applications are being operated,
incident reporting systems are employed for many reasons. Evidence shows
that event reports help determine why accidents do not even happen in the first
place. Incident reporting forms often identify the obstacles that prevent bad
events from turning into significant mishaps. These observations are pretty
valuable. To ensure the future advantages of those precautions, analysts can
use them to identify areas where extra support is required. An increase in
events provides deeper insight into the proportional amounts of human “error",
system failure, regulatory weakness, et cetera. It is recommended that HDR
brachytherapy should be considered due to advantages such as short treatment
time and dose optimisation of normal tissues over the LDR BT.
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Resumen
Introduccion: En México, escasos son los estudios que abordan
aspectos vinculados con la salud del trabajador de la industria.
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Objetivo: Determinar el consumo de alcohol, tabaco, bebidas
energizantes y estilos de vida en trabajadores de una industria del sector de los
alimentos.

Metodologia: Estudio transversal, descriptivo, realizado en 270
trabajadores elegidos por muestreo aleatorio simple, de una poblacion de 680.
Al total de la muestra se le aplicé cédula de datos sociolaborales, cuestionario
“Caracterizacion del consumo de bebidas energizantes en trabajadores del
sector industrial alimentario” y Cuestionario PEPS-1 de Nola Pender que
evalUa Perfil de Estilo de Vida. A 370 trabajadores se les aplicaron los Test
AUDIT y Fagestrom. El proyecto fue evaluado y aprobado por un Comité de
Investigacion y un Comité de Bioética. La investigacion recibio
financiamiento del programa FOPER de la UAQ. Los datos se analizaron en
el programa SPSS v.20, obteniendo frecuencias, promedios y moda.

Resultados: De los 270 trabajadores iniciales, se obtuvo que el 60.7%
es varon. Las edades van desde los 20 a los 60 afios. Consumen bebidas
energizantes el 23.7% de los participantes; 21.8% y 35% de los trabajadores
tienen un estilo de vida muy saludable y saludable y 40.7% poco saludable.
86.2% tiene un consumo riesgoso de alcohol.

Conclusion: Se aprecian multiples areas de oportunidad en los
trabajadores. Valdria la pena volver a hacer el levantamiento de los datos ya
que la informacion se obtuvo 3 meses previo a la pandemia, lo que permitiria
determinar si existieron alteraciones en estas areas para mejora o perjuicio.

. _________________________________________________________________________________________________________________________|
Palabras clave: Consumo de bebidas alcohdlicas, fumar tabaco, estilo de
vida, salud laboral

www.eujournal.org 68



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

Alcohol Consumption, Tobacco Consumption, And The Life
Style Of Industry Workers

Blanca Guadalupe Diaz Jiménez (Pasante de Enfermeria en Servicio
Social)

Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
Nancy Paola Ortiz Sanchez (Pasante de Enfermeria en Servicio Social)
Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
Maria Guadalupe Celestino Hernandez (Pasante de Enfermeria en
Servicio Social)

Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
Sarket Gizeh Juérez Nilo (Licenciada en Enfermeria, Especialista en
Salud Publica)

Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
Adriana Martinez Diaz (Maestra en Ciencias de la Nutricidn)
Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
René Rico Sdnchez (Maestro en Ciencias de Enfermeria)
Universidad Autonoma de Querétaro/Facultad de Enfermeria, México
Elizabeth Montoya Guardiola (Médico General)

Kellogg de México/Servicio Médico, Querétaro, México
Nancy Viridiana Ruiz Vargas (Licenciada en Enfermeria)
Kellogg de México/Servicio Médico, Querétaro, México
Ruth Magdalena Gallegos-Torres (Doctora en Ciencias de la Salud)

Universidad Autonoma de Querétaro/Facultad de Enfermeria, México.

Abstract

Introduction: In Mexico, there are few studies that address aspects
related to the health of industry workers.

Objective: This paper focuses on determining the consumption of

alcohol, tobacco, energized drinks, and the life style of industry workers
within the food sector.
Methodology: A cross-sectional descriptive study was carried out and 270
workers were selected from a population of 680 through the simple random
sampling technique. A socio-labor data card was utilized and Nola PEPS-I
questionnaire on “Characterization of the Consumption of Energy Drinks by
Workers of the Food Industry”, which evaluates Lifestyle Profile, was
administered. 370 workers participated in the AUDIT test and the Fagestrom
test. The project was evaluated and approved by a Research Committee and a
Bioethics Committee. The research received funds from the UAQ FOPER
program. Data was analyzed in the SPSS v.20 program in order to obtain
frequencies, averages, and mode.
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Results: The results of the study reveal that 60.7% of the sample size
were males within the age range of 20 to 60 years. It was found also that 23.7%
of the workers consume energy drinks, 21.8% and 35% of the workers have a
very healthy lifestyle, 40.7% have an unhealthy lifestyle, and 86.2% have a
risky alcohol consumption.

Conclusion: This research was carried out in many areas which
availed the opportunity to interact and work with the participants. It is
recommended that the data collection be replicated since the information was
obtained three months before the pandemic. This will help to determine areas
that are affected or require improvement.

Keywords: Alcohol Drinking, Tobacco Smoking, Occupational Health, Life
Style

Introduccion

La salud de los trabajadores es primordial para asegurar no sélo la calidad
de un producto o servicio, esta impacta en un adecuado desempefio en el lugar
de trabajo y en que el sujeto se desarrolle de la mejor manera posible a
multiples niveles.

Ya lo afirma Vega, cuando menciona que no es posible imaginar la
realizacion de cualquier actividad laboral sin la presencia de salud; sin
embargo, de la misma manera afirma que, aunque trabajar es una necesidad,
también puede ser una fuente de estrés que puede llevar a la salud mas alla de
limites conocidos (Vega Ruiz, 2020).

Parte de la finalidad de la salud en el trabajo es promover y mantener el
mas alto bienestar fisico de los trabajadores, incluyendo el bienestar mental y
social. Por ello, la relevancia de la salud del trabajador, el cual es parte del
indicador de desarrollo de un pais (Gomez, 2007).

En este sentido, multiples pueden ser los elementos a valorar en un
trabajador, de los cuales existe la posibilidad de que influyan directa o
indirectamente en el impacto en su vida dentro y fuera del trabajo. Al respecto,
en esta investigacion se consideraron: consumo de sustancias legales como
alcohol y tabaco, consumo de bebidas energizantes, asi como los estilos de
vida.

Existen muy pocos estudios sobre el consumo de sustancias legales en los
trabajadores industriales en México. La situacion de drogas en el pais, tanto
en su vertiente de oferta como de demanda, se encuentra estrechamente ligada
a las condiciones econdmicas, culturales, sociales e historicas que han
prevalecido en las ultimas décadas. Un analisis completo de este complejo
fendmeno seria completamente parcial, si no se considera el contexto en que
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ocurren y trascurre la vida institucional y cotidiana (Comision Nacional contra
las Adicciones, 2019).

El consumo de drogas licitas constituye un problema de Salud Publica
cuyos efectos sobre el desarrollo y la seguridad son graves, motivo por el cual
es considerado de gran trascendencia social, ya que abarca dimensiones muy
amplias y complejas e impacta desfavorablemente en la salud y calidad de
vida. Es un factor de riesgo para la salud en todo el mundo, ya que provoca un
mayor riesgo de contraer enfermedades y muerte por suicidio o sobredosis,
ademas de altas probabilidades de desarrollo de todo tipo de desordenes
mentales. Sus consecuencias van mucho més alla del usuario, afectando a su
familia y a otras relaciones personales (Centurion-Viveros & Rodriguez-
Riveros, 2017).

En el ambito laboral, el consumo de alcohol implica un alto riesgo, ya que
puede afectar negativamente los espacios laborales, disminuir el rendimiento
laboral, incrementar el ausentismo, favorecer las incapacidades por
enfermedad, asi como ser un factor coadyuvante en la manifestacion de
accidentes en el area de trabajo (Cruz Zufiiga et al., 2021).

Los patrones de consumo de sustancias licitas, asi como de bebidas
energizantes se ven reflejados en los estilos de vida desfavorables, que
implican comportamientos y creencias que desarrolla la persona con relacion
a su actuar con la sociedad (Ghanei et al., 2016).

El estilo de vida hace referencia al modo de vida de un individuo o grupo
poblacional en el que influyen tanto las caracteristicas personales y patrones
de comportamiento individuales como las condiciones de vida en general y los
aspectos socioculturales. Los estilos de vida saludables son considerados
como un conjunto de habitos, comportamientos y conductas que llevan a los
individuos a alcanzar un nivel de bienestar y satisfaccion plena de sus
necesidades en la vida; por el contrario, los estilos de vida no saludables estan
relacionados con comportamientos que generan efectos negativos para la salud
(Ghanei et al., 2016).

Con respecto a los estilos de vida, en un estudio realizado en Chile, con
151 trabajadores de una empresa, se consideraron aspectos no detallados de
esta variable. Dentro de los principales resultados se encontré que los
trabajadores consideraban sus estilos de vida como regulares y buenos, aunque
resaltd el hecho de que la percepcion de la alimentacion en el trabajo era
regular, ademas de que frecuentemente se sentian nerviosos o estresados
(Martinez-Angulo et al., 2020).

En este sentido, se considera el uso de drogas licitas como un factor de
riesgo que afecta no solo al trabajador, sino al ambiente que lo rodea. Dentro
de las drogas legales se tiene el alcohol, tabaco y se agrega a las bebidas
energizantes, por lo que conocer los efectos nocivos a corto y a largo plazo,
asi como la prevalencia de consumo, representa un punto esencial para
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intervenir en ello, sobre todo porque forman parte de un estilo de vida que
puede ser modificable.

Las bebidas energizantes o bebidas energéticas representan un conjunto de
productos que desde hace algunos afios se comercializan libremente en
muchos paises. Su irrupcion en el mercado estd influenciada por intensas
campanas publicitarias que las definen como bebidas refrescantes creadas para
incrementar la resistencia fisica, proporcionar sensacion de bienestar y
estimular el metabolismo, capaces de suministrar un elevado nivel de energia
proveniente de una combinacion de ingredientes adicionados por sus posibles
efectos estimulantes. Contienen una mezcla de compuestos que incluyen la
cafeina, glocuronolactona y vitaminas. Algunas atribuyen sus propiedades
estimulantes a aminoéacidos como la taurina o a su contenido en extractos de
hierbas como el ginseng o el guarand, y en algunos casos se agregan minerales,
inositol y carnitina (Manrique et al., 2018).

Asi, el objetivo de este estudio fue describir el consumo de alcohol, tabaco,
bebidas energizantes y los estilos de vida presentes en los trabajadores de una
industria de los alimentos, de la ciudad de Santiago de Querétaro, estado de
Querétaro, en México.

Metodologia

Estudio transversal, descriptivo realizado en una empresa de alimentos de
la ciudad de Querétaro, México; cuenta con un total de 680 trabajadores
operarios, de los cuales se obtuvo la poblacién sujeta a estudio. Con base en
el célculo de la muestra, usando la formula de las poblaciones finitas, con un
95% de confianza y 5% de error, se determind que eran necesarios 245
trabajadores en los que se aplicaron los instrumentos.

Se consider0 a personal de los turnos matutino y vespertino. Es importante
sefialar que, por disposicion de la empresa, por su interés de monitorear el
estado de salud (algo que se hace constantemente), todos los trabajadores
requerian ser valorados. Se trabajé con hombres y mujeres mayores de 18
anos.

No se tomaron en cuenta a personas con incapacidad médica o que se
encontraran en periodo vacacional. Se eliminaron instrumentos que no fueron
contestados al 100% o con errores en su llenado.

Se llevo a cabo muestreo de tipo aleatorio simple, a partir de los listados
de los trabajadores que fueron otorgados por el personal de la institucion. Las
herramientas para la recoleccion de datos que fueron utilizadas fueron las
siguientes.

Cuestionario denominado “Caracterizacion del consumo de bebidas
energizantes en trabajadores del sector industrial alimentario”. Dicho
documento fue elaborado tomando como referencia el trabajo de una tesis de
licenciatura de la ciudad de Bogota, Colombia (Hurtado Duque, 2015). El
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cuestionario original constaba de 18 preguntas. La version final quedd
integrada en 22 items. Se realiz6 un ajuste en el formato del documento y el
planteamiento de las preguntas. Se inicié con una pregunta filtro para que la
persona sefialara si en el ultimo afio habia bebido alguna bebida energizante;
de obtenerse una respuesta negativa, el cuestionario debia entregarse a los
encuestadores. Dicho documento fue sometido a validacion por 6 expertos en
el area de la salud, nutricion y en el uso de bebidas energizantes; asi mismo,
fue revisado por los responsables del area de salud de la empresa.

Cuestionario PEPS-I de Nola Pender, que evalla el Perfil de Estilo de Vida
de la persona (Pender, 1996). Consta de 48 items que abordan 6 dimensiones:
nutricion, ejercicio, responsabilidad en salud, manejo del estrés, soporte
interpersonal y auto actualizacion. Cuenta con opciones de respuesta en escala
tipo Likert que va de nunca a rutinariamente.

De la misma manera, a cada trabajador se le aplicd una cédula de datos
socio laborales que incluia: nombre (por motivo de seguimiento de cada
trabajador); sexo, estado civil, puesto de trabajo, departamento de trabajo,
turno, tipo de contrato, antigiiedad laboral.

El personal médico de la empresa, con base en las necesidades de la
misma, llevo a cabo la aplicacion de los test para determinar consumo de
alcohol y tabaco mediante una dindmica distinta, los cuales fueron
respondidos por 370 trabajadores (del universo de trabajadores), elegidos por
conveniencia. A continuacion se describen las caracteristicas de estas pruebas.

Test AUDIT, Test de Identificacion de los Trastornos Debidos al Consumo
de Alcohol (Babor et al., 2001), desarrollado por la Organizacion Mundial de
la Salud para reconocer personas con un patrén de riesgo o perjudicial de
alcohol. Posee tres dominios: consumo de riesgo de alcohol, sintomas de
dependencia y consumo perjudicial de alcohol. Consta de 10 preguntas de
opcion maltiple.

Test de Fagerstrom. Consta de 6 preguntas y valora la dependencia a la
nicotina (Test de Fagestrom, n.d.).

El proyecto fue evaluado y aprobado por el Sub-comité de Investigacion
de la Facultad de Enfermeria de la Universidad Auténoma de Querétaro. Se
tramito el permiso correspondiente con el departamento médico de la empresa
y posteriormente se llevé a cabo la prueba piloto de las herramientas de
recoleccion de datos, con un aproximado de 24 trabajadores del turno
nocturno, los cuales representan un 10% del total de la muestra, asi como la
recoleccion definitiva de los mismos, en la cual se considero el listado de
trabajadores.

Tanto en la prueba piloto como en la recoleccion definitiva, se tomaron los
nombres de los trabajadores, lo cual descartd la posibilidad de considerar a las
mismas personas de un momento u otro. Dichos procesos se llevaron a cabo
entre los meses de agosto y diciembre de 2019.
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Se elabord una base de datos en el programa SPSS v. 20, para proceder
con el andlisis de la informacién, del cual se obtuvieron frecuencias,
promedios y moda.

La investigacion se fundamento en los articulos 3°, 13°y 58°, publicados
en la Ley General de Salud en Materia de Investigacion en Seres Humanos, la
declaracion de Helsinky y el Cddigo de Nuremberg, asi como el
consentimiento informado que se entreg0 a cada participante.

Resultados
Datos sociodemogréficos

Se presentan los resultados mas relevantes de 270 trabajadores, de los
cuales, 60.7% era varon y 39.3% mujer. El rango de edad va desde los 20 afios
a los 60 afios, siendo la moda 30 afios. 57.4% se encuentra casado y 25.2%
soltero. Son trabajadores operarios el 38.9%, 29.6% empacador y 20%
ayudante general. La antigiedad laboral iba de los 10 meses a los 41 afios,
siendo la moda 10 y 22 afos.

Con respecto al indice de Masa Corporal, los resultados se aprecian en la
Gréfica 1.

Consumo de bebidas energizantes

23.7% de los trabajadores refirid el habito de beberlas, donde 11.5%
tuvieron predileccién por una marca en particular. Con relacion a la frecuencia
del consumo, 13.7% indicaron hacerlo una vez al mes y 4.1% varias veces en
el mes.

Los motivos sefialados para el consumo de dichas bebidas fueron variados,
resaltando, con el mismo porcentaje (4.8%), porque da energia y quita el
suefio. Indican no combinar la bebida energizante con otro elemento el 13.3%;
lo hacen con alcohol, el 1.5%.

Estilos de vida

El resultado global de los estilos de vida de los trabajadores se puede
apreciar en la Gréafica 2. Dentro de los datos que llaman la atencion en este
aspecto, se encontrd0 que, de manera rutinaria, el 33.3% consume un
medicamento, 38.3% a veces sefiala al médico algun sintoma extrafio que
presente, 40.2% a veces realiza ejercicios para relajarse, 40.4% a veces realiza
ejercicio vigoroso por 20-30 minutos al menos 3 veces a la semana 'y 42.5% a

veces pide informacion a los profesionales para cuidar su salud, entre otros.
Grafica 1. Indice de Masa Corporal de los trabajadores
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Grafica 2. Resultado de los estilos de vida en los trabajadores
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Consumo de alcohol y tabaco.

Con relacidn a la aplicacion del Test Audit, los hallazgos se muestran en
la Gréfica 3. Sobre el consumo de tabaco y su posible dependencia, 88.9% de
los trabajadores sefialaron no fumar y si lo hacen el 11.1%, donde, de estos

ultimos, sélo una persona denota una dependencia muy alta al consum
Grafica 3. Resultados del Test Audit, en los trabajadores de la industria
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Discusion
Como se menciond con anterioridad, son escasos los estudios llevados a

cabo en México o en América Latina, sobre las variables abordadas en esta
investigacion, en trabajadores de la industria.

En esta investigacion, los valores de IMC reportados en los trabajadores
muestran una alta prevalencia hacia el exceso de peso, teniendo mas del 70%
con sobrepeso y obesidad y 27% con peso normal. Estos datos son ligeramente
menores a lo reportado en el estudio de Salazar y colaboradores (Salazar-
Estrada et al., 2016), quienes encontraron que, de una muestra de 134 varones
y 258 mujeres de una industria manufacturera, 320 de ellos se encontraban en
sobrepeso y obesidad y s6lo 72 en peso normal, es decir, 81.6% y 18.3%
respectivamente.

Sobre el consumo de bebidas energetizantes, no hay estudios recientes, en
poblacidn latina, que hagan referencia a su consumo y motivos para llevarlo a
cabo. En apariencia, la ingesta de estos productos no es elevada, sin embargo,
se conoce de manera empirica que cada vez mas es una practica habitual en
los trabajadores de las diversas empresas, por el hecho de que muchos de ellos
cuentan con mas de 1 trabajo y se apoyan en él para conservar “energia”.

El mismo fendmeno de la falta de investigaciones similares ocurre con la
variable de estilos de vida. Se han realizado mdltiples estudios en docentes,
estudiantes, en personas con ciertas patologias, entre otras, mas no asi en
trabajadores de la industria, que no sean tesis de licenciatura.

Los resultados de esta investigacion reflejaron la necesidad de reforzar la
educacion en la poblacion laboral, con respecto a las dimensiones de la calidad
de vida contempladas en el Peps-l, que fueron nutricion, ejercicio,
responsabilidad en salud, manejo de estrés, soporte interpersonal y auto
actualizacion.
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Conclusion

Esta investigacion, como ya se sefialo con anterioridad, tuvo el
levantamiento de datos meses previos a la pandemia, por lo que existe la
inquietud de si los resultados se mantienen o si tuvieron variaciones. Es un
hecho de que parte de la muestra fallecid, ya que la empresa no estuvo exenta
al fendmeno de salud causado por el Covid-19.

Podria decirse que es obvio que si hay diferencias en cada una de las
variables abordadas, sin embargo, hasta no realizar un nuevo estudio, no se
puede aseverar esta hipotesis.

Este estudio se planted por el hecho de que los directivos de salud que le
empresa donde se trabajo, desean cuidar la salud del trabajador, interés que
continda hasta el momento, ahora que ya una vacuna esta en puerta y en
apariencia, empieza a haber una disminucion en el namero de casos por Covid-
19.

Se logro el objetivo planteado en el estudio, de obtener un panorama
general de las variables estudiadas, de manera tal que con ellas se pueden
tomar las medidas necesarias para incidir directa o indirectamente en la salud
de los trabajadores.
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Abstract

Dans un contexte mondial de réchauffement climatique, les espaces
cotiers sont de plus en plus menacés par les risques de submersion. La
modélisation de ces submersions marines, compte tenu du danger qu’elles
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représentent, constitue une étape importante avant toute initiative de
protection cotiére des zones a fort enjeux socio-économiques.

L’objectif de cette contribution est de faire une modélisation des niveaux d’eau
extrémes sur les plages sableuses de Malibu, de Gadaye et de Malika a partir
de la tempéte du 19 novembre 2018 a Dakar. Pour ce faire, un modéle
empirique a été utilisé pour reconstituer I’extension spatiale de I’onde de
tempéte sur les plages. Les résultats révelent d’une part, que les niveaux d’eau
extrémes sont sensiblement les mémes sur les trois plages, et d’autre part, que
ces niveaux extrémes n’ont pas excedé la créte maximale de trait de cOte des
trois plages. Quand bien méme I’extension spatiale du jet de rive (runup et
setup) sur les plages est sensiblement la méme, la sensibilité des plages a cet
évenement morphogeéne est différente ou des formes d’ablation (microfalaise)
ont été observees sur la partie haute de Gadaye et Malika. Cela peut étre
expliqué par les différentes caractéristiques morphologiques des plages un
mois avant la tempéte, en octobre 2018. En définitive, les résultats laissent
apparaitre clairement une hétérogénéité dans les ajustements morphologiques
et sédimentaires trois mois aprés le passage de la tempéte de février 2019.
Toutefois, une certaine résilience de la zone est notée en raison de la présence
de dunes qu’il faut impérativement éviter leur dénaturalisation pour une
protection naturelle et durable de la zone.

Keywords: Modélisation, Onde De Tempéte, Niveaux D’eau Extrémes, Créte
Maximale, Jet De Rive, Morphogéne, Ablation
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Abstract:

In a global context of global warming, coastal areas are increasingly
threatened by the risk of flooding. The modeling of these marine submersions,
because of the danger they represent, is an important step before any coastal
protection initiative for areas with high socio-economic stakes.

The objective of this scientific contribution is to model the extreme
water levels on the sandy beaches of Malibu, Gadaye and Malika from the
storm of 19 November 2018 in Dakar. To do so, an empirical model was used
to reconstruct the spatial extension of the storm surge on the beaches. The
results show that the modeled extreme water levels are approximately the same
on the three beaches, and that their extreme levels did not exceed the
maximum coastline crest of the three targeted beaches. Even though the spatial
extension of the run-up on the beaches is almost homogeneous, the sensitivity
of the beaches to this morphogenic event is different or forms of ablation
(micro-cliffs) have been observed on the upper part of Gadaye and Malika
beaches. This can be explained by the different morphological characteristics
of the beaches one month before the storm, in October 2018. Finally, the
results clearly show heterogeneity in the morphological and sedimentary
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adjustments three months after the storm of February 2019. However, a certain
resilience of the area is noted due to the presence of dunes that must be avoided
for a natural and sustainable protection of the area.

Keywords: Modeling, Storm Surge, Extreme Water Levels, Maximum
Coastline Crest, Run Up, Morphogenic, Ablation

1. Introduction

Dans un contexte mondial marqué par le changement climatique
conduisant a I’élévation du niveau marin de I’ordre de 30 cm tous les 100 ans
(GIEC, 2007), les espaces cotiers sont de plus en plus menacés par les risques
d’érosion et de submersion marine qui sont parmi les conséquences prévisibles
de ce phénomeéne (Gozannet et al. 2015). Selon le GIEC (2013), une élévation
du niveau de la mer de 0,5 m engendrerait une augmentation de 10 a 100 fois
de la fréquence des submersions marines dans le monde. Ces derniéres,
résultant de la conjonction d’une faible pression atmosphérique et d’un « fort
vent d’afflux » (Letortu et al., 2012), deviennent une véritable problématique
environnementale pour les littoraux soumis a de fortes pressions humaines.
Ces submersions sont parmi les aléas météorologiques les plus dévastateurs le
long des traits de cote (Balouin et al., 2011).

En Afrique de [I’Ouest, elles constituent une préoccupation
fondamentale. Vu leur ouverture sur la fagade Atlantique, la plupart des cotes
ouest-africaines sont exposées a la submersion (Tchindjang et al., 2019).

Le littoral sénégalais qui s’étend sur environ 718 km de cbte est souvent
soumis a des épisodes météo-marins extrémes. Il est tres sensible a I’érosion
et a la submersion marine du fait de son faible dénivelé et de la nature sableuse
d’une partie de ces cotes (Weissenberger et al., 2016). La fréquence de ces
épisodes extrémes en sus de I’érosion consécutive aux Hautes et Basses
marees, a des effets dévastateurs sur les littoraux sableux. En effet, les
submersions marines enregistrées sur ce littoral en juillet 1993, ao(t 2004,
juillet 2005, juillet 2007 et mai 2014 (Ndour, 2015) confirment sa vulnérabilité
face a ce risque cotier. Ces submersions, au-dela de leurs conséquences socio-
économiques, ont des impacts non negligeables sur la dynamique des plages
sableuses. Selon Gervais et al. (2010), les tempétes sont des événements
brutaux entrainant souvent des impacts morphologiques rapides et importants
parfois méme irréversibles sur les plages sableuses. Ces submersions marines
surviennent lors de conditions météorologiques défavorables provoquant une
élévation anormale du niveau marin. Selon Anselme et al. (2008), cette
élévation du niveau marin se traduit sur les littoraux a topographie basse par
la conjonction de deux phénomeénes : le setup et le runup. D’aprés Garcin et
al. (2009), le setup et le runup sont responsables de la submersion marine lors
d’une tempéte. Lorsque les conditions météorologiques sont défavorables
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(baisse de la pression atmosphérique), les vents d’afflux poussent les masses
d’eau a la céte faisant que le niveau marin devient plus important au niveau
de la marée astronomique (Anselme et al., 2008). Selon Bulteau et al. (2012),
la caractéristique principale d’une submersion marine est le niveau maximal
atteint a la c6te pendant I’épisode de tempéte. Cette surélévation du plan d’eau
a la cote provoque une extension de la limite spatiale du jet de rive (runup et
setup) en condition normale. Durant les évenements tempétueux, la surcote
provoque sur les cotes sableuses une amplification de I’impact des vagues
abordant la cote (Balouin et al., 2011). En effet, I’action des vagues déferlantes
se traduit par le run up qui correspond a la hauteur des vagues lorsqu’elles
abordent la plage (Jeuck, 2018). Il constitue un élément important dans
I’évaluation des impacts observés sur les plages aprés une submersion ou
tempéte marine (Robin, 2013). Selon Enjalbert et al. (2012), le run un est le
principal processus impliqué dans I’érosion du haut de plage ainsi que des
problemes liés a la submersion marine.

Actuellement, I’essentiel des productions scientifiques sur le littoral
sénegalais s’intéresse généralement aux aspects geomorphologiques, leur
évolution spatio-temporelle, les impacts des aménagements cotiers sur
I’évolution morphosedimentaire (Faye, 2010 ; Thior et al., 2019) Cependant,
les études abordant la submersion marine ainsi que leurs modélisations ne sont
pas encore véritablement initiées. Or, cet aléa joue un réle important dans
I’évolution morphologique des plages.

La modélisation des submersions marines des plages, compte tenu du
danger qu’elles représentent, constitue une étape importante avant toute
initiative de protection cotiere des zones a fort enjeux socio-économique
(Arnaud et Bertin, 2014). Ainsi, le présent article vise a modéliser les niveaux
d’eau extrémes enregistrés sur les plages sableuses de Malibu, Gadaye et
Malika de la région de Dakar lors de la tempéte du 19 novembre 2018.

Plus précisément, cette quantification des niveaux d’eau extrémes
permet de bien poser la problématique de la vulnérabilité des plages sableuses
de Dakar a la submersion marine et leur résilience face a I’action des vagues
de tempéte.

2. Présentation de la zone d’étude

Cette etude concerne le littoral Nord de Dakar plus particulierement
les plages de Malibu (Golf Sud), Gadaye (Guédiawaye) et Malika (figure 1)
situées sur un méme linéaire cotier. Ces plages, de nature sableuse, constituent
des milieux fragiles et trés sensibles a I’action des agents hydrodynamiques
(Paskoff, 1993, 1998) qui entraine des variations morphologiques a différentes
échelles temporelles (journaliéres, saisonnieres, annuelles, pluriannuelles...)
selon les conditions du milieu (Sagne, 2021). La quantité de sédiments ainsi
perdue lorsqu’une houle érosive se produit ne peut étre compensée que si elles
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disposent d’importants stocks de sédiments, en général, constitués par les
dunes (Paskoff, 1993 ; Pinot, 1998). Cette disposition, d’ailleurs notée dans la
zone, pourrait constituer un élément de résilience géologique a ce niveau du
littoral Dakar.

Du point de vue topographique, les altitudes les plus élevées sur la cote
Nord de Dakar sont notées a Yoff. Elles varient dans cette partie entre 20 et
40 m (Sagne, 2021). Cependant, elles diminuent en allant vers le Lac Rose
situee a I’est. Dans la zone de Malibu a Malika, elles dépassent rarement 20 m
(Sagne, 2021). Elles sont plus élevees au niveau de la plage de Malibu et
devient plus basses en allant vers Malika ou les valeurs maximales tournent
autour de 15 m (Sagne, 2021). Cette situation serait un élément d’exposition
majeur de cette partie aux submersions marines liées aux fortes houles et a
I’élévation du niveau de la mer induite par le changement climatique.

230000 250000

Légende

Départements de Dakar
I P
[ cuenawave

FIKINE

[Jrurisaue

240000

Figure 1 : Situation géographique de la zone d’étude

Par ailleurs, la zone d’étude est principalement sous I’influence des houles du
nord-ouest qui constituent les principaux agents responsables de sa dynamique
morpholo-sédimentaire puisqu’elle est protégée des houles du sud-ouest par
la pointe des Almadies (Niang-Diop, 1995 ; Ndour, 2015). A cela s’ajoutent
le faible marnage (inférieur a 2 m) lui offrant le caractére de cte micro-tidale,
et les vitesses des courants de marées qui sont inférieures a 0,15 m/s indiquant
une faible influence de la marée sur les mouvements de cette plage (Fall, 2004
; Ndour, 2015 ; Stéphanain et al., 2011). L’influence des houles
exceptionnelles sur la dynamique de cette partie n’est pas a négliger
puisqu’elles occasionnent des phénomeénes d’érosion rapide susceptible
d’atteindre le pied des dunes ou des quantités importantes de sédiments sont
érodées (Sagne et al., 2020).
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3. Matériels et méthodes
3.1. Données météorologiques et océanographiques

Les données de réanalyse de la houle ont été obtenues de I’Agence
National de I’Aviation Civile et de la Météorologie (ANACIM) pour les
caractéristiques hydrodynamiques de la tempéte. Cependant, celles du
marégraphe de Dakar (capteur Ra2 de I’Université de Hawar) ont été obtenues
du Service Hydrographique des Phares et Balises. Ces données ont par la suite
été corrigées avec la constante de 0,06 m. Les données de marée prédite
utilisees sont celles de SHOM (Service Hydrographique de la Marine). Ces
derniéres sont comparables aux données du marégraphe de Dakar puisqu’elles
ont le méme réferentiel, qui est le zéro hydrographique. Le niveau marin
observé au marégraphe de Dakar est converti en données geodésiques pour
une superposition rigoureuse avec les profils de plage. A cet effet, le modéle
de Woppelmann et al. (2008), figure (3) est utilisé pour convertir les niveaux
de marée en données géodésiques. Selon Woppelmann et al. (2008), le zéro
hydrographique et le datum vertical sont separés par une distance de 0,981 m
(2,301 m-1,320 m), (figure 2), qui correspond a la valeur géodésique des
niveaux d’eau de référence, ce qu’illustre le diagramme des reperes et des
points de référence pertinents de Woppelmann et al. (2008)

| Nr.21

— | Nr. 0 bis

3091 m 3.090m

2312m flatLE e

2301 m Lavaling datum
==L~ of Dakar

UH-TE Zero

= Zéro Hydrog

i5.999m 6.009m}

Him 91m

RLR{1985)

RLR{1987)

et al. (2008).

2.2 Données topographiques

Cette recherche est également basée sur des levés topographiques pour
mesurer lamorphologie du segment littoral faisant I’objet de cette contribution
par une série de profils perpendiculaires a la ligne de rivage, depuis le pied des
dunes jusqu’a la zone de déferlement. Ainsi, trois profils de plage ont été levés
respectivement au niveau des plages de Malibu, Gadaye et Malika (figure 3)
aux mois d’octobre 2018 (avant le passage des houles) et de novembre 2018
(juste apres leur passage). Apres ces deux missions, une autre campagne de
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collecte a été realisée en février 2019 pour évaluer le temps de retour des
sédiments mobilisés par cet évenement.

234000 237000 240000

23

Figure 3: Position des sites échantillons dans le secteur d’étude

Les profils ont été levés avec un matériel constitué par un niveau de chantier,
un trépied, une mire, un ruban, une boussole et un GPS. Les coordonneées des
repéres arriére fixes a partir desquels les profils ont été calés sont déterminées
par le GPS. La boussole permet de contréler la direction des profils pour
permettre leur comparaison rigoureuse. Pour mieux respecter la morphologie
de chaque profil durant les levés topographiques, les points de rupture de pente
minutieusement mesurés.

3.2. Analyse des niveaux d’eau extrémes de la tempéte du
18 et 19 novembre 2018

Dans le cadre de ce travail, I’estimation des niveaux d’eau
extréme repose sur I’utilisation des modeles empiriques pour quantifier le run
up ou la limite maximale atteint par les vagues lors de la tempéte. Ce run up
revét un caractére important dans I’étude des niveaux d’eau extrémes. Selon
Enjalbert et al. (2012), le run up est le principal processus impliqué dans
I’érosion du haut de plage ainsi que des problémes liés a la submersion marine.
Ce travail repose sur la combinaison de deux parametres : I’action de la houle
sur la cbte traduit par le runup et le niveau marin maximal observé au
maregraphe de Dakar. Selon Caspar et al. (2007), les submersions induites par
les tempétes résultent la plupart du temps de la conjonction d’une surcote a la
maree et une forte agitation marine. D’aprés Arnoux et al. (2018), le runup
peut facilement s’additionner au niveau marin de maniére a représenter
physiquement les hauteurs atteintes par un état de mer donne.
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Les niveaux d’eau extréme lors de la tempéte du 19 novembre 2018 ont été
estimés en additionnant la valeur du runup obtenue a travers le modele
empirique et le niveau marin maximal observé au marégraphe de Dakar.
L’utilisation du modele empirique pour estimer la valeur du runup exige la
disponibilité des parameétres hydrodynamiques (H 1/3 et Lo au large) et
morphologiques. Selon Enjalbert et al. (2012), la dynamique du runup est
tributaire des parameétres hydrodynamiques (conditions de vagues) et
environnementaux (parametres morphologiques). Ces derniers constituent un
parameétre déterminant dans la quantification du runup et les conditions
d’utilisation dépendent des caractéristiques de la cote. Selon Cariolet (2011),
sur les cotes microtidales comme celle faisant I’objet de cette étude, la variable
morphologique utilisée pour estimer le runup doit se situer de la section de la
plage comprise entre la limite de la pleine mer de vive eau (PMVE) et celle de
la basse mer de vive eau (BMVE) (figure 4).
S g

Milieu microtidal|

Figure 4: Représentation schématique de la pente dans le calcul du run up dul
microtidal (Cariolet, 2011)

En fonction des valeurs de pentes et de nombre d’Irribaren obtenus, une seule
formule est utilisée. D’apres Cariolet (2011), le choix d’un modele empirique
doit se fonder sur les caractéristiques des parametres morphologiques de la
plage (nombre d’Irribaren®). Le nombre d’Irribaren des plages a été calculé
a partir de la formule de Battjes (1974):

fo = (H;:jn—'g_ §o = (H::;n'g_
JLo)ly, JLo)Yy

1)

Lorsque ¢o < 0,5 la plage est dissipative car la pente est faible. Ce type de
plage est caractérisé par un déferlement glissant. Autrement dit, la créte de la
vague provoque sur sa face avant un mélange d’eau est d’air avant son
déferlement (Bonte, 2013).

Si par contre, le nombre d’lIrribaren est compris entre 0,5< &o < 2,5, le
déferlement est plongeant. La créte de la vague est ainsi projetée vers I’avant
et impacte violement la surface de I’eau.

Si le &o > 2,5, la pente de la plage est forte et dite réflective. Le déferlement
est par conséquent gonflant ou frontal. La particularité est que sur les plages
dites réflectives, la vague ne se déferle pas mais elle s’étale plutdt sur la plage.
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Tableau 1: Paramétres morphologiques des plages de Malibu, Gadaye et Malika en Octobre

2018
Sites Pente de I’estran (°) Tan Nbre d’Irribaren
Malibou 4,22 0,073786367 0,82845725
Gadaye 4,23 0,073961852 0,83042756
Malika 4,16 0,072733549 0,81663644

Pour les parametres hydrodynamiques comme indiqué précédemment, les
données de réanalyse de houle au large (hauteur significative et période de pic)

de ’ANACIM ont été utilisées (tableau 2).
Tableau 2: Paramétres hydrodynamiques au large pendant la tempéte du 19 novembre 2018

Hauteur significative au Période de Longueur d’onde au
large (Ho) Pic (T) large (L0)
3,17 16 399,62

Selon Laffitte (2018), au large la longueur d’onde des houles longues peut

s’estimer par A = 1,561 T?> = CT, donc CT = 1,561 T. Cependant, la longueur

d’onde au large a partir de la formule suivante a été calculée :
Lo=1561m.s*T2  (2)

Pour les plages dont la pente (tan ) est comprise entre 0,026 et 0,14, la

formule de Holman (1986) et Nielsen et Hanslow (1991) a été appliquée :

R2%= 0,92 Hoéz0 ©)
Rmax= 1,07 Hoéo (4)

R2% correspond a la valeur dépassée par 2 % des plus hauts jets de rive.
Rmax correspond a la valeur maximale atteint par le run up.

0,92 et 1,07 sont des coefficients sans dimension proposés par Holman (1986)
Hanslow et Nielsen (1991). Ho est la hauteur significative au large €o est le
nombre d’lIrribaren.

¢o = le nonbre d’Iribarren. Il est calculé a partir de I’equation (1)

4. Resultats
4.1. Description de la tempéte du 18-19 novembre 2018

Survenu un mois apres la saison pluvieuse de 2018, cet événement est
strictement d’origine marine. Il est ressenti sur toute I’étendue du secteur
d’étude. De Malibu a Gadaye un vent d’une vitesse de 22 Km/h provenant de
direction nord (360°) associé a une légére baisse de la pression atmosphérique
estimee a 1012 hPa aboutit a la submersion de ce linéaire cétier. Sur le plan
marégraphique, cet événement est caractérisé par une hauteur d’eau
considérable. En effet, les informations marégraphiques relevées au
marégraphe de Dakar révelent une importante hauteur de marée de I’ordre de
167 m a 6 h contre 1,59 m pour la marée predite par le Service
Hydrographique Océanographique de la Marine (SHOM). Cette différence
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entre la valeur de la marée prédite par le SHOM et la marée relevée par le
marégraphe de Dakar se traduit par une surcote de 0,08 m (figure 5). En
revanche, la hauteur maximale de I’onde de tempéte est de 0,10 m. Ainsi, ces
conditions météorologiques et marégraphiques défavorables auxquelles
s’ajoute un hydrodynamisme fort traduisent des conditions hydrodynamiques
relativement énergétiques. En effet, les données de réanalyse de la houle au
point d’extraction choisi révélent une hauteur maximale de 3,16 m de direction
NW avec une période de 16s a 8h. Ainsi, la hauteur significative était
supérieure ou égale a 2 m du 19 au 21 novembre a 5h du matin. Cet événement
météo-marin a affecté le linéaire cotier échantillon : Malibu, Gadaye et
Malika.

VAN

-8~ marée observée

#- marée prédite

- surcote

Hauteur marée en (m)

Heures

Figure 5 : Conditions marégraphiques de la submersion du 19 novembre 2018

4.2. Niveaux d’eau extrémes sur les plages de Malibu, Gadaye et Malika
Le tableau 3 indique les niveaux d’eau extrémes sur les plages de Malibu,

Gadaye et Malika pendant la tempéte de novembre 2018.
Tableau 3: Run up de la plage de Malibu, Gadaye et Malika

_ Niveau R2% Rmax
Profil marin ! Ho | T Lo
(Dakar) R2% | NM+R2% | Rmax | NM+Rmax
Malibu 0,69 3,17 | 16 | 399,62 | 2,41 3,10 2,81 3,52
Gadaye 0,69 3,17 | 16 | 399,62 | 2,42 3,11 2,82 3,53
Malika 0,69 3,17 16 | 399,62 | 2,38 3,07 2,77 3,48

! Niveau marin converti en données géodésiques grace a la constante de Wéppelmann et
al. (2008).
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La combinaison des hauteurs de la marée observée au marégraphe de Dakar et
du runup maximal a permis d’estimer les niveaux extrémes atteints par les
vagues de tempéte apres leur déferlement sur les plages. La lecture du tableau
3 laisse apparaitre clairement que le niveau extréme atteint par le jet de rive
est sensiblement le méme sur les trois plages étudiées : Malibu, Gadaye et
Malika. Ce tableau récapitule les hauteurs d’eau extrémes obtenues a partir de
I’application du modeéle empirique de Holman (1986) Hanslow et Nielsen
(1991). La figure 6 souligne les caractéristiques morphologiques des plages de
Malibou, Gadaye et Malika au mois d’octobre 2018, un mois avant la
submersion.

Malieou

Aituds m

bhLShbhbibbio

Gadaye e—

Malika

W o ® B MW 3 @ & W W W 8 W T M & W M W0 Wwd 1k 1 W N

Figure 6: Caractéristiques morphologiques des plages de Malibu, Gadaye et Malika en
octobre, novembre 2018 et février 2019

Cette méme figure 5 met en exergue le potentiel de franchissement du trait de
cote des plages de Malibu, Gadaye et Malika par les vagues de la tempéte du
19 novembre 2018. En effet, la superposition du niveau d’eau maximale
(Rmax+NM) avec les profils transversaux de la plage au mois d’octobre (un
mois avant la tempéte) révele une absence de franchissement du trait de cote
(figure 4), qui montre que les différents niveaux d’eau extrémes enregistrés
sur les trois plages (Malibu, Gadaye et Malika) n’ont pas dépassé la créte
maximale du trait de cOte respectif des trois plages.
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4.3. Réponse morphoseédimentaire des trois plages aprés la submersion
du 19 novembre 2018

Le tableau 4 indique les volumes sédimentaires au-dessus des niveaux d’eau
extrémes observés avant, pendant et apres la submersion du 19 novembre

2018.
Tableau 4: Volumes sédimentaires au-dessus des niveaux d’eau extrémes observés

Malibu Gadaye Malika
Date (Rmax + NM = (Rmax+NM=3,5 | (Rmax+NM=3,4
3,52m 3m 8m
Octobre 2018
Volumes sédimentaires (m?3) au-
dessus du Rmax+NM 26 ) e
Novembre 2018 |
Volumes sédimentaires (m?3) au-
dessus du Rmax+NM e 0] .
Février 2019 |
Volumes sédimentaires (m?3) au-
dessus du Rmax+NM ey ) SRS

La sensibilité des plages a la houle forte est évaluée par la comparaison des
volumes de sediments au-dessus des niveaux d’eau extrémes entre octobre et
novembre 2018. Celui de février 2019 a eté calculé puis comparé a celui
d’octobre 2018 (période de référence) pour évaluer le temps de retour des
sédiments. Ce qui permet de se prononcer sur la résilience de ce segment cotier
de Dakar aux tempétes. L’analyse des résultats montre que la sensibilité des
plages (Malibu, Gadaye et Malika) a I’action des vagues de tempéte differe
d’une plage a une autre. Autrement dit, les plages présentent des
caractéristiques morpho-sedimentaire diverses, voire hétérogenes. En effet, les
fluctuations volumétriques au-dessus des niveaux d’eau extrémes entre les
differentes dates (octobre, novembre 2018 et février 2019) montrent une
variabilité temporelle des caractéristiques morphologiques des plages selon les
conditions hydrodynamiques.

5. Discussion des résultats

La superposition du niveau d’eau maximale (run up maximal et la
maree observée) avec les profils transversaux de la plage au mois d’octobre et
novembre 2018, puis février 2019 révéle une absence de franchissement du
trait de cbte. En effet, ces valeurs qui ne représentent que des ordres de
grandeurs semblent bien refléter les observations de terrain apres le passage
de la tempéte. En plus, les différents niveaux d’eau extrémes enregistrés sur
les trois plages (Malibu, Gadaye et Malika) n’ont pas depassé la créte
maximale du trait de cote respectif des trois plages. Autrement dit, le potentiel
de franchissement des vagues au trait de cOte est trés faible, mais une
submersion par rupture du cordon dunaire engendrée par I’écoulement
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tumultueux des eaux marines apreés le déferlement des vagues sur la plage peut
occasionner une submersion de I’arriére-plage. Cela est conforme aux

observations in situ (photo 1) le lendemain de la tempéte (Sagne et al., 2020).
Photo 1 : Inondation de I’arriére plage pendant les houles fortes

Source : Sagne et al., 2020)

Ce constant est fait aussi par Suanez et Fichaut (2010) sur les plages de I’ile
de Banneg (archipel de Moléne, Finistere, France). Sur la Langue de Barbarie,
des destructions d’infrastructures par les houles fortes ont été notées en 2021
(photo 2), traduisant ainsi la recrudescence de ces phénomenes sur les cotes

sénégalaises, d’ou I’intérét de promouvoir leur modélisation.
Photo 2. Destruction de I’Ecole Cheikh Diop a Guet Ndar par la mer
Images prises en octobre 2021 (SY B. A.)

Méme si les niveaux d’eau extrémes sont sensiblement similaires sur les
plages, le niveau de sensibilité ou d’exposition de cette zone a I’action du jet
de rive differe d’une plage a une autre. En effet, le niveau de la plage située
en-dessous du niveau d’eau extréme est assez important sur la plage de
Malibu. En revanche, sur les plages de Gadaye et Malika la distance séparant
la limite maximale atteint par le jet de rive et le trait de cbte est assez
significative. La variation de la limite maximale du jet de rive sur les trois
plages peut s’expliquer par leurs caractéristiques morphologiques distinctes.
Une submersion n’est pas toujours homogeéne, la limite qu’elle peut atteindre
dépend des variations morphologiques le long des cotes (Didier et al., 2020).
A bien y regarder, la plage de Gadaye avant la tempéte (octobre 2018) offrait
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une protection naturelle au trait de cote contre I’assaut des vagues due a la
présence de morphotypes tels que la berme. La berme joue un réle essentiel
dans la protection du trait de cote. Ces structures morphologiques permettent
de dissiper I’énergie des vagues avant que celles-ci n’atteignent le trait de cote
(Bouvier, 2019). Selon Lerma et al. (2018), I’envergure des franchissements
des vagues de tempéte est fortement tributaire de la morphologie de la plage
et du haut de plage. Car, la présence dans la zone intertidale d’un ilot rocheux
ou d’une barre rocheuse protege les plages contre I’assaut des vagues de
tempéte (Quintin et al. 2013). Vu sa largeur et ses principales caractéristiques
morphologiques marquées par la présence de berme, la plage de Gadaye
semble étre moins affectée par I’action des vagues de la tempéte du 19
novembre 2018. Sur les plages larges possédant des bermes bien formées
I’énergie de la houle de tempéte est progressivement dissipée dans la zone de
déferlement et sur I’estran (Balouin et al., 2011 ; Lerma et al., 2013).
Naturellement comme tout évenement morphogenique, la tempéte du 19
novembre 2018 a occasionné des impacts morphologiques sur les différentes
plages a géometrie variable. Les vagues de tempéte provoquent d’importantes
modifications morphologiques (Stephan et al., 2010). Cette situation est la
résultante de la morphologie des plages et de I’avant-c6te avant I’évéenement
de submersion marine. La réponse morphologique de la plage & un évenement
de forte énergie donné est tributaire de sa morphologie au moment de
I’événement (Castelle et al., 2010). Sur le plan morphologique et sédimentaire,
la comparaison des profils levés au mois d’octobre et de novembre 2018 ont
montré que les plages ont été inégalement impactées. Les variations
morphologiques ont été observees quasiment sur toutes les plages mais, a des
degrés divers. La morphologie d’une cbte change si les sollicitations et les
énergies appliquées varient (CETMEF, 2017). Les laisses de mer représentent
la forme d’accumulation le plus visible occasionné par la tempéte sur le plan
morphologique. Cet événement morphogene a en outre produit des formes
d’ablation sur la partie haute des plages surtout celle de Gadaye et de Malika.
Sur la partie supérieure de ces deux plages des microfalaises ont été modelées
par I’action des vagues de tempéte (photo 4).
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Photo 4 : Effets morphologiques des houles de tempétes sur les plages de Gadaye et
Malika (Sagne et al., 2020

SR
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A: morphologie de la plage de Malika avant les houles de tempétes, B:
morphologie de la plage de Malika apres les houles de tempétes, C:
microfalaise édifiée par les houles de tempétes a la plage de Malika, D:
microfalaise édifiée par les houles de tempétes a la plage de Gadaye

Cette forme d’érosion s’explique par I’action morphogénique des niveaux
d’eau extrémes sur ces plages. Selon Bouvier (2019) les morphologies de la
partie supérieure de la plage et du trait de cote sont conditionnées par I’action
du jet de rive, lui-méme est tributaire de la propagation des vagues dans le
secteur d’avant-cOte. Cette forme d’érosion (microfalaise) observée apres le
passage d’une tempéte est aussi un indicateur de I’extension spatiale de I’onde
de tempéte sur la plage (Rey et al. 2017). Au-dela des impacts subis, les plages
tendent a retrouver leur profil d’équilibre apres le passage d’un épisode
morphogénique. La lecture comparative des profils levés au mois d’octobre et
novembre 2018, puis février 2019, révele une certaine hétérogéneité dans les
ajustements morphologiques et sédimentaires des plages de Malibu, Gadaye
et Malika. En effet, trois mois apres le passage de la tempéte, nous avons
observé que les plages de Malibu et de Malika ont connu un exhaussement
rapide ou les formes d’ablation observées au mois de novembre 2018
commencaient a disparaitre sous I’effet des conditions météo-marines
clémentes et des apports sédimentaires. Cet engraissement des deux plages se
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traduit également par I’augmentation du volume sédimentaire au-dessus des
niveaux d’eau extrémes observés pendant la tempéte. Cette situation traduit
une certaine résilience de ce secteur du littoral nord de Dakar qui serait sans
doute liée a la présence de stocks sédimentaires importants représentés par les
dunes qui bordent la plage vers I’arriere. Ces dunes jouent un réle crucial dans
la capacité d’une cote a résister aux aléas cotiers que sont I’érosion et la
submersion marine car alimentent les plages en sédiments et permettent de
renouveler leur stock sédimentaire pendant les périodes de fortes houles
érosives (Idier et Thiébot, 2013 ; Juinger et Robin, 2018). Cependant, elles
commencent a subir une forte pression humaine qui se traduit par la coupe de
filaos (Casuarina equisetifolia) pour faire place aux infrastructures routieres
(Voie de Dégagement Nord) et a usage d’habitations. Cette pratique pourrait
entrainer la réduction du stock sédimentaire dunaire voire une disparition des
dunes et la suppression de leurs roles de protection naturelle contre I’érosion
cotiere surtout dans ce contexte actuel de changement climatique (Sagne et al.,
2021). De ce fait, la protection et la régénération des filaos seraient trés
efficaces pour proteger cette zone des aléas climatiques.

0. Conclusion

Cette contribution a permis de faire la reconstitution des niveaux
extrémes sur les plages sableuses de Dakar (Malibu, Gadaye et Malika) aprés
le passage de la tempéte du 19 novembre 2018. En effet, les résultats montrent
que les trois plages ont été inégalement impactées par la tempéte et que la
submersion n’a pas été subie de maniere homogeéne sur les différents sites a
I’étude. En sus, les effets geomorphologiques de cette tempéte se sont traduits
a travers les laisses de mer et les formes d’ablation telles que les microfalaises
observées sur les plages apres la tempéte. Les résultats révélent en outre que
les plages n’ont pas le méme niveau de résilience et d’ajustement morpho-
sédimentaire face a un événement morphogene a I’instar de la tempéte du 19
novembre 2018. Cette étude a également apporté des informations nouvelles
dans un domaine de recherche qui n’est pas suffisamment exploré en
géomorphologie littorale sénégalaise. Au Sénégal, la plupart des thématiques
de recherche concernant le littoral dudit pays porte sur le risque d’érosion
cotiere. En revanche, la question de la submersion marine et de la modélisation
des niveaux extrémes est tres rarement abordée dans les travaux des
géomorphologues et géologues littoralistes sénégalais. In fine, il est important
de souligner que méme si les résultats refletent plus ou moins les observations
faites sur le terrain, le modele empirique utilisé dans le cadre de ce travail
permet d’avoir des ordres de grandeurs sur I’extension maximale de I’onde de
tempéte sur les plages. La portion de la plage utilisée pour les parameétres
morphologiques du modele, le matériel utilise pour les levers topo-
morphologiques (niveau de chantier) ainsi que les données d’altimétrie
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spatiale de la houle au large (données de réanalyse) peuvent aussi minimiser
I’envergure de la submersion.
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Abstract

Piliostigma thonningii is a tree with many ethnomedical and medico-
religious uses. In Ivory Coast the roots associated with the leaves are used as
an antidote for snakebites and for the treatment of gonorrhea and rheumatism.
2,2-Diphenyl 1-picrylhydrazyl is a free radical. This compound is used to
measure the antioxidant activity of a plant by its ability to scavenge free
radicals from DPPH. Antioxidants help protect our body against free radicals
and thus prevent many diseases. The pharmacological importance of
Piliostigma thonningii seems to be ignored by a large part of the population.
The study of anti-inflammatory activity in vivo which consists of provoking
an acute inflammation induced in rats by injection of carrageenan. AEPT and
EEPT show significant anti-inflammatory activity. They very significantly
inhibit the development of paw edema induced by carrageenan. They
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significantly reduce the recruitment of immune cells to the inflammatory site.
Piliostigma thonningii extracts work Dby blocking the formation of
prostaglandins, the substances responsible for inflammation. The results of
study suggest that Piliostigma thonningii possess some antioxidant properties
and provide relief against inflammation making it a possible future therapy for
inflammation.

. _________________________________________________________________________________________________________________________|
Keywords: Piliostigma Thonningii, Antioxidant, Anti-Inflammatory, 1Cso,
DPPH

Introduction

On the one hand, an antioxidant is an agent that prevents or slows down
oxidation by neutralizing free radicals. In the body, cellular respiration
generates reactive oxygen species which can be the source of free radicals
(Hortense et al., 2021). On the other hand, inflammation corresponds to a set
of reactions generated by the body in response to an attack. This can be
external like an injury, infection, trauma, or internal like those observed in
autoimmune pathologies (Azab et al., 2016).

The West African plant Piliostigma thonningii, (Milne-Redhead)
belongs to the subfamily Caesalpinioideae in the legume family,
Leguminosae/Fabaceae. In African countries Piliostigma thonningii is used
for various medicinal purposes. The decoction of the leaves and bark is used
for the treatment of ulcers, wounds, heart pain, arthritis, malaria, pyrexia,
leprosy, sore throat, diarrhea, toothache, gingivitis, cough, and bronchitis. Its
roots and twigs are used in the treatment of dysentery, fever, wound infections,
cough, and skin diseases (Afolayan et al., 2018). The crude extract of
Piliostigma thonningii was reported to possess antilipidemic, antibacterial,
antihelminthic, and anti-inflammatory activities (Ighodaro et al., 2012). In
view of the ethnomedicinal information and uses of Piliostigma thonningii,
the aim of this study was to investigate in vitro antioxidant activities of the
aqueous and ethanolic root extracts of this plant, as a preliminary step towards
validation of anti-inflammatory effects.

Materials
Plant Material Collection and Preparing power

The root of Piliostigma thonningii was collected in a forest in the
village of Abatta in October 2018 (Abidjan, Ivory Coast). It was identified and
authenticated by the botanists of the Laboratory of Environmental Sciences
and Technologies, University Jean Lorougnon Guédé Daloa, Ivory Coast.
First, the fresh root of the plant was cut and broken into small pieces and oven
dried. Then it was crushed to obtain a brown powder and finally kept in a jar.
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Preparing the Experimental Animals

Albino rats weighing between 100-150 g of University Jean Lorougnon
Guédé were used. Animals were acclimated during one week before the
experiments. They were fed and maintained under standard lighting conditions
at a temperature of 29°C = 1°C. They were fasted for 24 hours before
experiments, while water was given ad libitum (Sylla et al., 2021).

Methodology
Preparation and Extraction of Plant Material
A modified method as described by Valan & Oladimeji (2021) was used in
this part of the study. The preparation of the extracts was done by the standard
cold maceration extraction method because the heat destroys the active
constituents of the medicinal plant, cold maceration is more suitable than a
decoction. Two solvents of different polarity are used, namely distilled water
and ethanol. The maceration was then filtered, and the filtrate was dried in a
hot air oven set at 80 °C for 24 h and weighed again. The difference in the
weight was determined and percent of water-soluble and alcohol soluble
extractives was calculated (Hortense et al., 2021). The dried extract obtained
was kept for experiments. AEPT = Aqueous root extract of Piliostigma
thonningii and EEPT = Ethanolic root extract of Piliostigma thonningii.
Quialitative Phytochemical Screening of the Extracts

Quialitative phytochemical screening was done on the two extracts of
Piliostigma thonningii root using standard procedures described by Sinan et
al., (2021) to determine the phytochemicals present in the plant extract. The
extracts (5 mg) were dissolved in 50 mL of the respective solvents used for
their extraction. The solution was made ready for qualitative phytochemical

analysis by the following methods, Table 1.
Table 1: Usual methods of phytochemical screening

Phytocompounds Reagent of identification Indicator (positive reaction)
Anthraquinones NH4OH Yellow color
Anthocyanin H»SO4 and NH,OH Black color
Terpenoids CHCl3, H2SO4 Brown color
Polyphenols FeCls (2%) Dark blue or greenish color
Hydrochloric alcohol, Magnesium
Flavonoids shavings and Pink-orange or purplish color
Iso-amy! alcohol
Catechic tannins Formalin and HCI Gelatinous precipitate
Gallic tannins Sodium acetate and FeCls Blue-black color
Free quinones NH4OH Red to purple color
Saponosides Foam index Persistent foam
HgCl; and KI (Mayer) Reddish-brown precipitate
Alkaloids Picric acid (Hager) Creamy-white precipitate

I, and KI (Wagner)
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Coumarins KOH and HCI Trouble or precipitate
Sterols and Acetic anhydride acid Color from purple to blue
polyterpenes and H,SO4 or green
Mucilage Absolute ethanol Flocculent precipitate
Volatile oils NaOH and HCI Black color
Cardiac glycosides CHCl3, H,SO4 Brown color

In vitro DPPH Free Radical Scavenging Antioxidant Activity
The antioxidant activities of plant extracts were assessed using their
ability to scavenge the activity of the free radicals of the stable 1,1-diphenyl-
2-picrylhydrazyl (DPPH). The method of Owolabi et al., (2018) was
employed. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) is an oxidant having in
its structure an odd electron. Its purple color is reduced to yellow colored
diphenylpicrylhydrazine when it is in contact with an antioxidant that can
release a hydrogen atom or electron to it. The change in color was measured
at 520 nm using a UV/Visible light Spectrophotometer (Shimadzu UV-1280).
DPPH solution was made by adding 6 mg of DPPH in 100 mL of methanol
and allowing it to dissolve. About 2 mL of DPPH solution (0.1 mM) was added
to 1 mL of various concentrations of the extracts (0.020, 0.040, 0.06, 0.080,
0.100 mg/mL). A mixture of methanol and DPPH was used as control. All
mixtures were vigorously shaken and made to stand in a dark place for 30 min.
After this, solution absorbance was measured at 520 nm using a
spectrophotometer. The experiments were performed in triplicates and the
percentage scavenging activity of the extracts on DPPH radical was calculated
on the basis of the formula below (Owolabi et al., 2018)
Percentage Scavenging Activity (PSA)
1 — Absorbance of the control

Absorbance of the control
Percentage inhibition (PI)

Absorbance of the control — Absorbance of the sample 100
— X
Absorbance of the control

ICs0 values were used to express the ability of the extracts to scavenge DPPH.
The term “ICso” which connoted the concentration of the extract needed to
scavenge 50% of DPPH radical, was calculated using the graph of scavenging
activity plotted against sample concentration using Microsoft Excel software
(Owolabi et al., 2018).

Determination of In vivo Anti-inflammatory Activity of the Extracts
(Carrageenan-induced paw edema model)

The rats were divided into eight groups (n = 6); Grp 1: negative control
(10 mL/kg, Distilled water); Grp 2: positive control (80 mg/kg bw, Diclofenac,
reference standard); Grp 3: treated with 50 mg/kg bw of AEPT; Grp 4: treated
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with 80 mg/kg bw of AEPT; Grp 5: treated with 160 mg/kg bw of AEPT; Grp
6: treated with 50 mg/kg bw of EEPT; Grp 7: treated with 80 mg/kg bw of
EEPT; Grp 8: treated with 160 mg/kg bw of EEPT; Carrageenan (0.1 mL of
1%) was injected into the subplantar tissue of the right hind-paw of each rat.
The volume of the carrageenan injected into the foot was measured at 0, 30,
60, 120, and 180 minutes using a plethysmometer. The method of Meshram et
al., (2015) was employed. The percentage inhibition (PI) at each time interval
was calculated:
Percentage inhibition (PI)
(Vt —Vo)control — (Vt — Vo)treated

(Vt — Vo)control
Where Vt = Volume of the paw edema at particular time interval (t);
Vo = Volume of the paw before induction of inflammation (0 hour);
(Vt-Vo)control = Volume of edema of the control group of rats;
(Vt-Vo)treated = Volume of edema in the group of treated rats.

100

Statistical Analysis

The analysis of variance was used to compare the averages between
more than two groups. Values with p < 0.05 were considered statistically
significant. Graphs were obtained using the Microsoft Excel 2016 spreadsheet.
Statistical analyzes were performed in GraphPad Prism for Windows.

Results
Yield Extraction
The percentage yield of ethanolic and aqueous extracts of Piliostigma

thonningii is presented in Table 2.
Table 2: Percentage yield of EEPT and AEPT

Extract Mass (g) Yield (%)
EEPT 4.75 9.50
AEPT 4.05 8.10

Phytochemicals Qualitative Aqueous and Ethanolic extracts of
Piliostigma thonningii

Phytochemical screening test results of Piliostigma thonningii (EEPT
and AEPT) are presented in Table 3. The most important types of
phytochemicals found in this species are Cardiac glycosides, Sterols and
polyterpenes, Terpenoids, Alkaloids, Anthocyanins, Catechic tannins, Gallic
tannins, Free quinones, Saponins, Polyphenols and Flavonoids.
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Table 3: Results of phytochemicals analysis

Secondary metabolites EEPT AEPT
Cardiac glycosides + +
Coumarins - -
Mucilages - -
Volatile oils - -

Anthraquinones

Sterols and polyterpenes + +
Terpenoids + +
Alkaloids + +
Anthocyanins + +
Catechic tannins + +
Gallic tannins + +

Free quinones + +
Saponins + +
Polyphenols + +
Flavonoids + +

+ = Positive means present, - = Negative means absent.

The free radical scavenging ability of extracts on DDPH

Antioxidant potential is inversely proportional to inhibitory
concentration (ICso) value which was calculated from the linear regression of
the percentage inhibition versus extract concentration. The results of the
inhibition study are presented in Figure 1 and Table 4. The results in Table 4
presents the 50% Inhibitory Concentration (ICso) values and DPPH radical
scavenging activities at 1.00 mg/mL of ethanolic and aqueous extracts of
Piliostigma thonningii. The result shows that ethanol extract has ICso value
(0.052 mg/mL) and aqueous (0.063 mg/mL) compared with vitamin C which

had an ICsg of 0.047 mg/mL.
Table 4: DPPH Inhibitory Concentration (ICsp) of the extracts of Piliostigma thonningii

Extract ICso values (mg/ml) Scavenging activity at 0.10 mg/ml (%)
EEPT 0.052 80.49 +2.44
AEPT 0.063 67.48 + 3.12

Vitamin C 0.047 90.24+2.44
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Figure 1: DPPH radical scavenging activities of AEPT and EEPT

Anti-inflammatory  Activity of Piliostigma thonningii  Extracts
(Carrageenan-induced paw edema model)

The evaluation of anti-inflammatory activity of aqueous and ethanolic
extracts of the roots of Piliostigma thonningii (50, 80, 160 mg/kg, p.o.)
showed a dose-dependent, significant inhibition of carrageenan-induced rat
paw edema from 30 minutes to 180 minutes following drug administration,
compared to the control group. The maximum PI of paw edema by the aqueous
extract was observed as 66.66, 68.96 and 71.26 at the doses of 50, 100, 200
mg/kg p.o., respectively. The maximum Pl of paw edema by the ethanolic
extract was observed as 68.96, 70.11 and 72.41 at the doses of 50, 80, 160
mg/kg p.o., respectively. Diclofenac 80 mg/kg p.o. showed a maximum P1 of
64.37% at 180 minutes after its administration (Table 5).

The aqueous and ethanolic extracts (160 mg/kg) of Piliostigma thonningii
inhibits acute inflammation induced by carrageenan (Figure 2). This inhibition
is much more pronounced 30 minutes after plantar injection of carrageenan
with maximum values observed 3 hours after administration (Figure 2).
However, these effects are more important than those observed with
diclofenac, a non-steroidal anti-inflammatory used in the study as a reference
drug. Indeed, carrageenan is a mucosaccharide whose administration in the
intraplantar way to rats causes acute inflammation that induce edema, all under
the influence of vasoactive mediators. The AEPT and EEPT (160 mg/kg)
inhibits the progression of edema to varying degrees. This suggests that it
interferes with the effects which inhibit the release of mediators involved in

these phases of inflammation.
Table 5: Effect of the AEPT and EEPT with carrageenan-induced paw edema in rats

Paw volume (mL)
Pl = Percentage of inhibition (%)
Groups Before 0 min 30 min 60 min 120 min 180 min
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Distilled water 0.99+0.01 | 1.03+0.02 | 1.72+0.02 | 1.90+£0.01 | 2.53+0.03 1.96 £ 0.01
(10mL/kg)

Diclofenac (80 mg/kg) | 1.00+0.01 | 1.02+0.01 | 1.48+0.03 | 1.50+0.03 | 1.60+0.02 1.36 £ 0.01
(33.33) (44.83) (61.59) (64.37)

AEPT (50 mg/kg) 0.99+0.02 | 1.01+0.03 | 1.62+0.03 | 1.71+0.01 | 1.85+0.03 1.30 £ 0.03
(11.60) (19.54) (44.37) (66.66)

AEPT (80 mg/kg) 099+0.02 | 1.02+0.03 | 1.55+0.02 | 1.61+0.03 | 1.75+0.03 1.29+0.01
(23.19) (32.18) (51.65) (68.96)

AEPT (160 mg/kg) 099+0.01 | 1.03+0.02 | 1.65+0.03 | 1.63+0.02 | 1.84+0.02 1.32+0.01
(10.14) (31.03) (47.68) (71.26)

EEPT (50 mg/kg) 099+0.01 | 1.02+0.03 | 154001 | 1.61+£0.03 | 1.71+0.03 1.29+0.01
(24.64) (32.18) (54.30) (68.96)

EEPT (80 mg/kg) 099+0.01 | 1.02+0.01 | 1.63+x0.02 | 1.63+0.03 | 1.74+0.03 1.28£0.01
(11.60) (29.88) (52.32) (70.11)

EEPT (160 mg/kg) 099+0.01 | 1.03+0.02 | 1.61+0.03 | 1.62+0.02 | 1.76 £0.01 1.27+0.01
(15.94) (32.18) (51.65) (72.41)

m Diclofenac (80 mg/kg) m AEPT (160 mg/kg)

80
60
40
20

0

Percentage of inhibition (%)

Figure 2: Effect of AEPT and EEPT on inflammation induced by carrageenan in rats

Discussion

g B
L.in

EEPT (160 mg/kg)

80

Observation period (min)

The phytochemical screening of Piliostigma thonningii revealed the

presence of saponins, triterpenes, tannins, flavonoids, cardiac glycosides and
steroids in both types of extract. These compounds could be responsible for
the obvious anti-inflammatory activities of the extracts of the plant. This is in
line with the report of Ahmadiani et al., (2000) who stated that flavonoids as
well as tannins possess anti-inflammatory effects. Phytochemical principles
are responsible for the biological activity of plants. The presence of
flavanoids, tannins and saponins in the aqueous and ethanolic extracts of
Piliostigma thonningii root shows that the root may have an array of biological
activities. Alkaloids are used as analgesics, antimalarials, antiseptics and
antibacterial agents, saponins exhibit natural antibiotics effect by attacking
bacteria and fungi (Okwu & Emenike, 2006). Alkaloids help to defend the
plant against herbivores and pathogens (Tion et al., 2018). The bioactivities of
tannins include cardioprotective activity, histamine release inhibition,
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cytotoxic activity, antidiabetic and antiobesity bioactivities (Beretta et al.,
2009).

Many plant antioxidant potentials are related to their therapeutic
potentials (Eleazu et al., 2011). A higher DPPH radical-scavenging activity is
associated with a lower 1Cso value. Therefore, the ethanolic extract had the
highest DPPH reducing activity based on its relatively low 1Cso values which
was comparable with vitamin C, difference was observed between their ICso
(EEPT, 0.052; AEPT, 0.063 and Vitamin C, 0.047). A positive result by the
aqueous and ethanolic extracts in this test indicates that they contain
antioxidants that can scavenge free radicals (Pattanayak et al., 2012).
Therefore, it can be used as a source of natural antioxidants and used in drug
formulations for treatment of diseases resulting from oxidative stress
(Azazahemad et al., 2020)

The carrageenan-induced paw edema model is used to screen the anti-
inflammatory activity of a drug in the acute phase of inflammation. Edema
induced by carrageenan is believed to be biphasic. (Morais et al., 2020). The
first phase (1 hour) involves the release of serotonin and histamine and the
second phase (> 1 hour) is mediated by cyclooxygenase products. Continuity
between the two phases is provided by kinin (Graczyk et al., 2021). The AEPT
and EEPT significantly inhibited the edema formation in both the first and
second phases. The anti-edematous activity of Piliostigma thonningii in the
first phase could be due to the possible suppression of histamine signaling by
the mast cell stabilizing effect, and direct inhibition of histamine H1 receptor
and histidine decarboxylase gene transcriptions. Another possible explanation
could be the corticotrophic action of Piliostigma thonningii as evidenced by a
raise in plasma cortisol levels, which antagonizes nuclear factor-kappa-beta
(NF-kRB) (Li et al., 2020). In the present study, the anti-edematous activity of
the AEPT and EEPT persisted in the second phase with the maximal effect
observed at 3 hours. This could be explained by the possible inhibition of the
release and/or action of kinin and prostaglandin by Piliostigma thonningii (Liu
et al., 2020).

Conclusion

The aqueous and ethanolic root extracts of Piliostigma thonningii have
in vitro DPPH radical scavenging. Therefore, it can be used as a source of
natural antioxidants and used in drug formulations for treatment of diseases
resulting from oxidative stress. The roots of Piliostigma thonningii possess
anti-inflammatory activity thus validating the ethnopharmacological claims.
This knowledge could be tapped to formulate new agents to treat
inflammation.
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Abstract

Background: Despite the use of computerized health records systems,
its application is fraught with several obstacles, which slow down the pace of
operations in Pentecost Hospital in Accra in Ghana.

Aim: This study was designed to identify the challenges confronting
the Computerized Health Records System performance of the Pentecost
Hospital in Accra in Ghana.

Methodology: The study espoused a qualitative method with a case
study design through a well-structured interview guide and focus group
discussions. In all, forty-five (45) respondents including ten (10) principal
informers who were purposely selected due to their interest in the performance
of the Computerized Health Records System at the Pentecost Hospital in the
La Nkwantanang Madina Municipality took part in the study.

Results and discussion: The study found that the introduction of the
computerized health records system was faced with several challenges and
they included inadequate knowledge about computerized health records
systems, the breaks in internet connections of the systems, and the like.

Recommendation: Effective monitoring mechanisms, provision of
adequate financial and economic resources and the involvement of all the
stakeholders in providing quality and efficient computerized health record
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systems as well as the provision of adequate training are key recommendations
for improving the performance of the system.

Conclusion: 1t is good to mention that efficient application of a
computerized health record system which is geared towards efficient quality
healthcare would flourish when parity, effectiveness, efficiency, and
responsiveness of resource utilization for quality healthcare are considered as
the building blocks.

Keywords: Computerized, health records, healthcare, system performance

1. Introduction

The skill of information handling, storing and recovery are self-same
important to the operationalization and performance of institutional planning.
This is more decisive in the health sector where precision and suitability of
healthcare users’ records are indispensable in improving efficacy and
proficiency in identification, management, and redeemable lives. Patients’
histories are critical documents that gather facts about patients’ lives and
wellbeing. These apprehend data on past and present health conditions and
management inscribed by health care professionals caring for the healthcare
users (WHO, 2006). The idea of computerized records “refers to records that
are dependable on relevant machines for access or reading, that is, computer
hardware and software such as e-mails, database, and word processing”
(Tafor, 2003).

Information of the file, capability to get it on time, and suitability of
patients’ medical histories at the right time aid in no small way to save lives
and to prevent health hitches. This point has been abridged by Thomas (2009)
that “poor records mean poor defense, no records mean no defense.” He
explained that patients’ histories contain a multiplicity of records of patients’
histories, medical results, diagnostic test results, preoperative care, operation
notes, post-operative care, daily notes of patients’ progress and medications.
Typically, patients’ records serve four key functions: administrative, which
includes demographic and socio-economic data; legal which includes a signed
consent for treatment by appointed doctors and authorization for the release of
information; financial, which relates to the payment of fees for medical
services and hospital accommodation and most importantly, clinical on the
patient, whether outpatient or emergency patient (WHO, 2006). On the
financial aspect, Thomas (2009) provides that patients’ record-keeping is that
the increasing use of medical insurance for treatment makes the insurance
companies at times require proper record-keeping to prove the patients’
demand for medical expenses and that improper record keeping can result in
declining medical claims and challenges.
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However, the traditional way of capturing, storing, accessing, and retrieving
patients’ records at the health facilities in many cases creates some challenges
to health professionals and puts patients in a more or less ‘dangerous’ mood.
For instance, Chauke (2008) observes that medical specialists at Nkhesani
Hospital in South Africa found it very difficult to carry out a surgical operation
on a patient because of ‘a missing file’. This patient had been a victim of a car
accident in the year 2005 and had a partially paralyzed leg and needed to be
operated on. What appears to be much more problematic with the traditional
patient record-keeping is that papers could easily get mixed up and might not
be found at the time it is needed most.

With people’s health and lives at stake, such explanations cannot be
endured because as good as one tries to put it, it can never cater for the
worsening medical situation of a patient whose records got missing. From the
foregoing, it suggests that appropriate patient records keeping is important for
proper medical dispensation, while poor patient record-keeping may result in
high patient complications and even loss of lives. For instance, it has been
noted that almost 80% of complications that occur in health facilities are a
result of inaccurate information in medical records, inaccessible records,
mislabeled specimens, and misfiled or missing charts (U.S. Department of
Health and Human Services, 2006).

Coming to the recognition that patient medical records handling is a
hub to medical processes and effective healthcare. Scholars and practitioners
have advocated a need to adopt more effective, accurate, and just-in-time
processes of capturing, storing, and retrieving patient information. Barry
(2001) suggests that organizations need to come up with an electronic system
to comply with and implement electronic records management as a necessity.
It is a good clarion call that would not only enable improvement in health care
options but would, in the long run, result in efficiency, in terms of money,
time, and energy to ensure speedy and more interactive service delivery. For
instance, the web-based personal medical records (PMR) enable health
professionals, ‘via interaction and contra-indication checks’ to engage with
patients in lifelong health information coordination and access to both patients
and health service providers (Clarke & Meiris, 2006).

In Ghana, many health facilities have begun to adopt computerized health
records management to improve upon service delivery. Despite the benefits
healthcare organizations derive from computerized health records systems, its
application is bedeviled with several obstacles and it is on this basis that this
study seeks to assess the challenges confronting computerized health records
systems and the way forward at the Pentecost Hospital in the La Nkwantanang
Madina Municipality in the Greater Accra Region in the Republic of Ghana.
The study seeks to identify the key challenges that confront the computerized
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health records system management process at the La Nkwantanang Pentecost
Hospital in Accra.

2. Methodology

The study employed a qualitative method with a case study design.
Qualitative research encompasses gathering and evaluating non-numerical
evidence. The study used both primary and secondary sources of data. In this
research, primary data were collected through a well-structured flexible
interview guide and focus group discussions of five respondents in each group
of eight to collect data. The study population was the entire Pentecost Hospital
Community and the sample size was forty-five (45). The researcher employed
purposive sampling techniques to select staff in the ICT department and staff
in management positions such as unit heads and supervisors who were deemed
to be more knowledgeable in the topic under investigation.

In this qualitative study, the researcher employed tools such as
stenography, grammarly, quetext, field notebook, and audio recorder. The
stenography assisted the researcher to record the responses of respondents in
the shorthands to enable the interview process to move faster than expected
without necessarily writing long sentences. Grammarly helped in identifying
spelling mistakes and equally correcting grammatical errors during the report
writing. The quetext helped to determine plagiarised contents and worked
towards their rectification. Additionally, all ethical considerations were highly
observed.

In using the in-depth flexible interview guide, questions were based on
the main specific objective. Permission was sought from respondents to record
the interview between the researcher and the respondents and where
respondents declined to be recorded, field notes were taken. To enrich
responses from the respondents, a focus group discussion method was added
to the individual interviews, resulting in data triangulation.

3. Results And Discussion

3.1 ldentify the key challenges that confront the computerized health
records system management process at the La Nkwantanang Pentecost
Hospital in Accra.

3.1.1 Challenges of computerized patient health record management
systems.

Challenges are bound to occur in the implementation and the use of
Computerized Health Records Systems. The Computerized Health Records
advancement in Africa, to which Ghana is a part according to Akanbi et al.
(2012), Garavand et al., (2015), as well as Khalifahsoltani & Gerami (2010)
has had challenges owing to the structural, functional and social deficits
peculiar to many developing countries. Hoffman et al. (2008) lamented that
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increasingly complex software heightens the likelihood of software failure. In
this study, interviewees expressed the misgivings they faced when using the
computerized health records system(CHRS). For instance, one interviewee
said:

Computation problems, re-programming of software, hitches in the

software were some of the challenges of the system (R 1).
In terms of the computation problems, Koyner (2012) asserted that users were
sometimes unable to analyze or understand its computation. Sittig & Singh
(2011) also noted how some features are used inappropriately by users as a
result of their lack of education or training and controls which often lead to
incorrect documentation of medical records.

Another challenge that strongly came out was the unreliable power
supply. Apenteng (2018) noted that the intermittent power supply is popularly
known as “Dumsor” meaning “off and on” of electricity affects the general
health care delivery system since these CHR systems require a constant supply
of electricity to function. One respondent mentioned power outages as a major
problem with regard to the use of the CHR system. The power outages offset
the operations of the CHR system, frustrate the users, and may damage the
system. This phenomenon also affects beneficiaries of the service. Individuals
who patronized the service when asked if the use of the CHR had affected their
bill, they said the electricity had caused it to go high; the bill had become
higher than normal; the computers they were using made it high, and there was
an increase from 0.50p to 1.00p. These reports were true since it mitigated the
problem caused by the poor power supply, many health centers, and hospitals
acquired generators and fuelled them. This creates an increase in the
operational cost. More often than not, the cost incurred during this process is
transferred to individuals who patronize their services. If this challenge
persists they may revert to the paper-record system. One respondent said that:
Halts activities in the hospital, resort to manual usage, and loss of information
(R 22).

As espoused by Tchao et al (2019), the implementation of the ICT and
Telemedicine project has been hampered by poor internet services. The poor
network connectivity delay impacts the health delivery system and increases
operation costs. (Bedeley & Palvia, 2014; Swinfen & Swinfen, 2002). This
stalls the information flow within and between departments. The study
gathered that this puts a financial burden on the hospital as espoused by one
respondent that

Cost financial burden to the hospital, time involved to get the issue
solve affect the organization’s operations (R 7).

Furthermore, another respondent said that when the system is down it puts
pressure on the hospital and delays the work of the hospital.
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3.1.1.1Inadequate knowledge in managing the system

The preliminary study revealed that despite the benefits the health
facility had derived from the introduction of the Electronic Health Records
System, the system still posed several challenges to the personnel of the
Pentecost Hospital in particular and the activities of the hospital in general.
The study identified that some of the challenges ranged from system failure
through inadequate knowledge in managing the system to cost of operation.
The study revealed that the introduction of the CHR was faced with several
challenges and notable among them was inadequate knowledge in managing
the CHRS. The study observed that even though the majority of the personnel
had received training in using the CHRS, some still showed a level of
deficiency when it came to managing and updating the system. The study
explained that the absence of the system administrator often delayed the
retrieval of patients’ data. Sometimes, patients needed to wait for long hours
in queues to wait for the reactivation of the system and such situations usually
increased delivery time and often aggravated some patients’ health conditions.
The study identified that:
During the introductory stages of the CHRS, it took a long time before the
majority of the personnel became used to it and this was because some of them
lacked knowledge in managing the system, during power outages and
updating new documents (R 37).

3.1.1.2 Breaks in the network connections of the system

The study further revealed that the breaks in the network connections
of the system, hitches in the software, system breakdown, and data storage
problems were some of the technical challenges bedeviling the introduction of
the CHRS of the Pentecost Hospital. The study explained that technical
problems with the software and the poor intermittent network issues usually
delayed data entry of the hospital.

A respondent in the ICT department explained that when the network
became very poor, the staff were compelled to use the paper-record keeping
system. This unfortunate situation normally put a lot of workload on the few
staff doing the data entry, especially, when the data to be entered were
voluminous. The respondent added that the staff would have to input all those
data documented on papers into the CHRS after the system had returned to
normality. The respondent alleged that when the system was overburdened, it
usually became too slow to operate.

Personnel in the ICT department lamented that:

Sometimes when the structure is not there, information cannot be captured
and the health facility will put it in the manual form and due to this, the
information will be lost, and the server makes sharing of information very
difficult (R 12).
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A manager at the facility explained that the hospital had had to battle with
some of these challenges especially during the times when the network had
become very poor. The manager mentioned that the CHRS of the hospital
usually went off in times when network connectivity had been very slow. He
whispered:

The system becomes slow and goes down when there is pressure (R 3).

3.1.1.3 Cost of operation

A key informant of the facility, on his part, added that the cost of
operation had become one of the key challenges of using the CHRS. He
explained that even though, the facility had benefited largely from the
introduction of the CHRS, the monetary investment into the cost of operation
had always been very high. He indicated that the facility had invested much
money into the introduction of the system through recruiting system
administrators, training them, paying their salaries and allowances, fueling the
machines, and meeting other overhead costs.

3.1.1.4 Unstable power supply

A nurse at the facility explained that the unstable power supply was
one of the reasons that led to the increase in the cost of operation. She
explained that the hospital had to look for an alternative power supply using a
generator. She added when there were power outages, they could halt the
operations of the facility. She intimated that:

When there are power outages, they halt the activities of the hospital and the
hospital will resort to manual data entry and usage and can lead to loss of
information (R 29).

The study further observed that one of the many challenges
confronting the introduction of the CHRS was the financial burden it had had
on the hospital and the time involved in getting the issue resolved. The study
identified that the cost of operating the ICT system had always been very high
and had usually affected the profitability of the facility. The study added that
when the cost of operation was very high, it reduced the productivity of the
hospital and subsequently affected the profit margins.

5. Conclusion

This study was carried out at the Pentecost hospital in Accra, Ghana to
investigate the challenges confronting computerized health records system
performance. The study revealed that computation problems, re-programming
of software, hitches in the software, unreliability of power supply, poor
internet services and inadequate knowledge in managing the system, cost of
operations were among the main challenges confronting computerized health
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records systems of hospitals. After the introduction of the CHR, the hospital
recorded some levels of improvement in the healthcare delivery system and
management but there are challenges. Poor internet connectivity and system
malfunction were identified in the study as the challenges confronting the
system posed. These challenges have the potential to derail the otherwise
expected benefits of the computerized health records system. It is, therefore,
recommended that management takes steps to eliminate these challenges or
find ways to mitigate the effects of these challenges on the performance of the
system. For instance, management could create alternatives like the use of an
emergency power plant due to an irregular power supply. Moreover, effective
monitoring mechanisms, provision of adequate financial and economic
resources, and the involvement of all the stakeholders in providing quality and
efficient computerized health record systems as well as the provision of
adequate training are key recommendations for improving system
performance amidst the identified challenges.
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Abstract

Ethanol has the potential of being an abundant biofuel considering the
raw materials and indigenous technology available. Due to its oxidation
tendency, higher energy density, nontoxic and environmental affability,
several studies have confirmed and emphasized ethanol's choice and
adaptability for usage in fuel cells. This paper aimed at parametric simulation
and exergy analysis of a 30W ethanol fuel cell using a theoretical approach.
The simulation considers latm and 65°C operating conditions while making
empirically significant assumptions about layer thicknesses and other
parameters. Fixed and standard parameters from the literature were applied in
the mathematical expressions and models that described the energy, power
generation, over-potentials, and the efficiencies inherent in the simulation.
From the simulation, voltage loss due to transport contributed about 80% of
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the 0.1211 V while total over-potential culminated to the 3.633W irreversible
power. The exergy analysis of the simulated 95% Direct Ethanol Fuel Cell
(DEFC) gave 89% cell efficiency for the generation of 3,050 kJ energy, 33.80
W ideal power, and 30.28W useful power in a 90 seconds operation at a
1.1267V potential.

Keywords: Fuel cells, Ethanol, Simulation, Voltage loss, Efficiency, Exergy

INTRODUCTION

In the bid to rein the greenhouse effect through clean energy, advancement in
fuel cell simulation and design has taken the topnotch position in virtually all
portable devices and is tending to be another key source of energy alongside
the solar power source that is mainly for domestic use. This advancement has
remained constant in the quest to develop fuel cells (FC) that will meet
economic and environmental quantity and standards.

A fuel cell is an electrochemical device that converts chemical energy directly
into electrical energy with high efficiency. Not only on efficient energy
generation; about 45% reduction in greenhouse gas emission has been ensured
with the use of ethanol (Renewable Fuels Association (RFA), 2021). The
ethanol fuel cell has advantages over other fuel cells considering the
availability of ethanol directly and the ease in its numerous means of
production from agricultural waste. It has high-energy conversion: about 80%
and has widespread applications due to its potentials for power generation
(Abdulrazzak & Abdullah, 2021). The major drawback of microbial fuel cells
that gave the leap for the ethanol fuel cell is the huge amount of catalysts
required. These catalysts are not easily synthesized due to high time and
resource demand. Hence, they are not readily available commercially or
preparatorily (Santoro et al., 2018). Considering the size of the electrical cells,
fuel of high economic viability is very important in coupling a high-
performance FC. Fuel cells are applicable as sources of primary and backup
power in buildings, vehicles, small electrical appliances, electronic gadgets,
etc., and are capable of producing more than 250W power. According to the
report of Abdullah et al. (2014), the FC energy density for such devices is
increasing 3 to 10 times faster than the lithium battery energy density currently
in use. When power is the target, energy and power densities at optimum
conditions become more important features than efficiency.The world is
experiencing global warming, which is mostly caused by the incomplete
combustion of fossil fuels and the subsequent emission of damaging non-
biodegradable gases (Modupe, et al., 2018). Nigeria is known to be one of the
world's major petroleum-producing countries (Oyegoke & Dabai, Techno-
economic feasibility study of bioethanol production from a combined
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cellulose and sugar feedstock in Nigeria: 1-modeling, simulation, and cost
evaluation., 2018). However, petroleum as a fossil fuel, as well as other
chemicals are important sources of power in cells, the use of bio-fuel is
preferred due to the leverage on health and environmental friendliness. Studies
have not denied the preference of hydrogen to other fuels as the most benign.
However, generating hydrogen requires a very complex and costly system.
However, methanol remains the fuel with very high electrochemical activity
till date, its lethargic anode kinetics and high fuel crossover (Elleuch,
Halouani, & Li, 2016) begot its relegation in fuel cell applications. Hence,
research reportage on the continuing quest for a better alternative has brought
ethanol to the fore in recent applications and studies. Ethanol, as bio-fuel, is
an alternative to fossil fuel having high octane number, high heating value and
undergoes complete combustion in automobiles due to its high oxygen
content, which leads to fewer emissions of poisonous gases (Ajayi, Rasheed,
Abiodun, & Toyese, 2020). As alcohol, it has comparable energy density to
that of fossil fuels - gasoline and diesel (Braide, Kanu, Oranusi, & Adeleye,
2016). It is preferred for its oxidation tendency, higher energy density,
nontoxicity, lower crossover rate and environmental friendliness (Zakaria,
Kamarudin, & Timmiati, 2016). It is also readily and naturally available as
well as abundant.While Nigeria was aiming at 1.27 billion liters (335 million
gallons) of ethanol for the year 2011 (Agboola & Agboola, 2011), the world
production stood at 22.5 billion gallons (Renewable Fuel Association, 2018).
The Nigerian urban and rural areas are typical of heavy biomasses, waste
constituents, and plant parts and products inherent for ethanol production.
Traditionally, in energy generation, biomass and waste constitute 74% while
oil, natural gas and hydropower consist of 13%, 12% and 1%, respectively
(Oyegoke, Dabai, Muhammed, & Jibril, 2017).Ethanol is a biofuel chiefly
gotten via the biochemical process of fermentation and biodegradation of
agro-allied products: palm-wine, food crops, plant parts, biomasses, and even
municipal waste. The advent of ethanol heralds an era of renewable and clean
energy fuel with relative equivalent performance and efficiency (Saisirirat &
Joommanee, 2018) with other energy sources hence the arrival of the Direct
Ethanol Fuel Cell (DEFC).There is yet no fuel cell that has met the optimum
parameter (conditions and materials) for an ideal fuel cell in terms of operating
temperature and pressure, electrolyte and membrane type, cell structure, the
exchangeable ions, and the reactants in the electrolyte; hence fuel cells are
classified based on these parameters. Every operating condition and material
consideration for a fuel cell has its demerits, thus, substantial considerations
in simulations, models, and designs are based on availability and convenience.
To conserve, hence reduce losses, simulations for power generation need a lot
of loss control and performance improvement. Therefore, the use of thin

www.eujournal.org 123



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

materials implies a lighter product with reduced losses due to resistivity and
improved conductivity for performance enhancement.

Low ethanol permeability and high conductivity are primary features of a
suitable electrolyte membrane for DEFCs. Amidst SiC ceramic membrane
(Back-Sub & Young-Hoon, 2016); and polybenzimidazole (PBI), polyvinyl
alcohol (PVA), and sulfonated poly-ether ether ketone (SPEEK) (Zakaria,
Kamarudin, & Timmiati, 2016). Research has reported anion exchange
membrane (AEM) as more suitable in DEFC design and setup (Back-Sub &
Young-Hoon, 2016). The preference of electrocatalyst is measured by the
lowest possible onset potential: DHE - dynamic hydrogen reference electrode
(Abdullah, Kamarudin, Hasran, & Daud, 2014). Song & Tsiakaras (2006)
reported DHE 85 for PtSn/C at the same condition where PtRu/C and Pt gave
200 and 380, respectively.

In every FC design as in DEFC, voltage losses have remained a
limitation. VVoltage losses, polarization or over potential include activation loss
due to charge transfer reactions at electrodes, loss due to fuel crossover from
anode to cathode, Ohmic loss due to materials’ conductivity, concentration
loss due to transfer resistance, and reactant availability at reaction sites, and
other traces of losses. Fuel cross over to the cathode reduces the amount of
ethanol available for power generation. Energy leakage due to poor material
contact and the energy loss due to heat in materials of poor conductivity reduce
the quantity of useful energy. Transfer resistances due to pore blockage and
flooding limit the amount of the reactant (EtOH/O) needed at the reaction
sites to generate the expected energy.

However, in the simulation model, these losses can be managed
depending on the amount of expected power, materials (electrode, diffusion
layer and, catalyst, and electrolyte membrane) used, as well as the cell
operating condition. These losses define the system’s irreversibility. It is
noteworthy that FC models, simulations, designs and the consequent
manufacture is tailored towards electrical power generation for electrical
appliances. The performance of any FC is mirrored by the simulated
efficiencies. The efficiencies that can be simulated in a FC model and design
encompass the thermodynamic efficiency (reversible efficiency, &), the ideal
electrochemical efficiency (eelect), and the cell efficiency (ecen) among other
efficiencies and performance measures as shown in Figure 1
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These extensive theoretical and empirical studies on DEFC are geared
towards hastening and strengthening its application in portable electronic
devices. Amidst other shared merits of the DEFC, it is typical of fuel
replacement, rapid starting, low operating temperature and comparative high
current density. Chiefly, the literature has reported virtually on the
mathematical modeling, and the current and potential of DEFC. In the recent
past, few works have considered simulation and exergy analysis in fuel cells.

IRich Oxygen Air
(Humidified)

EtOH +
H20 Mixer

Electro-
osmotic

j
CH2COOH:

Fig 1: Schematic Diagram for the Ethanol Bio-Fuel Cell

H-O

Studying the possible configuration of hybrid power plants,
Abdulrazzak and Abdullah, (2021) considered theoretical simulation and
exergy analysis. In a bid to improve reactant usage for higher efficiency, Mert,
Toprak, and Depci, (2019) looked at the simulation and exergy of several
proton exchange membrane (PEM) FC flow channels. Temperature
enhancement of FC performance has gotten wide reportage over a decade now.
The simulation and exergy of high-temperature membrane fuel cell has been
studied in (Haghighi & Sharifhassan, 2016), even though this work did not
give empirical concern to the fuel and its chemistry. Works on the exergy
analysis of alcohol fuel cell have been very scanty with much interest given to
Methanol amidst the few studies reported. The literature has no report or study
on the simulation and exergy of a DEFC for a specific power generation. This
work, therefore, considered the empirical chemistry of ethanol as a direct fuel
for a parametric simulation and exergy analysis of a 30W fuel cell. The
simulation would expose parameters, besides standard values, that can sway
the power generation and the over-potential with respect to the available
materials and the target power output.
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Simulation

The Simulation Considerations

Low feed concentration has been reported as a key parameter to mitigate
ethanol crossover via reducing the electro-osmotic drag of ethanol and as well
limiting the current density, and vice versa (Zakaria, Kamarudin, & Timmiati,
2016), hence 0.003 — 0.005mol/cm® and 0.03 — 0.05g/s were supposed
optimum in this simulation. This simulation considered a 95% ethanol of
density 0.789g/cm® and molar mass 46.07g/mol. A 20% ethanol aqueous
solution formed from 19ml 95% EtOH and 76ml distilled water. A 2cm?3/s
EtOH feed rate was used.

The actual efficiency and performance of DEFC is low attributive to
the incomplete oxidation to CO2 resulting from slow electro-oxidation (EOR)
due to a low operating temperature (Song & Tsiakaras, 2006; Abdullah,
Kamarudin, Hasran, & Daud, 2014). To attain a near empirical simulation, a
steady-state complete conversion of ethanol to acetaldehyde (CH3CHO) then
to acetic acid (CH3COOH) and CO> was assumed.

Ideally, the elementary equations for the complete ethanol oxidation is given
as:

CH.OH+3H0 —2CO,+12H-+12¢-

Anode:
1)

Cathode: 30,+12H +12¢" - 6H,0
(2)

Overall: C,H;OH +30, - 2C0, +3H,0
3)

Therefore, the incomplete oxidation typical of acetic acid formation was
considered as:

Anode:

C,H.OH+2H,0 - CH,COOH+H,0" +3H +4e"

(4)

Cathode: 0,+H0 +3H +4e" -3H0
()

Overall: C,HOH+0,—»CH,COOH+H,0
(6)
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Fig 2: The Polarization Curve

Considering that elementary reaction order cannot be fractional, anodic
oxidation order of 1.0 and the ORR order of 0.75 were used. VVoltages between
0.5 and 0.6V at normal operating loads are typical for a real fuel cell and can
reach 1.1 V at open-circuit conditions. It follows that electrochemical
efficiency can typically be approximated between 40 and 50% for open circuit
conditions and reaching 90% (Mench, 2008). All current densities considered
for the over-potentials were obtained from the polarization curve (Fig. 2). The
linear region of the curve showed current density ranging 1.1 - 1.3 A/cm?
typical for ohmic losses, i=006A/cm* current density was obtained from the
activation region. Anodic and cathodic charge transfer coefficients adopted
were 0.089 and 1.00 respectively (Saisirirat & Joommanee, 2018; Andreadis,
Podias, & Tsiakaras, 2008).

Nafion 112: 51um and = 60um thick in a wet state (Mench, 2008),
graphite plate (GP) were chosen as the cell membrane and the current collector
respectively. Anode and cathode diffusion and catalyst layer was assumed to
be of equal dimension and that electro oxidation occurs in the middle of the
CL. A 250pum DL thickness of 20% polytetraflouroethelyne (PTFE) and 2x10*
S/m conductance was considered. A 30mQ.cm? contact resistance for a
Landing to channel ratio of 3:1 was adopted. Due to the low operating
temperature and rapid diffusion, anodic polarization was assumed negligible.

At the cell operating condition, the humidified air is generated at 80°C,
1atm and would enter the cell at 65°C, 1atm. Characteristic values of m and n
from several fitted polarization curves for a Polymer Electrode Fuel Cell
(PEFC) fall around 3 x 107° V and 8.00 cm? A respectively (Mench, 2008).
The current density that compels reactant mass transport at the electrodes for
a typical operating condition of a PEFC ranges 1.0 — 1.55A/cm? for mild to
steep loss (Ehlinger, Andrew, Ahmet, & Adam, 2020; Mench, 2008).
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The Simulation Assumptions

At the cathode, considering voltage loss due to oxygen concentration,
exchange current density (i) was constant and transfer resistance for the
oxygen reduction reaction negligible. The relative humidity of unity was
considered for the humidified air carrying and charging the oxygen. All likely
chemical energies in the reaction went into electrical work, hence there was
no heat transfer and no entropy change.

Over-potential due to electrical short circuits, mixed- potential due to
EtOH crossover, ionic and electronic transfer, etc. can be managed via design
consideration and material selection, hence were regarded negligible.

19mL EtOH
(95 %) at
y
95mL 20% Energy (kWh/qg) —
EtOH e & e Humidifie
Power (kw/g) d Oxygen
o ol rirh Air at
H0 \ T \
76mL . ) ;
Catalytic Anion Catalytic
Anode Exchange Cathode
/CMND\ MMAmhran /MDD\
v v ¥ ~.
Carbon Naa & Nea Nonmmenm & Nac & Nee Water
dioxide Activation and Ton Activation and (H.0)
Cone | nsses N onme Conc. | nsses

Fia 3: Process Flow Diaaram for the Ethanol Bio-Fuel Cell

The Simulation Calculations

A 0.01627mol/cm? reference concentration was calculated for the 95%
ethanol stock and a 0.0034mol/cm? feed concentration was considered from
the 20% ethanol feed. The process flow diagram showed a 95mL reservoir of
20% ethanol charged at the Cell operating temperature (65°C) and 2cm?®/s;
therefore, 0.0068 mol/s of ethanol was charged into the cell channels.

The cell stoichiometry showed the release of 4e from the oxidation of
1 mole EtOH, giving a 0.0272¢ release for 0.0068 moles fed. The cell open
circuit current from Faradays second law relation for a 0.0068 mol/s feed and
0.0272 electron charge released was calculated as 17.846A; taking F =
96485C:

I, =i,A = NnF =00068 x 00272 x 96485 =17.846A
(7)

Current and power losses in FCs depends on the application of resistivity
concept. Practicably, the thinnest materials are considered. Thus, a cell of
0.41cm componential thickness, 10cm height and 5cm width will give 50cm?
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2D contact surface available for current flow. Therefore, the anodic reference
exchange current was 0.3569Acm?:

ip ot =17.846A/50cm® = 0.3569Acm ™
(8)

_ 3 _ 3
With Cret o =0.01629 mol/cm ang Cron =0.0034mol/cm . considering the

elementary reaction order 1.0, the exchange current density: 0.0744Acm? was
calculated,;

Activation 10ss, 7act

Concentration LosS, #coc EtOH Cross

Diffusion Resistance CO Poisoning

/

Q__

Electro-
osmotic
drags (H*

“\

Q]

CO poisoning hmic Loss, 5 ~ Concentration Loss,
Fig 4: DEFC Schematic showing Points of Losses

Activation Loss: Predicting low polarization, the Butler—-\VVolmer (BV) facile
kinetic model was applied:
_i RT _iRT
=i (@, +a)F i, NF (9)

0

Taking i=0.06A/cm* and 0.089 and 1.00 anodic and cathodic charge transfer
coefficients respectively, 0.0216V was lost due to activation:

i RT _ 0.06x8.314x338
"a = 7" nF T 0.0744x1.089x96485 0.0216

Ohmic (Conduction) Loss is chiefly due to Current flow, hence is based on the
concept and law of resistivity. Reducing Ohmic losses entails applying the
thinnest and highest possible conductivity material components (electrolyte,
catalyst and diffusion materials) in the cell design and manufacture.
Ohms Law: V = IR =iAR = iA(l/oA)

(10)
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Thus:
n, = IAZ Ij/GjA = Mionic + MNelect + Meontact
=1
(11)
—1 Ia Ie Ic IGP IDL ICL RGBP RL
= IA{(laaaA * o, - 1CacAj * (O‘GPA * oo A - 20, A * AL JrA_L

(12)

Having a cell of 0.41cm thickness and 10cm height, 4.1cm? active area would
be available for Ohmic loss. In a demonstrative estimation, Mench (2008)
reported that thin electrolytes support high current densities. Therefore, for a
1.10A/cm? when electro oxidation occurred at the middle of the CL, taking
respectively 30% and 40% anode and cathode ionomer (1) equivalents,
9.70x10°%V was lost due to ion conductivity for a 59um thick wet Nafion® 112
(Mench, 2008):

lonic Loss:
N N N 2.5x10°  59x10°  2.5x10° 6
Nionic = '(taae +Z+Ej =1.1o( e T 10t O j: 9.6984x10°°V
(13)
The flexibility of the woven-carbon-cloth DL makes for its durability hence
its preference to the bristle nonwoven-paper DL that can barely withstand
mechanical strain (Mench, 2008). Hence 7.84x10"V was lost due to electron
mobility in the 0.025cm thick DL of 20% polytetraflouroethelyne (PTFE) of
2 x 10* S/m conductance:
Electronic Loss:

3 5 6
Mot = i Ae2 4 Jou y Jou ) _ g 4o 4XA0° | 26x10° | 5x10° ) _ 7 45107y
Ocp OpL OcL 2x10 2x10 2x5

(14)

2
For a 3:1 Landing to Channel ratio: Aep =0-75A =0.75x4.1=3.075cm" gnq for
the DL-CL contact surface area which is equal the 2D surface area of either

the DL or the CL: A =5x10=50cm?.
Contact Loss:

_ [ Ree , RV 30x10° | 30x10°) _
MNeontact = IA(AGP + AL) —110)(41( 3.075 + 50 =0.0467V

(15)
Therefore;
M, = 9.6984x10°° + 7.8375x10 " + 4.671x107? = 0.0467V
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At the operating condition, water in the cell remains in its vapour state and the
saturated pressure of the humidified air: 0.2564 atm and 0.4706 atm were
estimated at the respective temperatures 65°C and 80°C.

P, (T)=-2846+411.24T -10.554T2+0.16636T3 (16)

The amount of oxygen in the humidified air available for the cell oxidation
reactions was estimated from the concentration of the water and air using the
Relative Humidity (RH) relationship. Given that dry air contains
approximately 21% Oxygen, 0.1562 fraction of Oxygen COzses Was
available for the oxidative reaction at the operating condition. That is, for
0.1112 fractions of Oxygen (COgzszg0) in the humidified air at 80°C; more
oxygen is available for the cell operation at 65°C.

P _ YuwPr
RA=p M =M 17)
Taking a unit electron transfer (Z =1) and ORR order of 0.75 for negligible
anodic transfer resistance at no change in exchange current density (i);
0.0073V was lost due to availability of oxygen at the electrodes, giving gas
constant (R): 8.314J/mol.K for a 1 Faraday charge. That is,

RT Co,s65
Mo = Noa + Moc = 0+ 715 = Hoesy — Mooy = -+ |n( 2=
Y)F Coz,s,so (18)
R

And Mo = m [Tss In C02,5,65 —TgIn Coz,s,so]

(19)

The concentration loss can be averted if EtOH transfer to the electrode surface
is greater or equal to the rate of consumption. Empirically, at the anode,
Larminier and Dicks (2003) have suggested polarization due to concentration
as a simple model of a complex fuel cell. Taking m = 2x107°V and n =
7 cm? /A, at current density 1.1A/cm?, the cell is inherent of 0.0442V loss due
to transfer resistance.

Ny = me" = 0.0442V (20)

Therefore, 0.0515V is lost due to concentration:

Heone = Mo + My = 0.0073+ 0.0442 = 0.0515V 1)
Therefore, the simulated cell was inherent of 0.1211V over-potential due to
activation, conduction and concentration losses:
V, =1, +1, + e, = 0.0229 + 0.0467 + 0.0515 = 0.1211V 22)

Thermodynamically, 452.47kJ energy generation is estimated per mole of
EtOH consumed in the cell. As indicated in the cell reactions, 9.84kJ/g specific
energy can be generated by 1M EtOH:
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w = =AC % _ g gak/g
Meon (23)

Applying the Nernst equation for the stoichiometric cell reaction (4e™ transfer);
the minimum possible voltage that is, thermodynamic voltage, to drive the cell
reaction without irreversibility is the cell emf estimated as:

E, = “AC w1 1724v/0ltsSHE

nF (24)
Giving the available cell potential as
E.n =E,—V, =1.0513V (25)

Recall, the cell operates at a constant temperature. However, increased thermal
energy enhances the cell reaction. To maintain the operating temperature
while trying to maintain and/or enhance the cell reaction, the cell voltage
adjusts above the thermodynamic voltage. This adjusted voltage becomes the
thermoneutral voltage (Ew) if its product with current generated heat to drive
the process while keeping the operating temperature constant. In view that the
reaction energies went into useful work and the rate of entropy change being
zero, the E is the maximum voltage for the reversible adiabatic process.

AH,,,, = —1370kJ / molEtOH

E, = —2H _3549v

nF (26)
Based on the conservation of current ('en ='a =) and for the current flow
area of 50cm? and a current density of 0.6A/cm? from the Ohmic region of the
polarization curve (Fig 2); the cell is capable of a 30A. Evoking Watt’s law:
106.50W power was generated from the maximum voltage and the irreversible
power (P.) of the cell (3.633W) was estimated from the 0.1211V lost voltages:

P = IV = I77i:a,r,C
P = 1, + 71, + Tl,gne) = 0.6871+ 14011+ 1.5451 = 3.633W

(27)
(28)

In view of fuel dilution and low fraction of oxygen in the humidified air in
operation, the emf of the cell cannot be considered as the ideal voltage of the
cell hence cannot assess the ideal power of the cell (Gaggioli & Dunbar, 1993).
The specific electrical power is generated for a 90-second operation (KW/Q).
—Aeocell
Peet = GoMW 0.1092kW / g (29)

Therefore, at 0.31g EtOH feed, 90 seconds operation, 3.05kJ of energy is
produced resulting in 33.89W of ideal power generation and 1.1267V ideal
voltage.
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P, =0.31#p,, = 0.03389KW (30)

Efficiency

Under reversible conditions, the possible thermodynamic efficiency gives the
ratio of the actual electrical work to the potential electrical work. Thus, the
ratios: minimum expected voltage: E, (1.1724V) to thermoneutral voltage: Etn
(3.549V) gave a 33% reversible efficiency (- and actual cell voltage Eceil
(1.0513V) to the thermoneutral voltage give a 30% actual efficiency (&)

E, AG° 1.1724 452.45 —~0.33

€,

‘T, AH 3549 1370 (31)
_ Ewy _1.0513 _
6=gt="555 —030 -

The proportion of the actual power output (Pact) with respect to the ideal power
(Pi) indicates the FC Efficiency (e..;;). Therefore, 89% efficiency is expected
for a 1.0513V cell of 1.1724V emf.

_ P, 3016 _
w1 =P = 3389 089 (33)

Considering 0.5V working ideal voltage and 0.1A/cm?, a conforming
electrochemical efficiency of 43% was calculated.

Vi 0.5
Etemt = 7= = = 0.4265
et =, ~ 11724 (34)

Ideally, the FC is expected to have 39% and 14% Potential efficiencies under
reversible and ideal electrochemically operating conditions respectively:

kg, =0.90x043=0.38.7
6o =€y * £y =0.33%0.43=0.14

€

8P.rev = Scell

(35)

elect (36)
The DEFC Operation

The 30W simulated DEFC operated with a 3.4M aqueous ethanol
solution prepared from 95% ethanol and distilled water and fed to the anode
via the cell flow channels. Through the DL, the EtOH solution diffused to the
catalyst where the oxidation of EtOH and reduction of water took place. At
2cm®/s EtOH dosed, considering PtSn/C electrocatalyst at 65°C, the redox
reactions released charges (H* and &) and produce CH3CHO which oxidized
further to CH3COOH and CO-. The protons (H*) were transferred by potential
difference via the PEM (Nafion®127) to the cathode and the electrons drawn
from the anode, passing through the external circuit (Load) as direct electric
current, to the cathode. At the cathode, oxygen from the humidified air
promoted the cathodic charge transfer reactions thus producing water. Note:
at the membrane, the electrodes, layers, and the electron transfer materials; as
www.eujournal.org 133



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

well as operating conditions, potentials were lost thus power generated was

not the power available.
Table 1: Summary of exergy analysis of the direct 95% ethanol fuel cell (DEFC)

Parameter Value

Thermodynamic Voltage (Eo) 1.1724V

Cell Voltage (Ecen) 1.0513Vv

Cell Overpotential 0.1211V

Ideal Voltage of Cell 1.1267V

Electrical Energy 3.050kJ

Ideal Power 33.79W

Actual Power 30.16W

Irreversible Power 3.633W
Reversible efficiency 33%
Irreversible efficiency 30%
Cell efficiency 89%

Gibbs Free Energy (AG°) -452.47kJ/mol
Enthalpy (AH®) -1370kJ/mol
Discussions

The low feed concentration of 20% EtOH and the 2cm®/s dosing rate
that generated the 3.042kJ energy was a pointer ascertaining the viability of
ethanol in substantive power generation even at very low amounts.

Though high cell operating temperature will ensure quick and easy
start of the cell reactions, the energy expended in the cell ignition enhances
the losses due to activation. The nonspontaneous 65°C operating temperature
resulted in the 0.0216V considerable loss. At low operation temperature
typical of low to negligible loss; a feasible and readily functional cell is very
likely unattainable. From the model, increase in operating temperature brings
about an increase in activation over potential; for every 10° rise in operation
temperature; the over potential increases by 0.0006V.

Following the advent of very suitable membrane and layer materials
inherent of adequate ion, and electron mobility and transfer; 59um thick wet
Nafion® 112, 0.025cm thick woven-carbon-cloth DL of 20%
polytetraflouroethelyne (PTFE) was considered thus ensuing the 8.91x10°V
loss due to ionic and electronic conductivity. This loss is a very negligible
proportion of the 0.0467V Ohmic loss and it is typical of the loss due to
componental contact. This points the need to ensure proper contact area, and
conscious component fittings and tightening. The highest loss of 0.0515V
recorded was due to concentration: largely due to EtOH transfer resistance;
signifying the fuel availability at site is very key. Componental contact
enhanced charge transport, concentration and permeability improves fuel
transport thus the losses and generation were chiefly due to transport.
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Therefore, the major losses in the simulated cell as indicated: 0.0467V and
0.0515V were due to charge and reactant transport. Transport dependent on
material features and properties: permeability of membranes and layers,
available contact surface area, and material specifications. These losses due to
transport amounted to circa 80% of the 0.1211V loss inherent in the simulated
cell. The specification of thin material of high conductivity and permeability
was inherent in ensuring portability and optimal operation of the cell in its
application for power generation.

At a loss of 0.1211V from the 1.1724V OCV, the simulated cell was
inherent of 1.0513V potential hence probable of generating 31.539W of
power. Considering the OCV was estimated from stoichiometry, the 31.539W
generation was due to 4e” stoichiometric release. The cell operating at 2cm?®
20% EtOH feed per second released 0.0272e” from the 0.0068 moles fed.

Thermodynamically, EtOH has 452.47kJ/mol energy available for
reversible power generation; therefore, the 9.84kJ/g energy density for 20%
EtOH solution was an assenting certification to the propensity of EtOH as a
viable power generation biofuel. At this energy density; for a 0.31g EtOH feed
at 0.0068mol/s molar rate and 1.5min operation time, the cell was able to
generate 0.109kW/g power density, thus producing 3.050kJ energy and
33.79W useful reversible power. Therefore, at 0.1211V overpotential, the
simulated cell lost 3.633W power and produced 30.16W of useful irreversible
power.

Higher temperatures have indicated an enhancement to the fuel cell
reaction, thus the reaction is considered endothermic. That is, as the cell
reaction proceeded, the electrodes get cold due to endothermicity. Therefore,
the excess energy due to Ew sustained the reaction and kept the operating
temperature constant.

Since the cell capacity was based on the available power, the ratio of
the thermodynamic voltage to the Thermoneutral voltage indicated that 33%
of the power generated in the cell was actually available for external use for
negligible operational losses given the reversible efficiency. However,
considering the inherent significant losses, the DEFC operated at a 30%
irreversible efficiency. The DEFC was capable of approximately 89%
available power as the useful power output.

Taking proper and cognizant material specification, adjusting
operating temperature and considering suiting materials’ parameters; DEFCs
capable of generating any amount of power can be simulated from existing
models.

Conclusions
The significant energy and power generation: 3.042kJ and 30.16W
from the simulation with the low feed concentration: 20% EtOH at 2cm?®/s
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dosing rate was a pointer ascertaining the viability of ethanol in fuel cells.
Therefore, taking proper materials’ specification and making cognizant
adjustments in the operational parameters including temperature, it is evident
that DEFCs capable of generating any given amount of power can be
simulated from extant models.

Recommendation

Advancement in DEFCs will help the economy of ethanol producing
nations as it would indicate a conscious and very eco-friendly shift in power
and energy source. It will also prevent, leverage and control the worldwide
menace that threatens human existence: the greenhouse effect.Seeing the
current leap of the world aiming towards renewable and clean energy, material
and parameter manipulations in the application of ethanol in fuel cell
encourages and thus promises a speedy diversification in power generation
and the remediation of environmental threat due to fossil fuel.
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Résume

La présente étude a pour objectif général de démontrer les effets
néfastes de I’extraction aurifére artisanale sur I’environnement de la zone
phytogéographique de Kanoroba, plus spécifiquement, les effets néfastes de
cette exploitation sur la richesse, la maturité et la diversité des ressources
floristiques et les risques sur les activités des agents du poste forestier de
Kanoroba. La démarche méthodologique utilisée tourne autour de trois axes
principaux que sont : (i) la recherche documentaire, elle a permis de parcourir
plusieurs travaux de recherches de spécialistes en la matiére ; (ii) la collecte
des données sur le terrain qui a consisté a inventorier les especes floristique en
vue de ressortir la richesse et la diversité floristique de la zone d’étude et
I’impact de I’activité d’orpaillage sur celle-ci ; (iii) enfin le traitement des
données a permis d’analyser et d’interpréter les données de terrain. La richesse
et la diversité floristique de la zone d’étude sont composées de 24 familles, 59
genres et 72 especes dont les familles des Caesalpinaceae et des Combretaceae
sont les plus abondantes. L’orpaillage clandestin a affecté plus les espéces
Afzelia africana et Pterocarpus erinaceus (bois de vene) qui sont sur la liste
rouge de I’UICN. Les essences d’avenir avec 61 % de taux d’impact suivi des
essences de régénération avec 38 % et enfin 1 % des essences de diametres
exploitables sont impactées par ce phénomene d’orpaillage clandestin.
. _________________________________________________________________________________________________________________________|
Mots clés: Orpaillage clandestin, Diversité floristique, Ressources forestieres,
Kanoroba, Cote d*Ivoire
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Abstract

This paper focuses on demonstrating the adverse effects of artisanal
gold mining on the environment of the Kanoroba phytogeographical zone.
More specifically, it shows the adverse effects of this mining on the richness,
maturity, and diversity of the floristic resources and the risks on the activities
of the agents of the Kanoroba forestry post. The methodological approach used
revolves around three main axes: (i) documentary research, which enabled us
to study several research works by specialists in the field; (ii) data collection
in the field, which consisted of making an inventory of floristic species in
order to highlight the richness and diversity of the study area and the impact
of gold panning on it; (iii) finally, data processing, which enabled us to analyze
and interpret the field data. The floristic richness and diversity of the study
area is composed of 24 families, 59 genera, and 72 species of which the
Caesalpinaceae and Combretaceae families are the most abundant. Illegal gold
mining has affected more the species Afzelia africana and Pterocarpus
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erinaceus (veneer wood) which are on the IUCN red list. Future species, with
a 61% impact rate, followed by regeneration species with 38%, and finally 1%
of species with exploitable diameters are impacted by illegal gold panning.

Keywords: Illegal gold mining, Floristic diversity, Forest resources,
Kanoroba, Cote d’lvoire

1. Introduction

Depuis la chute des codts des matiéres premieres agricoles des années
80 sur lesquelles sont basées I’économie ivoirienne (Soro, 2011), le
gouvernement ivoirien a eu pour alternative, I’industrialisation du pays. Ainsi,
une priorité a été accordée a I’industrie extractive qui devrait étre le second
pilier de son économie. Dés 1990, les activités miniéres connaissent un essor
fulgurant notamment avec la découverte de plusieurs gisements d’or dont
certains sont actuellement en exploitation et avoisine les 0,7 % du PIB (Yapi
etal., 2014).

En effet, I’orpaillage produit entre 20 a 30 % de la production
mondiale d’or estimée entre 500 et 800 tonnes en 2005 (ONUDI, 2009). Selon
les données du Ministere de I'Industrie et des Mines, la prolifération des sites
d'orpaillage touche vingt-quatre (24) régions sur les trente et une (31) que
compte le pays avec plus de 500 000 personnes concernées (Goh, 2016). De
plus en plus I’activité de I'or s’accentue, attirant de nombreuses personnes de
tout horizon.

Cependant, force est de noter que I’exploitation des ressources
minérales, par essence non renouvelables, peut paraitre contradictoire avec le
concept de développement durable (Jacques et al., 2005). Au Burkina Faso
par exemple, I’exploitation artisanale de I’or s’accompagne en géneral
d’ouverture de tranchées, de puits, du grattage et du retournement des sols,
avec pour corolaire la fragilisation des sols et la destruction progressive des
terres arabes (Maradan et al., 2011). Par ailleurs, les risques de dégradation de
I’environnement notamment I’écosysteme forestier sont croissants du fait de
I’intensité élevée de I’orpaillage dans certaines régions de I’ Afrique. En effet,
I’écosystéme forestier de la partie subsoudanaise de la Cote d’Ivoire est déja
fragilisé par certaines activités anthropiques. Malgré cela, la dégradation de
I’écosystéeme forestier par I’extraction aurifére artisanale, dans ce pays, est
rarement évoquée dans les études antérieures. Pourtant, la production et la
vulgarisation des résultats de la recherche dans ce domaine sont importantes
pour la sensibilisation des populations.

Une évaluation qualitative et quantitative de I’impact de I’exploitation
artisanale de I’or sur les ressources forestiéres en zone subsoudanaise
ivoirienne apparait plus que jamais nécessaire. Ainsi, ce travail vise a aider
aux travaux de recherches et a pallier I’insuffisance d’information scientifique,
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attirer I’attention des décideurs et de la population sur les dangers que peuvent
engendrer les activités d’orpaillage sur I’environnement.

L’objectif principal de cette étude est d’évaluer les impacts
environnementaux dis aux activités d’orpaillages des sites miniers artisanaux
sur les ressources ligneuses de la zone phytogeographique de Kanoroba.

De facon spécifique, il s’agit de :

e décrire la richesse et la diversité floristique;

e évaluer les effets de I’exploitation artisanale aurifére sur les
ressources forestieres;

e decrire les risques de I’orpaillage sur I’activité des agents
forestiers.

2. Matériel et méthodes
2.1. Zone d’étude

Cette étude a été réalisée dans la sous préfecture de Kanoroba. Elle est
située en Cote d’lvoitre dans la région du Poro a 360 métres d’altitude, entre
les méridiens de longitude 06°16°4,69’’0O et 5°53°36°°0O (Figure 1). Les
paralleles de latitude 8°48°36°"N et 9°11°18,03"’N elle est localisée sur I’axe
Korhogo—Mankono précisément & 102 km du chef-lieu de région Korhogo en
passant par le village Waragniri.

Comme toutes les localités de cette région, I’activité économique de
Kanoroba est basée sur I’agriculture, I’élevage, le commerce et, plus
récemment I’extraction artisanale de I’or. Les principales cultures sont le
coton, I’igname, le riz et I’anacarde. La population constituée de dix-sept mille
neuf cent soixante-onze (17 971) habitants (RGPH, 2014) est essentiellement
composée de senoufo ketin, d’allogene et d’allochtones venus des pays du
nord de la Cote d’lvoire (Niger, Mali, Guinée et Nigeria). Anciennement de
grands producteurs d’igname et de coton, les populations ont vu leurs terres
cultivables s’appauvrir et s’amenuiser au fil des ans avec I’accroissement de
la population. Ainsi, pour faire face a cette situation, elles mettent I’accent sur
la diversification de leurs sources de revenus. Certains créent les cultures
vivriéres et d’autres se muent en orpailleurs. Avec le retour de certains de ses
fils et I’arrivée d’allogenes et étrangers déguerpis des sites auriferes de Taléré
(Sirasso) et Fodjo (Boundiali), les terres de la sous-préfecture de Kanoroba
sont explorées et ou exploitées par les orpailleurs clandestins depuis mars
2017,
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Figure 1. Présentation de la zone d’étude

2.2.Materiel de terrain
Il est constitué d’un appareil photo numérique pour les prises de vue,
et d’un récepteur GPS de marque Garmin ETREX 30 pour la détermination
des coordonnées géographiques des points d’orpaillage et la détermination des
aires des sites d’échantillonnage. Un ruban gradué de 50 m a été utilisé pour
la détermination des circonférences des essences.

2.2.1. ldentification des risques environnementaux sur les sites
d’orpaillage
Au cours de la visite de terrain, un état des lieux, a travers des observations a
été fait. 1l s’agissait de :
e observer les différentes phases d’extraction de I’or et I’aménagement
général du site d’orpaillage;
e répertorier les différents risques environnementaux des sites
d’orpaillage.
2.2.2. Collecte de données
Le plan d’échantillonnage a été concu de maniere a prendre en compte une
zone témoin (ZT) : relique de forét ne présentant aucune activité d’orpaillage,
aucune activité agricole, mais ou, des droits d’usages eventuels des
populations en prélevements de bois d’énergie (bois de feux) et de bois de
service (poteaux, perches et fourches) et I’agriculture sont observes ; une zone
exploitée par les orpailleurs et abandonnée (ZEA) et une zone en exploitation
depuis Mars 2017 ou I’on note la présence des orpailleurs (ZEE). Une
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technique de relevé de surface a éte utilisee afin d’inventorier la diversite
floristique. Le relevé de surface a consisté a délimiter deux (2) parcelles
impactées et une, non impactée par I’activité d’orpaillage. A I’intérieur des
différentes surfaces, toutes les espéces floristiques rencontrées sont identifiées
et leurs noms sont notés sur la fiche de relevé portant le numéro de la parcelle.
En plus, un dénombrement des espéces floristiques coupées ou déracinées
dans les aires de recherche a éeté effectué afin de déeterminer le taux d’impact
de I’orpaillage sur les ressources floristiques sur les différents sites.
Les circonférences des souches a la surface du sol ont été relevees afin de les
classifier et les caractériser comme suit :

e @ <20cm: essence de régénération

e 20cm < ® <50cm : essence d’avenir

e @ >50cm : essence exploitable (gros bois)

2.2.3. Traitement des données de terrain

2.2.3.1.Indice de diversité de Shannon et Equitabilité de Piélou
Des indices de diversité, I’indice de Shannon-Wiener (H) est le plus utilisé et
recommandé par différents auteurs (Gray et al., 1992). Cet indice permet
d’exprimer la diversité en prenant en compte le nombre d’espéces et
I’abondance des individus au sein de chacune de ces espéces. Ainsi, une
communauté dominée par une seule espece aura un coefficient moindre
qu’une communauté dont toutes les especes sont codominantes. La valeur de
I’indice varie de 0 (une seule espéce, ou bien une espéce dominant tres
largement toutes les autres) a log S (lorsque toutes les espéces ont méme
abondance). 1l est donné par la formule suivante :

H=-) (2)Log(P) 6y

Ou:

Pi= abondance proportionnelle ou pourcentage d'importance de I'espéce : Pi
=ni /N;

ni= nombre d'individus d'une espéce dans I'échantillon;

N = nombre total d'individus de toutes les espéces dans I'échantillon.

L’indice d’équitabilité permet de mesurer la répartition des individus au sein
des espéces. C’est le rapport entre I’indice de diversité de Shannon (H) de la
communauté et sa diversité maximale. Elle traduit la qualité d’organisation
d’un peuplement (Zabi & Le Loeuff, 1993). Sa valeur varie de 0 (dominance
d’une des espéces) a 1 (équirépartition des individus dans les espéces). Cet
indice se calcule selon la relation :
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p__ H @
~ Log,(Ry)

Ou H est I’indice de diversité de Shannon et Rs, la richesse taxonomique.

2.2.3.2.Densiteé floristique et taux d’impact
Le traitement des donneées a consisté a calculer la diversité floristique relative
qui met en évidence I’importance relative des familles, la densité floristique
qui est le nombre d’arbres par unité de surface et le taux d’impact qui est
I’importance de I’activité d’orpaillage sur la ressource floristique. Selon les
équations (1), (2) et (3) :

. Densité floristique (Nombre d’arbres/ha)

b ~ Nombre d'arbres total )
ensite =
Surperficie du site (ha)

Nombre d’arbres total : Nombre d’arbres sur pied + Nombre de souches
. Taux de coupe ou taux d’impact (%o)

Nombre de souches

Taux de coupe = x 100 (4)
P Nombre total d'individus

3. Reésultats et discussions
3.1. Description de la Richesse et la diversité floristique du site

La présente étude dans la zone phytogéographique de Kanoroba
appartenant a la circonscription forestiére de Korhogo a permis de recenser
vingt-quatre (24) familles floristiques, cinquante-neuf (59) genres et soixante-
douze (72) espéces. Particulierement, dans la zone témoin (ZT) vingt-trois
(23) familles, cinquante-quatre (54) genres et soixante-six (66) especes y ont
été recensés.

En revanche, I’inventaire sur la zone exploitée et abandonnée (ZEA) a
donné vingt (20) familles, quarante (40) genres et cinquante-sept (57) espéces
et vingt-deux (22) familles, quarante-huit (48) genres, cinquante-huit (58)
especes sur la zone en exploitation (ZEE) (Tableau I)
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Tableau I. Inventaire floristique dans les différentes zones d’échantillonnage

ISSN: 1857-7881 (Print) e - ISSN 1857-7431

Familles Nom scientifique Nom commun | ZEA ZEE | ZT
Anarcadiaceae Anacardium occidentale L. Anarcadier + + +
Lannea barteri (Oliv.) Engl. Bembé + + +
Pseudospondias microcarpa | Blekouré + + +
(A.Rich.) Engl.
Spondias mombin L. Mombi + + +
Annonnaceae Annona senegalensis Pers. Pomme canelle + + +
Hexalobus monopetalus (A.Rich.) | Fougagna + - +
Engl. & Diels
Xylopia aethiopica (Dun.) A.Rich. | Poivrier de - - +
Guinée
Apocynaceae Saba senegalensis var. glabriflora | Saba + + -
(Hua) Pichon
Rauvolfia vomitoria Afzel. Dechavi - + +
Arecaceae Borassus aethiopum Mart. Rénier - + +
Elaeis guineensis Jacq. Palmier a huile - + +
Arecaceae Raphia sudanica A.Chev. Raphia - + +
Malvaceae- Adansonia digitata L. Baobab - + +
Bombacoideae
Ceiba pentandra (L.) Gaertn. Fromager - + +
Fabaceae- Afzelia africana Sm. ex Pers. Lingué + + +
Caesalpinioideae
Anthonotha crassifolia  (Baill.) | Réré des savanes + + +
J.Léonard
Cassia sieberiana DC. Baki + - +
Daniellia oliveri (Rolfe) Hutch. & | Soudan + + +
Dalziel
Erythrophleum africanum (Benth.) | Tali - + +
Harms
Isoberlinia doka Craib & Stapf Tagla + + +
Piliostigma thonningii (Schumach.) | Djamala - + +
Milne- Redh.
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Familles Nom scientifique Nom commun | ZEA ZEE | ZT
Tamarindus indica L. Tamarinier + + +
Chrysobalanaceae Parinari curatellifolia Planch. ex | Toutou + + +
Benth.
Combretaceae Anogeissus leiocarpa (DC.) Guill. | Bouleau + + -
& Perr. d’Afrique
Combretum glutinosum  Perr. ex | Semba bali - + +
DC.
Terminalia albida Scott-Elliot Balasa + + +
Terminalia glaucescens Planch. ex | Koma + + +
Benth.
Terminalia ivorensis A.Chev. Framiré + + +
Combretaceae Terminalia macroptera Guill. & | Badanier + + +
Perr.
Terminalia spp. Fraké + + +
Ebenaceae Diospyros mespiliformis Hochst. ex | Sansou + + +
A.DC.
Phyllanthaceae Bridelia micrantha (Hochst.) Baill | Tchikué + + +
Phyllanthus  discoideus  (Baill.) | Fagara + + +
Muill. Arg.
Uapaca heudelotii Baill. Rikio des + + +
rivieres
Uapaca togoensis Pax Somon - - +
Fabaceae- Entada abyssinica A.Rich. Tola - + -
Mimosoideae
Faidherbia albida (Delile) A. Chev. | Balanzan - - +
Fabacae-Faboideae Pericopsis laxiflora (Benth.) van | Kolo + + +
Meeuwen
Pterocarpus erinaceus Poir. Véne + + +
Hypericaceae Harungana madagascariensis Lam. | Ouombé - + +
ex Poir.
Loganiaceae Strychnos spinosa Lam. Orange des + + +
savanes
Meliaceae Azadirachta indica A. Juss. Nim - - +
Fabacae- Berlinia occidentalis Keay Thuya + - +
Caesalpinioideae
Detarium microcarpum  Guill. & | Tamahpo + + +
Perr.
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Familles Nom scientifique Nom commun | ZEA ZEE | ZT
Meliaceae Khaya grandifoliola C. DC. Acajou a grande - + +
feuille
Khaya ivorensis A. Chev. Acajou de - + -
bassam
Khaya senegalensis (Desr.) A. Juss. | Cailcédrat + + +
Pseudocedrela kotschyi (Schweinf.) - - +
Harms
Fabaceae- Albizia ferruginea (Guill. & Perr.) | lantandza - + +
Mimosoideae Benth.
Albizia zygia (DC.) J.F. Macbr. Ouochi des - + +
savanes
Parkia biglobosa (Jacq.) R.Br. ex | Néré + + +
G.Don f.
Prosopis africana (Guill. & Perr.) | Ouélé + + +
Taub.
Acacia polyacantha Willd. Acacia + + +
Moraceae Antiaris africana Engl. Ako - + +
Ficus sur Forssk. Poro + + +
Ficus exasperata Vahl Dédé + + +
Gan + + +
Ficus sycomorus L.
Ochnaceae Lophira lanceolata Tiegh. ex Keay | Mana + + +
Fabaceae-Faboidae Pericopsis  laxiflora  (Benth.) + + +
Meeuwen
Rubiaceae Nauclea latifolia Sm. Pécher africaine + + +
Syn : Sarcocephalus latifolius
Sapindaceae Allophylus africanus P. Beauv. Ouangran + + -
Blighia sapida K.D. Koenig Baza + - +
Sapotaceae Vitellaria paradoxa C.F. Gaertn. | Karité + + +
subsp. paradoxa
Malvaceae- Cola cordifolia (Cav.) R. Br. N’taba + + +
Sterculioideae
Cola gigantea A. Chev. QOuara - + +
Cola laurifolia Mast. Balink + - +
Sterculia tragacantha Lindl. Poré-poré + + +
Malvaceae- Grewia venusta Fresen. Nano - - +
Grewioideae Grewia mollis Juss.
Ulmaceae Trema orientalis (L.) Blume Adaschia + + -
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Par ailleurs, la Figure 2 présente le nombre d’arbres par famille

floristique présents dans chaque zone d’échantillonnage. On remarque que la
famille des Fabaceae-Caesalpinioideae est plus représentée au niveau du
nombre d’arbres sur I’ensemble des trois zones avec cent quatre-vingt et un
(181) arbres soit 19%. Au niveau de sa composition floristique, elle est
constituée de huit (8) genres et huit (8) espéces. Ensuite, suit la famille des
Combretaceae avec cent vingt-trois (123) arbres (13%) dont la composition
floristique est de trois (3) genres et huit (8) espéces), puis celle des Fabaceae
avec quatre-vingt-treize (93) arbres (10%) dont la composition floristique est
de cing (5) genres et cing (5) espéces et les Fabaceae-Mimosoideae avec
quatre-vingt-onze (91) arbres (10%) constituées de quatre (4) genres et cinq
(5) especes.
Enfin, les Meliaceae (quatre (4) genres et six (6) espéces) et les Euphorbiceae
(trois (3) genres et quatre (4) espéces) sont représentées respectivement avec
cinquante et un (51) arbres (5%) et quarante-six (46) arbres (5%). Les
Apocynaceae, Malvaceae-Bombacoideae, Rubiaceae,  Sapindaceae
composées de deux (2 ) genres et de deux (2) especes par famille et les
Crysobalanaceae, Ebenaceae, Hypericaceae, Loganiaceae, Ochnaceae,
Fabaceae-Papilionioideae, Sapotaceae, Malvaceae-Tilioideae et Ulmaceae
avec un (1) genre et une (1) espece ont des effectifs compris entre quatre (4)
et vingt (20) arbres.
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Figure 2. Nombre d’arbres par famille floristique présents dans chaque zone
d’échantillonnage ;Ana=Anarcadiaceae ;Ann=Annonnaceae ;Apo=Apocynaceae ;Are=Arec
aceae; Bom= Malvaceae-Bombacoideae,Cae= Fabaceae-
Caesalpinioideae ;Com=Combretaceae ; Cry=Crysobalanaceae ; Ebe=Ebenaceae ;
Eup=Euphorbiaceae ; Fab=Fabaceae ; Hyp=Hypericaceae ; Log=Loganiaceae ;
Mel=Meliaceae ; Mim=Fabaceae-Mimosoideeae ; Mor=Moraceae ; Och=0Ochnaceae ;

Pap=Fabaceae-Papilionoideae ; Rub=Rubiaceae ; Sapi=Sapindaceae ; Sapo= Sapotaceae ;

Ste= Malvaceae-Sterculioideae ; Til=Malvaceae-Tiliodeae ; UIm=UImaceae ; ZEA=Zone
d’exploitation abandonnée ; ZEE=Zone en exploitation ; ZT=Zone témoin ; Les lettres a et b
en commun indique qu’il n’existe pas de différence significative (tes de Khi-deux, p > 0,05)

www.eujournal.org 150



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

Cette diversité floristique avec les mémes familles a été observée par
Tiébré et al. (2016) lors de I’évaluation de la diversité floristique de
Foungbesso. Cependant, ils ont recensé plus d’espéces dans les familles. Cela
pourrait s’expliquer par la pression anthropique sur la zone concernée par cette
étude. En effet, selon Dro et al. (2013) la pression anthropique sur la
couverture végétale en zone soudanienne de la Cote d’lvoire est en constante
augmentation, ceci entraine la dégradation des écosystéemes savanicoles et
réduit la disponibilité des especes utilitaires. Par ailleurs, selon Akaffou et al.
(2020) qui stipulent que certaines espéces se substituent généralement aux
especes de foréts naturelles dont les niches ont été détruites par les activités
humaines.

En outre, la diversité relative dans la zone exploitée et abandonnée par
les orpailleurs, les familles possédant la diversité relative la plus élevée sont
les Fabaceae-Caesalpinoideae et les Combretaceae avec 13% chacune.
Ensuite, suit la famille des Anarcadiaceae (9% de diversité relative), puis les
familles des Fabaceae, Euphorbiaceae et Malvaceae-Sterculioideae avec 6%
chacune. Enfin, les familles des Annonaceae, Meliaceae, Sapotaceae et
Rubiaceae avec 4% de diversité relative chacune. Le reste soit 14 familles
posseédent une diversité relative de 2% chacune.

Quant a la zone en exploitation par les orpailleurs, les familles les plus

diversifiées sont les Fabaceae-Caesalpinioideae et les Combretaceae avec 12%
chacune. Ensuite, les familles des Fabaceae-Mimosoideae (9%),
Anarcadiaceae, Arecaceae, Fabaceae et Moraceae avec 7% chacune. Enfin, les
familles des Euphorbiaceae, Meliaceae et Malvaceae-Sterculioideae avec 5%
de diversité relative chacune, et les familles desApocynaceae, Malvaceae-
Bombacoideae avec 3% de diversité relative chacune. Les autres familles
soient 12 ont chacune une diversité relative de 2%.
La zone témoin présente une diversité floristique relative abondante avec les
familles des Fabaceae-Caesalpinioideae et Combretaceae avec 11% chacune.
Suivent les Fabaceae-Mimosoideae et Meliaceae avec 8% chacune, les
Anarcadiaceae, Arecaceae, Fabaceae, Euphorbiaceae, Moraceae et
Malvaceae-Sterculioideae avec chacune 6% de diversité floristique. Les
Annonnaceae viennent par la suite avec 5% et enfin, les Apocynaceae,
Malvaceae-Bombacoideae et Rubiaceae ont une diversité de 3% chacune. Le
reste des familles soient 10% ont une diversité floristique relative de 2%
chacune.

Cette diversité élevée montre que I’activité d’orpaillage n’a pas
influencé fondamentalement la diversité floristique de la zone d’étude. Tous
les sites échantillonnés présentent une diversité floristique relative abondante
dont les plus élevées concernent les familles des Caesalpinioideae et
Combretaceae. Cette situation pourrait s’expliquer par la forte présence de
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nombreuses especes appartenant auxdites familles dans cette zone qui est leur
zone écologique de prédilection. En effet, Koné et al. (2007) ont signalé que
le Pilostigma thonningii (Caesalpinioideae) est parmi les espéces végeétales a
forte dominance dans le Nord de la Cote d’lvoire. Elle a une bonne
régenération et une croissance rapide (Fall-Touré et al., 2000). Ce caractere
est un atout pour la survie et I’abondance de la plante dans les savanes visitées.
Structuration et organisation des arbres

La richesse spécifique (Rs), I’indice de Shannon (IS) et I’Equitabilité
(E) entre les trois zones forestieres sont présentées respectivement le tableau
Il. Dans I’ensemble, toutes les valeurs des indices biologiques sont plus
élevées a la zone témoin (ZT) et plus faibles a la zone en exploitation (ZEE).
Les plus petites valeurs de ces trois d’indice (richesse spécifique, indice de
Shannon et Equitabilité) sont respectivement de 54 ; 3,59 et 0,62, elles ont été
toutes notées dans la zone en exploitation. Quant aux valeurs les plus élevéees
de ces indices (63 ; 3,88 et 0,65), elles ont été toutes observees en ZT. Dans
I’ensemble I’indice d’Equitabilité dans ces trois sites ont été supérieur a 0,5.
Le test de Khi-deux n’a montré aucune différence significative au niveau ces
indices entre ces trois zones (test de Khi-deux, p > 0,05).
Selon Gboze et al. (2020), les milieux dont les valeurs de I’indice sont élevées
bénéficient des conditions écologiques et de stabilité relativement favorables
au maintien de plusieurs groupes d’especes que dans les milieux a faible
valeur. Quant aux valeurs de I’indice d’Equitabilité qui tendent vers 1, elles
révelent que la répartition des especes se fait de maniere réguliere et qu’il
n’existe pas de dominance d’une espéce au sein des biotopes.
Ces resultats pourraient s’expliquer par un manque de maturité de la flore des
différents biotopes du site. Ils pourraient également s’expliquer par le faite
qu’il ne s’agit pas du méme type de forét d’une part, et d’autre part, cela
témoigne de I’ampleur des pressions que subit ces forét (N’Guessan et al.,

2019).

Tableau Il : Indice biologique des différentes zones d’échantillonnage. ZEA=Zone
d’exploitation abandonnée ; ZEE=Zone en exploitation ; ZT=Zone témoin ; Les lettresa et b
en commun indique qu’il n’existe pas de différence significative (tes de Khi-deux, p > 0,05)

Sites Richesse spécifique Indice de Shannon Equitabilité

ZEA 552 3,642 0,632
ZEE 542 3,59 0,628
zZT 632 3,882 0,65%

3.2. Evaluation des effets de I’exploitation artisanale aurifére sur les
ressources forestieres de la zone d’étude
3.2.1. Taux d’impact de I’orpaillage sur les ressources forestieres
Le nombre d’essences recensées par zone, leur densité et le taux
d’impact de I’activité d’orpaillage sont par les Figure 3 et Figure 4. L’analyse
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du tableau révele que la zone en exploitation (ZEE) renferme une densité
floristique élevée (644 pieds/ha), ensuite la zone témoin (ZT) avec une densité
floristique de 327 pieds/ha et enfin, la zone exploitée et abandonnée avec 36
pieds/ha. Quant au taux de destruction ou d’impact de I’activité d’orpaillage
(Figure 4), il est élevé dans la ZEE avec 46 %, puis moyen dans la ZEA avec
27% et faible dans la ZT avec 3%. La densité floristique élevée dans la ZEE
pourrait se justifier par le début de I’orpaillage sur ce site et cette activité n’a
pas encore atteint sa vitesse de croisiére. Néanmoins, le taux d’impact de 46%
est élevé ceci pourrait augmenter car les orpailleurs sont en phase
d’installation et cette activité nécessite la coupe de plusieurs essences. La
densité floristique et le taux d’impact faibles de la ZEA s’expliqueraient par
I’impossibilité du denombrement exhaustif des essences sur ledit site. En effet,
lors de la fouille les monticules de terre ont englouti les bouts de coupe.
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Figure 3.Nombre et densité d’arbres coupés et sur pieds dans zone d’échantillonnage.
ZEA=Zone d’exploitation abandonnée ; ZEE=Zone en exploitation ; ZT=Zone témoin ; Les
lettres a et b en commun indique qu’il n’existe pas de différence significative (tes de Khi-
deux, p > 0,05)
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Figure 4. Taux d’impact de la déforestation des zones
d’échantillonnage. ZEA=Zone d’exploitation abandonnée ;
ZEE=Zone en exploitation ; ZT=Zone témoin ; Les lettres a

et b en commun indique qu’il n’existe pas de différence
significative (tes de Khi-deux, p > 0,05)
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3.2.2. Impacts sur la richesse et la diversité floristique

La Figure 5 présente le nombre d’arbres coupés par espece sur les zones
d’échantillonnage. On peut remarquer que les espéces les plus coupées dans
la ZEE sont Afzelia africana (23 pieds) de la famille des Fabaceae-
Caesalpinioideae, Pterocarpus erinaceus (10 pieds) de la famille des
Fabaceae-Faboideae, Sterculia tragacantha (7 pieds) de la famille des
Malvaceae-Sterculioideae, Tamarindus indica (7 pieds) de la famille
Fabaceae-Caesalpinioideae, Terminalia spp. (7 pieds) de la famille des
Combretaceae, Bridelia micranta (6 pieds) de la famille des Phyllanthaceae et
Terminalia ivorensis (6 pieds) de la famille des Combretaceae. Par ailleurs,
les mémes especes sont les plus coupées dans la ZEA de I’ordre de 4 a 5 pieds.
En revanche, les espéces les moins coupees sont Acacia polyacantha (1 pied)
de la famille des Mimosaceae, Cola cordifolia (1 pied) de la famille des
Malvaceae-Sterculioideae et Ficus sycomorus (1 pied) de la famille des
Moraceae.

En somme, les especes les plus coupées dans la ZEE sont les Afzelia
africana de la famille des Fabaceae-Caesalpinioideae, les Pterocarpus
erinaceus de la famille des Fabaceae, les Sterculia tragacantha de la famille
des Malvaceae-Sterculioideae, les Tamarindus indca de la famille des
Fabaceae-Caesalpinioideae, les Terminalia Spp. de la famille des
Combretaceae, les Bridelia micranta de la famille des Phyllanthaceae et les
Terminalia ivorensis de la famille des Combretaceae. Par ailleurs, les mémes
espéces sont les plus coupées dans la ZEA. On pourrait expliquer ce
phénomene par le fait que ces especes ont été utilisées d’une part pour le
souténement des parois des fosses ou puits miniers et d’autre part pour la
construction de hangar et de bois de chauffe car les orpailleurs se sont
sédentarisés sur ces sites. En effet, selon Ouattara (2001) les espéces citées
sont généralement utilisées comme bois de service (les poteaux, les piquets,
les perches et les fourches) ou bois d’ceuvre. Aussi Doucouré (2014) signale-
t-il que I’orpaillage clandestin fait subir des pressions sur les ressources
floristiques a travers la dégradation d’une partie des ressources existantes.
Ainsi que, les menaces sur les espéces végetales protégées telles que le
Pterocarpus erinaceus (bois de vene). En effet, le bois de vene est utilisé pour
les piquets de sécurisation des mines artisanales du fait de sa solidité et de sa
haute capacité de résistance. Ainsi pourrait-on noter une perte de la
biodiversité végétale au niveau de sa richesse et sa diversité. L’utilisation de
grandes quantités de ressources ligneuses par les orpailleurs va entrainer sa
perte progressive ce qui pourrait impacter la vie faunique. A ce sujet, les
travaux de Affessi et al. (2016) a Lomidouo et Kintan ont montré que les
activités d’orpaillage contribuent a la perte des especes fauniques a cause de
la déforestation. Kambiré et al. (2018) soulignent que les besoin des
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orpailleurs en bois étant immenses, ces derniers détruisent beaucoup d’arbres
contribuant ainsi au déboisement et a la déforestation a Hirié, au centre-ouest
de la Cote d’lvoire. Ce faisant, elle entraine la destruction de niches
écologiques et la disparition de certains animaux. Abordant dans le méme sens
le BRGM (2008) a montré que I’orpaillage clandestin engendre la
déforestation qui provoque I’érosion de sols, détruit les habitats et la continuité
forestiére, perturbe la flore et la vie animale et contribue a détruire la
biodiversité.

L Sites
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20 ZEE
IT

Nombre coupé

10y @
a
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Espéces d'arbre
Figure 5. Nombre d’arbres coupés par espéce floristique sur les zones d’échantillonnage.
afr=Afzelia africana ; afri=prosopis africana ; alb=Terminalia albida ; big=Parkia
biglobosa ; cap=Ficus capensis ; cor=Cola cordifolia ; cra=Athonotha crassifolia ;
dis= Phylanthus discoideus ; dok=Isobelina doka ; eri=Pterocarpus erinaceus ; exa=Ficus
exasperata ; gig.= Cola gigantea g. ; gla=Terminalia glaucescens ; gna=Ficus
gnaphalocarpa ; gui=Elais guinensis ; ind=Tamarindus indica ; ivo=Khaya ivorensis ;
kot=Pseudocedrela kottschii ; lan=Lophira lanceolata ; mic=Bridelia micranta ;
mom=Spondias mombin ; mon=Hescabolus monopetalus ; oli=Daniela olivera ;
ooc=Anarcadium oocidentale ; par=Butyrosperum parkii ; pol=Acacia polyacantha ;
sen=Annona senegalensis ; sen.= Khaya senegalensis ; sene=Saba senegalenlis; spp=
Terminalia Spp. ; tog= Uapaca togoensis ; tra= Sterculia tragacantha (tes de Khi-deux, p >
0,05).

3.2.3. Impacts sur la maturité floristique

L’analyse Factorielle de Correspondance (AFC) a permis de d’établir une
typologie biotique des zones étudiés a partir des diamétres d’arbres coupés
(Figure 6). Les deux premiers axes exprimant respectivement 67,3 % (axe 1)
et 32,6 % (axe 2) ont été suffisant pour exprimer la totalité de la variance.
L’axe 1 discriminant la zone d’exploitation abandonnée (ZEA) a été fortement
corrélé avec les arbres coupés ayant des tailles de diamétres inférieurs a 20 cm
(¢ <20 cm). Quant a I’axe 2, il a discriminé dans sa partie positive la zone en
exploitation (ZEE) et dans sa partie négative la zone temoin (ZT). Ces zones
ont été respectivement corrélées aux diametres d’arbres coupés supérieurs a
50 cm (¢ > 50 cm) et ceux compris entre 20 et 50 cm (20 < ¢ < 50 cm).
L’ impact de I’activité d’orpaillage sur la maturité floristique montre que 61%
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des essences coupées ou déracinées ont un diametre compris entre 20 et 50
cm, 38% ont un diameétre inférieur ou égal a 20 cm et 1% ont un diamétre
supérieur ou égal a 50 cm. Ces usages s’expliqueraient par le fait que les
essences les plus coupées ou déracinées c’est-a-dire celle qui ont un diametre
compris entre vingt (20) et cinquante (50) cm représentent la classe des tiges
d’avenir, celles dont le diametre est inférieur ou égal a vingt (20) cm concerne
la classe des régenérations et celles qui ont un diametre supérieur ou égal a
cinquante (50) cm, représentent les gros bois. Ces résultats montrent que les
sites étudies sont des milieu de regénération d’especes. En effet, selon Wala
et al. (2005), en milieu naturel, on observe une régénération des especes, qui
créent une forte concentration des individus dans les petits et moyens
diameétres.

Les especes prisées sont Afzelia africana et Pterocarpus erinaceus (bois de
vene) qui sont considérée comme des espéces rares et menacées sur la liste
rouge de I'UICN (2015). Il y a donc une nécessité de porter une attention
particuliére a ces especes en vue de leur gestion durable.
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Figure 6. Ordination des diamétres d’arbres coupés dans les zones étudiées a partir Analyse
en Factorielle de Correspondance. ¢ = diametre ; ZEA=Zone d’exploitation abandonnée ;

ZEE=Zone en exploitation ; ZT=Zone témoin

3.3. Description des risques de I’exploitation artisanale aurifere sur
I’activité des agents forestiers

La Figure 7 présente des impacts visuels des activités d’orpaillage sur
I’environnement de facon genérale. Cependant, ces impacts pourraient induire
des risques sur I’activité des agents forestiers lors des missions de patrouille
et d’embuscades dans la préservation des reliques de forét du domaine rurale.
En effet, cette zone est celle au-dessus du 8°™ paralléle qui fait I’objet
d’interdiction d’exploitation d’essences forestiéres. Par consequent, les agents
forestiers lors de leurs activités sont exposés aux risques de disparition
(accidents mortels) du fait des nombreuses fosses et puits abandonnés non
fermées ni protégées aprés I’activité d’orpaillage clandestin. En effet,
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I’activité d’orpaillage occasionne la destruction de la couche végétale et du sol
a travers des rigoles et fosses plus ou moins béantes qui sont laissées a
I’abandon. Aussi, sont-ils exposés a des risques d’intoxication alimentaire due
a la consommation d’eau de surface contaminée par les polluants chimiques
issus de la cyanuration a travers I’eau de ruissellement. Par ailleurs, ces eaux
sont souvent utilisées par les agents forestiers pour la consommation lors de
leurs missions lorsque leur provision en eau s’épuise alors que les délais
accordés pour les missions courent encore. Kéita (2001) a fait le méme constat
que la présente étude. En effet cet auteur a revélé que suite aux fréquents
déplacements des orpailleurs vers d’autres sites plus riches, des centaines de
puits et d’ouvrages miniers sont parfois abandonnés, et offrent ainsi le sol au
ravinement et a des processus d’érosion intensive, aboutissant & une
destruction totale du sol superficiel.

Figure 7. Fosses abandonnées (A) et en exploitation (B), bassin de cyanuration en
exploitation (C), puits abandonnés (D) par les orpailleurs.

Conclusion

Cette étude qui a permis de recenser 24 familles, 59 genres et 72 espéces
floristiques que [I’exploitation aurifere artisanale a Kanoroba bien que
génératrice de revenus et pourvoyeuse d’emplois pour une catégorie des
acteurs est source de nombreux risques pour I’environnement et la santé
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humaine. Elle cause particuliéerement des dommages importants sur les
ressources et activités forestieres. Ainsi, les espéces floristiques qui
constituent un habitat naturel pour la faune sont-elles dégradées par cette
activité. L’orpaillage clandestin impacte toute catégorie d’essences. Elle
affecte plus les essences d’avenir et celles de regénérations avec
respectivement 61°/- et 38 °/- de taux d’impact. Alors que les essences matures
(gros diamétres) sont moins impactées soit 1 /- Elle affecte toutes les espéces
floristiques.

En effet, les conséquences de cette activité se remarquent par la réduction
du couvert forestier et de la disparition de certaines especes floristiques rares
et menacées qui sont sur la liste rouge de I’UICN. Par ailleurs, les sites
exploités sont abandonnés sans restauration ni fermeture des puits miniers, au
mépris du respect des codes de I’environnement et forestier.

Ceci entrainerait un accroissement des risques d’accident pour les agents
en patrouille, des risques de destruction des parcelles reboisées, et des risques
d’intoxication alimentaire due a la contamination des ressources en eau par
I’usage de substances toxiques (mercure, cyanure et acides) dans le processus
d’extraction de I’or. La disparation des essences qui constituent une
couverture naturelle des zones exploitées contribuent a la degradation de
I’environnement. Ces conséquences écologiques sont a I’origine des
changements climatiques. En outre, il est nécessaire de poursuivre les
recherches, afin de déterminer les impacts réeels de I’exploitation artisanale de
I’or sur les populations a Kanoroba.
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Abstracto

La importancia de los estudios cronobiologicos y homeostaticos esta
asociada a la importancia de describir los patrones de comportamiento de los
organismos de acuerdo a los cambios geofisicos de la tierra en su ciclo de 24
horas. El presente trabajo se enfoca en los patrones de suefio de jovenes
estudiantes universitarios panamefios, lo que permite conocer sus periodos de
suefio y el indice de somnolencia de este grupo por sexo. El cuestionario se
administro a 350 estudiantes de pregrado dentro del rango de edad de 26 afios.
El 74% de los participantes eran mujeres, el 26% eran hombres y el 67% tenian
entre 17 y 25 afios de edad. Se aplicd una bateria de pruebas compuesta por la
prueba de somnolencia de Stanford (SSS) y la escala de somnolencia de
Epworth (ESS). Ademas, se extrajeron algunas preguntas del cuestionario de
Pittsburg (PSQI). Se obtuvo un indice de somnolencia (ESS) de 6.83 y 8.16
para estudiantes de 17 a 20 afios y estudiantes de 21 a 24 afios,
respectivamente. Los resultados sugieren diferencias significativas entre los
patrones de suefio por sexo y edad.

Keywords: Modélisation, Onde De Tempéte, Niveaux D’eau Extrémes, Créte
Maximale, Jet De Rive, Morphogene, Ablation

www.eujournal.org 162



http://www.eujournal.org/
https://doi.org/10.19044/esj.2021.v17n29p1
https://doi.org/10.19044/esj.2022.v18n03p1

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

Sleep Circadian Characteristics of Panamanian Adults

Biseth Arauz- Arauzt,
Departmento de Biociencias y Salud Publica, Corregimiento de Ancon,
Albrook, Paseo Diogenes de la Rosa, Panama,
Universidad Especializada de las Américas
Gabriel Medianero-Arauz,
Facultad de Psicologia, Universidad de Panama, Campus Harmodio Arias
Madrid

Abstract

The importance of chronobiological and homeostatic studies is
associated with the importance of describing the behavioural patterns of
organisms according to the geophysical changes of earth in its 24 hours cycle.
This paper focuses on the sleep patterns of young Panamanian undergraduate
students, which makes it possible to know their sleeping periods and the
sleepiness index of this group by sex. Questionnaire was administered to 350
undergraduate students within the age range of 26 years. 74% of participants
were women, 26% were men, and 67% were between the age range of 17 to
25 years. A battery of test was applied consisting of the Stanford sleepiness
test (SSS) and the Epworth Sleepiness Scale (ESS). Questions were extracted
from the Pittsburg questionnaires (PSQI). A sleepiness index (ESS) of 6.83
and 8.16 was obtained for students from 17 to 20 years and students from 21
to 24 years old, respectively. The results suggest significant differences
between the sleep patterns by sex and age.

Keywords: Students, Sleep, Patterns, Sex, Sleepiness, Chronobiology

Introduccion

El suefio se encuentra dentro de las funciones fisiolégicas mas
importantes para el correcto funcionamiento de las capacidades cognoscitivas
del ser humano (Meijer, 2007). Sin embargo, en un mundo de intensa
competencia, cada dia son mas las personas que padecen algin grado de
somnolencia diurna. De esta manera, todos los aspectos de su vida se ven
alterados ya que poseen baja atencién, rendimiento y un estado de animo
alterado que se evidencia en clase, en el trabajo o en el tréfico.

La somnolencia es un fendmeno de transicion normal y universal que
representa una fluctuacion en los procesos fisioldgicos y cognoscitivos, que
acompafia un cambio en el estado de alerta. Por consiguiente, la somnolencia
diurna excesiva o hipersomnia, puede tener diferentes causas dentro de las que
se encuentran la cantidad insuficiente de suefio y la fragmentacion de este,
actividades que son frecuentes en los estudiantes universitarios (Huitron-
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Reséndiz et al., 2004). En este sentido también son muy conocidos los
comportamientos como caminar 0 hacer movimientos con manos o pies de
estudiantes privados de suefio intentando compensar o disminuir los efectos
cognitivos de la perdida de suefio (Rogers et al., 2003; Horne et al., 1985).
Sin embargo, el esfuerzo de compensacion para resistir el suefio en ultima
instancia no puede impedir las intrusiones de la iniciacion del suefio en estado
de vigilia.

Practicamente todas las formas de privacién de suefio dan como
resultado el aumento de los estados de animo negativos, especialmente la
sensacion de fatiga, pérdida de vigor, somnolencia y confusién (Dumer, 2005).
La evidencia experimental ha demostrado que después de la privacion de
suefio, los estados de animo negativos y los sentimientos de irritabilidad,
ansiedad y depresion son el resultado de un suefio insuficiente. Por otro lado,
estas alteraciones en el estado de &nimo se han observado varias veces cuando
la privacion del suefio se produce sin tener en cuenta las condiciones
ambientales (Murray,1974).

El rendimiento en tareas cognitivas, incluso muy breves, que miden la
velocidad de rendimiento cognitivo, la memoria de trabajo, y otros aspectos
de la atencién han encontrado una alta sensibilidad a la privacién de suefio
(Kribbs & Dinges, 1994). Sin embargo, dos factores de confusion que puede
ocultar los efectos de la pérdida de suefio en muchas tareas cognitivas son la
variabilidad interindividual y la variabilidad intraindividual (Dorrian et al.,
2005).

Por otro lado, diversos estudios han planteado que los factores
ambientales como la temperatura y cantidad de luz también afectan la
estructura, la continuidad y/o la profundidad del suefio. Otros factores que
también parecen estar influyendo son los ritmos circadianos, temperatura
corporal, el tipo de alimentacion y/o la administracion, uso o abuso de
farmacos y la privacion de suefio. Ademas, de que cualquier cambio en los
estilos de vida puede alterar los héabitos de suefio o la necesidad de suefio en
un estudiante (Garaulet Aza & GoOmez Abellan, 2016; Valentinuzzi &
Fontenele Araujo, 2008). El objetivo general de la investigacion fue describir
las caracteristicas circadianas del suefio en adultos jovenes panamefios y el
objetivo especifico, identificar el indice de somnolencia en los jovenes
universitarios.

Meétodos y materiales

Se realiz6 un estudio transversal, a estudiantes universitarios, durante
el primer semestre de 2020. Se aplico una bateria de pruebas, mediante una
hoja formulario de Google via web
(https://forms.gle/gmxNUXme8FHEX6BI6). Esta bateria estuvo conformada
por 39 preguntas divididas en cuatro secciones: un cuestionario
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sociodemografico, un cuestionario de Stanford (Hoddes et al., 1973),
cuestionario de Epword (Johns, 1991) y Karolinska (Shahid et al., 2011);
ademas se extrajeron preguntas de los cuestionarios Pittsburg (PSQI- Buysse,
Reynolds Monk, Berman, & Kupfer, 1989) y Adan y Almiral (Adan &
Guaérdia, 1997), luego fueron reordenadas y adaptadas a la cultura panamefia
incorporando una escala liker.

La Epworth Sleepiness Scale (ESS) de Johns 1990-1997 ha sido
validada para detectar somnolencia diurna excesiva y mide los niveles de
somnolencia diurna que se presentan en ocho situaciones cotidianas, en el
cuestionario eran las preguntas del 1 al 8. Cada situacién fue valorada de 0 a
3, de forma que la puntuacion en esta escala puede oscilar de 0 a 24, siendo
los valores bajos (1-6) correspondientes a un estado general normal de
vigilancia, mientras que valores de 7 y 8 corresponden a somnolencia media 'y
los valores altos entre 9 a 24 se corresponden con una elevada somnolencia
durante el dia, posiblemente patologica.

El cuestionario Stanford (SSS) mide los niveles de somnolencia
subjetiva en el momento de la evaluacion, se compone de siete descripciones
de estados progresivos de somnolencia, entre las cuales el sujeto debe elegir
la que indica su nivel de somnolencia actual (Hoddes, Zarcone, Smythe,
Phillips, & Dement, 1973). El resultado se expresa entre 1 y 7, un puntaje
mayor o igual a 3 se asocia con una disminucion en el rendimiento que esta
relacionado con la somnolencia (Saldias Pefiafie, Gassmann Poniachika,
Canelo Lopez, Uribe Monasterio, & Diaz Patifio, 2018).

Para comprobar la comprension de los distintos items que componian
la bateria de pruebas y verificar la confiabilidad, se realizé un estudio piloto
en octubre de 2019, en la que participaron 30 estudiantes de la Facultad de
Biociencias y Salud Publica (UDELAS Panama) del turno nocturno. Ademas,
se pidi6 la revision de la bateria de pruebas a seis expertos universitarios.

El tamafio de la muestra se calcul6 para un nivel de confiabilidad del 95% y
una potencia del 90% con 5% de taza de error, y una taza de no repuesta de
10%.

La bateria de pruebas se aplico de forma voluntaria y anénima
mediante una hoja de formulario via web
(https://forms.gle/gmxNUXme8FHEX6BI6), entre abril y octubre de 2020.
Participaron 350 estudiantes universitarios que dieron su consentimiento
informado. Todos los participantes estaban matriculados en la universidad en
los turnos matutino, vespertino o nocturno en la provincia de Panama,
Republica de Panama.

Las variables bajo estudio fueron edad, sexo, nivel de estudio e indice
de somnolencia. Ademas, se efectud andlisis estadistico mediante el programa
estadistico SPSS 26.0 (IBM, 2020) para correlacionar el efecto producidos por
el patron de suefio en las variables dependientes.
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Resultados

Entre abril y octubre del afio 2020 se envi6 una bateria de pruebas a
350 participantes de ambos sexos, matriculados en universidades publicas con
edades que oscilaban entre 17 a 61 afios, con un promedio de 26.5 afios, una
mediana de 19 y una desviacion estandar de 8.5. La tasa de respuesta fue de
91.4 %. EIl instrumento posee un alfa de Cronbach de 0.658 La valides del
contenido de la bateria utilizada fue de 0.7. Se eliminaron los cuestionarios
incompletos o aquellos que no dieron su consentimiento.

El 74 % de los encuestados fueron mujeres y 26% fueron varones El
91.94 % de los encuestado fueron estudiantes de pregrado y el 8.06%
posgrado. El 63% de los encuestados fueron estudiantes entre 17 y 24 afios, y
el 37% fueron estudiantes mayores de 37 afios (Figura 1). La edad promedio
fue 20.6+11.67 afios.

Media= 20.60

200 desviacion estandar= 11.167

150

146
N= 320
100 61
50 . 25 12 15 13 10 18 7 9 4
0 | — _— — — | | — — -
17-20 21-24 25-28 29-32 33-36 37-40 41-44 45-48 49- 53 54-58 59-61
Afos

N° de estudiantes

En la Tabla 1, se puede observar que los encuestados entre 21 a 24 afios
tiene un valor de somnolencia diurna segun la Epworth Sleepiness Scale
(ESS) de 8.16; los de 33 a 36 con 9.36 y los de 41 a 44 afios presentaron 8.7.
Sin embargo, los encuestados que tenian mas de 54 afios reportan una
somnolencia diurna normal de 4.22. Los mayores indices de somnolencia se
encuentran en el grupo etareo de 33 a 36 afios con un indice de 9.36. En este
rango la persona podria quedarse dormida en situaciones 0 momentos que son

riesgoso para la vida de los estudiantes.
Tabla 1. Grado de somnolencia (ESS) por categoria de edad

Somnole | 6.8 8.2 9.0 6.3 9.4 7.6 8.7 5.9 7.6 4.2 4.8
ncia
(ESS)

Edad 17- 21- | 25- | 29- | 33- | 37- | 41- | 45- | 49- | 54- | 59-
20 24 28 32 36 40 44 48 53 58 61

En varones de 25 a 28, de 33 a 36 y de 41 a 44 se registraron valores altos en
la prueba de ESS, estos valores (9 a 24) corresponden una elevada
somnolencia durante el dia, posiblemente patologica. Sin embargo, en las
edades de 17 a 20, 21-24, 37 a 40, 45-48, 54-55, 59-61 afios se registran
valores bajos (1-6) que corresponden a un estado general normal de vigilancia
(Figura 2).
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Figura 2. Somnolencia( ESS) en varones por edad

Al analizar los valores de la pueba ESS para las mujeres (F) la somnolencia
podemos observar que entre los 21 a 24 afios es de 9.0 y luego entre los 49 a
53 afios el valor es de 9.3, que corresponde a una somnolencia alta. Ademas
entre los 17 a 20, 25 a 28, 33 a 36, 37 a 40 y de 41 a 44 se registran valores
de 7 y 8 que corresponden a una somnolencia media (Figura 3).

Edad [ESS
. 1720 71
12 2124008

10

17-20 21-24 25-28 29-32 33-36 37-40 41-44 45-48 49-53 54-58 59-61
Edad (afios)

- |
Figura 3. Somnolencia (ESS) en mujeres por edad

La media del grado de somnolencia (ESS) de los encuestados es 7.30 y la
desviacidon estandar fue de 4.5. Igualmente, el 24% encuestados, menciona que
tiene una disminucion de la alerta durante el dia, mientras que el 76%
menciona que durante el dia se encuentran alerta.

Al efectuar un analisis de varianza de una via (ANOVA), para las variables
edad y prueba de somnolencia mediante Epworth Sleepiness Scale (ESS), se
observa que hay diferencias significativas de las media en cuanto a la edad
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de los encuestados y el grado de somnolencia diurno F(42, 277)=1.7179,
p=0.0059 (Figura 4).

35

F(42, 277)=1.7179, p=.00590
30

25

20

15 0 o

ESS
O
O

10 ol o

-10
17 20 23 26 29 32 3 38 41 44 47 51 55 58 61

Edad

Figura 4. Analisis de varianza (ANOVA) de una via para las variables Edad y los
resultados de la prueba de somnolencia Epworth Sleepiness Scale (ESS).

Al preguntarle al participante por los niveles de somnolencia subjetiva en el
momento de la evaluacion (test de Stanford 6 SSS), el 21.56 % se siente en
plena forma, el 48.75% estaban bastante activados, mientras que el 11.6 %
reconoce estar adormecido y somnoliento y el 1.25 menciona estar casi
dormido (Figura 5).
60

48]75
50 :[7
40
30 21156
20 F 16|88
10 GTG

1,B5
: E 7
5

-10

Porcentaje

Grado de Somnolencia- 555

Figura 5. Grado de somnolencia en este momento

1: Me siento en plena forma y lleno de vitalidad, alerta y totalmente
despierto.

2: Bastante activado, pero no al maximo, capaz de reaccionar.

3: Relajado, despierto, pero no del todo despierto, con tendencia a dejarse ir.
4: Adormecido, empezando a no intentar seguir despierto, enlenteciéndome.
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5: Somnoliento con ganas de acostarme combatiendo el suefio, embotado. 6:
Casi dormido en el comienzo del suefio sin combatir el suefio.

Para el test de Somnolencia de Stanford ¢ SSS, el sexo femenino (F) presenta
valores mayores entre 1.8 y 2.6 en las edades de 17 a 53 afios, a diferencia
de los varones cuyos valores variaron entre 1.7 y 2.7, en las edadedes de 17
a 61 afios. Los valores de 2 corresponden a un alto nivel de funcionamiento
aunque no al méximo, siendo capaces de concentrarse. Los valores en el sexo
femenino muestran que en general se encuentra por debajo de su nivel
Optimo entre los 17 a 53 afios (Tabla 2).

Edad
1720 | 2124 | 2528 | 2932 | 3336 | 3740 |
n Sexo (M= masculino, F= femenino)
& M F M F M F M F M F M F
=| 19 23 | 18 | 26 | 27 | 25 | 18 | 22 18 |18 | 18 | 24
Edad
41-44 | 45-48 | 49-53 | 54-58 | 59-61
8 Sexo
7p] M F M F M F M F M F
x 2 2.6 | 1.7 2.4 2 2 18 | 1.8 2 2
Tabla 2. Niveles de somnolencia en el momento de la evaluacion (test Stanford) por sexo
y edad

1: Me siento en plena forma y lleno de vitalidad, alerta y totalmente
despierto.

2: Bastante activado, pero no al maximo, capaz de reaccionar.

3: Relajado, despierto, pero no del todo despierto, con tendencia a dejarse ir.
4: Adormecido, empezando a no intentar seguir despierto, enlenteciéndome.
5: Somnoliento con ganas de acostarme combatiendo el suefio, embotado.

6: Casi dormido en el comienzo del suefio sin combatir el suefio.

El 30% de los encuestados poseen valores superiores a 3, que indica una
gran somnolencia diurna, siendo las mujeres las que mayormente registran
estos valores superiores a 3 principalmente entre los 18 y 48 afos. En las
edades de 17 a 28, el 20.9 % de las encuestadas reportan valores que indican
somnolencia diurna, en 12 de ellas los valores son superiores a 5, que podria
estar relacionado a un problema patologico.

El 4.1 % de los varones en la prueba SSS, reportan valores superiores a 3,
de estos 0.94% presentan valores superiores a 5.

El 70%, de los encuestados reconocen que su suefio normalmente es bueno
y profundo y solo el 30 % dice que se despierta muchas veces durante la
noche.
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Sin embargo, el 48.8 % de los encuestados reportan que se van a acostar
normalmente entre las 10 y 12 de la noche y el 16.6 % menciona ir a la cama
después de las 12 de la noche. Dentro de las conductas normales antes de ir a
la cama el 37 % menciona que suelen jugar con el celular, videojuego o
computadora y solo un 4.7 % escribe, lee, estudia u ora.
Otro aspecto que se evidencia es que el 69.7% reconoce que tienen un suefio
bueno y profundo, mientras que el 9.9% reconoce tener un suefio inquieto y
con dificultades para descansar, el 9.6 se despierta muchas veces durante la
noche y el 10.8 % le cuesta conciliar el suefio, por lo que podriamos decir que
el 30.3 % son malos durmientes. Algunos investigadores mencionan gque esto
puede deberse a sus expectativas ante el suefio (Monroe, 1967; Adam,
Tomeny, & Oswald, 1986; Fabbri & otros, 2021). Debido a que la falta de
suefio produce reacciones fisiologicas en el organismo que aumenta los
niveles de ansiedad y estrés, que producen a su vez mayor alerta y activacion
y por consiguiente mayor dificultad para relajarse y dormir (Adam, Tomeny,
& Oswald, 1986)
El54.7 % de los estudiantes indica que se despierta despejado y listo, mientras
que el 40.6 % dice que tarda algo en despejarse. Aungue hay un 4.06% que
menciona que tarda mucho en despejarse y un 0.94% dice que amanece
cansado.
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Numero de horas que duermen pornoche

Figura 6. Numero de horas que duerme por noche

El 60.3 % de los encuestados reconoce que duerme entre 6 a 8 horas por noche,
20.3 % duerme de 8 a 10 horas, un 18.11 % dice que duerme 5 0 menos horas
por noche, y un 1.29 duerme mas de 12 horas, con una desviacion estandar de
0. 656 y una media de 3.03 (Figura 6). Es interesane igualmente mencionar
que 52.8% de las mujeres y el 56.7% de los varones duermen de 6 a 8 horas
por noche, pero 3.6% los varones duerme mas de 12 horas por noche,
mientras que un 1.69% de las mujeres duerme ese mismo tiempo por noche.
El 87.0 % de los encuestados en la época de examenes finales reconoce que
se acuesta mas tarde de lo habitual (Figura 7), mientras que 13.0 % nunca se
acuesta mas tarde de lo habitual durante los examenes finales.
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M 1-nunca
2- alguna vez
H 3- a menudo

M 4- siempre

Figura 7. En épocas de examenes me acuesto mas tarde de lo habitual

El 55.31 %menciona que en los ultimos quinces dias no ha perdido horas de
suefio y el 33.44% reconocen que si ha perdido horas de suefio. EI 85 % de los
que perdieron horas de suefio en los tltimos quince dias fueron mujeres y un
5% varones, siendo las jovenes de 18 afios los que mayormente fueron
afectados. En los ultimos quince dias la probabilidad condicionada de que
allan perdido horas de suefio las mujeres fue de 38.4%, mientras que en los
varones fue de 19.28%.

Mientras que el 59.06% de los encuestados admite haber perdido horas de
suefio en los ultimos 30 dias, siendo las mujeres las mayormente las afectada
(78.31%), en ambos eventos. La probabilidad condicionada en este caso fue
de 62.44 % para mujeres que perdieron horas de suefio en los ultimos 30 dias.
Un 44% menciona tardar algo o mucho en despertarse y un 0.63% admite
amanecer cansado.
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Figura 8. Porcentaje de estudiantes encuestados que describen su actividad estando ya en
cama
Actividad 1: Hablaba con un hermano, padre u otro familiar.
Actividad 2: Abrazaba un mufieco, tela, etc.
Actividad 3: Dejaba la luz encendida.
Actividad 4. Encendia el abanico/aire acondicionado.
Actividad 5. No contesto.
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En cuanto a las actividades que realizan los estudiantes estando ya en cama,
el 47.81% mencionan necesitar la regulacion térmica del ambiente mediante
el encendido de un abanico o aire acondicionado, el 39.06% reconoce hablar
con un familiar y un 3.44% deja la luz encendida. La media de los datos fue
2.61 y la desviacion estandar es de 1.41, que indica una mayor dispersion de
los datos dentro de los resultados (Figura 8).

Al efectuar la prueba t de Student para los valores sexo y grado de
somnolencia podemos observar que existe diferencia significativas (, t=
3.034; df=318; p=0.002573) entre el sexo del individuo y el grado de
Somnolencia (SSS). El sexo femenino tiene mayor somnolencia que los
varones, sin embargo hay mayor variacion de los valores en los varones en
cuanto al grado de somnolencia (SSS) (Figura 9.)

2.6

2 Media [ MediatEs = Media+1.96*ES
25}

2.4
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2.2 ¢

2.1

Grado de Somnolencia _SSS)

2.0

1.9 -

1.8

1.7

Femenino Masculino

sexo

Figura 9. Prueba t de Student para las variables sexo y grado de somnolencia (SSS), t-
value = 3.038726; df = 318;p= 0.002573

Discusion

El nivel de respuesta de la bateria de pruebas aplicadas fue de 91.4,
que es relativamente alto. Esto se podria deber al hecho de haberlo realizado
a través de la web. En cuanto a la proporcion de sexo de los encuestados estan
en concordancia con lo presentado por el Instituto Nacional de Estadistica y
Censo (INEC 2017).

Los jovenes entre 21 a 24 afios tiene un valor de somnolencia diurna
para el test ESS de 8.16, mientras que los 33 a 36 afios reportan 9.36 en este
rango la persona podria quedarse dormida en situaciones 0 momentos que son
riesgoso para la vida del individuo. Mientras que en el grupo de 41 a 44 afos
el indice es 8.7, hallazgo que merece atencion, debido a que es una
somnolencia de valor medio, que implica problemas para concentrarse
adecuadamente. En este sentido los estudios efectuados por Caskadon (1999)
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y Fonseca y Genzel (2020) concluyen que la poblacion joven universitaria se
encuentra en una etapa con alto riesgo de sufrir problemas de suefio, ya que
posponen los tiempos de suefio a favor del trabajo cognitivo o de las
interacciones sociales, produciéndose una desalineacion entre las sefiales
externas de tiempo y las necesidades internas. El alto grado de estrés causado
por la sobrecarga intelectual, fisica 0 emocional puede estar impidiendo el
inicio del suefio durante las noches y provocar excesiva somnolencia diurna.
(Sanchez Oviedo & otros, 2021; Nifio Garcia, Barragan Vergel, Ortiz
Labrador, Ochoa Vera, & Gonzélez Olaya, 2019). Sin embargo los
encuestados que tenian mas de 54 afios reportan una somnolencia diurna
normal (4.75).

El 19% de los encuestados mencionan que duermen menos de 5 horas,
con una somnolencia 9.36, por lo que este grupo podria estar sufriendo de una
somnolencia elevada durante el dia. Esta pérdida de suefio en los estudiantes
podria estar asociada al estrés, sobrecarga mental, fisica 0 emocional producto
de los cursos o del momento académico en el que se encuentran. Esto
concuerda, con lo planteado por Carskadon (2000) que menciona que debido
a la constante y creciente exigencia académica y a habitos inadecuados de
suefio los estudiantes universitarios, provocan un efecto acumulativo que
aumenta la somnolencia diurna con cada noche de restriccion del suefio. El
porcentaje encontrado en nuestro estudio de malos dormidores esta
relacionado con lo plateado por Rosales et al. (2007), que menciona que en
estudios epidemiologicos de somnolencia en la poblacion en general adulta
existe una prevalencia entre 15% a 35% de mala calidad del suefio. (Narang et
al., 2012; Lomeli et al., 2008).

En las categorias de edades entre 33 a 36 y 41 a 44 se evidencia el

aumento del grado de somnolencia (9.36 y 8.7 respectivamente). Estos altos
valores de somnolencia diurna segun algunos autores estan relacionados con
un pobre desempefio académico (Ellenbogen et al., 2007).
Existe diferencia significativas (, t= 3.034; df=318; p=0.002573) entre el
sexo del individuo y el grado de Somnolencia (SSS). Ambos sexos sufren de
somnolencia sin embargo el sexo femenino tiene mayor somnolencia que los
varones, pero existe mayor variacion en los valores de los varones en cuanto
al grado de somnolencia (SSS) (Figura 9), por lo que es importante que se
den maés estudios para entender mejor los grados de somnolencia en los
varones y las actividades que podrian estar afectandolos. Segin (Mong &
Cusmano, 2016), las mujeres suelen informar de una calidad de suefio
deficeinte y muchos despertares nocturnos, en las distintas etapas de la vida.
Este sexo por tanto esta mayormente cinculado con trastornos de suefio y
suefio insufieciente, que lleva a transtornos en el estado de animo y a
depresion.
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Existe diferencias significativas entre las media en cuanto a la edad de los
encuestados y el grado de somnolencia (ESS) diurno de los estudiantes F(42,
277)=1.7179, p=0.0059. Segln los investigadores son los adolescentes y
jovenes de 12 a 25 afios la poblacion en alto riesgo, de sufir somnolencia
diurna. Debido a que se encuentran en una etapa del desarrollo que implica
cambios a nivel bioldgico y social; las variaciones en los patrones de suefio en
esta etapa repercuten en sus vidas futuras Escobar-Cérdoba et al. (2008) y
Pérez-Larraya (2007). Aquellas personas con trabajos por turnos o que
permanecen en largos periodos de estudio, son personas susceptibles para
sufrir deficit de suefio.

Segun Warner (2008), es la luz artificial emitida por los ordenadores
un factor ambiental que contribuye a disminuir la cantidad de melatonina
segregada, lo que impediria que los jovenes se den cuenta de su necesidad de
dormir. Esto probablemente este influyendo en la hora de inicio del suefio.
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Conclusion

Los jovenes entre 21 a 24 afios tienen un valor de somnolencia diurna
segun la Epworth Sleepiness Scale (ESS), los valores altos podrian llevar al
estudiante a quedarse dormido en situaciones 0 momentos gque son riesgoso
para la vida de ellos. Los valores medios se reportaron entre los 41 a 44 afios,
estos estudiantes podrian estar sufriendo de una baja concentraciéon. Al
realizar la ANOVA se observa que hay diferencias significativas de las
media en cuanto a la edad de los encuestados y el grado de somnolencia
diurno F(42, 277)=1.7179, p=0.0059.
Ademas, los datos demuestran que ambos sexos sufren de somnolencia
diurna. Sin embargo, el sexo femenino tiene mayor somnolencia que los
varones, pero existe mayor variacion en los valores de los varones en cuanto
al grado de somnolencia.
La mayoria (60.3%) de los estudiantes duermen entre 6 a 8 horas por noche,
siendo importante mencionar que existe un 18.11 % reconoce dormir menos
de 5 horas. Esta poblacién de adultos podria estar sufriendo serios ¢??? de
somnolencia diurna, que estaria afectado su vida diaria.
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Anexo

@ docs.google.com/forms/d/1alMQ24eWih_MKdOHsZooUIMmLmBeLrwGeNeRItHaF8/edit ® % * R A

BY Personalizar vinculos Excélpatas; Prueba.. M Gmail @8 YouTube | [ Otosfavorites [ Lista de lectur:

CUESTIONARIO DE SUENO 2020

Descripcion del formulario

Correo ™

Correo valido

Este formulario registra los correos. Cambiar configuracian

Doy mi consentimiento para uso de datos en = @ Warias opeiones
la investigacion. El cbjetive es caracterizar los

horarios de suefio de los jGvenes

universitarios, en Panama. No apareceran mis

datos personales. Solo mis respuestas.

O si

Sexo *
O Femenino

() Maseulino

Edad (afios) *

Texto de respuesta corta

nivel académico *
() secundario
() licenciatura
O teécnico

() posgrado
T - T

1-Has llegado a sentirte cansado, o a sentir somnolencia, ¢ incluso a dormirse al estar Sentado *
y leyendo.

() 0 =nunca me adormece
() 1= siento alge de adarmeeimiente
() 2 =siento un adormesimiento moderado

() 3= siento un adormezimiento intenso.

nDE®3®e

2 Hasllegado a sentirte cansado, o a sentir somnolencia, o incluso a dormirse al estar viendo *

la televisién

() 0 =nunca me adormece

() 1 = siento alge de adormecimiento

() 2 = siento un adormesimiento moderado

() 3= siento un adormegimiento intenso
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3 Has llegado a sentirte cansado, o a sentir somnolencia, o incluso a dormirse al estar
Sentado inactivo en un lugar publico (cine, reunién)

0=nunca me adormece:

1= siento algo de adormecimienta ®
2 = siento un adormecimiento moderado a
b

3= siento un adermecimiento intensa.

Otra

4 Has llegado a sentirte cansado. o a sentir somnolencia, o incluse a dormirse al estar como
pasajero en un auta sin parar durante una hora.

0 =nunca me adermece

1= siento algo de adormecimiento

L @

2 = siento un adormecimiento moderado

3= siento un adormecimiento intenso,

m e e

5 Hasllegado & sentirte cansado. o a sentir somnolencia, o incluso a dormirse al estar
Sentado tranguilamente después de una comida sin alcohel

0 -nunca me adermece
1= siento algo de adormecimiento
2 = siento un adormecimiento moderado

3= siento un adormecimients intenso

6- Has llegado a sentirte cansado, o a sentir somnolencia, o inclusoc a dormirse al estar

Acostado después de comer para descansar cuando puede hacerlo

0 =nunca me adormece

1= siento algo de adormecimienta

2 = siento un adormecimiente moderado

3= siento un adormecimiento intenso.

7 Has llegado a sentirte cansado, o a sentir somnolencia, o incluso a dormirse al estar
Sentado y hablande cen alguien

MEBDF®O

0 =nunca me adormece

1= siento algo de adormecimienta

siento un adormecimiento moderado

3= siento un adormecimiento intenso.
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8. Has llegado a sentirte cansado, o a sentir somnolencia, o incluso a dormirse al estar En el
carro, parado unos minutos cuando se detiene el trafico

0 =nunca me adormece
1= siento algo de adormecimiento
2 = siento un adormecimiento moderado

3 = siento un adormecimiento intenso.

9- Encierra en un circulo la frase que describa mejor tu grado de somnolencia en este
momento.

MEDFwe

1.Me siento en plena forma y leno de vitalidad, alerta totalmente despierta

2 Bastante activado pero no al méximo, capaz de reaccionar

3Relajado, despicrto pero no del toda despierte, con tendencia a dejarse ir

4.Adermecido, empezando a no intentar sequir despierto, enlenteciéndome

& docs.google.com/forms/d/1aIMQ24eWiQh_MKdOHsZooUIMmLmBeLrwGeNeRItHaF8/edit e

Personalizar vinculos @) Excélpatas: Prusba.. M Gmail [ YouTube otro

10-5i por algun motivo te has acestado varias horas més tarde de lo habitual, v el dia siguiente
no has de levantarte a ninguna hora en particular. ;A qué hora crees que te despertarias?

10 Més tarde de lo habitual.

20 A la hora habitual y valveria a dormirme.

3o A la hora habitual y luego dormitaria.

40 A la hora habitual y ya no dormiria mas.

11- Una noche permaneces despierto hasta las 4 a 6 de la madrugada debido a trabajo
nocturno. Sin tener ningln compromiso al dia siguiente, ;Qué preferirias? >

mPB I e

1o No acostarme hasta pasado el turno.

20 Dormir antes y dormir después

30 Un buen suefio antes y un sueficcito después

40 Dormir antes del turno.

12- Mi suefio normalmente es: *
1= bueno y profundo
= -inquieto y con dificultades

3= me cuesta conciliar el suefio

4=me despierto muchas veces durante la noche

13- Normalmente me acosto:

1-entre las 7 y 10 de la noche

G )

2- entre la nueve y 10:00 noche
3 entre 10y 12 noche
4- después de las 12 de la noche

Otra
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14.-Antes de irme a la cama suelo:
1- comer o beber algo, fumar

2- escribir un diario

®

3- preparar machila /ropa /ordenar la habitacién

[

4- jugar video juegos/ computadora/celular

o
B #

=
15- Me despierto normalmente - =
1- despejado y listo
2-tardo algo en despertarme
3- tardo mucho en despertarme
16- Tengo pesadillas *
1- nunca
2- alguna vez @
3- a menudo 3
4- siempre R
otra =]
(3]
S
17- Hablo dormide * —
1- nunca
2- alguna vez
3- amenuda
4- siempre
18- Cantidad de horas que duermo normalmente en total durante la noche *
1. entre 6 a 8 horas
2. Entre 8y 10 horas ®
3-més de 12 horas 5]
4-5 0 menos horas T
ot =
=
=

19- En los dltimos 16 dias he perdido horas de suefio por i para dormir (malestar

problemas, enfermedades nerviosas)
1-No
2.8i

3- no recuerdo
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20- Durante los ultimos 30 dias has perdido horas de suefio. *
1=Si

2=No

@

3= No recuerdo

[

T
21-En cama antes de dormir Q
1- hablaba con un hermano, padre u otro familiar o
=
=
2- abrazaba un mufeco, tela, etc
3-dejaba la luz encendida
4-encendia el abanicosaire acondicionado
22 -La noche del domingo a lunes duermo mal, despertandome con frecuencia y levantandome ™
cansado.
1-5i
2-No @
Otra
Tr
23- Durante la noche hage movimientos bruscos y repetidos de cabeza, brazos o piernas: - =
1= nunca =]

2 alguna vez
3-amenudo

4 siempre

24- Durante la noche rechino los dientes
1- Nunca
2- alguna vez
3- A menudo

4-siempre

25- Grito durante la noche:
1-nunca
2- alguna vez
3-amenudo

4-slempre
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26- Me considerc una persona deportista
O s
O zno

27- Consumo drogas o uso sustancia diariamente:

o} "
-nunca
() 2 algunavez IEI
O 3 & menudo =
() 4 siempre

-

28- Fumo drogas o uso cualquier otra sustancia quimicas (pastillas,...)
) 1-nunca

() 2-alguna vez

() 3-amenudo

() 4 siempre

29- Me acuesto mas tarde de lo normal los fines de semana:

() 1-nunca

) z-alguna vez

npge 3w e

() 3 amenudo

() 4 siempre

30- En épocas de examenes me acuesto mas tarde de lo habitual:

) 1-nunca
() 2~ alguna vez
() 3 amenudo

) 4 siempre

31- Mis padres /tutores tienen problemas de suefio,
) 1-No

() 2-si ¢Cual?,

) 3-Nosé

() otra_.

111 T I I (PO

32 -Mis hermanos tienen problemas de suefio.
) 1-No
() 2-si (Cual?

() 3-nosé

() 4. No tengo hermanos

33- Mis abuelos tienen problemas de suefio. *
) 1No
() 2-si Cual,

() 3-Nose

lpB Fwe
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34- Mis padres (o tutores) consideran que entre semana mi suefio es:  ~
1.-bueno
2- reqular

3- malo

no saben

35- Mis padres (o tutores) consideran que mi suefio los fines de semana es: *

. bueno

. regular

3. mal

IS

no saben

36- Mis padres tienen una hora habitual de dormir . *
1. No
2. 8i, ¢Cual?

3. No saben

37- Mis padres sufren de somnolencia diurna . *

3 Nosé

38- Mis hermanos sufren de somnolencia diurna

20~ $i 56/0 pensaras en cuando te sentirias =] ® varias opciones
mejor y fueras totalmente liore de planificarte
el dia. §A qué hora te levantarias?

1= Entre 17 2.m y 12:00 medisdia

2- Entre G:30 y 11:00 de la mafzna
3= Entre 8y 9:30 de la maiiana
2-Entre 6:30 y las B:00 de la manana
S=Entre 4:00y 6:30 de la mafiana

Anadir opeién o anadir respuesta "Otro”

(]
5]

Clave o {0 puntos) Cbligaterio
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42- Para levantarte por lamafiana a una hora [ @ Varias apciones
especifica. ;Hasta qué punto necesitas que

te avise el despertador? @
4= No sito X 2
T

3= L ito pe A x =
2= cesito bastante. X ®

1= Lo lo much & x =

o afiadir respuesta "Otra”
Clave de respuestas (0 puntos) 0O w Obligatorio ()}
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Abstract

This study examines the effect of doping Sio.3Sno.7Ge with an impurity
element X (B, Al, N, or P) on the Sn site, using first-principle calculations
based on the fully self-consistent Korringa-Kohn-Rostoker method with the
coherent potential approximation (KKR-CPA). To treat several forms of
chemical disorders of Sio.3Sno7Ge, X-doping was carried out by substituting
small amounts of Sn with each element X, which gives rise to the alloy
Sip.3Sno7.yXyGe. As the X content increases from y = 0.01 to 0.06, the Fermi
level maintains its position in the conduction band edge. While the number of
states at the Fermi level decreases. With 1% X impurity added to the alloy
Sio3Sno7yXyGe, the number of carriers (electron and hole) states was
generally enhanced. For the case of X = P, when compared to the parent
material Sio.3Sno.7Ge, an enhancement of 0.04 states/eV was observed. Due to
the increase in the number of states, which indicates an improvement in
thermopower, these alloys Sio.3Sno.7yXyGe are promising for application as
n-type electrodes in a thermoelectric generator (TEG).

Keywords: First-principles, chemical disorders, thermopower, thermoelectric
generator, KKR-CPA.
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1.0. Introduction

SiGe-based alloys are a promising material for thermoelectric devices
such as a micro-energy generator for wearable and portable electronics (Peng
et al., 2019; Francioso et al., 2011). SiGe compounds have the advantage of
being widely available, inexpensive, and non-toxic. So, there is an increasing
interest to use SiGe alloys in thermoelectric generators. A thermoelectric
generator (TEG) converts heat into electricity through a temperature
difference between two sides of the device. The efficiency of such a device
depends on the thermoelectric material’s figure of merit ZT, which is a
dimensionless quantity. This in turn depends on the product of the square of
the Seebeck coefficient and electrical conductivity (a?c), called the
thermopower. Hence, to get an efficient TEG, the thermopower of the
thermoelectric material should be high.

It is generally known that to increase the ZT values of a thermoelectric
material, the Seebeck coefficient and electrical conductivity need to be high,
while, the thermal conductivity has to be, low. So, a high Seebeck coefficient
and electrical conductivity indicates an enhancement in the thermopower. An
improvement in thermopower can be achieved through an increase in the
electronic density of state (DOS) at the Fermi level (Chen et al., 2012; He &
Tritt, 2017). One of the ways of increasing the thermopower is through
bandstructure engineering (He & Tritt, 2017), which has to do with tuning the
electronic structure of the promising material by adding impurity elements to
it.

Motivated by the works of Peng et al., 2019 and Bhogra et al., 2019,
that through ion implantation, the thermoelectric properties of materials can
be tuned (Peng et al., 2019; Bhogra et al., 2019). And the promising results
from the work of Ouserigha and Ogobiri (2021), where the addition of one
percent Boron (B) impurity to the SiGe-based alloy, Sio.3Sno7Ge lead to an
increase in the number of carrier states. Here, a small amount of impurity
elements X (1 to 6%) from group Il (Boron {B} and Aluminium {Al}) and
group V (Nitrogen {N} and Phosphorus {P}) of the periodic table are added
to the Sio3Sno7Ge alloy on the Si site. The systems were modeled with the
spin-polarized relativistic Korringa-Kohn-Rostoker (SPR-KKR) density
functional theory code (Ebert et al., 2011). The simulation results show that
the alloys Sio3SnoesBoo1Ge, SiozSnossAlooiGe, Sios3SnoeNoo1Ge, and
Si0.3Sno.64P0.0sGe has the highest number of carrier states.

2.0. Computational Method

The atomic positions in the conventional unit cell of zinc-blende SiGe
(space group F43m) are given by the Wyckoff position 4a (0, 0, 0) for Si atom
and 4c (0.25, 0.25, 0.25) for Ge atom. This conventional unit cell of SiGe with
lattice parameter a = 10.5825 a.u is shown in figure 2.1. For the impurity-
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doped systems, Sio.3Sno.7.yXyGe, element X (B, Al, N, and P) was inserted
into the Sn site to form the new alloys. Where y represents the doping
concentration with values from 0.01 to 0.06.

The calculations were performed using the Korringa-Kohn-Rostoker
Green’s function (KKR-GF) method as implemented in the Munich spin-
polarized relativistic Korringa-Kohn-Rostoker (SPR-KKR) code (Ebert et al.,
2011). KKR-GF method is an all-electron electronic structure method that
provides direct access to the electronic Green’s Function (GF) and uses a
minimal, numerical and energy-dependent basis set. Is an accurate and flexible
method to study a wide range of systems and properties in electronic structure
theory. In the KKR-GF method, GF plays the central role and the single-
particle GF is used as the starting point of the calculation. To perform the
simulations, we used the local density approximation — Vosko, Wilk, Nusair
(LDA-VWN) exchange-correlation functional (\Vosko et al., 1980) throughout
the calculations. The coherent potential approximation (CPA) is implemented
for the chemically disordered systems. In the self-consistent field (SCF)
calculations, a full potential spin-polarized relativistic Korringa-Kohn-
Rostoker (FP-SPR-KKR) calculation was set up with a 25 x 25 x 25 k-mesh
grid (which generates 2119 k-points) and energy (E)-mesh points of 50 Ry.
Broyden’s second method has been implemented for the SCF algorithm. An
angular momentum expansion (Imax) of two was used.

Figure 2.1. Cubic structure of SiGe. Blue (small) spheres represent Si atoms at
position (0, 0, 0) while gray (large) spheres represent Ge atoms at position (0.25, 0.25, 0.25).

3.0. Discussion of Results
With the introduction of each impurity element X (B, Al, N, and P)
into Sio.3Sno.7.yXyGe with the impurity concentration y varying from 0.01 to
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0.06, several robust n-type thermoelectric alloys were formed. These alloys
are Sio3Sno7.yByGe, SiozSnoz.yAlyGe, SiosSno7yNyGe, and Sio3Snor-
yPyGe, whose total density of state (dos) plots are given in figures 3.1 to 3.4.
The small amount of group Il or V impurities introduced into the Sn site can
lead to improvement in the power factor. And when the number of states is
high from the dos plots (figures 3.1 to 3.4) for a given impurity concentration,
it indicates that the power factor is also high for that particular alloy.
Increasing the amount of X impurity from 0.01 to 0.06 with a step increment
of 0.01 did not affect the conductivity type. The n-type conductivity of the
parent alloy Sio.3Sno7Ge was maintained by the newly formed alloys and an
increase in the total number of electronic states was observed. With an increase
in the number of states at the Fermi level, the thermopower of the materials
will improve and they can be used as an n-type material in a thermoelectric
device.

Figures 3.1, 3.2, 3.3, and 3.4 show the total DOS plots, respectively,
for the Sio.3Sno7yByGe, SiosSno7.yAlyGe, Sio3Sno7.yNyGe, and Sio.3Sno7-
yPyGe alloys. In each of these figures, the graphs (a) through (f) represent the
DOS plots for the impurity concentration y as it increases from 0.01 through
0.06 in the interval 0.01. For the alloy systems Sio3Sno.7-yByGe, Sio3Sno.7-
yAlyGe, and Sio3Sno7.yNyGe, as the amount of impurity concentration y
increases from 0.01 to 0.06, the number of carrier (electron and hole) states
per unit volume per energy decreases as shown in table 1. While in the case of
Sio3Sno7yPyGe an increase in the impurity concentration results in an
increase in the total number of carrier states (see table 1).

From table 1, we can see that the highest value for the carrier states is
0.264 states/eV and the alloy that produces this value is Sio.3Sno.e4Po.0sGe.
Also, when 1% of the impurity atoms of B, Al, N was introduced into the Sn
site of Sip3Sno7Ge, the following alloys were formed: Sio.3Sho.eeBo.o1Ge,
Si0.3SnossAloo1Ge, and Sio3SnoesNoo1Ge. These alloys have an increased
number of carrier states as can be seen in Table 1 when compared to the
computed carrier states of 0.117 states/eV for the parent alloy Sio3Sno.7Ge
(Ouserigha and Ogobiri, 2021). With an improvement in their carrier states, it
means the conductivities of these alloys will increase, making them promising
n-type materials for a TEG.
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Figure 3.1. Total DOS of Sio.3Sno.7Ge doped with Boron impurities for a varying
amount of concentration y. Impurity concentration y is from 0.01 to 0.06, which is
respectively given in figures (a) to (f).
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Figure 3.2. Total DOS of Sio3Sno 7Ge doped with Aluminium impurities for a
varying amount of concentration y. Impurity concentration y is from 0.01 to 0.06, which is
respectively given in figures (a) to (f).
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Table 1. Total number (No.) of the carrier (electron and hole) states at the Fermi
level (Ef) for the alloy systems Sio.3Sno.7.yByGe, SigaSno.7yAlyGe, Sio3Sno.7yNyGe, and
Sio,38n0,7.yPyGe.

S/N | Amount of Total No. of Total No. of Total No. of Total No. of

impurity | States at Er for | States at EF for | States at Er for | States at Er for
Conc.y | Sio3Sno7yByGe | SiosSnozyAlyGe | SiosSno7yNyGe | Sio3Sno7yPyGe

1 0.01 0.227 0.228 0.231 0.241

2 0.02 0.217 0.218 0.223 0.246

3 0.03 0.207 0.208 0.217 0.251

4 0.04 0.198 0.197 0.210 0.255

5 0.05 0.193 0.184 0.210 0.259

6 0.06 0.183 0.171 0.203 0.264

Conclusion

Density functional theory studies have been carried out on Sip.3Sng.7-
yXyGe (X = B, Al, N, P) using the full potential relativistic Korringa-Kohn-
Rostoker Green function (KKR-GF) method as implemented in the Munich
SPR-KKR simulation software. Analysis of the density of states plots of these
alloys indicates that they all maintain the n-type conductivity of the parent
alloy Sio3Sno7Ge and some of them show an increased number of carrier
states when a small quantity of the dopant X is added. These features can be
seen in figures 3.1 to 3.4, where the dip of the curve around the Fermi level
(the zero mark on the energy axis) is located on the left side of the fermi level
and the point where the curve cuts through the Fermi level indicates the carrier
states per electron-volt (eV). With 1% of the impurity element X (for X = B,
Al, and N) added to form the alloys; Sio.3Sno.s9Bo.o1Ge, Sio3SnossAlooiGe,
and Sio.3Sno.saNo.01Ge, the highest number of carrier states, respectively given
as 0.227, 0.228, and 0.231 states/eV was reached. While the highest number
of carrier states of 0.264 states/eV for the alloy Sio3SnossPoosGe was
achieved at 6% P impurity added to Sio3Sno.7yXyGe (see table 1). The high
carrier states observed for these materials are an indication that their electrical
conductivity and Seebeck coefficient have increased. Which makes these
alloys (Sio.3SnoesBoo1Ge, Sio3SnoesAlooiGe, Sio3SnossNoo1Ge, and
Si0.3SnoesPo.osGe) possible candidates for application as an n-type
thermoelectric material. SiGe-based n-type electrode for TEGs has not been
studied widely and quaternary compounds made by ion implantation have
been shown to increase the thermoelectric performance of a thermoelectric
material (Bhogra et al., 2019; Peng et al., 2019). This research work has
192
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contributed to existing knowledge by supporting the work of Peng et al., 2019
and has shown other possible alloys (Sio.3SnossAlo.o1Ge, Sio3SnoesaNo.o1Ge,
and Sio.3Sno.64P0.0sGe) that can be made via implanting Al, N, P ion in a SiGe
based thermoelectric material.
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Abstract

This paper focuses on investigating the more innovative employees,
i.e., individualists or collectivists, in the public sector when it comes to
knowledge sharing and organizational culture. The study adopted quantitative
research technique and data was collected through an online survey. A field
study was conducted and data was obtained from 480 employees working in
Pakistan's two major public health institutions so as to test the study's
hypotheses. A hierarchical linear regression model was used to test the
hypotheses. The results show that there is a significant positive influence of
organizational-based knowledge sharing, individual-based knowledge
sharing, collectivism, and individualism on organizational innovative
behaviour in the organizations. This study also found a significant positive
impact of collectivism and individualism as moderators on organizational
innovative behaviours. The study further concluded that collectivism has a
higher positive impact on organizational innovative behaviour in comparison
to individualism.
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Abbreviations:
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Introduction

As economies around the world become more informative, the trend
towards knowledge sharing and organizational innovation has become a
central component of competitiveness (Teixeira et al., 2019). In any case, an
association's ability to develop usually depends on its ability to use its
knowledge-based assets to create and use its information skills to produce and
sustain inventive abilities (Killingsworth et al., 2016). Experts recognize that
an association's ability to express imagination and creativity depends on the
exchange of information within and between divisions and departments
(Obeidat et al., 2016).

Previous analysts have recognized the enormous influence of
association’s organizational culture on knowledge sharing (Hong et al., 2018),
creativity (Chen et al., 2016), organizational innovation (Kim, 2019), and the
performance of the organization (Akhavan & Hosseini, 2016). The current
peer reviews perceive organizational culture as the most important and
significant enabler of knowledge sharing that further empowers associations
to be resourceful, innovative, and creative (Bao et al., 2015). The ability of an
organization to create, impart, and influence information depends largely on
its practices, the general qualities and beliefs that determine its culture, and
the behaviour of the employees for their knowledge sharing (Hag & Anwar,
2016). There is a significant correlation between knowledge sharing and
organizational culture because of the cognitive framework. However, the
behaviour and attitudes of the organizations’ employees are influenced by the
organizational culture (Yang et al., 2015).

Tipu and Ryan (2012) conducted a study to estimate the influence of
transformational leadership on organizational culture and the behaviour of
organizational innovation. Hassan et al. (2012) also conducted a study to
assess the relationship between the performance of employees, organizational
innovation, and organizational culture in the healthcare sector of Pakistan. On
the other hand, Ndubisi and Iftikhar (2012) tried to evaluate the relationship
between organizational performance, organizational innovation, and
entrepreneurship. Salman et al. (2016) conducted a pilot study to identify the
factors for the innovative organizational culture of the public healthcare
institutions of Pakistan. According to Shahzad et al. (2017), a study was
conducted to estimate the impact of organizational culture on the innovative
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performance in the healthcare sector of Pakistan. In addition to this, San et al.
(2019) tried to evaluate the performance of the healthcare manufacturing
sector of Pakistan through organizational culture and the environmental
control management systems. Khan et al. (2020) further conducted a study to
assess the performance of the organization through organizational culture and
entrepreneurial orientation through the mediation of organizational
innovation. Meanwhile, Khan et al. (2020) also carried out a study to estimate
the mediating role of organizational innovation on the performance and
organizational culture of the organizations in the healthcare manufacturing
sector of Pakistan. Hence, this is the first study to be conducted in context of
Pakistan’s public sector to estimate the impact of knowledge sharing and
organizational culture on the organizational innovative behaviour of the
employees. This research will be included in those studies that have utilized
the behavioural qualities of knowledge while thinking about individual-based
knowledge sharing and organizational-based knowledge sharing. The
principal reason for this research is to examine the collectivism and
individualism role on the organizational innovative behaviour in Pakistan's
public sector organizations. Therefore, this study aims to identify the more
innovative employees in terms of government organizations with collectivistic
organizational culture or those with individualist organizational culture. The
major contribution of the research is that it seeks to provide much needed
rational facts on knowledge sharing and organizational innovation in public
sector organizations. More so, this research will aid scholars to study the
behaviour of the employees working in the government sector of Pakistan.
This study will also help the employers, managers, and management to
practically device the concept of knowledge sharing among government sector
employees. Data gathered from this research will be used to show how
knowledge sharing is associated with organizational innovation and
organizational culture. Below is the research question of the study:

Does organizational innovation evolve more from individualist or

collectivist employees in a public organization?

Accordingly, the literature review of this study reveals the information and
knowledge required for hypotheses development. Furthermore, in the
methodology segment, the method of research is elucidated. The findings also
shed light upon the hypotheses results. This leads to the conclusion and a
further discussion on the research theme where the future inferences of the
findings and limitation of the study will be mentioned.

Knowledge Sharing

Akhavan et al. (2015) characterized knowledge sharing as people who
share data, thoughts, ideas, and skills with each other that are important to an
organization. Knowledge in contemporary dynamic and competitive era is
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considered as the blood vein of an organization and it has been pinpointed as
an important factor for an organization’s survival. This indicates that
knowledge for an organization is as crucial as management of other assets. To
gain a competitive advantage and to be a successful, organizations greatly rely
on knowledge that has become a resource, which is an important factor of
success for organizations (Haq & Anwar, 2016). Therefore, in order to achieve
the objectives and goals of the organization and the primary driver to long
term success for the organization, managers now consider knowledge
management as a crucial component of modern-day technology. The process
of knowledge management is multifaceted which is propelled by power
equations within the organizations. An underlying part in knowledge
management is to disseminate knowledge and make it available and practical
between organizational departments and individuals as well (Paulin &
Suneson, 2012; Bilginoglu, 2019).

As a scientific field of study, knowledge management has increasingly
become an interesting research topic. Knowledge sharing is one of the most
important parts in knowledge management, which is highly essential to
develop in the organizations, specifically between and among teams.
Employees in return are given the opportunity to provide, share, and employ
knowledge that would help the organization to have better outcomes.
Nonetheless, it is also contended that there is a significant difference between
communication and knowledge sharing (Pangil & Nasurddin, 2013; Fteimi &
Lehner, 2016). This implies that it is impracticable to distribute knowledge
effortlessly. Knowledge sharing is established on the association between
parties, i.e., one-party having knowledge and the other party obtaining
knowledge (Kashari & Taheri, 2019). Knowledge sharing is also essentially a
demonstration that knowledge is communicated to others through associations
(Teixeira et al., 2019). This means that knowledge sharing is considered to be
a positive force in creating associations of inventors, especially when there is
a more defined social organizational culture (Obeidat et al., 2016). Similarly,
to knowledge management, the process of knowledge sharing is also
complicated with respect to the different perceptions of knowledge holders
regarding self-ownership or organizational information. This is because they
make decisions regarding what knowledge they would share as well as with
whom and when (Bilginoglu, 2019)

Organizational Culture

Although the meaning of organizational culture has long been studied
and discussed by anthropologists and sociologists, ‘few anthropologists agree
as to what to include under the general rubric of culture’ (Yang et al., 2015).
Organizational culture is identified as a strong enabler of knowledge sharing
which further allows organizations to be more creative and innovative (Ahmed
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etal., 2016). With a focus on social issues, Haq and Anwar (2016) characterize
organizational culture as a collection of collaborative boundaries that are
identified with ‘patterned ways of thinking, feeling, and reacting that
constitutes the distinctive way of life of a group of people’ (Bao et al., 2015).
In this sense, organizational culture includes ‘the collective programming of
the mind that distinguishes the members of one group or category of people
from others’ (Akhavan & Hosseini, 2016), in which the cumulative brain
programming and lifestyle are ‘handed down from one generation to the next
through means of language and imitations’ (Kim, 2019). Therefore, it is clear
that organizational culture is an unpredictable idea, and there is no generally
accepted meaning of organizational culture in the empirical evidences. More
generally, ‘organizational culture seems to distinguish one group from another
based on a certain set of values, beliefs, behaviour, and attitudes which is
shared, interpreted, and transmitted over time within a collective. This makes
the collective unique and distinguishes that collective from other collectives’
(Chen et al., 2016). Thus, people in a particular social climate are inevitably
influenced by the social atmosphere in which they live, both at the
organizational and social levels. According to Hong et al. (2018), “the various
facets of organizational culture are interrelated and once you touch an
organizational culture in one place, everything else is affected’.

Knowledge Sharing and Organizational Culture

The role of organizational culture in promoting knowledge sharing is
inevitable and has received considerable attention from various researchers.
For instance, Alavi et al. (2006), Al-Alawi et al. (2007), and Gilson et al.
(2013) have studied organizational culture, innovation, creativity, and
knowledge sharing. Therefore, it is highly important for an organization to
foster innovative culture which will encourage employees to share knowledge
across the teams and organization. An innovative organizational culture assists
the leader to transform the individual and team knowledge of employees as
well as their experiences and skills into organizational knowledge through
continuous knowledge sharing (Park & Kim, 2018).

It is believed that because of organizational culture, the knowledge
sharing process has often encountered difficulties. A study conducted by Khan
et al. (2020) reveals that organizational culture was recognized as the greatest
obstacle to the flow of information and the inability to change individual
practices is seen as the prime hindrance for the management of knowledge
(Yangetal., 2015). Another study found that most organizations demonstrated
that a hierarchical organizational culture is a significant obstacle for the
successful implementation of their initiatives regarding the knowledge
management (Tipu & Ryan, 2012). In addition to this, the empirical evidences
show that the cultural role in knowledge management has focused on issues
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such as the influence of organizational culture on the behaviour of knowledge
sharing (Hassan et al., 2012), the influence of organizational culture on the
abilities facilitated by knowledge management (Ndubisi & Iftikhar, 2012), and
the success on the initiatives of knowledge management (Salman et al., 2016).
Organizational culture influences communication practices in four main ways:

1) Organizational culture strongly influences what the
association considers useful, important or legal
information;

2) Organizational culture interferes with the relationship
between levels of information. This implies that it
determines what is connected with the association and
what information remains under the control of the
individual worker, thereby determining who should
control explicit information, as well as who should share
it, and with whom it can be hoard;

3) Organizational culture produces a subtext for social
cooperation as it refers to the guiding principles and
practices that define the atmosphere in which people
communicate.

4) Organizational culture forms the formation and
appropriation of new information.

An organizational culture defines a social environment that decides ‘who is
expected to control what knowledge, as well as who must share it, and who
can hoard it” (Shahzad et al., 2017, p.12). San et al. (2019) reports that much
of the information provided by executives is related to attempts to form
established societies that interfere with their understanding of the knowledge
management programs (Khan et al., 2020). Various findings from different
researches (Khan et al., 2020) show the significant influence that
organizational culture can have on leaders’ information and sharing practices,
as well as on the urgent work of top management in organizational culture
development that promotes these practices (Nguyen, 2020).

Organizational culture influences the degree of coordination of efforts within
an association (Yang et al., 2015), and cooperation is a path to a beneficial
exchange of information. Killingsworth et al. (2016) explored multifaceted
contrasts using examples of communication that depended on three models:
‘individualism versus collectivism, in-group versus out-group orientation, and
fear of losing face’. Individualism is the tendency of people to set their own
goals in front of the goals of the association, while people from collectivist
societies usually propose goals for the majority of the population, groups or
organization to which they belong. Collectivists tend to make a clear
distinction between people from an out-group and from an in-group. Chen et
al. (2016) examined factors influencing information sharing practices and
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found that, for example, Chinese citizens are significantly more reluctant to
share information with another party than representatives in the United States.
Hong et al. (2018) found that individualists are more concerned with acquiring
faces (intriguing partners) than collectivists. They also found that people who
needed to find a face had to use official channels of correspondence to
demonstrate their discernment and ability, while people who were afraid of
losing face preferred more casual channels of correspondence.

Organizational Innovation

As in the case of culture, ‘there are many different definitions of
organizational innovation in current research. However, the number and
diversity of definitions leads to a situation in which there is no clear and
authoritative definition of organizational innovation” (Akhavan et al., 2015,
p.34). In addition, the current empirical evidences make extensive use of the
promotion mediator to assess development. These intermediaries for
promotion include new creative thoughts (Akhavan & Hosseini, 2016) and
new innovations or strategies (Obeidat et al., 2016). Organizational innovation
is the most important aspect of organizational capacities to achieve and keep
competitive advantage. More so, it is conditional on knowledge sharing
between the employees.

Regardless of the reason for the organizational innovation proposed by
various scholars, there are two clear point of views. From one point of view,
organizational innovation includes an era of new thoughts and is a multi-step
measure by which associations transform thoughts into new or improved
goods, services or measures (Yang et al., 2015). On the other hand,
organizational innovation involves the use of a sequence of new things such
as new elements or controls, new hierarchical structures or management
structures, and new plans and new projects which is completely aimed at
expanding organizational performance and growth, maintaining intelligent
communication, and making organizational progress (Obeidat et al., 2016)

Knowledge Sharing and Organizational Innovation

The factor supporting organizational innovation is the exchange of
knowledge and information. It is considered unlikely that organizational
innovation occurs without knowledge sharing (Kim, 2019). Acquisition of
knowledge and skills through collaboration has been a viable and active
method of effective organizational innovation (Akhavan & Hosseini, 2016).
In terms of organizational innovation, sharing knowledge is trading in abilities
that allow you to produce or upgrade services and goods that are of significant
value. Imparting knowledge is also an important asset in promoting
fundamental subjects (Bao et al., 2015). The findings of Haq and Anwar
(2016), depending on meta-analysis, reveal that communication can anticipate
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group work. Lack of knowledge and information is a major barrier for
organizational innovation (Yang et al., 2015). Knowledge sharing is an
important factor that encourages innovation and it is doubtful that innovation
can happen in the absence of knowledge sharing (Kremer et al.,2019). In many
organizations, knowledge and skills are acquired and shared mostly in teams
and it has been considered as an effective way towards successful innovation.
Additionally, Magnus and DeChurch (2009) observed that the performance of
a team is predicted by knowledge sharing among team members, while the
lack of knowledge is considered as a primary barrier to innovation (Castaneda
& Cuellar, 2020). Darroch and McNaughton (2002) expressed that an
organization is likely to nurture its innovative culture where knowledge
sharing among employees is encouraged so as to generate new ideas and assist
innovative capabilities (Castaneda & Cuellar, 2020).

According to Aljuwaiber (2016), an association that facilitates the
exchange of knowledge and information can generate new thoughts and work
with inventive ability. Akhavan et al. (2015) also found that organizations that
increase their participation in information networks tend to expand their
innovative capabilities. Several studies have analyzed the relationship
between knowledge sharing and organizational innovation, but so far none
have considered the chronic stages of improvement of these both ideas.
Furthermore, several authors have noted the importance of jointly reviewing
knowledge sharing and organizational innovation. Chen et al. (2016) found
that the more attention a measure of inferred information attracts, the higher
the organization's growth potential. The implicit exchange of knowledge and
information is fundamental to ingenuity as it is difficult for others to replicate.
Knowledge and information exchange is the component that converts inferred
information into unambiguous, and two types of information drive progress.
Based on the study findings of Aljuwaiber (2016), the exchange of information
and knowledge strongly influences the organizational innovation of
associations. This was also noted by Chen et al. (2016), where information and
knowledge sharing expanded inventive abilities of the organizations. Hong et
al. (2018) found that casual exchange of information and knowledge is the
most productive developmental pathway. In addition to this, the practice of
sharing information and knowledge is critical to the resourcefulness of those
sharing information and knowledge in terms of their inclination and ability to
promote and implement new thoughts. According to Obeidat et al. (2016),
communication is an arbiter between organizational performance and
collective organizational innovation. It is also a mediator between individual
organizational innovation and collective well-being (Teixeira et al., 2019).
Similarly, there is evidence that collective communication between
organizations can drive organizational innovation (Killingsworth et al., 2016).
Also, the study carried out by Akhavan et al. (2015) indicate that exploitative
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organizational innovation is influenced by the collective knowledge sharing at
in-group level.

Individualism & Collectivism

Individualism and collectivism are cultural constructs that illustrate the
extent to which individuals are autonomous or embedded in their groups
(Gelfand et al., 2004; Triandis & Gelfand, 2012).
In psychology, one of the first operationalizations of individualism was
offered by Hofstede (1980, 1991) who used the terms of individualism and
collectivism to describe possible forms of relationships between individuals
and the groups to which they belong. According to him, individualism pertains
to a society in which the ties between individuals are loose and everyone is
expected to look only after himself or herself and his or her immediate family.
Individualists aspire to achieve self-satisfaction and reach one’s full potential
(Berry et al., 1997; Triandis, 1995). Consequently, individualists maintain an
internal locus of control by assuming personal responsibility for their actions
and well-being. In order to attain such goals, individualists deny rigid
standards and avoid social pressures of conformity. Hence, it is likely that
individualists maintain looser connections to people in their immediate group
and larger society.

Collectivism is regarded as a core construct in analyzing cultural
effects on human relationship. Hofstede and Bond (1984) defined collectivism
as “a psychological tendency that places collective interests above individual
interests”. Triandis (1996) considered collectivism as an important cultural
feature. House et al. (2004) defined cultural characteristics in nine dimensions
such as uncertainty avoidance, institutional collectivism, and in-group
collectivism. Many scholars in China have explored the connotation of
collectivism in Chinese context. For example, Fan et al. (2014) defined
collectivism as the psychological tendency reflecting the degree of
individual’s concern for others and the collective. With this tendency, one’s
behaviour should and must meet the expectations of role norms. Li and Chen
(2015) stated that the core of collectivism was the mutual obligation between
group and individuals, which focuses on the collective goals and the desire to
get along with others.

Although a clear definition of collectivism is still debatable, research
on the impact of collectivism on individual behaviour has been growing
rapidly. For example, Jiang et al. (2016) concluded that collectivism could
influence employees’ cognitive and behavioural tendencies and affect their
behavioural outcomes as well, of which knowledge sharing and innovative
behaviour were two prominent outcomes.
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Hypotheses of the Study
The study generated the following hypotheses based on the past literature:
H1: Individual based knowledge sharing has positive impact on
organizational innovative behaviour in the organizations.
H2: Organizational based knowledge sharing has positive impact on
organizational innovative behaviour in the organizations.
H3: Individualism has positive moderating impact on organizational
innovative behaviour in the organizations.
H4: Collectivism has positive moderating impact on organizational
innovative behaviour in the organizations.
H5: Positive impact of moderating individualism on organizational
innovative behaviour is greater than the moderating collectivism on
organizational innovative behaviour.

Methodology
Data Collection

The convenient sampling technique was applied to collect data. The
survey was conducted through online google form and it was shared to the
individuals employed within the two main public health institutions of
Pakistan, i.e., National Institute of Health (NIH) and Pakistan Institute of
Medical Sciences (PIMS). The survey was shared with 700 employees and
540 responses were returned to the researcher. Out of 540 surveys, 60 surveys
were excluded because of missing values from the analysis. Thus, 480
employees were selected as a sample size for final analysis. The data study
was cross sectional, and it was conducted within six months.

Measurements

The data was collected through survey questionnaire. The items of the
survey were adapted from the past empirical evidences. After going through
vast literature, the items of the variables were selected and adapted according
to the context of Pakistan. Five-point Likert scale was used to measure the
items and they were scored as ‘1=Strongly Disagree, 2= Disagree, 3=Neultral,
4= Agree, 5= Strongly Agree’.

The variable organizational-based knowledge sharing (OKS) and
individual-based knowledge sharing (IKS) were adapted from Pian et al.
(2019), Xie and Ma (2007), and He et al. (2009). The OKS was based on four
items: “I exchange and share my experience and knowledge with the team
(organization). | share my knowledge to promote the development of the team
(organization). | exchange and share knowledge needed or beneficial to the
development of the team (organization). | share my experience and knowledge
through the organization website, database, and other public platforms”. The
IKS was based on these four items: “I share my experience and knowledge
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with colleagues. | share my knowledge to complete my own work or that of a
colleague. I exchange and share knowledge that is conducive to completing a
certain task of myself or my colleagues. | spread and share knowledge through
non-public channels such as chats, discussions, etc.”

The organizational innovative behaviour was adapted from the study of Pian
et al. (2019) and Liu et al. (2016). The organizational innovative behaviour
was based on these five items: “I often generate some creative ideas or
thoughts at work. I market my new ideas to colleagues or leaders to get their
support and recognition. To realize my ideas or organizational innovations, |
try my best to obtain the resources | need. | actively formulate appropriate
plans or projects to implement my innovative ideas. | always provide
recommendations to help my colleagues realize their innovative ideas”. The
individualism and collectivism were adapted from the study of Van and De
Jong (2009). The four items of individualism were: “I tend to do my own thing,
and others in my organization do the same. It is important to me that | perform
better than others on a task. | would rather work alone than do a group task. If
I have a difficult problem, I rather decide by myself than consult with others”.
The four Items of collectivism were: “I make an effort to avoid disagreements
with my group members. How | behave depends on who | am with, where |
am, or both. I would rather do a task in a group than do one alone. Before
making a decision, | always consult with others.”

Sampling

After confirming the reliability, validity, and normality of the data, the
descriptive analysis was carried out. It was found that, out of 480 respondents,
338 male respondents had a ratio of 70.4 percent, while 142 female
respondents had a ratio of 29.6 percent. There is a large difference between
the male and female respondents because of the gender diversity in
employment in Pakistan. This is due to a deficiency of female working group
in Pakistan’s community especially in the public sector. Another reason for
less involvement by the women is the lack of female interest in the research
participation.

While identifying the age group, 312 participants were within the age
range of 18-24 years with a ratio of 65 percent. On the other hand, 122
participants were within the age range of 32-38 years with a ratio of 25.6
percent. 46 participants, within the age range of 39-44 years, had a ratio of 9.4
percent. However, it was observed that there was no participant within the age
range of 25-31 years or older than 44 years.

While estimating the working period of the respondents, 48
participants had a ratio of 10 percent from the group of employees whose
working period was less than 1 year with their organization. Subsequently, 94
participants had a ratio of 19.6 percent with 1 year working period, 197
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participants had a ratio of 41.0 percent from 1-2 years working period, and
141 participants had a ratio of 29.4 percent from the 2-3 years working period

(Table 1).
Table 1. Sampling

Variable Frequency Percentage
Gender
Male 338 70.4
Female 142 29.6
Age
18-24 years 312 65.0
32-38 years 122 25.6
39-44 years 46 9.4
Working Period
Less than 1 year 48 10.0
1 Year 94 19.6
1-2 Years 197 41.0
2-3 Years 141 29.4

Source: Author

Results and Analysis
Reliability and Validity

The data was analysed through SPSS version 26. After cleaning the
data, it was inserted in SPSS. Thereafter, the data was validated by confirming
its Cronbach’s Alpha. The Cronbach’s Alpha for organizational innovative
behaviour was 0=0.758, the value of IKS was 0=0.775, the value of OKS was
0=0.766, the value of collectivism was o=0.772, and the value of
individualism was 0=0.799. According to Hair (2009), the acceptable range
for Cronbach’s Alpha is above a=0.50 (Table 2). Hence, every variable is in
the acceptable range. Data was also found to be normally distributed since the
normal range for skewness is between -2 to +2, and the normal range for
kurtosis is between -7 to +7 (Blanca et al., 2013; Hair, 2009) (Table 2).
Furthermore, the common method bias for variables was checked by the
application of the Harman’s single factor method. The data indicated 39.614
percent of the variance, which is in the acceptable range since it is less than

50 percent.
Table 2. Cronbach’s Alpha, Skewness, and Kurtosis

Variable Cronbach’s Alpha Skewness Kurtosis
Organizational 0.758 0.522 -0.549
Innovative
Behaviour
Organizational 0.766 0.416 -0.782
Knowledge Sharing
Individual 0.775 0.527 -0.582
Knowledge Sharing
Collectivism 0.772 0.473 -0.688
Individualism 0.799 0.386 -0.870
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Pearson Correlation
Table 3 shows the Pearson Correlation test results. The analysis of
correlation shows that there was significantly positive relationship among the

variables.
Table 3. Pearson Correlation

OIB IKS OKS C I
oIiB Pearson Correlation 1 .680** .683** .664** .615**
Sig. (2-tailed) .000 .000 .000 .000
N 480 480 480 480 480
IKS Pearson Correlation .680** 1 .634** .613** .563**
Sig. (2-tailed) .000 .000 .000 .000
N 480 480 480 480 480
OKS Pearson Correlation .683** .634** 1 .615** .564**
Sig. (2-tailed) .000 .000 .000 .000
N 480 480 480 480 480
C Pearson Correlation .664** .613** .615** 1 .546**
Sig. (2-tailed) .000 .000 .000 .000
N 480 480 480 480 480
| Pearson Correlation .615** .563** .564** .546** 1
Sig. (2-tailed) .000 .000 .000 .000
N 480 480 480 480 480

**_Correlation is significant at the 0.01 level (2-tailed).

Source: Author

Hypotheses Testing

In order to test the hypotheses, the Hierarchical Regression Analysis
was carried out with the help of SPSS version 26. This study has adopted 3
steps model of Hierarchical Regression Analysis. In the first step, the
control/demographic variables were inserted in the model. In the second step,
the independent variables, i.e., individual-based knowledge sharing and
individualism were inserted, while organizational innovative behaviour was
inserted as the dependent variable. In the third step, the moderating variable
(individualism x IKS) was inserted. A positive significant relationship was
found between IKS and organizational innovative behaviour ($=0.491,
P=0.00). In the same way, individualism was found to be positively significant
with organizational innovative behaviour ($=0.340, P=0.00). Furthermore, the
moderating effect of individualism was also found to be positively significant
with the organizational innovative behaviour (f=1.464, P=0.00). Thus, this

study supports hypothesis 1 and 3 simultaneously (Table 4).
Table 4.The Hierarchical Regression Analysis for Hypothesis 1 and 3

Model Beta Sig. F R2 AR?

1 (Constant) .000
Gender -.119 .019 0.001 0.029 0.036

Age -.107 .029

Working Period -.066 178
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2 (Constant) .001
Gender -.009 .795
Age .022 522 0.00 0.538 0.507
Working Period -.048 .155
IKS 491 .000
I .340 .000
3 (Constant) .000
Gender .062 .060
Age -.079 017 0.00 0.616 0.078
Working Period -.026 404
IKS -.349 .000
I -451 .000
individualism*IKS 1.464 .000

Dependent Variable: Organizational innovative behavior
Source: Author

In order to test hypothesis 2 and 4, 3 steps model of Hierarchical Regression
Analysis was conducted. In the first step, the control/demographic variables
were inserted in the model. In the second step, the independent variables, i.e.,
organizational-based knowledge sharing and collectivism were inserted, while
organizational innovative behaviour was inserted as the dependent variable. In
the third step, the moderating variable (collectivism x OKS) was inserted. A
positively significant relationship was found between OKS and organizational
innovative behaviour (=0.439, P=0.00). In the same way, collectivism was
found to be positively significant with organizational innovative behaviour
(B=0.391, P=0.00). Furthermore, the moderating effect of collectivism was
also found to be positively significant with the organizational innovative
behaviour (B=1.364, P=0.00). Therefore, this study supports hypothesis 2 and

4 (Table 5).
Table 5. The Hierarchical Regression Analysis for Hypothesis 2 and 4
Model Beta Sig. F R2 AR?
1 (Constant) .000
Gender -.119 .019 0.001 0.029 0.036
Age -.107 .029
Working Period -.066 178
2 (Constant) .005
Gender -.007 .839
Age -.010 754
Working Period -.013 .705 0.00 0.558 0.527
OKS 439 .000
C 391 .000
3 (Constant) .000
Gender .057 074
Age -.104 .001
Working Period .001 .987 0.00 0.631 0.073
OKS -.322 .000
www.eujournal.org 208
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C -.339 .000
collectivism*OKS 1.364 .000

Dependent Variable: Innovative Behavior
Source: Author

In addition to this, hypothesis 5 is tested on the basis of the results obtained
through Table 4 and 5. The result of this study shows that individualism has a
positive and significant impact on organizational innovative behaviour
(B=0.340, P=0.00). In the same way, collectivism also has a positively
significant impact on organizational innovative behaviour ($=0.391, P=0.00).
However, collectivism is found to have higher impact in comparison to
individualism. Hence, this study does not support hypothesis 5.

Discussion

It is indicated by the estimated results of the study that there is a
significant role of knowledge sharing on the organizational innovative
behaviour of the employees in an organization. This study has categorised
knowledge sharing into two categories: individual-based knowledge sharing
(IKS) and organizational-based knowledge sharing (OKS). The results of the
study have estimated both forms of knowledge sharing as positively
significant with organizational innovation. For the first time, knowledge
sharing was categorised on the basis of behaviour before it was implied as a
characteristic of knowledge. In this way, it is one of the pioneer studies to
apply knowledge sharing as behavioural characteristics. It is also the first
study in the context of Pakistan to use the behavioural characteristics of the
knowledge sharing behaviour.

Based on the results of this study, individualism has a positive and
significant impact on the organizational innovative behaviour of the public
healthcare organization. These findings are empirically supported by Pian et
al. (2019), Bradley et al. (2013), Griffith and Rubera (2014), and Engelen et
al. (2014). It is stated by Bradley et al. (2013) that the people from individualist
organizational culture are solely responsible for their decisions. Therefore,
they tend to take more risks in order to accomplish their goals. This is why
individualists are considered to be more innovative. Furthermore, Erez and
Nouri (2010) mentioned that individualists are more important for the creation
and generation of innovative ideas, which ultimately leads towards
organizational innovative behaviour (Desmarchelier & Fang, 2016).
Conversely, there are some studies (Engelen et al., 2014; Kaasa & Vadi, 2010)
that could not estimate any significant relationship between the individualism
and innovative behaviour. One of the major reasons the individualists are more
innovative is the reception of reward, appraisal, and promotion at their jobs.
Nonetheless, this study has found that there is significantly positive
relationship between collectivism and organizational innovative behaviour of
www.eujournal.org 209
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the employees in a public healthcare organization. This finding is supported
by Tian et al. (2018), Pian et al. (2019), and Engelen et al. (2014). Meanwhile,
it is widely accepted that collectivists are innovative and collectivism leads to
organizational innovative behaviour. This is because individuals are expected
to share their knowledge and skills with their colleagues, which becomes a
major reason for the development of new ideas, products, and services. While
making a comparison between individualism and collectivism, this study has
also identified that collectivism has more impact on the organizational
innovative behaviour of the organization. The same finding has been
suggested by previous scholars (Yang et al., 2015; Bao et al., 2015; Akhavan
& Hosseini, 2016; Kim, 2019). One of the major reasons collectivists are more
innovative is because they share their ideas, knowledge, and experiences,
which minimises the chances of failing and increases the chances of being
more successful. This is the reason why in most public healthcare
organizations, the research and development department is established to
enhance organizational innovation in their organizations. However, some
studies established that individualists are more innovative because they handle
their responsibility while taking risks and they try to do their best in order to
receive reward from their senior management. Therefore, it can be stated that
the role of individualism and collectivism is yet contradictory because of the
mixed findings in the literature.

Accordingly, this study has found significantly positive impact of
individualism moderation with organizational innovative behaviour. The
moderation of individualism is applied through individual-based knowledge
sharing in the organizations. The individual-based knowledge sharing is a
behaviour in which knowledge is shared with an individual to complete his
task or to correct his mistakes. In this way, people learn and improve their
skills and they also tend to innovate new things at their jobs. Similarly, this
study revealed the moderation impact of collectivism significantly positive
with the organizational-based knowledge sharing behaviour. In this behaviour,
the particular knowledge is shared with everyone or the organization arranges
training sessions for its employees to increase their skills and performance,
which tends them towards organizational innovative behaviour.

Conclusion

In this competitive era, knowledge sharing has been considered as the
most important factor for the sustainability of the organizations in the
competitive market. Knowledge sharing is considered to be an integral part of
knowledge management system. This is because knowledge sharing leads to
organizational innovative behaviour of the organization’s employees and
innovation in the organization as well. Therefore, in present times, the area of
knowledge sharing and organizational innovation has become the central

www.eujournal.org 210



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

focus of the researchers. However, most of the studies have only focused on
the characteristics of knowledge. Therefore, this study is included in the
foundations of those few studies that have utilised the behavioural
characteristics of knowledge, while considering the individual-based
knowledge sharing and organizational-based knowledge sharing. In addition,
this is the first study to be conducted in the context of Pakistan’s government
sector. The purpose of this study was to compare the individualism and
collectivism role on organizational innovative behaviour of organizations.
Conclusively, this study affirms that there is a positively significant role of
individualism, collectivism, individual-based knowledge sharing and
organizational-based knowledge sharing on organizational innovative
behaviour. Furthermore, this study also found the significantly positive impact
of collectivism and individualism’s moderation on organizational innovative
behaviour. After comparing the data, it is evident that collectivists are more
innovative in comparison to the individualists in public sector organizations.

Implications of the Study

The cultural dynamics of Pakistan are quite diverse. This is possibly
the main reason why individualism and collectivism, as moderating variables,
have significant impact on the organizational innovative behaviour of the
employees in the organizations. Therefore, it is more important for the
managers, senior managers, and entrepreneurs to be more vigilant about their
cultural contexts and adopt strategies accordingly to make their employees
more innovative. The findings of the study further showed that collectivists
are more innovative in comparison to the individualists. Therefore, it is opined
that the senior management should encourage a sharing attitude of
organizational level knowledge. Also, during the promotion process, they
should assess the behaviour of the individuals so that the individuals with
collectivism approach should be given leadership roles to improve the
organizational performance and also enhance innovation in the organization.

Limitations of the study

Every study has its strengths and limitations. Therefore, this study
faced some limitations also. One of the major limitations of this study is the
small sample size. Secondly, this study only focused on the Pakistan’s public
healthcare sector. As a result, future studies can be added from different South
Asian countries to have better and generalized results. Thirdly, the study
comprised of few variables which particularly ignored the characteristics of
the knowledge to be included and only considered the behavioural
characteristics of knowledge. Thus, future studies can include more variables
in the model to estimate improved results. The future studies can also adopt
mixed method approach with focus group and face to face interviews to have
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better results. Fourthly, this study adopted cross sectional data collection
technique due to time constraint issues. Therefore, future studies can adopt
longitudinal data collection technique to have improved results over a longer
period of time. Lastly, the study only adopted the moderating role of
individualism and collectivism. Nevertheless, future studies can assess them
as mediating role or they may include other mediating variables to have better
findings.
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Résume

L’objectif genéral poursuivi est d’analyser la perception des aléas
climatiques aupres des exploitants en milieu urbain. Pour ce faire, des
entretiens semi-structurés et des enquétes ont été effectués. Au total 140
exploitants disponible ont été enquétés. Un critere d’age de sélection des
exploitants variant de 15 a 50 ans a permis de s’assurer que les stratégies
développées font suite a une perception effective des changements. L’analyse
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des données a éte faite par le logiciel Access et Excel pour le calcul des
parametres statistiques descriptifs et la réalisation de graphiques. Ces derniers
observent I’existence des parametres climatiques qui interviennent dans leur
pratique a 90%. Les résultats de la recherche révelent que 66 % des exploitants
ont un niveau d’instruction assez bas. Face aux aléas climatiques les
exploitants mettent en ceuvre des stratégies durables d’adaptations qui
participent a I’amélioration des rendements.80 % des exploitants font recourt
aux variétés locales et adoptent des stratégies diverses a la pratique d’irrigation
et Le drainage et le curage des cours d’eau (30%) ;adoption des variétés
résistantes au stress thermique et de variétés de cycle court (65%), décalage
des dates de semis et irrigation (15%).Les principaux déterminants de
I’adoption des stratégies adaptatives sont variables de perception. De ce fait,
la nature et I’efficacité des stratégies utilisées mettent en évidence le caractere
vulnérable des exploitants par des contraintes matérielles, financiéres et
techniques et I’accés a I’information. Ainsi, malgré les stratégies mises en
place, les exploitants sont soumis d’une part a une vulnérabilité tant sociale
qu’aux vulnérabilités de production.

Mots clés: Changement climatique, Perception, Adaptation, vulnérabilité,
riziculture urbaine
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Abstract

The general objective is to analyze the perception of climatic hazards
among farmers in urban areas. To do this, semi-structured interviews and
surveys were conducted. A total of 140 available farmers were surveyed. An
age criterion for the selection of farmers ranging from 15 to 50 years old was
used to ensure that the strategies developed were based on an effective
perception of changes. The data was analyzed using Access and Excel
software to calculate descriptive statistical parameters and to produce graphs.
The graphs show the existence of climatic parameters that are involved in 90%
of their practices. The results of the research reveal that 66% of the farmers
have a fairly low level of education. Faced with climatic hazards, farmers
implement sustainable adaptation strategies that help improve yields. 80% of
farmers use local varieties and adopt various strategies for irrigation and
drainage (30%); adoption of heat stress resistant varieties and short cycle
varieties (65%); and shifting of sowing dates and irrigation (15%).The main
determinants of the adoption of adaptive strategies vary in perception. As a
result, the nature and effectiveness of the strategies used highlight the
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vulnerability of farmers due to material, financial and technical constraints and
access to information. Thus, despite the strategies implemented, farmers are
subject to both social and production vulnerabilities.

Keywords: Climate change, Perception, Adaptation, Vulnerability, Urban
rice production

1. Introduction

Le changement climatique apparait de nos jours comme la menace la
plus préoccupante a la réalisation des aspirations de réduction de la pauvreté
des pays africains et constitue de ce fait un frein a I’atteinte des Objectifs du
Millénaire pour le Développement (OMD). Il affecte la pluviométrie, la
disponibilité de I'eau, le niveau des mers, I'augmentation des secheresses et la
fréquence des feux de brousse. De plus en plus, son impact sur la santé
humaine, la productivité agricole et la biodiversité est trés visible
particulierement en Afrique. En effet, I’imprévisibilité de la croissance de ce
changement climatique constitue une menace pour le secteur agricole et un
frein pour I’atteinte de I’autosuffisance alimentaire (Ali et Erenstein, 2017).
Les effets potentiels du changement climatique sur la productivité agricole
suscitent de nombreuses préoccupations (Gomgnimbou et al.,2020), De ce
fait, la plupart des pays d’Afrique de I’Ouest particulierement les pays
sahéliens & saisons alternées, sont trés vulnérables aux changements
climatiques (Bonkoungou et al., 2019), ce qui fragilise les systemes agricoles
qui ne répondent plus aux pressions actuelles du climat (Yegbemey et
al.2014). Ce changement est percu par des agriculteurs a travers divers
évenements susceptibles de produire des effets négatifs sur les exploitations
(Harvey et al., 2014 ; Kasongo et Mosombo, 2017). Cette menace des aléas
climatiques suscite chez les producteurs une incertitude et une perte des
reperes saisonniers (Pierre et al. 2012 ; Donkora, 2019). Plusieurs études ont
été réalisées sur I'impact du changement climatique, notamment sur la
perception des communautes locales et sur les options d’adaptation utilisées
(Saboury, 2018). Les riziculteurs percoivent les effets du changement
climatique et développent plusieurs stratégies d’adaptation (Abdou et al.,
2014) de maniéere endogene pour réduire les effets néfastes de ces variabilités
climatiques sur la production. Les travaux recenses sur les stratégies
d’adaptation indiquent que I’utilisation des semences résistantes a la
secheresse associée a I’agroforesterie, le décalage des dates de semis et
I’irrigation (Sarr et al., 2015), la gestion efficiente de I’eau et des fertilisants
ainsi que la diversification des cultures sont parmi les options d’adaptation
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privilégiees (Bele et al., 2014 ; Makate et al., 2016). Cependant, la mise en
place de ces stratégies varie d’un systeme de production a I’autre, des
opportunités, des facteurs socio-economiques ainsi que de la perception des
agriculteurs du changement climatique (Abid et al., 2015 ; Asayehegn et al.,
2017). Ainsi, la présente recherche, tente de savoir de quelles manieres ces
exploitants parviennent-elles a faire face aux défis du changement climatique
? L’objectif de cette recherche est d’analyser la perception paysanne des aléas
climatiques sur la riziculture dans la vallée du fleuve Niger.

2. Matériel et méthodes
2.1. Présentation de la zone de de recherche

La présente recherche s’est réalisée sur le périmetre irrigué de Saga
situé entre (13°27°39,9°’N, 002°08°44,1°°E) dans la Commune IV de la ville
de Niamey au Niger (Figure 1). Le site est sous I’influence d’un climat sahélo-
soudanien qui se traduit par I'alternance de deux saisons distinctes : une saison
séche qui s’étend du mois d’octobre a mai et, une saison pluvieuse qui s’étend
de juin a septembre avec une température moyenne de 28 a 42° C (Ozer, 2017).
Les sols sont riches en sédiments d’origine alluviale avec une texture
argileuse. D’apreés les résultats des travaux de recherche de Issiaka et al.
(2018), le couvert vegetal est essentiellement constituée d’especes locales telles
que : Acacia nilotica, Bauhinia refescens, Pourparcia birrea, Delonix regia,
Adansonia digitata (baobab), Khaya sengalensis (caicédrat), Acacia seyal,
Balanites aegyptiaca, Ceiba pentandra, Prosopis africana, Ziziphus
mauritania, Cassia sieberiane, Ficus, Hyphaene thebaica (doum) et Parkia
biglobosa (Neéré). Les especes exotiques, plantées, sont essentiellement le
neem (Azadirachta indica), l'eucalyptus (Eucalyptus camaldulensis), le
meélina (Gmelina arborea), Terminalia mentaly, Prosopis juliflora, Cassia
siamea, Acacia holocericea. Le réseau hydrographique est constitué par un
seul cours d’eau permanant le fleuve Niger (Bahari et al., 2018)..
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Figure 1 : Cartographie du périmétre irrigué de saga
Source : Institut Géographique du Niger (2021)

La figure 1 ci-dessus illustre I’aménagement hydro-agricole de Saga et sa
répartition en Groupement Mutualiste de Production(GMP). Le périmetre
irrigué est aménagé depuis 1987 pour la riziculture intensive sur une superficie
nominale de 431 ha dont 381 ha dominées par le réseau d’irrigation et 49 ha
pour le maraichage. La culture du riz est pratiquée selon un calendrier cultural
de deux campagnes par an : une premiére campagne saison seche (SS) qui va
de Novembre a Mai et une campagne de saison d’hivernage (SH) qui va de
Juin jusqu’en décembre.

2.2. Méthodes
2.2.1. Echantillonnage

Les unités d’observation sont les producteurs du riz. Dans chaque
Groupement Mutualiste de Production (GMP) au nombre (7) selectionnés, 20
exploitants ont été constitues de maniere aléatoire a choix raisonné. Ainsi, au
total 140 exploitants disponible ont été enquétés (Tableau 1). Un critére d’age
de sélection des exploitants variant de 15 a 50 ans a permis de s’assurer que
les stratégies développées font suite & une perception effective des
changements. Les donnéees ont été collectées par des enquétes a travers des
entretiens semi structurés. Elles sont qualitatives et quantitatives. Elles ont été
collectées durant la campagne agricole 2020-2021. Les travaux de Kasongo
et Mosombo (2017) et Kabore et al. (2019) nous ont orientés du point de vue
méthodologique pour la structuration du questionnaire. Ces donnees sont
relatives(i) aux caractéristiques sociodémographiques des exploitants, (ii) les
parametres d’appréciation du changement climatique, (iii) perceptions sur les
variétés cultivées et la double riziculture, (iv) les stratégies d’adaptations
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adoptées. Le dialogue est fait en langue locale (Zarma et Haoussa) dans le cas
ou certains producteurs ne comprennent pas la langue francaise ce qui a permis
de recueillir les informations communiquees.,
2.2.3. Analyses des donnees

Deux (2) types d’analyse ont été effectues. Il s’agit de I’analyse
quantitative et I’analyse qualitative. L’analyse quantitative a permis le
regroupement des données issues des questionnaires a I’aide de I’outil
informatique tels qu’ Access 2013 pour la saisie des données collectées afin de
constituer une base de données, puis Excel 2013 pour agréger le calcul des
parameétres statistiques descriptifs.
Quant a I’analyse qualitative, elle renvoie I’analyses des données relatives a la
perception du climat sur la base d’une analyse en composantes multiples :

e Une perception du climat est qualifiée de « bonne », si les réponses de
I’enquété sur le climat recoupaient les observations réalisees au cours des dix
derniéres années (Kosmowski et al., 2015). Si la description du climat était
juste pour au moins sept des huit critéres suivants (Augmentation des pluies
; saison des pluies ; démarrage tardif des pluies ; fin des pluies tardive ;
variation forte des pluies d’une année sur I’autre ; augmentation de la
température maximale ; augmentation de la température minimale), il est
considéré que I’exploitant a une bonne perception du climat (Yegbemey et
al., 2014).

e Les stratégies locales d’adaptation ont été identifiées par le choix

variétal de riz et les stratégies endogeénes de gestion des aléas climatiques ;

e La détermination des facteurs de wvulnérabilité basée sur la
vulnérabilité des exploitants est liée d’une part aux activités de production et
d’autre part aux ressources en capital humain, financier, social et physique qui
déterminent les capacités de réaction des personnes face aux différents chocs
(Bonkoungou et al., 2019).

e Les deux critéres d’efficacité et limites des stratégies d’adaptations
retenus renvoient ainsi a la fois a des questions de viabilité et diversification
- Si les stratégies peuvent engendrent des effets immédiats et a court terme,

elle est considerée faible
- Si les stratégies peuvent engendrent des effets a long terme, elle est

considéré efficace

3. Résultats

3.1. Caractéristiques sociodémographiques des exploitants du site de
recherche
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Les caractéristiqgues liees aux exploitants (Tableau 1) sont
essentiellement de quatre (4) ordres : I’age, le sexe, le niveau d’instruction et

I’expérience acquise des riziculteurs.
Tableau 1 : Répartition des riziculteurs selon leurs caractéristiques sociodémographiques

Caractéristique des riziculteurs Effectifs Pourcentage (%0)
Age (ans)
[15-30[ 36 26
[30-40[ 61 44
[40-50[ 43 30
Sexe
Hommes 96 69
Femmes 44 31
Niveau d’instruction
Non alphabétisés 92 66
Primaire 25 18
Alphabetisé Secondaire 13 9
Supérieur 10 7
Expérience acquise
>10 66 47
<10 74 53

L’analyse des données du tableau 1 montre que les exploitants sont composés
essentiellement des hommes qui représentent 96 % et 44 % des femmes de
I’effectif de I’échantillon. L’&ge des enquétés varie de 15 a 50 ans, avec la
moyenne d’age se situant autour de 30 ans. Sur I’ensemble des enquétes, les
exploitants agés moins de 30 ans représentent 26 %, ceux agés de 30 a 40 ans
44 % et ceux de plus de 40 ans repréesentent 30 %. Les exploitants dans leur
ensemble sont non alphabétisés a 66 % et ceux ayant été a I’école présentent
34 %, dont 18 % ont suivi I’école primaire, 9 % ont atteint le cycle secondaire
et 7 % le cycle supérieur Concernant leur niveau de I’expérience acquise, 74
% des exploitants totalisent 10 a 20 ans dans la pratique rizicole.

3.2. Perception du changement climatique selon les exploitants

Les résultats révelent que 90 % des exploitants confirment I’existence de
parametres climatiques observables au niveau de la pluviométrie, de la
température, du vent et des inondations. Le tableau2 consigne I’état de la

perception climatique par les exploitants.
Tableau 2 Evolution des facteurs climatiques selon les enquétés.

Facteurs Augmenter Stable Taux (%)
Pluviométrie +++
- 90 %
Température +++
Vent ++ 60 %
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Inondations ++ 80 %

Source : Résultats de I’enquéte, 2021
+++ : Augmente ; ++ : Stable

La lecture du tableau 2 montre que le changement climatique est percu de
diverses manieres par les exploitants. Un fort taux des enquétés (80 %)
estiment que ces principaux aléas climatiques a un effet négatif sur la
riziculture irriguée d’une maniere ou d’une autre et perturbent I’équilibre
géneral des rendements rizicoles.

3.3. Strategies locales d’adaptations

Face a la dégradation continue de leurs conditions de vie dans le
contexte actuel de variabilité climatique, les exploitants ont développé
diverses stratégies d’adaptation notamment le choix variétal et celui des
systemes de cultures.
3.3.1. Variétés du riz utilisées par les exploitants

Les résultats des enquétes ont révelé que les exploitants font recours a
cing variétés de riz dont deux homologuées (Gambiaka ; IR15-29) et trois
locales (Waihidjo ; N°1; N°2). Cependant, 80 % (Tableau 3) des exploitants
utilisent les variétés locales dans les stratégies d’adaptation. Le tableau 3
présente les différents pourcentages des assertions d’enquétés.

Tableau 3 Taux d’utilisation des 5 variétés utilisées par les exploitants

Variétés Cycle Taux (%)
Gambiaca 6 Mois
IR15-29 6 Mois 20 %
Waihidjo 54 6 Mois
N°1 5 a 6 Mois 80%
N°2 5 a 6 Mois

Source : Résultats de I’enquéte, 2021

Le tableau 3 montre que les producteurs enquétes affirment une prédominance
de 80 % de la variété locale d’une part d’autre part 20 % des personnes
enquétées attestent que I’adoption des variétés homologuées explique la
résilience des cultivateurs exposés au changement climatique. Le tableau 4
indique les facteurs de choix qui contribuent a leur résilience aux changements

climatiques.
Tableau 4 : Efficacité technique d’adoption des variétés

Variétés Caractéristiques Horizon temporel

Gambiaca
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IR15-29 Produit beaucoup et résiste au caprice du climat, talle ~ Adaptation anticipative a
bien, trés bon go(t, résiste bien au stress hydrique moyen/ long terme
Waihidjo Présente les mémes caractéristiques, résiste au stress  Adaptation anticipative a
N°1 hydrique, mais elle présente une variation de court terme
N°2 production en fonction des saisons.

Source : Résultats de I’enquéte, 2021

La lecture du tableau 4 montre que les variétés ne sont pas choisies en fonction
de la durée de leur cycle, mais beaucoup plus a cause de leur résistance et leur
rendement en cas de perturbation des campagnes.

3.3.2. Déterminants des limites stratégiques d’adaptation
En réponse aux variabilités climatiques dans la zone d’étude, les exploitants
ont développé diverses stratégies classées selon leur appréciation (Tableau 5).
Les principaux determinants de I’adoption des stratégies adaptatives sont

variables de perception.
Tableau 5. Limites d’adaptation aux stratégies adoptées

Stratégies adaptatives Degré de prévoyance Limite d’adaptation Taux(%o)
Variétés résistantes au
stress thermique Adaptation spontanée ou Accés a I'information et 65%
Utilisation de variétés de autonome technique
cycle court
I’irrigation de complément
Le drainage et le curage Adaptation planifiée Matérielle et techniques 30%
des cours d’eau
Décalage des dates de Adaptation anticipative Techniques et financieres
semis et irrigation 15%

Source : Résultats de I’enquéte, 2021

Il ressort de I’analyse des données du tableau 5 que I’adaptation est
limitée par un accés a I’information et technique (65%) ; Matérielle et
techniques (30%) ; Techniques et financieres (15%). Tous ces facteurs
peuvent expliquer la faiblesse des exploitants. De ce fait, les financements de
I’activité de production du riz constituent la principale limite d’origine des
mesures stratégiques.

3.4. Facteurs de vulnérabilite

Le tableau 6 montre que la vulnérabilité des exploitants est multiple et variée
Tableau 6 : Opinions des riziculteurs quant a leur vulnérabilité

Vulnérabilité Facteurs Taux (%)

- retard de semis des cultures
- I’excés de précipitations ou des pluies en
campagne pendant la saison hivernage qui
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Production provoque la prolifération (Parasites des plantes, 10 %
les ravageurs et I’érosion du sol)
-Variation de la température au cours de la période
de germination de la semence, de sa croissance
jusqu’a sa récolte (Perte de rendement)

- difficultés d’accéder aux crédits pour --I’achat
des divers intrants agricoles (les engrais, les
produits phytosanitaires, etc.)

Financiére -variation des taux d’intérét/de la valeur des actifs 20 %
financiers/accés au crédit
-I’indisponibilité de la main d’oeuvre

-rupture de la relation entre les exploitants
-les problemes de santé,
Sociale -la perte de main-d’ceuvre 70 %

Source : Résultats de I’enquéte, 2021

Il ressort du tableau 6 que la production ne constitue pas un facteur majeur de
leur vulnérabilité. Son indice de vulnérabilité moyen est de 10 %. Par contre,
le facteur social présente une grande vulnérabilité avec une moyenne de 70 %.
Ainsi, le comportement social est un facteur de vulnérabilité trés inquiétant
pour I’avenir.

1. Discussion

Les résultats obtenus de cette recherche montrent que les exploitants
percoivent clairement les changements qui interviennent dans leur pratique
ainsi que les facteurs qui en sont a I’origine. Cette perception varie selon le
niveau d’instruction. L’experience pratique acquise par ces exploitants sur le
terrain est importante, elle n’est cependant complétée par des bonnes pratiques
agricoles a travers des associations ou groupements d’intérét économique, par
I’intervention des structures d’encadrement. En effet, le niveau d’instruction
des exploitants reste faible a 66 % avec une année d’expérience importante de
10 & 20 ans dans la pratique de la riziculture. Cette corrélation s’explique par
le niveau de qualification dans les taches culturales des acteurs du secteur et
aussi une meilleure allocation de la main-d’ceuvre. Cette corrélation positive
et significative est également obtenue par Kouakou (2017) qui montre que les
agriculteurs urbains sont plus souvent spécialisés et bénéficient d’une longue
annee d’expéerience qui permet d’acquerir des aptitudes techniques
appropriées pour les rendre beaucoup plus utiles. Les résultats de cette
recherche révelent que 90 % des exploitants confirment une augmentation de
la température moyenne qui accroit le rendement agricole et d’autre part une
conséquence sur les variétés cultivées et une baisse notable du rendement en
saison seche. Ces mémes observations ont été rapportées par Mallo (2019),
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pour qui la température constitue le facteur climatique le plus important en ce
sens qu'elle est trés difficile & modifier. D’apres ce dernier, la température
optimale pour le développement du riz se situe entre 30 et 35°C. Par ailleurs,
90 % des exploitants interrogés constatent une augmentation de la
pluviométrie avec la variation du niveau du fleuve provoguant la disparition
de plusieurs parcelles d’exploitation suite aux inondations qui interviennent
géneralement en milieu de Campagne Saison Humide. Ces résultats
corroborent avec ceux trouvés par Ouédraogo (2012) au Burkina Faso et Garba
Hima (2015), toute augmentation des précipitations pourrait étre appréhendée
comme un exces d’eau pour cette culture et donc aura un effet négatif sur son
rendement. Ces résultats montrent que le changement climatique a un effet
négatif sur la riziculture irriguée d’une maniere ou d’une autre.

Conscients de la réalité du changement climatique, les stratégies developpées
par les sont pour la plupart anticipatives ou réactives. On distingue I’ utilisation
des variétés locales, I’utilisation des variéteés résistantes, I’irrigation de
complément le ressemis et I’utilisation des variétés de cycle court. Ce choix
se justifie selon 90 % des riziculteurs comme une alternative et méme un
palliatif pour sauver la campagne en cas d’urgence. Ces exploitants agés
pratiquent plus des variétés de cycle court sujettes a plus d’impact négatif. En
abandonnant la culture du riz, ces exploitants n’ont d’autres alternatives que
de vivre a partir des transferts d’argent realises par la famille en ville en
complément de la pratique de culture moins risquée. Ces résultats sont
conformes a ceux identifies par Naswem et al. (2016) et Arimi, (2014),
concernant I’utilisation des variétés améliorées; la culture de variétés
résistantes a la secheresse (Onyegbula et Oladeji, 2017 ; Idoma, et al., 2017),
la culture de variétés résistantes a I’inondation (Onyegbula et Oladeji, 2017).
Onyegbula et Oladeji (2017) ont souligné le role important de I’ utilisation des
variétés résistantes aux parasites et aux maladies comme une stratégie
d’adaptation des riziculteurs au changement climatique. Comme rapporté par
Gomgnimbou et al., (2020), ces mémes stratégies ont été développées par les
riziculteurs de la Céte d’Ivoire dans le contexte de changement climatique.
Dans le méme ordre d’idées, les mémes constats ont été rapportés par Mossi
et al., (2017) sur les périmétres de Tiaguireré amont, Tiaguiréré aval, Say 1,
Say extension, Lata et Daibéri au Niger ou une majorité de producteurs ont
opté pour la variété Alewa qui n’est pas homologuée. Plusieurs raisons
expliquent le choix porté sur les variétés locales selon les riziculteurs a savoir
I’avantage lié a la digestibilité, I’utilité pour le traitement de certaines maladies
ou au bien-étre qu’elles procurent. En effet, il a été rapporté par Gnacadja et
al., (2017) que les consommateurs ont plus tendance a avoir une préférence
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pour le riz produit localement et de qualité, comparés au riz importé. Les
résultats de plusieurs auteurs, notamment ceux de Agwata et al., (2014) ;
Tiwari et al., (2014) ; et Obayelu et al., (2014), confirment a ce sujet que
I’adoption des techniques d’adaptation et d’atténuation au risque climatique
permet d’améliorer les moyens de subsistance et de réduire la vulnérabilité.
Cependant, malgré les stratégies mises en ceuvre les exploitants enquétés
reconnaissent que ces stratégies comportent certaines contraintes et limites en
méme temps qu’elles manquent d’efficacité sont eux-mémes une source de
vulnérabilite a la profitabilité par le comportement social qui est un aspect trés
inquiétant (I’indiscipline dans le respect des régles, querelles, vole). Comme
rapporté par Kabore et al., (2019), la variable sexe influence négativement la
pratique de I’irrigation (au seuil de 5 %) dans la mesure ou les hommes sont
plus impliqués que les femmes dans cette activite et ont plus acces a la terre.
De méme pour Barry, (2016) ; Opiyo et al., (2016), les caractéristiques socio-
économiques des ménages influencent I’adaptation par leur environnement
physique et institutionnel. Les contraintes sociales présentent de nombreuses
répercussions vis-a-vis des exploitants et leur degré d’impact dépend
notamment les dommages et pertes de la production en I’absence d’une
gestion préétablie. De plus, la faible maitrise de I’itinéraire technique de
production sont aussi visibles associée au manque de moyens financier et
technique constitue de ce fait les maillons faibles de la production du riz pour
accroitre les rendements.

V. Conclusion

L’adoption d’une stratégie d’adaptation par un exploitant dépend de sa
perception du changement climatique et de ses causes, ses impacts négatifs sur
I’environnement et des moyens disponibles pour apporter des solutions. Cette
étude s’est base sur la perception paysanne des aléas climatiques sur la
production du riz dans la vallée du fleuve Niger. Les résultats de la recherche
montrent que les exploitants percoivent clairement les changements qui
interviennent dans leur pratique dont la majeure partie des exploitants, le
nombre d’actifs ont un niveau d’instruction assez bas, ce qui influence
négativement la perception des riziculteurs dans les pratiques collectives. Face
a ce nouveau défi, les riziculteurs ont ainsi développé des mesures
d’adaptation qui vont de I’adoption des variétés locales a la pratique
d’irrigation de complément, I’adaptation des variétés résistantes au stress
thermique, le ressemis et I’utilisation des variétes de cycle court. Ces stratégies
ne sont qu’une réaction limitée de la part des exploitants face aux effets de la
variabilité climatique et manque d’efficacité. La nature et I’efficacité des
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stratégies utilisées mettent en évidence le caractere vulnérable des exploitants.
Ainsi, I’analyse des mesures d’adaptation adoptées par les exploitants montre
qu’elles sont globalement pertinentes méme si ces stratégies sont peu
efficaces, elles témoignent néanmoins de la capacité d’adaptation des
exploitants malgré leurs limites. En somme, le recours a ces mesures montre
que la notion des changements et de variabilité climatiques n’est pas inconnue.
Ces derniers sont conscients des risques que représente la variabilité
climatique sur leur production et pour leur survie
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Abstract

Harrisonia abyssinica is a wild plant with multiple therapeutic
properties used in traditional medicine in Benin. This study aimed at
evaluating the preliminary phytochemical screening of large groups of
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secondary metabolites, antibacterial activity and acute oral toxicity of aqueous
and ethanolic extracts of H. abyssinica leaves. Antibacterial activity
evaluation was doing by microdilution method on bacterial (Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Enterococcus faecalis, Klebsiella pneumonia, Salmonella sp,
Shigella sp and Vibrio cholerae). Minimum Inhibitory Concentration (MIC)
was determined using lodonitrotetrazolium salt as revelator. Wistar rats were
used for acute oral toxicity test in which single dose of 2000 mg/kg body
weight of ethanolic and aqueous extract were administered; the control group
received distilled water. Phytochemical screening revealed the presence of
gallic tannins, alkaloids, reducing sugar, coumarins, quinones, steroids,
terpene and saponosides. No toxicity was observed in rats. The LD50 obtained
was greater than 2000 mg / kg bw of rats. No macroscopic and histological
abnormalities were seen in kidneys and liver analyzes. Ethanolic extract of H.
abyssinica showed a better activity than aqueous extract with a MIC of 1.25
mg / mL compared to 5 mg / mL for aqueous extract.

Keywords: Wistar rats, bacterial strains, oral toxicity, Harrisonia abyssinica,
Minimum Inhibitory Concentration.

Introduction

For decades, medicinal and aromatic plants have been used to treat
human illnesses. Of these diseases, most microbial infections are caused by
viruses, fungi, protozoa and bacteria particularly by multidrug resistant
bacteria (Ahmed et al., 2014). Indeed, many cases of multidrug resistant
bacteria have been reported in Benin (Sina et al., 2011). This bacterial
resistance is today a tangible threat of therapeutic failure in modern medicine
(Zahar and Lesprit, 2014). Nowadays, the major challenge remains the
effective and lasting treatment of these conditions. Currently, modern
medicine does honor to simple medicinal plants, because the effectiveness of
drugs such as antibiotics decreases, while the multidrug resistance of
pathogenic microorganisms, due to the abuse and inappropriate use of
antibiotics increases. Harrisonia abyssinica, is a medicinal plant identified to
treat infectious diseases (Béné et al., 2017) . All organs of the species are used
as an herbal drug. The roots are used against swelling of the testes, intestinal
worms, diarrhea and stomach problems (Damien et al., 2011). The leaves
treated several diseases including fever, malaria, diarrhea, hemorrhoids,
urinary and intestinal problems, etc. (Mubo and Osiyemi, 2012; Ogougbé et
al., 2019). This work aimed at exploring scientifically the antibacterial
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potency of extracts of Harrisonia abyssinica commonly evaluated on different
multiresistant strains, their phytochemical and their acute toxicity.

Material and Methods
Plant material

Harrisonia abyssinica Oliv. ( )(Simaroubaceae) leaves were
collected from the Pahou forest located in the agro-ecological zone (IV) of
Benin, in March 2019. After three rinses, the leaves were dried in the
laboratory at 22 ° C protected from the sun light for 28 days and reduced into
powder with grinder.
Bacterial strains

Eight bacteria were used in this study and classified into two groups.
Gram positive: bacteria strain (Staphylococcus aureus ATCC 25923) and
isolated bacteria (Enterococcus faecalis) and Gram negative: bacteria strains
(Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853)
and isolated bacteria (Klebsiella sp, Salmonella sp Shigella sp and Vibrio
cholera) responsible for intestinal infectious diseases.
Animal material

Fifteen (15) Wistar albino rats were used, including nine females and
six males, all between 11 and 12 weeks old and weighing 180 g + 20 g (male
rats) and 225 g £ 20 g (female rats). The rats were kept in a controlled
environment at room temperature (37°C) with natural and dark light cycles of
12h / 12h throughout the experiment. They were fed standard rat pellet food
(Complete Food, Group Veto Services SA, Benin) and ad libitum drinking
water during the experiment.
Preparation of the agueous extract

Totally, 300 g of the powder plant was used for the preparation of the
aqueous extract. This quantity was divided into six different bottles at a rate
of 50 g per bottle. To each bottle was added 500 ml of distilled water. The
mixture was subjected to permanent agitation and incubated for 12 hours at a
temperature of 40 °C. It was entirely filtered through cotton wool and
Whatman # 1 filter paper. Each filtrate obtained was concentrated under
vacuum using a rotary evaporator BUCHI ROTAVAPOR R Il (Switzerland)
at a temperature of 40 °C until the pasty extract was obtained. The pasty extract
was then placed in an oven at 50 °C to obtain dry extract. The crude agueous
extracts thus obtained were stored in the refrigerator, protected from light and
moisture in vials.
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Preparation of the ethanolic extract

Totally, 300 g of powder was used for the preparation of the ethanolic
extract. 100 g of powder was distributed in three bottles. In each bottle was
added 500 ml of ethanol. The whole was homogenized manually and left
at 37 °C for 24 h. The supernatant was collected in another bottle and extracted
again with ethanol. The operation was repeated three times for three
successive days. The process of filtration, evaporation and calculation of yield
was the same to that of aqueous extraction.
Phytochemical screening

The phytochemical screening of the H. abyssinica extracts was
performed according to the colorimetric method (tube test) describe by
Houghton and Raman (1998).
Antibacterial activity

The evaluation of the sensitivity of microorganisms (Staphylococcus
aureus ATCC 25923; Enterococcus faecalis; Shigella sp; Vibrio cholerae;
Escherichia coli ATCC 25922; Pseudomonas aeruginosa ATCC 27853;
Klebsiella sp and Salmonella sp) to different extracts of Harrisonia abyssinica
was carried out by the technique of broth dilution microplate (96 wells). The
test was based on the determination of minimum inhibitory and bactericidal
concentrations (MIC and MBC).
Determination of the Minimum Inhibitory Concentration (MIC)

Ethanolic extract and the aqueous extract of H. abyssinica were
prepared at 20 mg / mL in an acetone-water 60 / 40 mixture. Then, 100 ul of
MH broth were taken from all the wells to which were added 100 pl of the
extract at 20 mg / mL at the level of the first 8 horizontal wells, which allowed
us to carry out the half dilution until the last wells of each series. The
concentration series evaluated were as follows: 5,000; 2.5; 1.25; 0.625; 0.312;
0.156; 0.078 and 0.039 mg/ml. Then, 100 pl of bacterial suspension at 10°
CFU / ml are added to all the wells except the control media. The media: MH
medium (T1); MH + extract (T2) and MH + acetone (T3) were produced as
control media. The media were homogenized and the plates were finally
incubated at 37 °C for 18 h.
After 18 h of incubation, 40 pl of para Iodonitrotetrazolium violet (p-INT) are
added to 0.2 mg/ml of distilled water at each well and the whole is incubated
again at 37 °C for 30 minutes. p-INT is an indicator of bacterial growth by
staining. Appearance of red color indicates bacterial growth and maintenance
of extract color indicates inhibition of bacterial growth by the extract. The
Minimum Inhibitory Concentration of the extracts corresponds to the smallest
concentration for which the medium does not turn red (Atindéhou, 2012).
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Determination of the Minimum Bactericidal Concentration (MBC)

MBC is the smallest concentration of the antibacterial substance
making it possible to obtain, after 18 to 24 hours of incubation at 37 °C, 0.1%
of germs, one bacterium per 1000 of the initial inoculum (Rodriguez VVaquero
et al., 2010). A quantity of the mixture (extract, MH and bacterial broth) was
inoculated on MH agar medium and incubated for 24 hours at 37 °C.

Acute toxicity test for aqueous and ethanolic Harrisonia abyssinica
extracts on Wistar rats

The acute oral toxicity study was performed according to the OECD
Section 4: Health effects; Test No. 423: guidelines adopted December 17,
2001 (OECD, 2001) 5 groups of rats were acclimatized for five (05) days in
the laboratory. They were fasted 12 hours before the administration of H.
abyssinica extracts. A single dose of 2000 mg / kg of each extract was
administered by gavage to four batches of rats including 3 males and 3 females
for each type of extract and the control batch (3 female rats) which received
distilled water. The animals were observed carefully for the first four hours
after administration and then daily for 14 days.

- Food intake

Food consumption was recorded daily during treatment. The rats received
50 g of food and the amount of food remaining was measured at the same time
the next day. Food consumption was calculated by subtracting food scraps
from the total food provided.

- Clinical observations

Observation of the physiological behavior of animals focused on changes
in the coat, eyes and mucous membranes; autonomous activity (lacrimation,
bristling of hair, unusual breathing); change in behavior, posture or reaction to
handling; deaths; the body weight of each rat was assessed before, in the
middle and at the last day.
At the end of the toxicity assessment, all the rats (03) in each group were
sacrificed and autopsied; the liver and kidneys were removed, washed and
weighed.

- Histological sections of organs

Histological sections of organs were processed in many steps preparation
of cassettes (the organs resulting from the dissection were cut into small pieces
and then placed in cassettes for fixation); Tissue fixation ; the circulation
(consists in making the pieces in a series of liquids in order to give them a
rigidity favorable to cutting); coating ; microtome cut and coloration. The
assembly is carried out by affixing the slides on the histological slide using
Eukitt glue.

www.eujournal.org 239



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431
January 2022 edition Vol.18, N0.03

Data analysis and processing
Phytochemical screening

The yield (r) of the various extracts was expressed as a percentage (%),
by the ratio between the mass of the extract (Mext) and that of the plant
material (Mmat).

r (%) = (Mass of the extract (g)) X100/ (Mass of the powder (g))

Antibacterial activity

The result was encoded in the Excel spreadsheet and translated into
tables. An interpretation of the images of the bactericidal or bacteriostatic
action of the different extracts on the bacterial strains was made.
Acute toxicity test for aqueous and ethanolic Harrisonia abyssinica
extracts on Wistar rats

The various observations on the behavior and movement of the rats
were noted. The absolute and relative weights of the organs (liver and kidneys)
were calculated. The absolute weight is approximate to the gross weight of the
organs. The relative organ weights were calculated using the formula below:

Organ weight X 100 (Shendge

Relative weight =

and Belemkar, 2019)

These data were translated into a histogram. Construction of graphs was
performed using Graph Pad Prism software version 6.00 (Graph Pad Prism
Software, Inc., San Diego, California).

Animal body weight on the day of sacrifice

Results
Yield of extracts

For this work, the aqueous extract and the ethanolic extract of the
powder from the leaves of H. abyssinica were used. Of the two extracts, the

aqueous extract was found to have the greatest yield (19.58%). Table 1.
Table 1: Yield of the aqueous and ethanolic extract from the leaves of H. abyssinica.

Extracts Mass of material (g) Mass of extract Yield
(¢)) (%)

Aqgueous 300 58,75 19,58

Ethanolic 300 54,48 18,16

Phytochemical screening
The results of the phytochemical analysis of these two extracts are
assigned in Table 2.
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Table 2: Different secondary metabolites identified in the aqueous and ethanolic extracts of
the leaves of H. abyssinica.

Secondary metabolites Agqueous extract Ethanolic extract
Tannins +++ +++
Catechic tannins _ _
Gallic tannins + +
Alkaloids _ ++
Reducing sugar +++ +++
Coumarins +++ +++
Quinons ++ +++
Steroids + ++
Terpen compound ++ +++
Saponosides + +
Flavonoids

(—): absence of the secondary metabolite in the extract; (+) Presence of the
secondary metabolite in low dose in the extract; (++) presence of the
secondary metabolite in medium dose in the extract and (+++) presence of the
secondary metabolite in high dose in the medium.
The results of the phytochemical test showed that both extracts from the leaves
of H. abyssinica Oliv. ( Rutaceae) (Simaroubaceae) contain phenolic
compounds: tannins (gallic tannins), coumarins, anthocyanins and free
quinones, and terpene compounds, to which are added saponosides and
reducing sugars. However, we have found that quinones and terpene
compounds are more abundant in the ethanolic extract than in the aqueous
extract. Catechic tannins and flavonoids were scarce from both extracts. The
presence of alkaloids was noted in the ethanolic extract.
Evaluation of the antibacterial activity of aqueous and ethanolic extracts
of Harrisonia abyssinica on some bacterial strains

The sensitivity test results show that the ethanolic extract of H.
abyssinica was showed important active on bacteria than the aqueous extract.
All the bacteria tested were sensitive to the two H. abyssinica extracts except
Pseudomonas aeruginosa and Klebsiella spp which were found to be resistant
to the aqueous extract at different concentrations. In addition, some bacteria
(Staphylococcus aureus; Enterococcus faecalis; Shigella spp; Vibrio cholerae;
Escherichia coli) were found to be sensitive at the most optimal concentration
(5,000 mg/ml) of the aqueous extract. Unlike the aqueous extract, all bacteria
were sensitive to at least a concentration (2.5 mg/ml) of the ethanol extract.
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Determination of Minimum Inhibitory Concentration and Minimum
Bactericidal Concentration

- Minimum Inhibitory Concentration (MIC)

The lowest concentration of extracts inhibiting any visible growth of
bacterial strains after an incubation time of 18 to 24 hours is considered here
as the Minimum Inhibitory Concentrations of extracts against the various

bacterial strains (Table 3).
Table 3: Minimum inhibitory concentration (MIC) of the different bacterial strains.

Bacteria Aqueous extract (MIC) Ethanolic extract (MIC)
Staphylococcus
aureus ATCC 25923 >5mg/ml 1.25 mg/m|
Enterococcus faecalis 5 mg/ml 1.25 mg/ml
Shigella sp 5 mg/ml 1.25 mg/ml
Vibrio cholerae 5 mg/ml 2.5 mg/ml
Escherichia coli ATCC
95922 >5mg/ml 1.25 mg/ml
Pseudomonas aeruginosa
ATCC 27853 >5mg/ml 2.5 mg/ml
Klebsiella sp >5mg/ml 2.5 mg/ml
Salmonella sp 5mg/ml 2.5 mg/ml

The Minimum Inhibitory Concentration (MIC) varied between 1.25 mg/ml
and greater than 5 mg/ml. In fact, the inhibition is greater for the ethanol-based
extract with a MIC varying from 1.25 to 2.5 mg/ml compared to that of the
water-based extract whose low MIC is 5 mg/ml. Furthermore, the ethanol-
based extract exhibited interesting inhibitory activity against Staphylococcus
aureus; Enterococcus faecalis and Shigella sp with a MIC of 1.25 mg/ml and
an average activity on Vibrio cholerae; Pseudomonas aeruginosa; Klebsiella
sp and Salmonella sp with a MIC of 2.5 mg/ml.

- Determination of the Minimum Bactericidal Concentration

(MBC)

No Minimum Bactericidal Concentration was obtained for concentrations
varying from 1.25 to 10 mg/ml. Therefore the extracts probably have
bacteriostatic activity on the strains of bacteria studied.

Oral acute toxicity test of aqueous and ethanolic extracts of Harrisonia
abyssinica on Wistar rats

- Clinical observations and survival of rats

No mortality was observed during the first 4 hours of simultaneous
observation and also after 24 hours. No lethal effects was also observed after
administration of the H. abyssinica extract for the experimental period of 14
days and the morphological characteristics appeared normal. No salivation,
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diarrhea or unusual behavior. The breathing was also normal. This indicates
that the two extracts of H. abyssinica leaves at the dose of 2000 mg/kg of body
weight are physically safe. The control group that also received distilled water
showed no toxic effects or mortality during the study period. As there was no
recorded mortality for this dose, it can be assumed that the LD so value is
greater than the limit test dose of 2000 mg/kg body weight.

- Effect of ethanolic and aqueous extracts of the leaves of Harrisonia
abyssinica  on the change in body weight (bw) of the Wistar rats
during the test

In male rats, those that received the extracts already during the first eight

days gained weight unlike the controls. From the eighth day, those that
received the aqueous extract and the controls increased slightly in weight
unlike those that received the ethanolic extract and tend to keep their weight
(Figure 1). As for the female rats, the weight of those that received the
ethanolic extract dropped slightly after the eighth day as well as those that
received the aqueous extract unlike the controls that received distilled water
and gained weight (Figure 2).
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Figure 1: Weight of male rats in the time.
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Fiaure 2: Weiaht of female rats in the time.

- Effect of H. abyssinica leaf extracts on food consumption by rats
during the test period

The results obtained in female rats show from the first to the fifteenth day
an increase in food intake both at the level of those that received H. abyssinica
aqueous extract and the ethanolic extracts. From the eighth to fifteenth day,
we observed a drop in the considerable quantity of food taken by the control
rats, a constant in those that received the aqueous extract and a slight drop for
those that received the ethanolic extract (Figure 3). Figure (4) show an increase
in food in the male rats that received the extracts compared to the controls.
From the eighth to the fifteenth day we have a considerable drop in the amount
of food taken by the controls while for those that received the aqueous extract
a slight increase unlike those that received the ethanolic extract a slight drop

Figure 3: Variation of food consumption in female rats as a function of time.
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Figure 4: Variation of food consumption in male rats as a function of time

- Effect of Harrisonia abyssinica extracts on the liver and kidney
organs of Wistar rats

The acute effect of H. abyssinica leaf extracts on absolute and relative
organ weight in rats is shown in Figures 5 and 6. Absolute weights of liver and
kidneys in male rats treated with single 2000 mg / kg bw of H. abyssinica leaf
extracts (Figure 5) was significantly altered (p < 0.05) for the kidneys in those
given the aqueous extract and the liver was highly significant (p < 0.001),
while the change in relative liver and kidney weights was not significant. The
relative liver and kidney weights in female rats treated with 2000 mg / kg bw
of extract also had no change but only the change in absolute liver weight in
those given the aqueous extract which exhibited a significance (p < 0.05)
(Figure 6). The Macroscopic observation showed no effect on liver and kidney
of rats (Figure 7, 8).
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Figure 5: Absolute (a) and relative (b) organ weights (liver and kidneys) in male rats.
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Figure 6: Absolute (a) and relative (b) organ weights (liver and kidneys) in female’s rats.
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Figure 7: Photometry of liver of the rats: (a) “control group”; (b) “rats was received
ethanolic extract of H. abyssinica” ; (c) “rats was received aqueous extract of H.
abyssinica”.

(d)
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Figure 8: Photometry of kdneyof the rats : d “control group”; e “ rats was received
ethanolic extract of H. abyssinica” ; f “rats was received aqueous extract of H. abyssinica”.
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Discussion

The ethanolic and aqueous extracts contain almost the same active
ingredients except for the alkaloids contained in the ethanolic extract and
absent in the aqueous extract and moreover the difference in concentration of
the latter (Tannins; Gallic tannins; Alkaloids; Reducing sugars; Coumarins;
Quinones; Steroids; Terpene compounds and Saponosides). In their studies,
Bene et al. (2015) found the same phytochemical compositions except for the
terpene compounds found in this study and also the difference in concentration
for certain metabolites can be justified by the extraction methods, the time
place of harvest or place of harvest of the species.

Moreover, the antimicrobial and antiviral properties of coumarins have
been reported (Kong et al., 2010). They appears to be inhibitors of Gram
positive and Gram negative bacteria (Kong et al., 2010). Based on a study on
the structure-activity relationship of coumarins, they concluded that the extra
"furo™ cycle increases the antimicrobial activity of coumarins (Kuete et al.,
2007). Therefore, three-cycle coumarins have better antibacterial activity than
two-cycle coumarins (Kuete et al., 2007). The antibacterial activity observed
with our study species at the highest concentration studied could therefore be
linked to the high concentration of two-ring coumarins in our extracts. Plants
rich in tannins have an astringent nature and are used in the treatment of
intestinal disorders such as diarrhea and dysentery, there by exhibiting
antimicrobial activity. Except from the phenolic compounds that are more
involved in the antibacterial activity, we also have the alkaloids. Alkaloids
were identified in the ethanolic extract and not in the aqueous extract. They
are generally insoluble in water, but soluble in certain organic solvents such
as alcohol, ether, chloroform, etc. This could justify its absence in the aqueous
extract. Several studies have demonstrated the antibacterial effect of alkaloids
(Delso et al., 2010; Nenaah, 2010; Yu et al., 2010). Orhan et al. (2007)
reported that all types of alkaloids appear to be more active against Gram
negative bacteria than Gram positive bacteria. Terpenoids are also known to
have antibacterial properties (Cowan, 1999).

- Antibacterial activity of the two extracts
The antibacterial activity of plant extracts is due to the various chemical agents
present in these extracts, flavonoids and triterpenoids as well as other
compounds of a phenolic nature having antibacterial properties (Morel et al.,
2005; Daglia, 2012). According to Dorman and Deans (2000), the biological
activity of a plant extract is related to its chemical composition, the functional
groups of the major compounds and their synergistic effects. The activity of a
plant substance depends on several factors, including the method of extraction
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and the concentration of active ingredients (Onzo et al., 2016). The sensitivity
of the different bacteria to extracts justifies the use of the leaf in the treatment
of microbial infections and it is explained by its richness in secondary
metabolites (tannins and coumarin) classified as very active antibiotic
compounds (Rojas et al., 1992). The variation observed with respect to the
activities on the strains is therefore explained by the difference in the
composition in secondary metabolites of the extracts. Also, the difference in
MICs at the level of the two extracts may be justified by the fact that the
ethanol solvent would be able to extract other secondary metabolites that water
cannot extract. According to Essawi and Srour (2000), the effectiveness of an
extract may not be due to a single active constituent but to the synergistic
effect of two or more. Also, the active ingredient composition of an extract
relates to its activity, but we can also report the concentration of these active
ingredients in extracts (Bolou et al., 2011). The effectiveness of the ethanolic
extract is therefore justified by its composition and concentration of active
ingredients. According to Bolou et al (2011), the preliminary phytochemical
screening on Terminalia glaucescens Planch shows that the fraction most
active on bacteria contains terpenoids, phenolic derivatives and alkaloids. The
bacteriostatic action of the extracts justifies the dosage chosen by the
population during the ethnobotanical survey.

- Acute toxicity of ethanolic and aqueous extracts of leaves of H.

abyssinica on Wistars rats

The toxicity study showed that the aqueous and ethanolic extracts of H.
abyssinica at a dose of 2000 mg/kg body weight did not cause any mortality,
nor any morphological changes and also a change in behavior. Harrisonia
abyssinica was showed to be non-toxic and the lethal dose would be greater
than 2000mg/kg. This result corroborates those of several authors on different
species of medicinal plants use (Etame-Loe et al., 2018).The change in body
weight is used as an indicator of the adverse effects of chemical compounds
(Hilaly et al., 2004) . Weight loss is correlated with the physiological state of
the animal. These results may also explain a certain compatibility of the
organism with the different modes of use and the dose taken of this plant for
weight loss. Other studies have also demonstrated a reduction in the weight of
rats after oral administration of the extract of Stryphnodendron adstringens
(Rebecca et al., 2002). The decrease in body weight over the 14 days of daily
treatment suggests that the dose 2000 mg/kg was administered once to each
animal have effects on the development of Albino Wistar rats. As for the
consumption of food, a certain increase was noted at the level of the two sexes
and of the two extracts though if it was not significant even at the end of the
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fifteenth day. This increase in food intake may be justifying the use of this
plant as an aperitif. The insignificance of the effect of the two aqueous and
ethanolic extracts of H. abyssinica leaves on the relative weights of the organs
(kidneys and livers) in the two sexes may be due to the non-toxic effect of the
plant. This during the increase in absolute liver weight may be linked to
congestion by reserving blood in the liver (Rasekh et al., 2008). However,
these results require further analysis to know the effect of the extract on these
organs.

Conclusion

Medicinal plants are a source of new molecules with economical
antibacterial activity available to deal with the emergence of resistance
phenomenon of germs to antibiotics. The study species in this case is H.
abyssinica. Based on the results obtained, we can retain that the biological
extracts of H. abyssinica present a bactericidal effect on the strains used but at
a dependent dose. The results help to understand the use of the plant in
traditional medicine. As for the recommendation on the use of the plant, more
studies are needed, especially clinical studies.
Table caption
Table 1: Yield of the aqueous and ethanolic extract from the leaves of H.
abyssinica.
Table 2: Different secondary metabolites identified in the aqueous and
ethanolic extracts of the leaves of H. abyssinica.
Table 3 : Minimum inhibitory concentration (MIC) of the different bacterial
strains.
Figure caption
Figure 1: Weight of male rats in the time.
Figure 2: Weight of female rats in the time.
Figure 3: Variation of food consumption in female rats as a function of time.
Figure 4: Variation of food consumption in male rats as a function of time.
Figure 5: Absolute (a) and relative (b) organ weights (liver and kidneys) in
male rats.
Figure 6: Absolute (a) and relative (b) organ weights (liver and kidneys) in
female’s rats.
Figure 7: Photometry of liver of the rats: (a) “control group”; (b) “rats was
received ethanolic extract of H. abyssinica” ; (c) “rats was received aqueous
extract of H. abyssinica”.
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Figure 8: Photometry of kdneyof the rats : d “control group”; e “ rats was
received ethanolic extract of H. abyssinica” ; f “rats was received aqueous
extract of H. abyssinica”.
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Resumen

La pifiuela es una baya agridulce y jugosa, su pulpa es de color blanco.
En la peninsula de Yucatan, la poblaciéon maya la conoce con distintos
nombres, sin embargo, también ha sido registrado para al menos 13 estados
del pais. Esta especie crece en las regiones tropicales de ambos litorales en
México, asi como en Centroamerica y las islas del Caribe, presentando mayor
abundancia en la zona costera y en la selva baja caducifolia. Los usos que se
le da a la pifiuela son diversos (ornamental, medicinal, fines alimenticios,
decorativos y ceremonial). Por lo anterior, el objetivo de la presente
investigacion fue elaboracion y caracterizacion de un licor del fruto de la
pifiuela (Bromelia pinguin L) de forma artesanal en el municipio de Escarcega,
Campeche. Para el logro de la investigacion se hizo la recoleccion del fruto en
localidades rurales del municipio de Candelaria, las cuales fueron trasladas a
las instalaciones del Instituto Tecnoldgico Superior de Escarcega para la
elaboracion del licor, en donde después de tres meses se procedio a la
evaluacion de aceptabilidad ante un panel semientrenado. Los resultados
indican que presenta una alta concentracién de alcohol (31). Los panelistas
valoraron el licor de pifiuela satisfactoriamente (méas del 80%). Como
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conclusion del estudio es importante considerar a este fruto como parte de un
crecimiento en la industria alimentaria de la region, ya que por sus
caracteristicas naturales se le considera como un fuerte producto potencial
para ser aprovechado por la comunidad local.

Mots clés: Pifiuela, Licor, Fisico-Quimica, Escarcega
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Abstract

The pifiuela is a bittersweet and juicy berry, its pulp is white in color.
In the Yucatan Peninsula, the Mayan population knows it by different names,
however, it has also been recorded for at least 13 states in the country. This
species grows in the tropical regions of both coasts in Mexico, as well as in
Central America and the Caribbean islands, presenting greater abundance in
the coastal zone and in the low deciduous forest. Pifiuelas are used for a variety
of purposes (ornamental, medicinal, food, decorative, and ceremonial).
Therefore, the objective of this research was to elaborate and characterize a
liqueur made from the fruit of the pifiuela (Bromelia pinguin L) in an artisanal
way in the municipality of Escarcega, Campeche. For the achievement of the
research, the fruit was collected in rural localities of the municipality of
Candelaria, which were transferred to the facilities of the Instituto
Tecnologico Superior de Escarcega for the elaboration of the liquor, where
after three months the evaluation of acceptability was made before a semi-
trained panel. The results indicate that it has a high alcohol concentration (31).
The panelists rated the pifiuela liqueur satisfactorily (more than 80%). As a
conclusion of the study, it is important to consider this fruit as part of a
growing food industry in the region, since its natural characteristics make it a
strong potential product to be exploited by the local community.

Keywords: Pifiuela, Liquor, Physical-Chemical, Escarcega
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Introduccion

La pifiuela (Bromelia pinguin L.) es una baya agridulce y jugosa de
cascara hebrosa de color blanco amarillento a café oscuro, es completamente
ferrugineo, fusiforme, estrecho hacia la parte basal y apical, pero mas redondo
en su parte central. La pulpa es de color blanco dividida en tres Iéculos con
dos series de semillas de placentacion parietal, ubicadas alternamente hacia el
centro de color café a negro. En la peninsula de Yucatan, la poblacion maya
la conoce como ch'am, ch’ amch o, ch'om, jman, tslbay, ts'alvay. Sin embargo
esto no quiere decir que se exclusiva del area, ya que ha sido registrado para
al menos 13 estados del pais (Chiapas, Colima, Guerrero, Jalisco, Michoacan,
Nayarit, Oaxaca, Sinaloa, San Luis Potosi, Sonora, Tabasco, Tamaulipas y
Veracruz), por lo que en distintas investigaciones se menciona que la especie
crece en las regiones tropicales de ambos litorales en México, asi como en
Centroamérica y las islas del Caribe, presentando mayor abundancia en la
zona costera y en la selva baja caducifolia (Rangel, 2009; Hornung-Leoni,
2011;).

Los usos que se le da a la pifiuela son diversos (ornamental, medicinal,
fines alimenticios, decorativos y ceremonial). Respecto al uso ceremonial, la
poblacion maya prepara una bebida ancestral llamada “Balché” a la cual se le
agrega el fruto de pifiuela que actia como un conservador natural, sin la
pifiuela la bebida fermentada dura unas cuantas horas, hoy en dia se puede
degustar esta bebida y conservarla en casa. Entre otros usos comerciales que
se le da a la pifiuela en México destaca la obtencion de su fibra utilizada en la
elaboracion de sacos, cordeleria para adornar vestimenta de la charreria
(cinturones, ropa con atuendos de cuero bordados con ella), costales de
artesania, redes, hamacas, bolsas de mano, huaraches (sandalias), cestas y
hasta arcos de flechas (Sandoval Bucio et al., 2004). Igualmente en el sureste
Nicaragua, se obtienen fibras y son tratadas con jugo de lima para reducir la
oxidacion y aclarar su color (Coe y Anderson, 1999). La fibra conocida bajo
el nombre de “ixtle” o “fibra de pita” obtenida de Aechmea magdalenae y
Bromelia pinguin es reconocida por su brillo, finura y resistencia, comparable
a la de la seda, pero con mayor vigor (Edouard, 2005). Ademas de los usos
que se han mencionado, también se ha sefialado el uso de la pifiuela en la
elaboracion de licor de esta fruta, mermelada y malvavisco. Por lo anterior, el
objetivo de la presente investigacion fue elaboracion y caracterizacion de un
licor del fruto de la pifiuela (Bromelia pinguin L) de forma artesanal.

Materiales y métodos
Area de estudio

La recoleccion de los frutos para el estudio se llevo acabo en la region
sur del estado de Campeche, especificamente en las comunidades Nuevo
progreso Il, Miguel Hidalgo y Costilla y el Sacrificio; por ser lugares donde
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de manera natural crece la pifiuela. Esta region localizada en el sureste de la
Republica Mexicana, cuenta con vegetacion conocida como selva baja
subcaducifolia y abundantes lluvias en verano. La region forma parte de una
planicie, la altura minima es de 10 metros y la m&xima de 100 msnm., su
superficie es plana con pendientes menores. Tiene un caudaloso rio, el
Candelaria. La region estd integrada al sistema hidrologico Grijalva-
Usumacinta, la cual comprende la corriente del rio Candelaria que nace en el
departamento del Petén (Guatemala), con el nombre de San Pedro, y
desemboca en la Boca de Pargos, en la Laguna del Carmen. Una vez obtenidos
los frutos, estos se llevaron al Laboratorio de Gastronomia del Instituto
Tecnologico Superior de Escarcega (ITSE), el cual se encuentra ubicado en la
ciudad de Escércega, perteneciente al municipio del mismo nombre.
Elaboracion de licor de pifiuela
En laboratorio se procedi6 a la elaboracidn de licor de pifiuela que consiste en
las siguientes etapas:
Procedimiento para la elaboracién de licor mediante el método de maceracion.
Como ya ha quedado descrito en el marco teorico el método de maceracion;
se explica a continuacion, paso a paso como obtener licor de pifiuela por medio
de maceracion alcohdlica; ya que era preponderante que la fruta no perdiera
sus propiedades organolépticas al momento de darle su transformacion en
licor:
Recoleccion de la fruta preferentemente en contenedores pequefios de plastico
para que el producto no se maltrate.
Seleccion de la fruta que ha alcanzado su madurez fisioldgica
Lavado con agua tibia, para desprender impurezas.
Extraccion de la pulpa de la baya.
Colocacion de la pulpa en contenedores inoxidables y se lava.
La pulpa limpia se colocé en un contenedor de vidrio
Se le agrego alcohol 100% puro de cafia
Se coloc6 en un lugar obscuro y se dejé macerando por un periodo de 45 dias.
En un recipiente se hirvié agua con azlcar para convertirlo en un jarabe no
muy dulce.

Extraccion del liquido del contenedor no sin antes tamizarlo
perfectamente.
En ebullicidn, se retiro el jarabe del calor y se vertio en un nuevo recipiente
previamente esterilizado junto con la solucién obtenida de la maceracién.
La mezcla de jarabe y la solucidn obtenida de la maceracion se dejaron enfriar.
Se selecciono el envase definitivo y se esterilizo.
Se filtro el licor obtenido de todo el proceso anterior, utilizando papel filtro.
Finalmente, el liquido se coloc6 en el envase definitivo, cerrado
herméticamente y etiquetado
Se dejo reposar por espacio de tres meses entes de su consumo.
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Evaluacion del grado de aceptacion del licor de pifiuela

La evaluacion del grado de aceptacion del licor de pifiuela consistio en la
seleccion de un panel de 50 personas, quienes previamente fueron
semientrenados como se ha reportado en otros estudios (Pedrero y Pangborn,
1989). El licor fue presentado en vasos desechables de 200 ml., al que se le
agregaron 50 ml de licor. Se permitié a cada panelista probar las muestras
tantas veces como lo deseara. Cada panelista califico al licor por su sabor,
color y olor. Por lo que cada caracteristica organoléptica se valoro de acuerdo
a la escala de Likert.

Resultados y Discusion

Como resultado de la caracterizacion fisico-quimica del licor de
pifiuela, se observd que el pH de este licor es de 3.5 considerando que un pH
inicial debe estar por debajo de 3 y a medida que este sube, la acidez
disminuye. Por lo que el resultado indica que su grado de acidez va de
moderadamente &cido a ligeramente &cido. De igual forma la medicion de los
grados de alcohol fue de 31 y 15.7 de grados brix. Los resultados coinciden
con otros estudios, Gomez et al. (2005) en su estudio de licor de mora a
distintas concentraciones de la pulpa, reportdé que su pH era de 3.15 a 3.2,
mientras que sus grados brix daban valores de 13 a 26, y la concentracion de
alcohol va desde los 5 a los 7. Por lo que se considera que la concentracion de
alcohol en el licor de pifiuela es alto.

Por otro lado, la aceptabilidad indica que mas del 80% de los panelistas
estan de acuerdo a totalmente de acuerdo satisfactoriamente con el sabor, color
y olor del licor (Fig. 1). En la figura se puede observar que el sabor fue la
caracteristica principal que determino su aceptabilidad. En los comentarios de
los panelistas expresaron que la concentracién de alcohol es de ligera a
moderada. Gutiérrez-Jiménez et al. (2009) en su estudio manifesto que el sabor
en un licor es significativo para su aceptacion, mientras que Alvarez et al.
(2002) expreso que en el caso del licor de mandarina la caracteristica
determinante fue el olor.
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Conclusiones

Después del proceso investigativo y de haber confrontado datos de
investigaciones similares, se encontrd respuesta a la pregunta de investigacién
y se confirma nuestra hipdtesis, si se puede obtener licor a partir del
procesamiento artesanal del fruto de la pifiuela en la region de Escércega, en
un periodo de 6 meses. Los objetivos se cumplieron; ya que se obtuvo el licor
del fruto de la pifiuela de forma artesanal, para consumo regional y a la vez se
investigd sobre su uso y aprovechamiento para promover su COnsumo
regional. Entre una de las actividades no consideradas en el estudio, sin
embargo se realizd, fue la elaboracion de tripticos para difundir entre la
comunidad del Instituto Tecnoldgico Superior de Escarcega, las alternativas
para el aprovechamiento del fruto de la pifiuela. Finalmente, es importante
considerar a este fruto como parte de un crecimiento en la industria alimentaria
de la region, ya que por sus caracteristicas naturales se le considera como un
fuerte producto potencial para ser aprovechado por la comunidad local.
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Resume

L’objectif de cette étude était d’évaluer les Connaissances, Attitudes
et Pratiques (CAP) chez les sportifs face aux conduites dopantes dans la ville
de Bobo-Dioulasso au Burkina Faso. Il s’est agi d’une étude transversale, de
novembre 2020 a janvier 2021, portant sur 390 sportifs de trois disciplines
sportives: football, basketball, et handball. Les données ont été collectées a
partir de questionnaires anonymes administrés ou auto-administrés. Au total,
73.1% (285) des sportifs ont participé a I’étude. Le sexe masculin était
majoritaire, soit un sex-ratio de 2.47 et I’age moyen des sportifs était de
21.4+3.68 ans. De plus, 69.12% (197) des sportifs ont déclaré avoir des
connaissances sur le dopage ou sur les conduites dopantes et que les canaux
privilégiés étaient les mass médias (55.79%) et les amis (10.18%). A I’issue
de I’enquéte CAP, 76.84% (219) ont declaré pratiqué les conduites dopantes
(p<0.001) et le football était de loin le sport qui favorisait ces conduites
(p<0.001). Les conduites dopantes étaient corrélées positivement avec le sexe
masculin (p<0.001), I’age élevé du sportif (p=0.009) et son faible niveau
d’instruction (p=0.006). Par ailleurs, les substances utilisées citées pour ces
conduites étaient des produits pharmaceutiques, non pharmaceutiques et
9.82% (28) des sportifs utilisaient des plantes medicinales locales.
L’amphétamine, une substance interdite, a été utilisée par 0.15% des sportifs.
L’étude revele que les participants ont une conduite dopante élevée et un
manque d’information sur ces conduites. Des recommandations ont été
formulées a leur regard afin de leur éviter les dangers liés au dopage.

Mots clés: Conduites dopantes, plantes meédicinales locales, sport, Bobo-
Dioulasso, Burkina Faso
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Abstract

This study focuses on evaluating the Knowledge, Attitudes, and
Practices (KAP) of sportsmen and women on doping behaviour in the city of
Bobo-Dioulasso in Burkina Faso. It was a cross-sectional study, from
November 2020 to January 2021, consisting of 390 athletes in three sports:
football, basketball, and handball. The data were collected by using
anonymous administered questionnaires or self-administered questionnaires.
A total of 73.1% (285) of the athletes agreed to participate in the study. The
majority were male, with a sex ratio of 2.47, and the mean age of the athletes
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was 21.4+3.68 years. 69.12% (197) of the athletes also stated that they had
knowledge about doping or doping behaviour, and the source of this
information was from mass media (55.79%) and friends (10.18%). From the
KAP survey, 76.84% (219) declared that they practised doping behaviour
(p<0.001) and football was the sport that favoured this behaviour (p<0.001).
Doping behaviours were positively correlated with male gender (p<0.001),
older age (p=0.009), and lower education level (p=0.006). The substances used
were pharmaceutical and non-pharmaceutical, while 9.82% (28) of the athletes
used local medicinal plants. Amphetamine, an illegal substance, was used by
0.15% of the athletes. The study further reveals that participants have a high
level of doping behaviour and a lack of information about these behaviours.
Recommendations were formulated for them to avoid the dangers of doping.

Keywords: Doping Behaviour, Local Medicinal Plants, Sport, Bobo-
Dioulasso, Burkina Fasa

Introduction

La conduite dopante est I’utilisation des produits pour affronter un
obstacle réel ou ressenti afin d’améliorer ses performances (compétition
sportive, accomplissement d’une tache au travail, préparation d’un examen,
entretien d’embauche, prise de parole en public, situations sociales difficiles,
etc.). Dans le monde sportif, lorsque cette pratique concerne des substances ou
I’utilisation des meéthodes interdites par I’agence mondiale antidopage
(AMA), définies dans un texte réglementaire publié annuellement, on parle de
dopage (Ouédraogo et al., 2011; Bigard, 2017). Il s’agit de vieilles pratiques
datant de la Grece antique, comme en témoignent des variétés de potions et
d’extraits de plantes utilisés par les athlétes olympiques afin d’améliorer leurs
performances (Reardon & Creado, 2014). Il tend méme a s’étendre aux
étudiants et a certains milieux professionnels qui cherchent a améliorer leurs
performances intellectuelles (Carton et al., 2018). Depuis quelques années, le
phénomeéne du dopage sportif est devenu un probleme de santé publique
(Franques et al., 2001). En outre, il souleve des considérations éthiques et
porte atteinte a I’intégrité physique et psychique des sportifs ; et expose
I’usager a de nombreux problémes de santé (Diéye et al., 2003; Audy et al.,
2014; Doucoure, 2020).

De nombreuses études épidémiologiques sur les conduites dopantes
ont été menées dans les pays occidentaux (Williamson, 1993; Pedersen &
Wichstrom, 2001; Schweitzer & Puig-Verges, 2008). Selon I’agence francaise
de lutte contre le dopage (AFDL), le taux national moyen d’analyses
anormales au cours des contrdles effectués dans le milieu sportif en 2016
s’élevait a 2% (Demoulin et al., 2018). En Afrique subsaharienne des études
isolées ont portées pour la plupart sur les connaissances, attitudes et pratiques
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(CAP) face aux conduites dopantes chez les professionnels de la santé au
Cameroun (Ama et al., 2002), au Sénégal (Diéye et al., 2003) et au Nord de
I’Ethiopie (Gebregergs Hailu et al., 2021) ; chez les footballeurs en Céte
d’Ivoire (Ouédraogo et al., 2011) et au Cameroun (Ama et al., 2002) ; chez
les athletes en Ouganda (Muwonge et al., 2015) et dans le milieu sportif
malien (Doucouré, 2020), etc. Peu de données scientifiques sur les conduites
dopantes existent au Burkina Faso. La derniére enquéte CAP date de 2010, et
elle a été faite dans le monde sportif & Ouagadougou (Ouédraogo et al., 2011).
Ainsi, il serait important d’actualiser les données sur ces conduites dopantes
au Burkina Faso et d’élargir ces enquétes CAP a d’autres disciplines sportives
et d’autres villes du pays, d’ou la présente étude. Cette étude avait pour
objectif principal d’évaluer les connaissances, attitudes et pratiques chez les
sportifs face aux conduites dopantes, notamment I’utilisation des plantes
médicinales locales, dans la ville de Bobo-Dioulasso.

Meéthodologie
1. Type D’étude Et Echantillonnage

C’est une étude transversale a visee descriptive qui s’est déroulée dans
la ville de Bobo-Dioulasso, la deuxiéme ville du Burkina Faso, de novembre
2020 a janvier 2021. L’étude a porté sur des sportifs de trois disciplines, le
football, le basketball et le handball :

- 14 clubs au niveau du football dont 8 clubs de la premiére division (D1) et 6
clubs de la deuxieme division (D2);

- 3 clubs au niveau du basketball ;

- 3 clubs au handball.

La taille de I'échantillon était de 390 sujets sollicités des deux sexes
dont 300 footballeurs, 45 handballeurs et 45 basketteurs. Les criteres
d’inclusion étaient les suivantes:

- au niveau du football, le sportif en question devrait avoir une licence en cours
de validité, joué pour I’équipe senior et était tiré au hasard ;

- au niveau des sports de main (handball et basketball), seuls les clubs ayant
une affiliation a la fédération burkinabé du sport étaient inclus ; et le sportif
devrait étre dans la catégorie des séniors et était tiré au hasard.

N’ont pas été inclus dans I’étude, tout sportif ne répondant pas aux
criteres d’inclusion: les sportifs non compétiteurs en équipe sénior et ne
possédant pas de licence sportive, les sportifs absents des lieux d’enquétes lors
de notre passage et les cas de refus.

Aprés avoir obtenu une autorisation du Président de la Ligue Régionale
des Hauts-Bassins de Football (Bobo-Dioulasso) et des responsables des
sports de main, des informations ont été collectées sur les terrains
d’entrainement des differents clubs a I’aide de questionnaires anonymes
administrés par un enquéteur ou souvent auto-administrés sous notre direction.
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Les questions étaient divisées en deux parties : la premiere était destinée a
recueillir les données socio-démographiques des sportifs et la seconde a
recueillir leurs perceptions (connaissances, attitudes et pratiques) sur les
conduites dopantes.

2. Traitement et analyse des données

Le dépouillement des questionnaires a été manuel. Les donnees de
I’enquéte ont été ensuite saisies dans le logiciel Microsoft Excel 2013, puis
exportées dans le logiciel R 4.0.4 (R core Team, 2021) pour I’analyse. La
statistique descriptive a permis le calcul des proportions, des moyennes et aux
tracés des graphiques (camembert, histogrammes, boxplot). Le test
d'indépendance du Khi-2 a été utilisé pour les comparaisons de proportions
des facteurs liés aux conduites dopantes. Par ailleurs, aprés avoir Vvérifié la
normalité par le test de Shapiro-Wilk, le test de Wilcoxon a été utilisé pour
vérifier s’il existait une association entre I’a4ge du sportif et le fait de
consommer les substances dopantes. Le seuil de significativité a été fixé a 5%.

Résultats
1. Caracteristiques Sociodémographiques Des Enquétés

Au total 285 sur les 390 sportifs sollicités ont répondu au
questionnaire, soit un taux de participation de 73.1%. Les répondants se
déclinaient comme suit: 78.25% (223) de footballeurs, 15.44% (44) de
basketteurs et 6.31% (18) de handballeurs. Le sexe majoritaire était le sexe
masculin, 71.22% (203) d’hommes contre 28.78% (82) de femmes, soit un
sex-ratio de 2.47. L’age moyen a été de 21.4 + 3.68 ans et la tranche d’age la
plus représentée était celle comprise entre 20 et 30 ans, soit 65.61%. Le niveau
d’étude primaire dominait avec 41.75% (119) des sportifs, suivi des niveaux
secondaire et supérieur, soit 33.33% (95) et 27.52% (71) respectivement.
Parmi les footballeurs, 50.67% (175) étaient issus de la premiére division (D1)
et 49.33% (170) en deuxiéme division (D2) (Tableau I). Les autres répondants
basketteurs et handballeurs évoluaient en D1.

Tableau I. caractéristiques sociodémographiques des sportifs enquétés

Football Basketball Handball Total
Caractéristiques (n=223) (n=44) (n=18) (n=285)
n % n % n % N %
Sexe
Hommes 153  68.61 38 81.82 14 7778 203  28.78
Femmes 70 31.39 06 18.18 04 22.22 82 71.22
Age
<20 77 34.53 17 38.64 00 00 94 32.98
[20-30] 144  64.53 25 56.82 18 100 187  65.61
>30 02 0.94 02 4,54 00 00 04 1.40
Niveau d’étude
Primaire 117  52.47 02 4,55 00 00 119 4175
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Secondaire 77 33.53 16 36.36 02 11,11 95 33.33
Supérieur 29 13 26 59.09 16 88.89 71 24.91
Division
D1 113  50.67 44 100 18 100 175 6140
D2 110  49.33 00 00 00 00 110  38.60
Total 223  78.25 44 15.44 18 6.31 285 100

n : effectif des répondants

2. Connaissances des sportifs sur les conduites dopantes

Les résultats de I'enquéte montrent que 69.12% (197) des sportifs ont
déja entendu parler du dopage ou des conduites dopantes. Leurs sources
d’information sont les suivants : la majorité par les mass medias (télévision,
radio) (55.79%), les amis (10.18%), lors d’une formation (4.56%) ou par le
biais des entraineurs (1.57%). De plus, dans cette etude, 10.18% (29) des
enquétés ont déclaré connaitre les dangers liés au dopage. Les dangers
couramment cités étaient les ulcéres, les maladies rénales, le cancer, les
insomnies, etc.

3. Attitudes et pratiques des sportifs face aux conduites dopantes
3.1. Pratiques des conduites dopantes chez les sportifs

Sur les 285 sportifs enquétés, 219 ont déclaré avoir eu recours aux
conduites dopantes au moins une fois, soit 76.84% et 66 qui ne se sont jamais
dopé, soit 23.16% (Figure 1). Ainsi un nombre significativement élevé de
sportifs déclarent avoir consommé des substances dopantes dans la présente
étude (test de Khi-2 ; ¥?=162.13 ; df=1; p<0.001). De plus, les sportifs qui ont
un niveau d’étude inférieur a I’'université étaient significativement plus enclin
aux conduites dopantes (test de Khi-2 ; ¥*=10.20 ; df=2, p=0.006).

= Au moins une fois = Jamais

Figure 1. proportion de recours aux conduites dopantes dans la population étudiée
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3.2. Pratiques des conduites dopantes des sportifs par discipline sportive
L’enquéte a montré que 86.76% (190) des sportifs ayant recours a des
produits dopants pratiquent le football, 9.13% (20) le basketball et 4.11% (9)
le handball (Figure 2). Le football était de fagon significative, le sport
favorisant les conduites dopantes (test de Khi-2 ; y°= 40.405 ; df=2 ; p<0.001).
100,00%

90,00% |-
80,00% I
70,00% |
60,00%
50,00% I
40,00%
30,00%
20,00% | 913%
10,00% | 4,10%

0,00% —- .

Basketball Football Handball
Dicipline

Figure 2. répartition selon la pratique des conduites dopantes par discipline sportive

86,76%

Fréguences

3.3. Pratiques des conduites dopantes des sportifs par sexe et par age

Sur les 219 sportifs qui consomment des substances, on a 162 hommes
soit 73.97% et 57 femmes soit 26.03% de cet effectif total. Le Test de Khi-2
montre une correlation statistiquement significative entre la consommation
des substances dopantes et le sexe (test de Khi-2 ; ¥°=98.78 ; df=1 ; p<0.001).
Par ailleurs, les résultats ont souligné que quand I’age du sportif augmente, il
est significativement plus vulnérable dans la prise des substances dopantes
(test de Wilcoxon ; W=5693.5 ; p=0.009 ; Figure 3).
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o

— p=000%

Age des sportifs (ans)
2

Conduites dopantes

Figure 3. lien entre I’age du sportif et la consommation des substances dopantes

3.4. Substances dopantes utilisées par les sportifs

Au total, une liste de 20 substances a été soumise aux sportifs lors de
I’enquéte. Celles utilisées dans les trois disciplines sportives enquétées a
Bobo-Dioulasso, ont été en ordre décroissant de pourcentages de citations : les
vitamines (22.06%), les boissons énergisantes (21.76%), les anti-
inflammatoires (21.16%), le thé (18.18%), les antalgiques (8.79%), le nescafé
(3,73%), les autres substances ne figurant pas sur la liste (2.98%), la cola
(1.04%), I’amphétamine (0.15%) et I’anti-asthmatique (0.15%) (Figure 4).
L’amphétamine est un produit interdit dans le milieu sportif.

Cola ,04%
Autres 12J98%
Nescafé E3J3%
Antalgies INSI79%N
The e e
Anti-inflammatoires 2 16%
Boissons énergisantes [N G00N
Vitamines [ IE22/06060

0,00% 500%  10,00%  15,00%  20,00%  25,00%
Fréquences

Substances dopantes utilisées

Figure 4. proportions des substances dopantes utilisées par les sportifs
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L’enquéte révele aussi que certaines substances sont plus prisées par
les femmes que les hommes & savoir les anti-inflammatoires (24.42%), les
antalgiques (7.32%), le nescafé (2.89%) et les boissons énergisantes ou les
sucreries (21.19%).

Par ailleurs, I’étude a montre que 9.82% (28) des sportifs utilisent des
plantes médicinales locales qui sont susceptibles d’améliorer leurs
performances. La Figure 5 fait un répertoire de ces plantes locales citées, qui
sont au nombre de 21. Citrus limon (17.14%), Carica papaya (11.43%),
Manguifera indica (8.57%) et Garcinia kola (8.57%), sont les quatre plantes
qui ont eu plus de citations.
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16,00%

, (o}
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Figure 5. plantes médicinales locales utilisées par les sportifs

4. Autres facteurs liés aux conduites dopantes

Les résultats de I’enquéte ont révélé que 58.25% (128) des sportifs ont
déclaré utiliser des substances dans le but de combattre la fatigue et la douleur,
15.79% (35) pour augmenter leur endurance et 2.8% (6) pour diminuer le
stress. Les produits médicamenteux utilisés par ces sportifs étaient souvent
prescrits par le soigneur du club (24.56%), certains s’en procuraient grace aux
amis (4.8%), parents (4.40%) ou par automedication directement en pharmacie
(66.24%).

Discussion

Pour des raisons techniques et financieres, des questionnaires ont été
utilisés dans cette étude, qui est I’une des méthodes la plus courante (Laure,
2001). Certaines études evoquent des analyses des fluides biologiques comme
I’urine ou le sang (Ouédraogo et al., 2011). Nous nous sommes intéressés a
trois disciplines sportives parmi les plus pratiquées au Burkina Faso: le
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football, le basketball et le handball. Le taux de participation des sportifs a
I’étude était de 73.1%, cela s’expliquerait par le fait que certains sportifs
n’étaient pas présents aux entrainements pour remplir les questionnaires. Ce
taux est acceptable car se situant dans les marges généralement constatées lors
d’autres études epidémiologiques sur les conduites dopantes (Laure, 2000;
Ouédraogo et al., 2011; Chaoui, 2011; Tromeur, 2019). L’étude a montré une
dominance du sexe masculin (71.22%) dans le milieu sportif avec un sex-ratio
de 2.47 similaire a celui de Doucouré (2020) au Mali. Ceci pourrait s’expliquer
par le fait que le sport est plus pratiqué par les hommes au Burkina Faso,
surtout pour ce qui est du football. Ainsi selon Pillard et al. (2002), la pratique
sportive du sexe féminin diminuerait avec I’age.

La population sportive amatrice de Bobo-Dioulasso est relativement
jeune et peu instruite. En effet, leur age moyen était de 21.4+3.68 ans et
41.75% avaient le niveau primaire. Un tel profil, doublé au manque
d’informations justes sur les conduites dopantes dans le sport les rendraient en
partie vulnérables a toute tentation de se doper. Ces résultats complétent ceux
obtenus par Ouédraogo et al. (2011) au Burkina Faso, Choui (2011) au Maroc,
qui ont mené des études similaires. La proportion des sportifs ayant déclarés
s’étre dopée au moins une fois, est de 76.84% et était significativement plus
élevée (p<0.001) dans I'étude. De plus, I’enquéte CAP revele que la pratique
dopante était plus élevée dans le football que dans les autres disciplines
sportives (p<0.001) ; elle semblait étre corrélée positivement avec le sexe
masculin (p<0.001), I’a4ge élevé du sportif (p=0.009) et le faible niveau
d’instruction (p=0.006). Ainsi la principale raison avancée par ces 76.84%
sportifs sujets a la conduite dopante était d’accroitre leurs performances
sportives, en combattant la fatigue, la douleur et le stress. Les footballeurs
étaient les plus vulnérables a la conduite dopante, et cela pourrait étre da a la
durée de I’exercice (2 heures minimum par jour), a sa fréquence (au moins 5
fois par semaine) et a son intensité; mais aussi a I’attraction pour des contrats
bien rémunérés dans le contexte burkinabé. En général dans les sports de main,
les périodes propices pour sa pratique restent les week-ends et les vacances
scolaires car la majorité des joueurs est scolarisée. Chaoui (2011) avait
souligné dans son étude, une association entre la fréquence et I’intensité du
sport et les conuites dopantes. Par ailleurs, Ouédraogo et al. (2011) avaient
montré dans leur enquéte CAP que le cyclisme était la discipline ou le taux
d’utilisation des substances dopantes était la plus élevé par rapport au football
et I’athlétisme, car ces derniers soulignaient son role bénéfique dans
I’augmentation de leurs performances.

Les substances citées par les sportifs sont majoritairement des produits
non médicamenteux: thé, cola, nescafé et boissons énergisantes (xxI, taurine,
jus...). Nous avons aussi le menthol et le baume de nerf qu’ils utilisaient pour
le massage des muscles. De plus, ces sportifs ont déclaré utiliser des produits
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médicamenteux non interdits: les antalgiques (Efferalgan codéine® contenant
du paracétamol et de la codéine), des anti-inflammatoires non stéroidiens
(ibuprofene, diclofénac, diclodenk, dinapar comprimé et gel) et des complexes
vitaminiques (CaC1000®). Quelquefois ces médicaments étaient prescrits par
le soigneur du club (24.56%) et pour la plupart du temps, ces sportifs ont
affirmé pratiquer I’automédication (75.44%). Ces résultats corroborent ceux
de Ouédraogo et al. (2011) par rapport a la liste de la plupart de ces substances
dopantes. En plus de ces substances, certains sportifs ont reconnu utilisé des
décoctions de plantes médicinales locales susceptibles d’améliorer leurs
performances. Les plantes les plus incriminées étaient Citrus limon (17.14%),
Carica papaya (11.43%), Manguifera indica (8.57%) et Garcinia kola
(8.57%). Ainsi selon des études faites sur certaines de ces plantes, elles ont
des propriétés anti-inflammatoires, anxiolytiques, antalgiques et
antidépresseurs (Mpondo et al., 2012; Nga et al., 2017; Idris et al., 2020).
Nous avons enregistré 0.15% des sportifs qui avait affirmé déja utilisé
I’amphétamine qui est un produit interdit. Cette proportion est plus faible par
rapport a celles rapportées dans la littérature. Ainsi, des auteurs tels que
Chaoui (2011) au Maroc avait trouve un taux de 7.4% et Doucouré (2020) au
Mali soulignait un taux de 8.9%. Cette différence pourrait s’expliquer par la
non connaissance et I’accessibilité de ces produits interdits. Par contre la
culture d’utilisation de substances interdites ne semble pas heureusement étre
encore connue dans le milieu sportif du Burkina Faso. Cela pourrait
s’expliquer par des enjeux economiques au vu de la non-professionnalisation
du sport burkinabe (Ouédraogo et al., 2011).

Les données de I’enquéte CAP ont montré que 69.12% des sportifs
connaissent et ont déja entendu parler du dopage. Les sources d’informations
énumérees etaient de divers ordres : le canal des mass medias (55.79%), lors
d’une formation (4.56%) et les coéquipiers (10.18%). Ces résultats sont
transposables aux travaux de Ouédraogo et al. (2011) qui avaient obtenus
82%, 6%, et 9%, respectivement par ces mémes circuits de communication.
Selon certains auteurs, le manque de formation pourrait rendre plus
vulnérables les sportifs aux dopages (Goldberg et al., 1996; Laure & Lecerf,
1999). Les méfaits des conduites dopantes les plus citées par ces sportifs
Burkinabé étaient les ulcéres, les maladies rénales, les insomnies, le cancer,
etc. Les sportifs peuvent généralement accepter ces impacts négatifs sur leur
santé comme le prix a payer pour accroitre leurs performances (Ouédraogo et
al., 2011).

Conclusion

Les résultats de I’enquéte CAP revélent une conduite dopante élevée
(76.84%) chez les sportifs de Bobo-Dioulasso et un manque d’information sur
ces conduites. Cette pratique est plus declarée dans le milieu du football avec
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une proportion de 86.76%, chez les sportifs agés et chez les hommes. Une
variété de produits étaient cités étre utilisés, allant des boissons énergisantes
aux produits médicamenteux procurés par automédication. De plus, certains
sportifs ont déclaré utiliser aussi des plantes médicinales locales. Bien que le
taux d’utilisation des produits interdits soit de 0.15%, cela n’exclut pas une
tentation chez ces sportifs pour aller vers le dopage. Pour ce faire, les ligues
régionales de ces différentes disciplines sportives devraient :

- informer et sensibiliser les sportifs sur le dopage et leurs dangers pour la
sante ;

- assurer un suivi médical régulier des sportifs ;

- encourager les entraineurs et les dirigeants de clubs a parler davantage du
danger du dopage avec les sportifs.

Comme perspectives, il sérait intéressant d’élargir la zone d’étude ainsi
que les disciplines sportives, et faire des prélevements sanguins ou d’urine
pour avoir des résultats plus approfondis sur les conduites dopantes au Burkina
Faso.
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Resume

La connaissance des caractéristiques des ressources génétiques est
nécessaire pour une utilisation efficiente. Or les piments cultivés dans la
région du Haut-Sassandra, en C6te d’lvoire sont insuffisamment caractérisés.
Pour déterminer leur diversité phénologique et morphologique, neuf variétés
cultivées dans cette région ont été caractérisées a partir de huit parametres
quantitatifs dans un essai en blocs aléatoires complets de neuf traitements avec
trois répétitions. Les analyses ont mis en évidence des groupes de variétés aux
caractéristiques opposées. Ainsi, une variéte, avec le délai de germination le
plus court (5 jours), la hauteur de plante la plus élevée (23 cm), la meilleure
croissance latérale, la densité du feuillage la plus grande et la surface foliaire
la plus faible (11,62 cm2), s’est nettement distinguée des autres. Aussi, avec
un long délai de germination (8 a 9 jours), des plantes de plus faibles diamétres
et hauteurs (15 a 16 cm), des surfaces foliaires, des nombres de ramifications,
des longueurs de ramification la plus développée, des envergures de
frondaison et densités de feuillage moyens, quatre variétés se sont distinguées
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des quatre autres variétés presentant des valeurs de parametres intermédiaires.
Les neuf variétés de piment étudiées présentent une importante diversité liée
a la germination, la hauteur de plante et la surface foliaire. Les caractéristiques
de certaines variétés ont été semblables. Il ressort de ces résultats que la
diversite en sein des piments est efficacement mise en évidence avec le délai
de germination, la hauteur de la plante, la surface foliaire et peut étre exploitée
en sélection.

Mots clés: Piment (Capsicum spp.), diversité morphophénologique, Haut-
Sassandra, Cote d’Ivoire

Assessment of the Phenological and Morphological Diversity
of Nine Pepper Varieties (Capsicum spp.) Cultivated in the
Haut-Sassandra Region (Cote d’lvoire)

Akaza Moroh Joseph,
Goré Bi Boh Nestor,
Anzara Gnigouan Kadio Guy Roland,
Siniyobo Issa
Laboratoire d’amélioration de la production agricole,
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Abstract

Knowledge of the characteristics of genetic resources is necessary for
efficient use. However, the peppers cultivated in the Haut-Sassandra region,
of Cote d’lvoire, are insufficiently characterized. To determine their
phenological and morphological diversities, nine varieties grown in this region
were characterized using eight quantitative parameters in a complete
randomized blocks trial of nine treatments with 3 replicates. The analyses
revealed groups of varieties with opposite characteristics. Thus, one variety,
with the shortest germination time (5 days), the highest plant height (23 cm),
the best lateral growth, the largest foliage density and the lowest leaf area
(11.62 cm?) stood out clearly from the others. Also, four varieties, with a long
germination time (8 to 9 days), plants of smaller diameters and heights (15 to
16 cm), average leaf areas, numbers of branches, length of the most developed
branch, canopy size and foliage density differed from the other four varieties
with intermediate parameter values. The nine varieties of chilli studied show
significant diversity linked to germination, plant height and leaf surface.The
characteristics of some varieties are similar. As a consequence of these results,
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the diversity within peppers is effectively revealed with time to germination,
plant height, area of leaf and is to be exploited in breeding.

Keywords: Pepper (Capsicum spp.); Morphophenological diversity, Haut-
Sassandra Region, Cote d’lvoire

Introduction

Le piment est, actuellement, une culture de grandes exploitations destinée
a l’alimentation ordinaire traditionnelle, a [I’industrie alimentaire et
pharmaceutique. Son utilisation vient de son principe piquant lié a la
capsaicine et de sa richesse en éléments minéraux et en vitamines A et C
(Eching El-Ghoraba et al., 2013). Ses racines, ses feuilles et ses fruits sont
consommeés en legumes ou condiments. En Cote d’lvoire, selon Kouassi et
Koffi-Nevry (2012), le piment est consommeé quotidiennement a 87 % par les
hommes et 97,16 % par les femmes. Il est aussi utilisé en médecine
traditionnelle (Koffi-Nevry et al., 2012). Dans I’industrie pharmaceutique, il
est exploité pour ses propriéteés anti-oxydantes et antibiotiques (Koffi et al.,
2014 ; Kouassi et al., 2016).
Par ailleurs, le piment est I'une des cultures de diversification des
exportations agricoles en Cote d‘lvoire, du fait de son prix qui est de plus en
plus attrayant.

Toutefois, la production du piment est limitée par de nombreux

facteurs, notamment les attaques des ravageurs (Akesse et al., 2015), les
maladies (Konaté & Traoré, 1999 ; Fondio et al., 2016), la sécheresse et la
réduction de la fertilité des sols agricoles. Pour faire face a cette situation,
plusieurs variétés et lignées dites sélectionnées sont introduites en Cote
d’Ivoire. La recherche locale, a son tour, a sélectionné parmi ces variétés et
lignées dites sélectionnées, celles les mieux adaptées aux conditions locales
de pratiques agricoles et, par conséquent, qualifiées de variétes et lignées
ivoiriennes. Ainsi, certaines de ces variétés et lignées ivoiriennes évoluent
selon des zones culturales spécifiques (soit forét, soit savane) (CNRA, 2019).
Cela découle de la diversité agro-morphologique considérable
potentiellement exploitable en sélection (Sangare et al., 2009).
Par ailleurs, en termes de piment, Kouassi et Koffi-Nevry (2012) ont identifié
sur les marchés d’Abidjan six variétés alors que le Centre National de
Recherche Agronomique (CNRA) a publié six lignées et un cultivar local
(CNRA, 2019). Il en découle ainsi que, en Cote d’Ivoire, il existerait encore
des variétés de piment qui ne sont pas connues. Ce qui sous-entend que les
stratégies ou schémas de sélection vis-a-vis du piment sont moins efficaces.
Ainsi, I’objectif de la présente étude était de déeterminer la diversité
phenologique et morphologique de neuf variétés de piment dans la région du
Haut-Sassandra.

www.eujournal.org 280


http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) e - ISSN 1857-7431

1. Matériel et méthodes

1.1. Matériel végétal

Le matériel végétal étudié était constitué de 405 plantes de neuf variétés de
piment cultivées dans la région du Haut-Sassandra, a raison de 45 plantes par
variété. Ces variétés sont Bec d’oiseau, Gros-Gros, Fros-Gros Ferké,
Inconnu, Jaune-Jaune, Petit de Gros-Gros, Piment baoulé, Sen bon et Sen bon
africain.

1.2. Méthodes

1.2.1. Zone d’étude

Les variétés de piment étudiées ont été collectées dans les quatre departements
(Daloa, Issia, Vavoua et Zoukougbeu) de la région du Haut Sassandra au
Centre - Ouest de la Céte d’Ivoire (Figure 1). Cette région est située entre 6°
et 7° de latitude Nord et 7° et 8° de longitude Ouest.

LEGENDE
; CHEF LIEL DE REGION
; SITE D'ETUDE
— LIMITE REGION
LIMITE VILLE

- VILLE

Figure 1. Carte de la Cote d’lvoire avec indication des départements de collecte des
variétés de piment étudiées

Le climat est de type tropical humide avec deux saisons pluvieuses et deux
saisons séches (N’Guessan et al., 2014). La pluviométrie annuelle oscille entre
1200 et 1600 mm. Les précipitations sont réparties sur toute I’année avec un
maximum en juin et juillet et un minimum entre décembre et mars. La
température moyenne annuelle varie de 24,65 a 27,75 °C (Ayolié et al., 2016).
Les sols sont majoritairement ferralitiques typiques, allant de moyennement a
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faiblement dénaturés. Ils sont trés profonds (20 m) et riches en matiére
organique (Soro et al., 2015). La région est majoritairement couverte de forét
semi-décidue; et de savanes herbeuses et arbustives.

1.2.2. Collecte des differentes variétés de piment

Des fruits mdrs et frais ont été collectés lors d’un seul passage, en
septembre 2019, sur les marchés ou le piment est rencontré notoirement avec
une diversité morphologique potentielle. Ils ont été conservés dans des seaux
en plastique pendant 10 jours dans une petite chambre. Ce processus avait pour
objectif de parachever la maturation physiologique des graines favorisant ainsi
leur germination et la vigueur ultérieure des plantules (Segnou et al., 2012a).
Les graines, issues d’égrainage des fruits, ont été séchées au soleil pendant
une journée et conservées dans un endroit frais.

1.2.3. Caractéristiques climatiques du site expérimental

L’essai expérimental a été installé sur le site expérimental de I’Université
Jean Lorougnon Guédé a Daloa. En cette année 2019, la pluviométrie a éte de
246,63 mm, la température de 26,32°C et I’humidité atmosphérique moyennes
a atteint 82,75.

1.2.4. Mise en place de I’essai
Pépiniere

La pépiniere a été réalisée, d’octobre a décembre 2019. Les graines de chaque
variété, apres avoir été sélectionnées par suite de test de flottaison, ont été
semees a raison de 5 par trou, sous une ombriére de 80 cm de haut, construite
a |‘aide de palmes. Un arrosage quotidien a I’eau ordinaire a été assuré. Le
démariage a deux plantules a été effectué 14 jours apres le semis. L’ombriere
a été enlevée progressivement a partir du 15° jour apres semis jusqu’a ce
qu‘elle ait été totalement éliminée sept jours avant le repiquage.

Préparation de la parcelle expérimentale
Pour la mise en place de I‘expérimentation, 27 billons de 7,5 m de long, 0,30
m de large et 0,30 m de haut ont éte réalisés sur une parcelle défrichée.
L’écartement entre ces billons a été de 0,8 m. Une bordure de 1 m de large a
été établie. Ainsi, la parcelle expérimentale est de 8,4 m de large et 24,5 m de
long, soit une superficie de 205,8 mz.

Repiquage des plantules issues de la pépiniére
Des plantules choisies au hasard en pépiniere ont été transplantées sur les
billons, 45 jours apres semis, suivant un dispositif en blocs de Fisher (blocs
aléatoires complets) (Dagnelie, 2000) de neuf traitements en trois répétitions.
Les blocs ont été distancés de 1 m. Chaque bloc comportait 9 billons
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représentant, au hasard, chacune des neuf variétés. Chaque billon a porté 15
plantes de la méme variété a intervalle de 0,5 m, soit 135 plantes par bloc et
405 plantes sur les trois blocs de I’essai.

Entretien de la parcelle
Un arrosage quotidien (matin et soir) a I’eau ordinaire et un désherbage
manuel, une fois toutes les deux semaines, ont été assurés jusqu’a la fin de
I’expérience.

1.2.5. Collecte des données

Les données collectées ont concerné la germination des semences et les
parameétres morphologiques de croissance et de développement des plantes.
Pour la germination des semences, le délai (Dger) et le taux (Tger) ont été
considérés. Concernant les parametres morphologiques, les variables
observées et mesurées a la floraison sur chacune des 405 plantes ont été le
diametre au collet (DiaC), la hauteur de la plante (HauP), le nombre de
ramifications de la tige principale (Nram), la longueur de la ramification la
plus développée (LonRD), I’envergure de la frondaison (EnvFron), la surface
foliaire (SurFo) et la densité du feuillage (DenFeu). Cette densité est notée sur
une échelle allant de 1 a 3, avec 1 = faible densité, 2 = densité moyenne et 3 =
forte densité.

1.2.6. Analyse des données

Les corrélations linéaires de Pearson entre les variables ont été
calculées. Les données collectées ont été soumises a une analyse de variance.
Le Modele Linéaire Général (GLM) a été utilisé pour tester a 5 % I’effet
variété sur les huit variables. Dans le cas ou I’analyse a été significative, un
regroupement homogéne des moyennes des valeurs obtenues par variable et
par variété a été réalisé par le test HSD (Honestly Significant Difference) de
Tukey au seuil de 5 %. Une analyse en composantes principales (ACP) normée
centree — réduite et une classification ascendante hiérarchique (CAH), utilisant
la distance euclidienne et la méthode de Ward comme critéres de distance et
d’agrégation, ont été effectuées pour mettre en évidence la structure de la
diversité des piments. Ces calculs et analyses ont été réalisés avec le logiciel
Statistica version 7.1.

2. Résultats
2.1. Répartition des variétes répertoriées

Les neuf variétés de piment recensées et étudiées sont réparties selon
le tableau 1. A I’exception du département de Zoukougbeu ou trois variétés
ont éte répertoriées, chacun des trois autres départements a présenté cing
variétés. L’analyse du tableau 1 montre que chacune des variétés «Bec
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d’oiseau» et «Gros-Gros» a été rencontrée, dans chacun des quatre
départements. Ce qui n’a pas été le cas des variétés «Sent bon
africain», «Piment baoulé», «Jaune-Jaune» et «Inconnu» qui ont été
uniquement et respectivement rencontrées a Vavoua, Zoukougbeu, Vavoua et

Daloa.
Tableau 1. Variétés de piment recensées dans les différents départements du Haut-

Sassandra

Variétés Départements
Bec d’oiseau Daloa, Issia, Vavoua, Zoukougbeu
Gros-Gros Daloa, Issia, Vavoua, Zoukougbeu
Gros-Gros Ferké Daloa, Issia
Inconnu Daloa
Jaune-Jaune Vavoua
Petit de Gros-Gros Issia, Vavoua
Piment baoulé Zoukougbeu
Sent bon Daloa, Issia
Sent bon africain Vavoua

2.2. Corrélations entre les variables

L’analyse du tableau 2 montre que le diamétre au collet (DiaC) a été
positivement et fortement corrélé a la hauteur de plante (HauP), au nombre de
branches de la tige (Nram) et a la densité du feuillage (DenFeu). 1l en a été de
méme de la densité du feuillage avec la hauteur de plante et le nombre de
branches.

2.3. Comparaison des variétés
2.4.1. Germination des semences

Pour chacune des neuf varietes, le taux de germination (Tger) a été 100
%. Relativement au délai de germination (Dger), I’analyse de variance a
montré des différences significatives (p < 0,001) entre les variétés (Tableau
3). Ainsi, le test HSD a rangé les neuf variétés en cing groupes qui sont i) les
variétes «Inconnux et «Petit de Gros-Gros», ii) la variété «Gros-Gros Ferké,
iii) les variétés «Sent bon africain», «Gros-Gros», «Jaune-Jaun» et «Sent
bonx, iv) la variété «Bec d’oiseau» et v) la variété «Piment baoulé».
Par ailleurs, les semences des variétés «Inconnu» et «Petit de Gros-Gros» ont
germé dans un délai plus court que celui de la variété «Piment baoulé»,

respectivement en moyenne de 5 a 6 et de 8,58 jours apres semis (JAS).
Tableau 2. Corrélations linéaires de Pearson entre les variables considérées.

Variables Dger DiaC HauP Nram LonRD EnvFron  SurFo
Dger 1,000
Diac -0,288 1,000
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HauP -0,510  0,914**** 1,000
Nram - 0,205 0,894*** 0,750** 1,000
LonRD 0,382 0,484 0,186 0,606 1,000
EnvFron - 0,144 0,611 0,645 0,536 0,254 1,000
SurFo 0,248 - 0,203 -0,221 - 0,365 - 0,052 0,459 1,000

DenFeu - 0,363 0,875*** 0,822*** 0,904 **** 0,521 0,775** 0,072

Dger : délai de germination, Diac : Diamétre au collet, HauP : hauteur de la plante, Nram :
nombre de ramifications, LonRD : longueur de la ramification la plus développée, EnvFron :
envergure de la frondaison, SurFo : surface foliaire, DenFeu : densité du feuillage. En gras,
significatif a 5 %.

** . modérée, *** : forte (élevée), **** : tres forte (tres élevée).

2.4.2. Développement des plantes

L’analyse de variance au seuil de 5 % n’a montré aucune différence
significative (p < 0,05) entre les variétés, pour ce qui concerne le nombre de
ramifications (Nram), la longueur de la ramification la plus développée
(LonRD), I’envergure de la frondaison (EnvFron) et la densité du feuillage
(DenFeu) (Tableau 3). Ce qui n’a pas éte le cas du diamétre au collet (DiaC),
de la hauteur de la plante (HauP) et de la surface foliaire (SurFo).
Concernant le diamétre au collet (Diac), les neuf variétés de piment ont été
placées dans un seul groupe avec des diametres moyens variant de 3,29 a 4,13
mm (Tableau 3). Quant a la hauteur de la plante (HauP), trois groupes de
variétés se sont distingués: i) la variété «inconnu» présentant la valeur la plus
élevée (23,02 cm); ii) la variété «Gros-Gros Ferké» affichant la valeur
intermédiaire (19,82 cm) entre celle de «Inconnu» celles du troisiéme groupe
composeé des autres variétés dont les valeurs ont varié de 14,43 a 16,55 cm.
Six groupes de variétés ont été distingués au niveau de la surface foliaire
(SurFo). Les groupes (i) et (ii) représentés par les variétes «Gros-Gros Ferke»
et «Bec» d’oiseau» ont présenté les surfaces moyennes les plus élevées (20,57
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Tableau 3. Effet variété de piment sur les huit variables phénologique et morphologiques considérées
variables phénologigue et morphologigues
Variétes Dger DiaC HauP LonRD EnvFron SurFo
- Nram DenFeu
(jours) (mm) (cm) (cm) (cm) (cm)
Bec d’oiseau 7,46+2 322 3,613+1,1108  15,31+5,82® 3,13+1,93, 5,11+3,80°8 13,02+4,972 19,36+11,01%¢ 2,14+0,812
Gros-Gros 6,37+1,56% 3 475+1,037%  16,55+6,25°  3,35+1,79  4,45+3,87% 11,69+4,25% 13,515+8,420 2,00+0,802
Gros-Gros Ferké 6,00+0,62°¢  4,028+0,916% 19,82+7,58%  386+2,212 552+4,14%  14,05+3,19? 20,57+14,56% 2,54+0,742
Inconnu 5,04+1,51°¢ 4,137+0,6592  23,02+4,41*  3,54+1,53% 4,25+2,29° 11,81+2,53 11,62+4,39¢% 2,27+0,662
Jaune-Jaune 6,43+2,34%¢ 3 679+1,0042 15,24+443° 350+1,878 5,04+3,51%2 10,57+4,16° 12,11+7,15bcd 2,00+0,88?2
Petit de Gros-Gros 5,564+1,14°¢ 3,291+0,9128  15,80+5,41° 3,14+156% 4,16%3,508 11,75+4,782 12,08+6,60bcd 2,04+0,842
Piment baoulé 8,58+1,88?2 3,800+1,2738  15,83+6,04° 3,83%1,998  6,71+4,768  10,42+4,27° 12,16+9,23bcd 2,00+0,952
Sent bon 6,86+0,38%¢  3367+0,537%  14,43+3,60° 2,00£1,928 2,69+2,06® 11,43+251%  17,25+6,963cd 1,740,952
Sent bon africain 6,33+1,922%¢  3370+0,910° 1541+445° 2,67+1,838 2,83+1,038 11,42+3,42%  15,02+9,393bcd 1,75+0,742
F 8,076 2,047 5,670 1,1797 1,5744 1,612 3,9836 1,6616
P < 0,001 0,041938 < 0,001 0,312074 0,133264 0,122150 < 0,001 0,108671

Dger : délai de germination, Diac : Diameétre au collet, HauP : hauteur de la plante, Nram : nombre de ramifications, LonRD : longueur de la
ramification la plus développée, EnFron : envergure de la frondaison, SurFo : surface foliaire, DenFeu : densité du feuillage, mm : millimetre, cm :
centimétre, cm?: centimeétre carré, F : valeur du test de Fischer, p : probabilité associée au test de Fischer.
Les valeurs moyennes dans une colonne suivies de la méme lettre ou des mémes lettres ne différent pas significativement a 5 % selon le test de

Fisher.
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et 19,36 cm?). Les variétés «Sent bon» et «Sent bon africain» formant le
groupe (iii) et «Gros-Gros» représentant le groupe (iv) ont eu les valeurs
respectives 17,25, 15,02 et 13,515 cm?. Le groupe (V) est formé par les variétés
«Piment baoulé», «Jaune-Jaune» et «Petit de Gros-Gros» ont présenté des
valeurs ayant varié de 2,08 & 12,16 cm?. La variété «Inconnu» constituant le
groupe (vi) a eu la plus faible valeur moyenne (11,62 cm?) (Tableau 3).

2.5. Diversité des variétés par I’analyse en composantes principales

Les plans (1,2) et (1,3) de I’analyse en composantes principales (ACP) ont
expliqué, respectivement, 75,79 et 73,07 % de I’inertie totale (Figure 2). La
diversite des neuf variétés de piment est analysée sur ces deux plans.
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Figure 2. Cercles des corrélations des variables dans les plans 1,2 (a) et 1,3 (b) de
I’analyse en composantes principales et les différents
Groupes distingués.
Dger : délai de germination, Diac : Diameétre au collet, HauP : hauteur de la plante, Nram :
nombre de ramifications, LonRD : longueur de la ramification la plus développée, EnFron :
envergure de la frondaison, SurFo : surface foliaire, DenFeu : densité du feuillage,

Les corrélations entre les variables étudiees et les axes factoriels, d’une
part, et les contributions de ces variables aux axes, d’autre part, sont présentées
dans le tableau 4. 1l ressort de ce tableau que les variables DiaC, HauP, Nram
et DenFeu ont été trés fortement et positivement corrélés (0,905 <r < 0,973)
a I’axe 1. Ces variables ont contribué a la formation de la partie positive de
I’axe 1. Aussi, le Dger et la SurFo ont été négativement, faiblement a
modeérément corrélés (-0,762 <r <-0,676) a I’axe 2. Le Dger a contribué a la
formation de la partie négative de cet axe ; la SurFo y participe a un degré
moindre. Cette SurFo a aussi été négativement et quasi-modérément corrélée
(r=-0,692) a I’axe 3, dont elle caractérise la partie négative. Conséquemment,
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quatre groupe (G1, G2, G3, G4) de variables ont été distingués (Figures 2a et
2b). Le groupe 1 (G1) a été composé de DiaC, HauP, Nram, EnvFron, DenFeu.
Le groupe 2 (G2) a été représenté par SurFo, le groupe 3 (G3) par Dger et le
groupe 4 (G 4) par LonRD.

Tableau 4. Correlations entre variables et axes et contribution des variables aux axes

s . Contributions des variables a la formation des
Corrélations entre variables et axes

Variables axes
axe 1 axe 2 axe 3 axe 1 axe 2 axe 3
Dger - 0,545* - 0,762** 0,407 0,028027 0,367663 0,121337
Diac 0,957**** 0,025 0,071 0,204414 0,000382 0,003659
HauP 0,905**** 0,254 - 0,166 0,182645 0,040965 0,020256
Nram 0,931 **** - 0,002 0,293 0,193284 0,000002 0,063119
LonRD 0,505* -0,573* 0,562* 0,056944 0,207747 0,232132
EnvFron 0,729** - 0,383 - 0,528* 0,117109 0,092827 0,204625
SurFo - 0,168 -0,676* - 0,692* 0,006307 0,287272 0,351638
DenFeu 0,973**** - 0,070 - 0,066 0,211270 0,003143 0,003184

Dger : délai de germination, Diac : Diamétre au collet, HauP : hauteur de la plante, Nram :
nombre de ramifications, LonRD : longueur de la ramification la plus développée, EnFron :
envergure de la frondaison, SurFo : surface foliaire, DenFeu : densité du feuillage,

*: faible, **:modérée, ****: trés forte (trés élevée). En gras, les valeurs des parametres
ayant contribué aux axes.

Les variétés «Inconnu» et «Sent bon» ont été trés bien représentées sur I’axe
1, avec respectivement de fortes contributions de 46,991 et de 38,570 %
(Tableau 5). «Bec d’oiseau» a contribué a I’axe 2 pour 48,131 %. Sur I’axe 3,
«Piment baoulé» a été assez bien représentée pour une contribution de 55,810

%.
Tableau 5. Contributions des variétés aux axes factoriels

Variétés axe 1 axe 2 axe 3

Bec d’oiseau 0,40401 48,13084 9,96852
Gros-Gros 0,07523 0,02554 0,04686
Gros-Gros Ferké 2,87133 3,67286 8,27856
Inconnu 46,99119 12,10337 4,97513
Jaune-Jaune 0,01431 7,94429 13,00707
Petit de Gros-Gros 0,00886 6,46849 0,71431
Piment baoulé 0,15161 12,98174 55,81037
Sent bon 38,57042 1,01913 6,35175
Sent bon africain 10,91303 7,65374 0,84741

Cinqg groupes (GA, GB, GC, GD, GE) de variétés de piment ont été distingués
(Figures 3). Le groupe A (GA) est représenté par «Inconnu». Le groupe B
(GB) est composé de «Sent bonx» et «Sent bon africainx», le groupe C (GC) de
« Bec d’oiseau » et « Gros-Gros Ferké». Le groupe D (GD) s’est identifié a
«Piment baouléx», tandis que le groupe E (GE) est composé de « Gros-Gros »,
« Petit de Gros-Gros» et de « Jaune jaune ».
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Figure 3. Groupes des neuf variétés de piment dans deux plans d’analyse en
composantes principales
a:plan(1,2) ;b :plan (1,3)

2.6. Diversité des variétes par la classification ascendante hiérarchique
La diversité par la classification ascendante hiérarchique (CAH) des neuf
variétés de piment étudiées est présentée a la figure 4. La troncature effectuée
a la distance 5 a degagé quatre principales classes (C1, C2, C3, C4) de variétés.
La classe 1 s’est identifiée a « Inconnu ». La classe 2 est composée de « Sent
bon » et «Sent bon africain », tandis que la classe 3 s’est identifiée a « Bec
d’oiseau » et a «Gros gros Ferké». La classe 4, quant a elle, est composée de
«Petit de gros-Gros», «Jaune-Jaune», «Gros-Gros» et de «Piment baoulé».
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Discussion

La connaissance de la diversité génetique est essentielle pour
I’utilisation efficiente de celle-ci en amélioration variétale. Cette connaissance
passe par la description des ressources génétiques. Les caractéristiques
phenologiques et morphologiques sont les premiers candidats a cette
description. Une évaluation a, alors, été conduite pour déterminer la diversité
phénologique et morphologique de neuf variétés de piment répertoriées a
partir d’accessions collectées dans les quatre départements de la région du
Haut-Sassandra. Ces neuf variétés n’ont pas été rencontrées, toutes, dans
chaque département. Une pareille disparité présentielle de variétés est
constatée chez plusieurs especes cultivées (Look et al., 2013; Touré et al.,
2013; Gbaguidi et al., 2015). L’absence d’une variété donnée dans un
département serait due soit a sa non culture, soit au fait que ses fruits n’étaient
pas disponibles pendant la collecte, soit encore au fait qu’elle est connue sous
difféerents noms d’un site a un autre. Dans ce dernier cas, la connaissance de
tous les noms s’avere indispensable. La pluralité de noms de variétés a déja
été rapportée. Cela est le cas chez le voandzou dont les noms locaux attribués
aux morphotypes varient en fonction du groupe et du sous groupe ethnique
(Touré et al., 2013) et le niébé (Gbaguidi et al., 2015). Par ailleurs, une
accession de Daloa, sans nom de variété, a été appelée «Inconnu» dans cette
étude. Ce cas confirme le fait qu’il y a des variétés de piment qui demeurent
inconnues des utilisateurs.

L’analyse de variance a ressorti trois a six groupes homogenes de
variétés pour le délai de germination, la hauteur de la plante et la surface
foliaire. Ces resultats témoignent d’une forte variabilité phénologique et
morphologique entre ces neuf variétés. Le délai de germination, la hauteur de
la plante et la surface foliaire ont été les caracteres les plus discriminants. Des
résultats semblables ont été obtenus par de nombreux auteurs chez le piment
(Segnou et al., 2012a, 2012b ; Zhang Xiao-min et al., 2016; Andrade et al.,
2020; Waongo et al., 2021).

L’ importante variabilite observée dans cette étude contraste avec le
principe que la variabilité génétique est faible au sein d’une zone géographique
réduite. (Ravindran et al., 2005). En effet, les variétés étudiées ont été acquises
a I’issue d’une collecte sur les marchés de quatre villes d’une méme région de
superficie relativement reduite. Ainsi donc, cette variabilité serait due a
plusieurs faits. Le piment est I’une des cultures a variabilité potentielle élevée
(Djidji, 1995). Cette variabilité est renforcée par les introductions de variétés
diversifiées a partir d’autres pays et par les créations variétales pour répondre
aux exigences multiples des utilisateurs (Fondio et al., 2015; CNRA, 2019).
Aussi, elle est générée par les pratiques de production, notamment les
échanges de semences entre agriculteurs (Delaunay et al., 2008; Missihoun et
al., 2012) et la culture polyvariétale qui consiste a cultiver plusieurs variétés
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dans un méme champ. Cette derniere pratique engendre d’autres génotypes,
étant donné que le piment se multiplie essentiellement de fagon générative et
que, par ailleurs, I’autofécondation et la fécondation croisée existent
naturellement chez le genre Capsicum (Waongo et al., 2021).

L’analyse en composantes principales (ACP) sur les trois premiers axes
représentant 92,82 % de la variabilité totale a permis d’identifier cing groupes.
Pla (1986) a suggeré au moins 80 % de la variabilite totale. La classification
ascendante hiérarchique (CAH) a rangé les variétés «Piment baoulé», «Gros-
Gros», «Petit de Gros-Gros» et «Jaune-Jaune» dans un seul et méme groupe
et établi quatre groupes dont trois sont identiques aux groupes formés par
ACP. Ces groupes de variétés se distinguant par le delai de germination, la
hauteur de la plante, la surface foliaire. Les nombres de groupes de génotypes
ou d’accessions obtenus par les méthodes multivariées reflétent les niveaux de
variabilité des germoplasmes. IlIs peuvent dépendre des outils et des effectifs.
Ainsi, sur la base de parameétres de croissance végetative tels que ceux utilisés
dans la présente étude a savoir le délai de germination, le diametre de la tige,
la hauteur de la plante, les dimensions de la feuille, la largeur de la canopée,
trois a neuf groupes ont été obtenus avec 18 a 192 génotypes ou accessions
(Segnou et al., 2012b; Ballina-Gémez et al., 2013; Nsabiyera et al., 2013;
Andrade et al., 2020 ; Bianchi et al., 2020: Waongo et al., 2021).
Comparativement a ces travaux, les neuf variétés de cette étude, réparties en
quatre groupes, présentent un niveau élevé de variabilité.

Par ailleurs, les analyses ont mis en évidence trois tendances de variétés aux
caractéristiques opposées. Une tendance englobe les semences ayant germé
dans un court délai et engendré des plantes de plus grands diameétres et
hauteurs. C’est le cas de la variété «Inconnu» dont les caractéristiques sont les
plus différentes de celles des autres variétés. Une autre concerne les semences
ayant germé dans un long délai et engendré des plantes de plus faibles
diametres et hauteurs, avec des surfaces foliaires, nombres de ramifications,
longueurs de la ramification la plus développée, envergures de frondaison
densités de feuillage moyens. Les varietés «Piment baoulé», «Gros-Gros»,
«Jaune-Jaune» et «Petit de Gros-Gros» se retrouvent dans cette tendance.
Entre ces deux tendances se retrouvent les combinaisons intermédiaires de
caractéristiques. Ces résultats sont semblables a ceux de Nsabiyera et al.
(2013) sur 37 génotypes de Capsicum annum d’Ouganda et de Bianchi et al.
(2020) sur 56 accessions de Capsicum chinense du Brésil et du Pérou. De plus,
Nsabiyera et al. (2013) ont observé que les variétés locales sont de grandes
tailles, de grands diamétres de tige et de larges canopées et le contraire chez
les variétés exotiques améliorées et introduites. Selon ces observations, la
variété «Inconnu» pourrait étre une variété locale et les variétés «Gros-Gros»,
«Jaune-Jaune» et «Petit de Gros-Gros» des variétés ameliorées.
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Les caracteres pheno-morphologiques ont permis de discriminer les variétés
étudiées. En dépit des influences environnementales, la diversité observee
pourrait résulter d’une variation dans la constitution génétique des variétés
(N*drietal., 2011). Ces caractéres sont donc utiles en caractérisation. En effet,
il existe une relation directe entre la croissance végétale et le développement,
la surface foliaire, la photosynthése, la floraison et la fructification (Silva et
Silva, 2021 ; Waongo et al., 2021)

Conclusion

Neuf variétés de piment cultivées dans la région du Haut-Sassandra
ont eté évaluées pour leur diversité phéenologique et morphologique. Elles ont
présenté une importante diversité, notamment au niveau du délai de
germination, de la hauteur de la plante et de la surface foliaire. Par ailleurs, la
structuration de cette diversité a opposé ces variétés. Ainsi, la variété
«Inconnuy, avec le délai de germination le plus court, la hauteur de plante la
plus élevée, la meilleure croissance latérale et la densité du feuillage la plus
grande, a été la plus différerent des autres. Aussi, les variétés «Piment baoulé»,
«Gros-Gros», «Jaune-Jaune» et «Petit de Gros-Gros» ont présenté un long
délai de germination, des plantes de plus faibles diametres et hauteurs, des
surfaces foliaires, des nombres de ramifications, des longueurs de la
ramification la plus développée, des envergures de frondaison, et des densités
de feuillage moyens. Les variétés «Bec d’oiseau», «Gros-Gros Ferké», «Sent
bon» et «Sent bon africain» ont présenté des combinaisons intermediaires de
valeurs des parameétres. Il découle de ces résultats que les parameétres
phenologiques et morphologiques sont utiles pour la caractérisation des
germoplasmes.
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