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A B S T R A C T

The production of marula in Africa holds significant social, economic, and medicinal importance. The semi-arid region 
of Minas Gerais, Brazil, has great potential for marula cultivation, as the soil and climatic conditions resemble those of 
its native habitat. Therefore, studies related to the propagation of this species in the semi-arid conditions are essential 
for advancements in various areas related to marula production. Marula seeds exhibit an as yet undefined dormancy, 
and methods for overcoming this dormancy have not been well-established. Additionally, a protocol for vegetative 
propagation has not been established. Consequently, there are obstacles to overcome and enable the commercial 
production of marula seedlings. Furthermore, there is limited research on this crop in Brazil, despite the potential to 
establish marula cultivation in the semi-arid region of the country, providing another food option for the Brazilian 
population. In addition to its medicinal properties and the potential for job creation and income generation in dryland 
areas, the cultivation play a role in poverty reduction and strengthening agriculture in the semi-arid region.
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R E S U M O

A produção de marula na África tem uma importância social, econômica e medicinal significativa. A região semiárida 
de Minas Gerais, Brasil, apresenta grande potencial para o cultivo de marula, pois as condições edafoclimáticas se 
assemelham às de seu habitat nativo. Portanto, estudos relacionados à propagação desta espécie no semiárido são 
essenciais para avanços em diversas áreas relacionadas à produção de marula. As sementes de marula apresentam uma 
dormência ainda indefinida e os métodos para superar esta dormência não estão bem estabelecidos. Além disso, não 
foi estabelecido um protocolo para propagação vegetativa. Consequentemente, existem obstáculos a serem superados 
e viabilizar a produção comercial de mudas de marula. Constatou-se que há poucas pesquisas sobre esta cultura no 
Brasil, apesar do potencial para estabelecer o cultivo de marula na região semiárida do país, proporcionando mais 
uma opção alimentar para a população brasileira. Além das suas propriedades medicinais e do potencial de criação 
de emprego e geração de rendimentos em zonas áridas, o cultivo desempenha um papel na redução da pobreza e no 
fortalecimento da agricultura na região semiárida.
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INTRODUCTION

Marula (Sclerocarya birrea (A. Rich.) Hochst.) be-
longs to the Anacardiaceae family and is native to 
the savannah biomes of South Africa and the east-
ern African region. It is one of the most highly val-
ued native trees in southern Africa due to its sig-
nificant medicinal and nutritional properties. The 
fruit pulp is commercially used in the production 
of an alcoholic beverage known as Amarula®. The 
liquor is produced by fermenting its juice. 

As the marula fruit pulp is juicy, sweet-tart, and 
highly fermentable, there is no need for fungi or 
bacteria to convert the pulp into alcohol. There-
fore, most marula fruits are destined for beverage 
production. The propagation of fruit species like 
marula can be done through sexual and asexual 
means, both of which are of great importance for 
species perpetuation and maintenance (Fachinello 
et al., 2005). 

When propagation is carried out sexually, plants 
exhibit inconveniences such as genetic segrega-
tion, a long juvenile period, and slower growth 
(Villalobos, 2001), as marula seeds have dormancy, 
making seedling emergence difficult (Maruzane 
et al., 2002). According to Coates (1977), marula is a 
dioecious plant, with male and female flowers on 
separate plants, and fruiting requires cross-polli-
nation between these plants. 

In asexual propagation, the resulting plants main-
tain the basic characteristics of the mother plant, 
with greater uniformity and vigor in production, 
reducing the juvenile period, accelerating flower-
ing and production. It is commonly used for spe-
cies that have difficulty with root formation (Tosta 
et al., 2012).

This study provides an overview of marula cul-
tivation to provide theoretical support for future 
projects and scientific productions, as well as to 
share the research foundation with key scientific 
findings.

METHODOLOGY

This review is intended to present the current state 
of knowledge and priorities for future research 

concerning dormancy and vegetative propagation 
of marula assessment methods. The state-of-the-
art review may offer new perspectives on an issue 
or highlight an area needing further research. The 
performance of a State-of-the-Art review follows 
the next steps: 

Anacardiaceae Family

The Anacardiaceae Lindl. family is represented by 
approximately 80 genera and 600 species (Barro-
so et al., 2002), with a predominantly pantropical 
distribution and some species in temperate regions 
(Cronquist, 1981). This family is characterized by 
the presence of resin ducts or latex-secretory chan-
nels. These plants also commonly contain tannin 
compounds and calcium oxalate crystals in paren-
chymal tissue, as well as silica grains in some cells 
of the xylem tissue (Cronquist, 1981). In the Ameri-
cas, there are approximately 32 native genera, with 
77% of the species endemic to the American conti-
nent, and only the genera Antrocaryon, Campnosper-
ma, Cotinus, Pistacia, Rhus, Spondias, and Toxicoden-
dron having representatives on other continents as 
well (Terrazas, 1999). 

In Brazil, 14 genera with 57 Anacardiaceae species 
are cataloged, with 14 of them being restricted to 
the country (Silva-Luz and Pirani, 2010). According 
to Souza and Lorenzi (2005), several species in the 
Anacardiaceae family have economic importance 
for providing edible fruits, useful woods, or orna-
mental species. Cashew (Anacardium occidentale L.) 
yields cashew nuts from the fruit, and the thick-
ened floral pedicel (hypocarp or accessory fruit) is 
sold in its natural state. Other commercially and 
regionally important fruits include mango (Mangif-
era indica L.), caja (Spondias spp.), umbu (Spondias tu-
berosa Arruda), and seriguela (Spondia purpuria L.). 

Schinus terebinthifolius Raddi, Schinus molle L., and 
Rhus succedanea L. are examples of plants used for 
street and square ornamentation. Among the spe-
cies with good-quality wood are Gonçalo-Alves 
(Astronium fraxinifolium Schott ex Spreng.), guari-
ta (Astronium graveolens Jacq.), aroeira (Myracrod-
ruo murundeuva Allemão), white-aroeira (Lithream 
olleoides (Vell.) Engl.), and braúna (Schinopsis brasil-
iensis Engl.). Spondias tuberosa Arruda, popularly 
known as umbuzeiro or ambuzeiro, among others, 
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is native to the Brazilian semiarid region (Loren-
zi, 1992) and is a species of great socio-economic 
importance within the Anacardiaceae family. These 
species, in addition to providing tasty and nutri-
tious fruits and xilopods rich in water (Mendes, 
1990), it represents a significant source of income 
through extractivism (Araújo and Neto, 2002).

Some Anacardiaceae species are used in Brazilian 
folk medicine for their potential antifungal activi-
ty (Fenner et al., 2006). Approximately 32 genera in 
the family contain known species that can cause 
dermatitis (Mitchell, 1990). According to Midgley 
et al. (2010), marula, is a fruit-bearing species used 
by both humans and wild animals, typical of a 
healthy recruitment tree for the population.

Origin and Botanical Classification

Marula, or maruleira, is native to the semiarid 
savannahs of South Africa (Muok et al., 2007). Ac-
cording to Coates (1997), it is a deciduous, dioec-
ious tree, although there are reports of monoecious 
trees. It reaches average heights between 7 and 17 
meters, with gray, fissured bark, a sturdy appear-
ance, and pale foliage. It produces pale yellow 
fruits, approximately 3-4 cm in diameter, with suc-
culent pulp, and when mature, they weigh about 
15-25g, according to Shackleton et al. (2003). 

According to Van de Venter et al. (2008), the stem 
bark of the marula tree is rough, with a spotted ap-
pearance due to the contrast between gray and pale 
brown. The leaves are divided into 10 or more pairs 
of leaflets, each about 60 mm long, with dark green 
color and sharp tips. The flowers are grouped in 
small clusters, and being a dioecious species, the 
sexes are separated on different plants. The flow-
ers are small, with red sepals and yellow petals. 
Marula seeds do not easily germinate because they 
exhibit dormancy after fruit harvesting, and when 
they fall from the canopy, they can remain inactive 
or dormant in the soil for more than six months 
(Shone, 1979). 

Marula thrives in a wide range of soils but is best 
adapted to well-drained soils. Planting altitudes 
can vary from sea level to 1800 m, and it can grow 
in areas with an annual precipitation range of 200-
1500 mm (Wynberg et al., 2002).

Socioeconomic Importance

The marula tree is one of the most valued native 
trees in Africa (Von Teichman and Robbertse, 1986) 
for various reasons, including its numerous medic-
inal uses (Eloff, 2001). According to Jaenicke and 
Thiong’o (2000) and Mojeremane and Tshwenya-
ne (2004), the importance of marula is supported 
by its different characteristics, such as high levels 
of vitamin C, proteins, and the palatable taste of 
its fruits. The vitamin C content of the fruit juice 
is about four to five times higher than that found 
in orange juice (Jaenicke and Thiong’o, 2000; Mo-
jeremane and Tshwenyane, 2004). As the indus-
trial demand for its products is increasing, there 
is a growing concern for sustainable production 
(Nwonwu, 2006).

Marula has a wide range of uses, including food 
for humans and animals, as well as medicinal uses 
in various regions of Africa (Hilman et al., 2008; 
Ojewole et al., 2009; Gouwakinnou et al., 2011). 
Marula has been identified as one of the five fruit 
species that should be integrated into the domes-
tication of agricultural systems in Africa to meet 
the nutritional and income security needs of the 
local population (Jama et al., 2008). In addition to 
its medicinal uses, marula can be consumed fresh 
or used to make jams and liqueurs. Its nuts can be 
consumed as a snack or used for oil extraction for 
domestic or cosmetic purposes (Shackleton et al., 
2002; Bationo et al., 2008; Gouwakinnou et al., 2011).

According to Wollenberg and Ingles (1998) and 
Koziell and Saunders (2001), a wide range of peo-
ple worldwide have made prolonged use of a va-
riety of natural resources, including non-timber 
forest products (NTFPs), to meet their subsistence 
requirements. Palmer and Pitman (1974) assert 
that marula stands out in the African landscape, 
both now and throughout the continent’s history, 
as a significant tree in every sense, in terms of its 
stature, range, and value to people. Still a wild re-
source, the explosive surge of interest in its com-
mercial potential in recent years has become a high 
priority for domestication.

Marula also has considerable social and cultural 
importance through its byproducts, promoting 
local development and generating jobs (Junod, 
1938; Shone, 1979; Shackleton et al., 2002). Due to its 
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widespread occurrence and utilization in Africa, 
marula has been identified as a key species in the 
development of rural enterprises that use the fruit, 
beer, nuts, or oil, and therefore, as a species of lo-
calized domestication.

Thus, interest in this species has been renewed 
after the development of a liquor that has gained 
wide acceptance in the market. This has promoted 
the development of some regions in South Africa, 
particularly market-oriented initiatives to benefit 
the poorest rural communities, including initia-
tives in Botswana, Malawi, and Namibia (Taylor 
and Moss, 1983; Pretorius et al., 1985; Holtzhausen 
et al., 1990; Nerd and Mizrahi, 1993; Leakey and Si-
mons, 1998; Leakey, 1999; Leakey and Tomich, 1999).

Nutritional Composition and Medicinal Use

According to Watt and Breyer-Brandwijk (1962), the 
fruit of the marula tree (marula) is rich in ascorbic 
acid, and the fruit juice contains sesquiterpene hy-
drocarbons (including caryophyllene, α-humulene, 
and copaene). The seeds contain a high amount of 
oil and protein, while the bark has tannin contents 
ranging from 3.5% to 20.5%, 10.7% tanning materi-
al, and traces of alkaloids. It contains two to three 
edible kernels, which contain 53.0%, 28.0%, and 
8.0% oil, protein, and carbohydrates, respectively. 
The pulp contains citric and malic acids, ascorbic 
acid, sugar, and the gum or resin of the tree is rich 
in tannin.

According to Galvez et al. (1992), dried marula 
seeds and nuts are widely consumed by local pop-
ulations in Africa, especially those living in rural 
areas. In some African countries, marula stem 
bark, roots, and leaves are used for a variety of hu-
man diseases, including malaria and fevers, diar-
rhea and dysentery, stomach ailments, headaches, 
eye pain, toothaches, backaches and body pains, 
infertility, schistosomiasis, constipation, abdomi-
nal cramps, toothache, swollen or infected gums, 
coughs, hypertension, arthritis, proctitis, epilepsy, 
diabetes mellitus, wounds, boils, carbuncles, ab-
scesses, and various other unspecified gastrointes-
tinal problems.

In East Africa, marula roots are an ingredient in 
an alcoholic medicine ingested to treat an internal 

illness known as “kati” (Watt, 1962). In addition to 
its use for treating inflammatory diseases in folk 
medicine (Fotio et al., 2009), marula also has anti-
diabetic effects, and its hypoglycemic activity and 
ethanolic extract of the bark can be used as a com-
plementary remedy for type II diabetes (Gondwe 
et al., 2008).

Propagation Methods: Vegetative and Seed

Propagation refers to a set of practices aimed at 
perpetuating species through sexual and asexual 
methods. Its goal is to increase the number of in-
dividuals and ensure the maintenance of desirable 
agronomic characteristics of cultivars (Fachinello 
et al., 2005).

When propagation is done through seeds, it in-
creases the variability of resulting progenies, 
which is important for genetic improvement but 
undesirable in the cultivation of most tropical 
fruits. In such cases, genetic segregation, a long 
juvenile phase, and slow growth are likely to oc-
cur when compared to asexual propagation (Muok 
et al., 2007; Villalobos, 2001).

Propagation of marula by seeds, despite having 
germination difficulties due to dormancy that can 
last for more than six months, produces desirable 
seedlings (Shone, 1979). Marula seeds germinate 
easily when the connection between the opercu-
lum and the rest of the endocarp is weakened. 
However, if this does not happen, the seeds do not 
germinate due to the interruption of water passage 
and gas exchange with the environment (Msan-
ga, 1998). Due to this fact, marula seeds require 
pre-germination treatment to overcome dormancy.

Seeds of the caffra subspecies (Sclerocarya birrea 
(A.Rich.) Hochst. subsp. caffra (Sond.) Kokwaro) 
have been described as orthodox and capable of 
long-term storage (Msanga, 1998). Mbuya et al. 
(1994) reported that the viability of caffra sub-
species seeds in Tanzania lasts for three months 
at room temperature, and the viability of stored 
seeds is estimated to be up to four years.

In commercial seedling production, vegeta-
tive propagation is sometimes more important 
than sexual propagation (Fachinello et al., 2005). 
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Vegetative propagation allows the obtaining of 
plants identical to the mother plant, reduces juve-
nility, increases uniformity and vigor in produc-
tion, and can be an important tool for propagating 
species with difficult rooting (Tosta et al., 2012).

Vegetative propagation through cutting is one of 
the most important cloning methods used in hor-
ticulture because it allows the fixation of selected 
genotypes, population uniformity, ease of propa-
gation, anticipation of the flowering period, reduc-
tion of the juvenile stage, and greater control over 
development stages (Franco et al., 2007).

The vegetative propagation of marula is important 
for two main reasons: obtaining more female plants 
than male ones, which in turn serve as pollinators 
since the plant is dioecious, and the uniformity 
and early development of plants, as well as high-
er-quality fruits (Mbuya et al., 1994). Maundu et al. 
(1999) observed better fruit production in grafted 
marula plants of three caffra subspecies. Grafting 
is successful when done immediately after break-
ing dormancy, around September in southern Af-
rica, using scion material from the tips of branches. 

Dormancy and Seed Quality

According to Carvalho and Nakagawa (2012), dor-
mancy is the phenomenon by which seeds of a par-
ticular species, even if viable and under all the nec-
essary environmental conditions, fail to germinate. 
This is reiterated by Popinigis (1977), who refers 
to seeds as dormant when they do not germinate, 
despite being placed under favorable environmen-
tal conditions for germination. Bewley and Black 
(1994) state that dormancy is the state in which 
seeds capable of germination temporarily suspend 
the development process until all external condi-
tions ordinarily required for their growth are met. 
Two universally known types of dormancy exist: 
natural or primary dormancy and induced or sec-
ondary dormancy. Primary dormancy always oc-
curs, although its intensity varies from year to year 
and from location to location. It is, therefore, a spe-
cies characteristic (Carvalho and Nakagawa, 2012). 

Immediately after harvest, seeds do not germinate 
(Popinigis, 1977). In some cases, primary dormancy 
can be overcome simply by storing the dried seeds 

for some time. Secondary dormancy is a type that 
does not always occur. When it does, it is induced 
by a special environmental condition, usually oc-
curring when seeds are provided with all the fa-
vorable conditions for germination, except one 
(Popinigis, 1977; Carvalho and Nakagawa, 2012).

Water impermeability of the seed coat is common 
in seeds of the Fabaceae, Cannaceae, Chenopodiace-
ae, Convallariaceae, Poaceae, Malvaceae, Solanaceae, 
Anacardiaceae, and Rhamnaceae families, with leg-
ume seeds accounting for approximately 85% of 
the species examined. Such seeds are referred to 
as impermeable or hard (Rolston, 1978). Therefore, 
the impermeability of the seed coat to water entry 
is likely determined by the deposition of substanc-
es such as suberin, lignin, cutin, and mucilage on 
the seed coat, pericarp, or nuclear membrane, with 
this being the most common dormancy mecha-
nism among legume species (Mayer and Poljak-
off-Mayber, 1978; Bewley and Black, 1994).

One of the factors that hinder large-scale marula 
propagation is the dormancy of its seeds, which 
leads to slow and uneven emergence (Maruzane 
et al., 2002). The marula seed exhibits dormancy 
due to its rigid, woody, and lignified endocarp 
(Msanga, 1998). This dormancy can hinder marula 
seed germination for more than six months (Shone, 
1979). Seed dormancy, caused by factors inherent 
to the seed coat, can be interrupted by scarifica-
tion, a term that applies to any process that weak-
ens or breaks the seed coat to allow imbibition and 
subsequent germination (Nassif and Perez, 1977). 

The breaking of the seed coat through scarifica-
tion, in addition to increasing water permeabil-
ity, can lead to increased sensitivity to light and 
temperature, increased gas permeability, removal 
of inhibitors and promoters, and potential tissue 
damage, thus significantly affecting seed metabo-
lism (Mundim and Salomão, 1999). Methods such 
as immersion in solvents (hot water, alcohol, ace-
tone, and others), rapid cooling, exposure to high 
temperatures, increased oxygen tension, shocks, 
and impacts against hard surfaces can overcome 
dormancy caused by impermeability and mechan-
ical restrictions of the seed coat (Popinigis, 1977).

Seed quality is highest at the physiological matu-
rity stage. After this point, degenerative changes 
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begin to occur, making the determination of ma-
turity and the ideal harvest time crucial for pro-
ducing high-quality seeds (Carvalho and Nakaga-
wa, 2012). Conserving the physiological quality 
of seeds during storage is also essential in seed 
production and supply programs. In storage, con-
ditions of high temperature and humidity contrib-
ute to seed deterioration, primarily due to lipid 

peroxidation (Vieira and Carvalho, 1994). High 
relative humidity of the air promotes the resump-
tion of embryo metabolic activities, while elevated 
temperatures lead to increased respiratory activity 
and depletion of stored reserves. Moreover, such 
conditions can facilitate the action of fungi and 
insects, reducing seed quality (Carvalho and Na-
kagawa, 2012).

REFERENCES

Araújo, F.P. & Neto, M.T.C. (2002) - Influence of physiological factors of mother plants and seasons of 
the year on the success of different grafting methods of the umbu tree. Brazilian Journal of Fruit Science,  
vol. 24, n. 3, p. 752-755. https://doi.org/10.1590/S0100-29452002000300048

Barroso, G.M.; Peixoto, A.L.; Ichaso, C.L.F.; Guimarães, E.F. & Costa, C.G. (2002) - Systematics of Angiosperms 
in Brazil. 2ª ed. Viçosa, 309 p.

Bationo, P.; Zongo, J.D.; Nanéma, K.R. & Traoré, R.E. (2008) - Study of the variation in some morphological 
characteristics of a sample of Sclerocarya birrea in Burkina Faso. International Journal of Biological and 
Chemical Sciences, vol. 2, n. 4, p. 549–562. http://dx.doi.org/10.4314/ijbcs.v2i4.39765

Bewley, J.D. & Black, J.M. (1994) - Seeds: Physiology of Development and Germination. 2ª ed. New York, Plenum 
Press. 445 p.

Carvalho, N.M. & Nakagawa, J. (2012) - Seeds: Science, Technology, and Production. 5a ed. Jaboticabal: FUNEP. 
590 p.

Coates, P.K. (1977) - Trees of Southern Africa.1st ed. Cape Town, 959 p.
Cronquist, A. (1981) - An integrated system of classification of flowering plants. Columbia University Press, New 

York, 1262 p.
Eloff, J.N. (2001) - Antibacterial activity of Marula (Sclerocarya birrea) (A. rich.) Hochst. subsp. caffra (Sond.) 

Kokwaro) (Anacardiaceae) bark and leaves. Journal of Ethnopharmacology, vol. 76, n. 3, p. 305–308. 
 http://dx.doi.org/10.1016/s0378-8741(01)00260-4
Fachinello, J.C.; Hoffmann, A.; Nachtgal, J.C. & Kersten, E. (2005) - Propagação vegetativa por estaquia. In: 

Propagação de plantas frutíferas Brasília: Embrapa Informações Tecnológicas. p. 69-109.
Fenner, R.; Betti, A.H.; Mentz, L.A. & Rates, S.M.K. (2006) - Plants used in Brazilian folk medicine with 

potential antifungal activity. Brazilian Journal of Pharmaceutical Sciences, vol. 42, n. 3, p. 369-394. 
 https://doi.org/10.1590/S1516-93322006000300007
Fotio, A.L.; Dimo, T.; Nguelefack, T.B.; Dzeufiet, P.D.; Lemba, E.N.; Temdie, R.J.; Ngueguim, F.; Olleros, M.L.; 

Vesin, D.; Dongo, E.; Kamtchouing, P. & Garcia, I. (2009) - Acute and chronic anti-inflammatory properties 
of stem bark aqueous and methanol extracts of Sclerocarya birrea (Anacardiaceae). Inflammopharmacology, 
vol. 17, n. 4, p. 229–237. https://doi.org/10.1007/s10787-009-0011-2

Franco, D.; Oliveira. I.V. de M.; Cavalcante, Í.H.L.; Cerri; P.E. & Martins, A.B.G. (2007) - Estaquia como 
processo de clonagem do Bacuri (Redhia garderiana Miers ex Planch e Triana). Revista Brasileira de 
Fruticultura, vol. 29, n. 1, p. 176-178. https://doi.org/10.1590/S0100-29452007000100037

Galvez, P.J.; Zarzuelo, A.; Busson, R.; Cobbaert, C. & de Witte, P. (1992) -Epicatechin-3-galloyl ester: 
A secretagogue compound from the bark of Sclerocarya birrea. Planta Medica, vol. 58, n. 2, p. 174–175. 
https://doi.org/10.1055/s-2006-961423

Gondwe, M.; Kamadyaapa, D.R.; Tufts, M.; Chuturgoon, A.A. & Musabayane, C.T. (2008) - Sclerocarya 
birrea [(A. Rich.) Hochst.] [Anacardiaceae] stem-bark ethanolic extract (Sclerocarya birrea) modulates blood 
glucose, glomerular filtration rate (GFR), and mean arterial blood pressure (MAP) of STZ-induced 
diabetic rats. Phytomedicine, vol. 15, n. 9, p. 699–709. https://doi.org/10.1016/j.phymed.2008.02.004

Gouwakinnou, G.N.; Lykke, A.M.; Assogbadjo, A.E. & Sinsin, B. (2011) - Local knowledge, pattern, and 
diversity of use of Sclerocarya birrea. Journal of Ethnobiology and Ethnomedicine, vol. 7, art. 8. 

 https://doi.org/10.1186/1746-4269-7-8



400 Revista de Ciências Agrárias, 2024, 47(2): 394-401

Hilman, Z.; Mizrahi, Y. & Beit-Yannai, E. (2008) - Evaluation of valuable nutrients in selected genotypes of 
marula (Sclerocarya birrea ssp. caffra). Scientia Horticulturae, vol. 117, n. 4, p. 321–328. 

 https://doi.org/10.1016/j.scienta.2008.05.008
Holtzhausen, L.C.; Swart, E. van Rensburg, R. (1990) - Propagation of the marula (Sclerocarya birrea subsp. 
caffra). Acta Horticulturae, vol. 275, p. 323-334. https://doi.org/10.17660/ActaHortic.1990.275.39

Jama, B.A.; Mohamed, A.M.; Mulatya, J. & Njui, A.N. (2008) - Comparing the “Big Five”: a framework for the 
sustainable management of indigenous fruit trees in the drylands of East and Central Africa. Ecological 
Indicators, vol. 8, n. 2, p. 170–179. https://doi.org/10.1016/j.ecolind.2006.11.009

Jaenicke, H. & Thiong’o, M.K. (2000) - Preliminary nutritional analysis of marula (Sclerocarya birrea) fruits from 
two Kenyan provenances. Acta Horticulturae, vol. 531, p. 245–249. https://doi.org/10.17660/ActaHortic.2000.531.40

Junod, H.A. (1938) - Bantu Heritage. Hortors Ltd., 1ª ed. Johannesburg, for the Transvaal Chamber of Mines. 
155 p.

Koziell, I. & Saunders, J. (2001) - Living off biodiversity: exploring livelihoods and biodiversity  issues  in natural 
resources management. London: International Institute for Environment and Development.

Leakey, R.R.B. (1999) - Potential for novel food products from agroforestry trees: a review. Food Chemistry, 
vol. 66, n. 1, p. 1–14. https://doi.org/10.1016/S0308-8146(98)00072-7

Leakey, R.R.B. & Simons, A.J. (1998) - The domestication and commercialization of indigenous trees in 
agroforestry for the alleviation of poverty. Agroforestry Systems, vol. 38, p. 165-176. 

 https://doi.org/10.1023/A:1005912729225
Leakey, R.R.B. & Tomich, T.P. (1999) - Domestication of tropical trees: from biology to economics and policy. 

In: Buck, L.E., Lassoie, J.P. & Fernandes, E.C.M. (Eds.) - Agroforestry in sustainable agricultural systems. 
CRC Press/Lewis Publishers, New York. p. 319-338.

Lorenzi, H. (1992) - Brazil Trees: A Guide to the Identification and Cultivation of Native Brazilian Trees. 1ª ed. Nova 
Odessa: Plantarum, 352 p.

Maruzane, D.; Tapfumaneyi, L. and Matarirano, L.C. (2002) - Marula propagation, uses and marketing. World 
Agroforestry Centre, Kenya. 22 p.

Maundu, M.P.; Ngugi, W.G. & Kabuye, H.S.C. (1999) - Traditional food plants of Kenya. 270 p.
Mayer, A.M. & Poljakoff-Mayber, A. (1989) - The germination of seeds. 4a ed., New York, Pergamon Press,
 270 p.
Martinez, H.E.P. (1999) – O uso do cultivo hidropônico de plantas em pesquisa. 2ª ed. Viçosa, Imprensa 

Universitária, 47 p.
Mbuya, L.P.; Msanga, H.P.; Ruffo, C.K.; Birnie, A. & Tengnas, B.O. (1994) - Useful trees and shrubs for 
Tanzania. Identification, propagation and management for agricultural and pastoral communities. Regional Soil 
Conservation Unit (RSCU)/Swedish International Development Authority (SIDA), Nairobi, 20.p

Mendes, B.V. (1990) - Umbuzeiro (Spondias tuberosa Arr. Cam.) importante fruteira do semi-árido. Mossoró: 
ESAM. 66 p. 

Midgley, J.J.; Lawes, M.J. & Chamaillé-Jammes, S. (2010) - Savanna woody plant dynamics: the role of fire 
and herbivory, separately and synergistically. Australian Journal of Botany, vol. 58, n. 1, p. 1–11. 

 https://doi.org/10.1071/BT09034
Mitchell, J.D. (1990) - The poisonous Anacardiaceae genera of the world. Advances in Economic Botany, vol. 8, 

p.103-129.
Mojeremane, W. & Tshwenyane, S.O. (2004) - The resource role of morula (Sclerocarya birrea): A multipurpose 

indigenous fruit tree of Botswana. Journal of Biological Sciences, vol. 4, n. 6, p. 771–775.
Msanga, H.P. (1998) - Seed germination of indigenous trees in Tanzania. Including Notes on seed Processing, Storage 

and plant uses. Published by Canadian Forest Service Northern Forest Centre, Edmonton, Alberta. 292 p. 
Mundim, R.C. & Salomão, A.N. (1999) - Pre-germination treatments to overcome dormancy of monkey brush 

(Apeiba tibourbou Aubl.-Tiliaceae) seeds. In: Brazilian Seed Congress, Curitiba, Brasil, Newsletter, p. 81.
Muok, B.O.; Matsamura, A.; Ishii, T. & Odee D.W. (2007) - Genetic diversity within Sclerocarya birrea populations 

in Kenya. Journal of Arid Environments, vol. 71, n. 1, p. 1–11. https://doi.org/10.1016/j.jaridenv.2006.11.007
Nassif, S.M.L. & Perez, S.C.J. de A. (1977) - Germination of Pterogyne nitens Tul. seeds: influence of treatments 

to overcome dormancy and sowing depth. Brazilian Journal of Seeds, vol. 19, n. 2, p. 172-179.



401Santos et al., Overcoming dormancy and propagation of Marula - Review

Nerd, A. & Mizrahi, Y. (1993) - Domestication and introduction of marula (Sclerocarya birrea subsp. caffra) as 
a new crop for the Negev desert of Israel. In: Janick, J. & Simon, J.E. (Eds.) - New crops. New York, Wiley, 
p. 496 - 499.

Nwonwu, F.O.C. (2006) - The socio-cultural and economic relevance of the Marula tree and its sustainable 
use in Africa. African Insight, vol. 36, n. 3-4, p. 249–265.

Ojewole, J.A.O.; Mawoza, T.; Chiwororo, W.D.H. & Owira, P.M.O. (2009) - Sclerocarya birrea (A. Rich) 
Hochst. [‘Marula’] (Anacardiaceae): a Review of its phytochemistry, pharmacology and Toxicology and its 
Ethnomedicinal Uses. Phytotherapy Research, vol. 24, n. 5, p. 633–639. https://doi.org/10.1002/ptr.3080

Palmer, E. and Pitman, N. (1974) - Trees of southern Africa. 3ª ed, Balkema. Cape Town, 2235 p.
Popinigis, F. (1977) - Seed Physiology. Brasília, AGIPLAN, 289 p.
Pretorius, V.; Rohwer, E.; Rapp, A.; Holtzhausen, L.C. & Mandery, H. (1985) - Volatile flavor components of 

marula (Sclerocarya birrea subsp. caffra) juice. Food Research International, vol. 181, p. 458–461.
Rolston, M.P. (1978) - Water impermeable seed dormancy. Botanical Review, vol. 44, n. 2, p. 365-396. 
 https://doi.org/10.1007/BF02957854
Silva-Luz, C.L. & Pirani, J.R. (2010) - ANACARDIACEAE. Catalog of plants and fungi in Brazil. Rio de Janeiro, 

v. 1, p. 599-602.
Souza, V.C. & Lorenzi, H. (2005) - Botânica  Sistemática:  guia  ilustrado  para  a  identificação  das  famílias  de 
Angiospermas da flora brasileira, baseada em APG II. Nova Odessa: Instituto Plantarum, 640p.

Shackleton, C.M. (2002) - Growth and fruit production of Sclerocarya birrea in the South African lowveld. 
Agroforestry Systems, vol. 55, p. 175-180. https://doi.org/10.1023/A:1020579213024

Shackleton, B.J.; Botha, J. & Emanuel, P.L. (2003) - Productivity and abundance of Sclerocarya birrea subsp. 
caffra in and around rural settlements and protected areas of the Bushbuckridge Lowveld, South Africa. 
Forests, Trees and Livelihoods, vol. 13, n. 3, p. 217–232. http://dx.doi.org/10.1080/14728028.2003.9752459 

Shone, A.K. (1979) - Notas sobre a marula. Boletim do Departamento de Assuntos Hídricos e Florestais, vol. 58, p. 89.
Taylor, F.W. & Moss, H. (1983) - The potential for the commercial utilisation of veld products in Botswana. I. 
 The resource and its commercialisation. Veld products Research, Gaborone.
Terrazas, T. (1999) - Anatomy of the wood of Anacardiaceae with emphasis on American genera. Bulletin of 

the Botanical Society of Mexico, vol. 64, p.103-109.
Tosta, M. da S.; Oliveira, C.V.F. de; Freitas, R.M.O. de; Porto, V.C.N.; Nogueira, N.W. & Tosta, P. de A. F. 

(2012) - Ácido indolbutírico na propagação vegetativa de umbu-cajazeira (Spondias sp.). Semina: Ciências 
Agrárias, vol. 33, p. 2727-2740.

Van de Venter, M.; Roux, S.; Bungu, L.C.; Louw, J.; Crouch, N.R.; Grace, O.M.; Maharaj, V.; Pillay, P.; Sewnarian, 
P.; Bhagwandin, N. & Folb, P. (2008) - Antidiabetic screening and scoring of 11 plants traditionally used 
in South Africa. Journal of Ethnopharmacology, vol. 119, n. 1, p. 81–86. https://doi.org/10.1016/j.jep.2008.05.031

Vieira, R.D. & Carvalho, N.M. (1994) - Testes de vigor em sementes. Jaboticabal: FUNEP, 164 p.
Villalobos, M.; Trotz, M.A. & Leckie, J.O. (2001) - Surface complexation modeling of carbonate effects on the 

adsorption of Cr(VI), Pb(II), and U(VI) on goethite. Environmental Science and Technology, vol 35, n. 19, 
 p. 3849–3856. https://doi.org/10.1021/es001748k
Von Teichman, I. & Robbertse, P.J. (1986) - Development and structure of the drupe in Sclerocarya birrea 

(Richard) Hochst. subsp. caffra Kokwaro (Anacardiaceae), with special reference to the pericarp and the 
operculum. Botanical Journal of the Linnean Society, vol. 92, n. 4, p. 303–322. https://doi.org/10.1111/j.1095-8339.1986.
tb01434.x

Watt, J.M. & Breyer-Brandwijk, M.G. (1962) - Medicinal and Poisonous Plants of Southern and Eastern Africa, 
 2a ed., Edinburgh and London: E and S Livingstone Ltd.
Wollenberg, E. & Ingles, A. (1998) - Incomes from the Forest: Methods for the Development and Conservation of 

Forest Products for Local Communities. Indonesia, CIFOR, 227 p.
Wynberg, R.; Cribbins, J.; Leakey, R.; Lombard, C.; Mander, M.; Shackleton. S.E. & Sullivan, C.A. (2002) 

- Knowledge on Sclerocarya birrea subsp. caffra with emphasis on its importance as a non-timber 
forest product in South and southern Africa: a summary: part 2: commercial use, tenure and policy, 
domestication, intellectual property rights and benefit-sharing: review paper. Southern African Forestry 
Journal, vol. 196, p. 67–78.


