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Abstract

The Baobab (Adansonia spp.) is known as the “tree of life”, renowned
for its longevity, with individuals that can survive for thousands of years.
This article reviews various baobab adaptations supporting their survival
and longevity, encompassing morphological and physiological mecha-
nisms in the seedling phase, water storage in stems, and resistance to
extreme environmental conditions. Baobabs also exhibit special adaptive
mechanisms, such as stomatal regulation, UV resistance, and antibacte-
rial properties. In addition, the heat-resistant morphology of the bao-
bab fruit and the hard skin play an important role in preserving seeds
from forest fires and dispersing them through various means. This study
emphasizes that baobab’s unique adaptations not only support their
sustainability but also provide significant potential for the conservation
and study of plant survival under extreme environmental conditions.

[Keywords: Adansonia; adaptation; plant conservation. ]

Resumen

El baobab (Adansonia spp.), conocido como el “arbol de la vida”, es
famoso por su longevidad, que puede alcanzar los miles de anos. Este
articulo repasa diversas adaptaciones de los baobabs que favorecen su
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supervivencia y longevidad, como los mecanismos morfoldgicos y fisio-
l6gicos en la fase de plantula, el almacenamiento de agua en los tallos
y la resistencia a condiciones ambientales extremas. Los baobabs tam-
bién poseen mecanismos especiales de adaptacién, como la regulacion
estomatica, la resistencia a los rayos UV y propiedades antibacterianas.
Ademas, la morfologia del fruto del baobab, resistente al calor, y la dura
corteza del fruto desempenan un papel importante a la hora de pre-
servar las semillas de los incendios forestales y esparcirlas por diversos
medios. El estudio subraya que las singulares adaptaciones del baobab
no solo favorecen su sostenibilidad, sino que también ofrecen un im-
portante potencial para la conservacién y el estudio de la supervivencia
de las plantas en condiciones ambientales extremas.

[Palabras clave: Adansonia; adaptacion; conservacion de plantas. )

INTRODUCTION

Baobab is a tree that belongs to the angiosperm group (Patrut et al., 2018).
Baobab refers to eight species of the genus Adansonia sp. which is native
to Africa with one endemic species, Madagascar with six endemic species,
and Australia with one endemic species (Baum, 2015; Wan et al., 2024).
Baobab has a very long lifespan of 2,500 years based on radiocarbon stud-
ies conducted on samples of dead trees in 2011 in Zimbabwe (Patrut et al.,
2018), while for the surviving samples, the age ranges from hundreds of
years to the oldest reaching 1,800 years (Patrut et al., 2010; Patrut et al.,
2015; Patrut er al., 2018), hence the baobab tree is nicknamed as ‘Tree of
Life’ (Kitony et al., 2024).

The longevity of baobab cannot be separated from its extraordinary
adaptation role, when it has just reached the stage of seedling morpholog-
ical and physiological mechanisms are used to survive drought stress such
as leaf shedding, allocation of biomass to roots, water storage in roots and
stems, as well as strict stomata control (De Smedt ez al., 2012; Van den
Bilcke er al., 2013). The typical large stem of baobab also has an important
function that supports its longevity, the large stem has a special morphol-
ogy, namely as a store of water and nutrient reserves when environmental
stress occurs (Chapotin et al., 2006a,b,c).

Flowers and fruits have played an important role in the reproductive
cycle of baobab for thousands of years, where the cycle is always stable in
each season and different environmental conditions (Venter & Witkowski,
2019; Abere et al., 2023) even the fruits and seeds can still germinate after
forest fires (Kempe et al., 2018). Baobab maximizes photosynthesis in the
rainy season by leaf propagation to store enough energy reserves during the
dormancy phase in the dry season (Venter & Witkowski, 2019). Another
adaptation mechanism that baobab has to support his lifespan is the recent
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discovery of the UV light resistance gene (UVRS) (Kitony et al., 2024) and
antibacterial compounds that make it possible to avoid pathogens such as
well as many other plants (Aulia et al., 2023; El Yahyaoui et al., 2023). The
uniqueness of adaptations that support the longevity of baobab is very dif-
ferent from other plants, therefore the purpose of this study is to examine
the various unique adaptations that support the longevity of baobab.

Adaptation in the Seedling Phase

Morphological and physiological mechanisms are used in the baobab seed-
ling phase to survive drought stress, the mechanisms include leaf shedding,
allocation of biomass to the root system, water storage in roots and stems,
and strict stomata conductance regulation (Patrut et al., 2018). There are
differences in response to drought between baobab originating from West
Africa (Mali) and Southeast Africa (Malawi). Baobab from Mali tends to
shed more leaves and allocate more biomass to the roots (De Smedt et al.,
2012). Baobab in the seedling phase adapts to reduce the conductance of
stomata when hit by drought to conserve water. Baobab was able to reduce
the conductance of stomata up to 85% after two weeks of drought, when
compared to Parkia biglobosa (Jacq.) R.Br. ex G.Don, which is only able to
reduce stomata conductance by 50% with the same drought stress exposure
time. The reduction of stomata conductance aims to reduce the rate of tran-
spiration in leaves through stomata so that water availability is maintained
during drought stress. This mechanism allows baobab to reduce the tran-
spiration rate by up to 90%, when compared to Ziziphus mauritiana Lam.,
which is only able to reduce the transpiration rate by 25% (Chapotin et al.,
2006c¢). Baobab in the seedling phase is also able to maintain the potential
pressure of leaf water remains high > 1 MPa to avoid cavitation of xylem.
The leaves of the baobab gradually fall off during drought, but grow back
after sufficient water availability (Van den Bilcke er al., 2013).

Allocation of biomass on leaves during the seedling phase in drought
stress is severely restricted. Biomass allocation is preferential towards the
roots because the root organs (taproot) in baobab during the seedling phase
since that organ can store large amounts of water while reaching water
sources in the ground. Baobab has a large amount of water stored in the
roots up to 90% at the stage seedling of the total water reserves in the
whole organ but will gradually move towards the stem as it mature (Van
den Bilcke ef al., 2013). The use of water stored in the stems and roots
during the seedling phase only occurs on a limited basis, where only a small
amount of water is taken from the reserve to cover the daily water deficit.
Morphological studies show the presence of a large amount of mucus and
water-storing tissue on the roots. Strict stomata regulation strategies, proper
allocation of biomass, and the ability to store large amounts of water in the
roots help baobab seeds to survive during drought (De Smedt ez al., 2012).
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Adaptation of baobab in the seedling phase is very helpful in its sur-
vival, but anthropogenic factors are one of the major obstacles. Obstacles
in the regeneration of baobab trees (Adansonia spp.) in some parts of Africa,
especially in Quara and Kafta Humera, Ethiopia. The lack of seedlings and
shoots of baobab is caused by encroachment and trampling of livestock, as
well as land clearing for moving farms. These factors interfere with the nat-
ural growth of baobab trees in this region. In addition, natural and human
activities, such as the presence of elephants in Zimbabwe that damage buds,
also have an impact on the regeneration of baobabs. However, in Tselemt,
which is a watershed, baobab regeneration is better. This is supported by
high soil moisture that facilitates seed germination and seedling growth,
as well as locations around rivers that are difficult for livestock to reach,
so that seedlings are more protected from damage due to animal activities.
Although baobabs have a natural ability to produce seedlings, environmen-
tal factors and human activities often hinder these seedlings from growing
to adulthood, especially in agricultural lands and forests that are disturbed
by human activities (Abere er al., 2023).

Morphology and Adaptation of Baobab Stems

The baobab tree has the characteristic of being multi-stemmed. Some rods
form a circle or elliptical in the ground with a space in the middle or what
i1s commonly called a ring-shaped structure (RSS). Older baobab trees have
large cavities, especially in the middle part of the trunk (Fig. 1). Large nor-
mal cavities are formed due to the loss of wood caused by fungal decay, fire,
and other damage (Patrut et al., 2018). Adansonia sp. is a succulent plant and
a global tree that can store water in its trunk and does not form a terraced
wood and can store water in its internal cavity. The new growth layer of
the baobab tree sample segment is a differentiation of the xylem part after
severe wood damage in the cavity. The wood on the baobab stem is most-
ly composed of parenchymal tissue, which mostly remains alive for long
periods and at significant depths within the stem. Baobab wood contains
more parenchyma cells in its trunk (69-88% by volume) than any other
tree species (Patrut et al., 2010). The abundance of parenchyma is a special
characteristic of Adandsonia sp., which has the main function of storing
water and carbohydrates. The results of ecophysiology studies show that
the use of stored water is limited to baobab trees for physiological processes
such as leaf flushing and daily water deficit buffering, even during the dry
season. The abundant parenchyma also provides mechanical support for
the baobab stem (Kotina et al., 2017).

Baobab trees are known to have shallow roots and can grow new leaves
before the rainy season. Baobab has a sizable stem water content and does
not change significantly during the dry months. The dry season affects the
adaptation of the baobab tree. During the dry season period, the baobab
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leaves fall and the sap flow rate at the bottom of the trunk is low, which
indicates little or no water entering from the roots and soil to the trunk
during the dry season. The rate of water used in the branches and the top
of the stem increases as leaf shedding progresses, then gradually decreases
as the leaves expand. After the rainy season arrives, along with the increase
in the availability of groundwater, the rate of sap flow at all points of the
tree reaches higher values. The baobab’s adaptation during the dry sea-
son is to limit the use of water to flow the leaves rather than opening the
stomata, the baobab tree is able to maintain the leaf turgor until the rainy
season arrives, and produce new leaves for the following year (Chapotin ez
al., 2006b).

Morphology and Adaptation of Baobab Fruit

Boabab fruit is an important part that is often used by the community.
The flesh of the baobab contains a source of vitamin C. Variations in the
shape of the baobab fruit can occur due to regional differences. The most
found fruit is ellipsoid-shaped. Baobab fruits are adapted to the climate.
Baobabs that are in a climate with high temperatures and prolonged water
stress tend to preserve the substrate so that the size of the fruit is larger
and heavier compared to other plants (Murage et al., 2022). Adansonia sp.
produces large ovoid fruits with woody pericarp. The baobab fruit has
a special structure commonly called amphisarcum, and is a simple fruit
whose outer part is differentiated into a dry crust and inside into one or
more layers of flesh (Fig. 2). It is a drought-resistant fruit with a bark that
adapts well to withstand drought (Kempe ez al., 2018).

The hard shell of the fruit in Adansonia not only plays a role in protect-
ing the seeds from fruit-eating animals (zoochory) or allowing the seeds to
spread through water (hydrochory). Fruit shell also play a role in protecting
the seeds from the heat generated by wildfire. Through heat tests carried
out, it was found that the shell of Adansonia digitata L., and Adansonia gre-
gorii E Muell., can withstand an increase in temperature inside the fruit for
5-10 minutes even though the temperature outside the shell has reached 300
°C. This suggests that the shell of the fruit can protect the seeds from heat
during forest fires that usually last less than 10 minutes. The temperature
inside the fruit tends to be higher in fruits with thinner shell. Nevertheless,
most fruits can still withstand temperatures below 90 °C which is a fatal
temperature for the seeds. Germination tests showed that seeds exposed to
heat of more than 100 °C tended to have better germination power than
controls. This suggests that heat can break dormancy in Adansonia seeds
(Kempe et al., 2018).
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Fig. 1. Baobab tree.
Fig. 1. Arbol de baobab.

Flowering on the Baobab Tree

The baobab tree consists of a single flower located in the axils of the leaves
near the ends of the branches. The flowers are white, large, hanging, sol-
itary, or paired in the axils of the leaves. Flowering is usually initiated
when the first leaves appear or before the first rainy season. The flowers
emit a scent that can attract pollinators, especially bats (Rahul ez al., 2015).
Baobab flowers have the uniqueness of the flower size, color and position
of the flower facing down. Flowering or pollination usually occurs at night
(Rashford, 2015).
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Fig. 2. Halved fruit of Adansonia sp.
Fig. 2. Fruto seccionado de Adansonia sp.

Baobab trees have leafy and flowering phases that coincide with each
other in summer. The leaves wilt and continue until the second week of
September starting from mid-August. The initiation of flowering begins
from mid-August (from the third week of August to mid-September). Full
bloom starts from the third week of September to the middle of October.
The baobab tree species take two months and 60 days to reach full bloom.
(Abere et al., 2023). Leaf growth and fall are affected by rainfall rather than
daily temperature. Leaf fall occurs later during the rainy season while the
beginning of flowering can vary from year to year. The flowering of the
baobab tree shows a stable pattern. The peak of flowering occurs at almost
the same time every year, it suggests that flowering is determined by the
length of the day or temperature rather than by rainfall. Baobab trees bloom
profusely during late summer in response to rainfall. Flowering begins
before the rain falls and is then supported by the stem water reserve. Good
stem water storage and stored energy or nutrient reserves can be advanta-
geous and allow the tree to produce more flowers and thus produce more
fruit (Venter & Witkowski, 2019).

The composition of the floral aroma of the baobab species affects its
pollination. The main function of flower scent compounds is to encourage
cross-pollination by influencing pollinator flower visit behavior and pat-
terns. Different groups of pollinators are known to be attracted by different
floral scent compounds (Table 1). Bat-pollinated flowers are dominated by
sulfur compounds while moth-pollinated plants (especially those visited by
hawk moths) secrete volatile substances consisting of oxygenated terpenes
and nitrogen-containing compounds (Razanamaro et al., 2015). Flowering
is determined by the length of the day or temperature in a condition and
can be affected by the conditions of the previous season. Variation in fruit
production between the years is a consequence of reduced flower produc-
tion. An increase in flowers can occur with the size and age of the tree
(Venter & Witkowski, 2019).
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Table 1. Floral characteristics of Adansonia sp. based on the pollinator.
Tabla 1. Caracteristicas de las flores de Adansonia sp. basadas en el polinizador.

Adansonia digitata L. The flowers are white, large, (Rashford,
revolved, solitary or paired 2015)
in the axils of the leaves,
having many stamens. The
bloom time only lasts 1
night.

Adansonia madagascariensis  The flowers are delicate and Hawk moth  (Razanamaro

Baill. elongated, the petals are et al., 2015;
brightly colored ranging Steentoft,
from orange to red. Has a 2015)

long staminal tube (6-10
cm), the number of stamens

90-100.
Adansonia rubrostipa Delicate flowers elongate Hawk moth  (Razanamaro
Jum. & H. Perrier brightly colored petals from et al.,, 2015;
bright yellow to orange. Steentoft,
Have a long staminal tube 2015)

(6-10 cm) and stamens
count of 100-150.

Adansonia za Baill. The petals are predominantly Lemurs, Eagle  (Steentoft,
yellow orange with red moths and 2015)
stripes. The length of the butterflies

flower buds varies between
15-24 cm.

CONCLUSIONS

Baobab is a unique tree with various adaptations that support its longev-
ity and resistance to harsh environmental conditions. These adaptations
include a mechanism to deal with drought in the seedling phase, a wa-
ter storage mechanism on the stem with a unique morphology, stomata
regulation, a unique flowering mechanism, and seed protection against
extreme heat. This study shows that understanding the mechanisms of
baobab adaptation can provide important insights in the fields of botany,
ecology, and conservation, as well as serve as a model in research on plant
resilience to climate change.



Lilloa 62 (1): 311-321, 7 de junio de 2025 319

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Abere, M., Yilma, Z., Tsegie, T., Eshete, A. & Alemu, A. (2023). Popu-
lation structure and phenological attributes of Adansonia digitata L.
(baobab) in Northwestern lowland area of Ethiopia. Heliyon 9 (12):
€22571. https://doi.org/10.1016/j.heliyon.2023.e22571

Aulia, R. N., Retni Sulistiyoning, Budiarti & Harlis. (2023). Uji Antibakteri
Spray Hand Sanitizer Ekstrak Daun Pedada (Sonneratia caseolaris (L.)
Engl.) terhadap Staphylococcus aureus. Biota, Jurnal Ilmiah Ilmu-Ilmu
Hayat 8 (3): 205-216. https://doi.org/10.24002/biota.v813.6509

Baum, D. A. (2015). A Systematic Revision of Adansonia (Bombacaceae).
Annals of the Missourt Botanical Garden 82 (3): 440-471. https://orcid.
org/10.2307/2399893

Chapotin, S. M., Razanameharizaka, J. H. & Holbrook, N. M. (2006a).
A biomechanical perspective on the role of large stem volume and
high water content in baobab trees (Adansonia spp.; Bombacaceae).
American Journal of Botany 93 (9): 1251-1264. https://doi.org/10.3732/
ajb.93.9.1251

Chapotin, S. M., Razanameharizaka, J. H. & Holbrook, N. M. (2006b).
Baobab trees (Adansonia) in Madagascar use stored water to flush
new leaves but not to support stomatal opening before the rainy sea-
son. New Phytologist 169 (3): 549-559. https://doi.org/10.1111/j.1469-
8137.2005.01618.x

Chapotin, S. M., Razanameharizaka, J. H. & Holbrook, N. M. (2006¢). Water
relations of baobab trees (Adansonia spp. L.) during the rainy season:
Does stem water buffer daily water deficits? Plant, Cell and Environment
29 (6): 1021-1032. https://doi.org/10.1111/j.1365-3040.2005.01456.x

De Smedt, S., Cuni Sanchez, A., Van den Bilcke, N., Simbo, D., Potters, G.
& Samson, R. (2012). Functional responses of baobab (Adansonia digi-
tata L.) seedlings to drought conditions: Differences between western
and south-eastern Africa. Environmental and Experimental Botany 75:
181-187. https://doi.org/10.1016/j.envexpbot.2011.09.011

El Yahyaoui, O., Bouabid, B., Ait Ouaaziz, N., El Bakkali, M., El Harche,
H., Lrhorfi, L. A., Nakari, K. & Bengueddour, R. (2023). The antibac-
terial activity and biochemical composition of Adansonia digitata edible
parts. Arab Gulf Fournal of Scientific Research 41 (1): 91-106. https://doi.
org/10.1108/AGJSR-07-2022-0101

Kempe, A., Neinhuis, C. & Lautenschléager, T. (2018). Adansonia digitata and
Adansonia gregoru fruit shells serve as a protection against high tem-
peratures experienced during wildfires. Botanical Studies 59: 7. https://
doi.org/10.1186/s40529-018-0223-0


https://doi.org/10.1016/j.heliyon.2023.e22571
https://doi.org/10.24002/biota.v8i3.6509
https://orcid.org/10.2307/2399893
https://orcid.org/10.2307/2399893
https://doi.org/10.3732/ajb.93.9.1251
https://doi.org/10.3732/ajb.93.9.1251
https://doi.org/10.1111/j.1469-8137.2005.01618.x
https://doi.org/10.1111/j.1469-8137.2005.01618.x
https://doi.org/10.1111/j.1365-3040.2005.01456.x
https://doi.org/10.1016/j.envexpbot.2011.09.011
https://doi.org/10.1108/AGJSR-07-2022-0101
https://doi.org/10.1108/AGJSR-07-2022-0101
https://doi.org/10.1186/s40529-018-0223-0
https://doi.org/10.1186/s40529-018-0223-0

320 S. Nashrullah et al.: The Secret of Baobab’s longevity (Adansonia spp., Malvaceae)

Kitony, J. K., Colt, K., Abramson, B. W., Hartwick, N. T., Petrus, S.,
Konozy, E. H. E., Karimi, N., Yant, L. & Michael, T. P (2024). Chro-
mosome-level baobab (Adansonia digitata) genome illuminates its evo-
lutionary insights. bioRxiv 2024.04.14.589434. https://doi.org/10.1038/
s41467-024-53157-w

Kotina, E. L., Oskolski, A. A., Tilney, P M. & Van Wyk, B. E. (2017). Bark
anatomy of Adansonia digitata L. (Malvaceae). Adansonia 39 (1): 31-40.
https://doi.org/10.5252/a2017n1a3

Murage, M., Onguso, J. M., Remmy, W. & Wekesa, T. B. (2022). Morpholog-
ical Characterization of Baobab Fruit (Adansonia digitata L..) in Makue-
ni, Taita Taveta, Kilifi and Kwale Counties in Kenya. World Journal of
Agricultural Research 10 (3): 82-93. https://doi.org/10.12691/wjar-10-3-4

Patrut, A., Mayne, D. H., von Reden, K. E, Lowy, D. A., van Pelt, R.,
McNichol, A. P, Roberts, M. L. & Margineanu, D. (2010). Fire history
of a giant african baobab evinced by radiocarbon dating. Radiocarbon
52 (2): 717-726. https://doi.org/10.1017/S0033822200045732

Patrut, A., Woodborne, S., Von Reden, K. E, Hall, G., Hofmeyr, M., Lowy,
D. A. & Patrut, R. T. (2015). African baobabs with false inner cavities:
The radiocarbon investigation of the LLebombo eco trail baobab. PLoS
ONE 10 (1): 1-13. https://doi.org/10.1371/journal.pone.0117193

Patrut, A., Woodborne, S., Patrut, R. T., Rakosy, L., Lowy, D. A., Hall,
G. & von Reden, K. E (2018). The demise of the largest and oldest
African baobabs. Nature Plants 4 (7): 423-426. https://doi.org/10.1038/
s41477-018-0170-5

Rahul, J., Jain, M. K., Singh, S. B, Kamal, R. K., Anuradha, Naz, A., Gupta,
A. K. & Mrityunjay, S. K. (2015). Adansonia digitata L. (baobab): A
review of traditional information and taxonomic description. Asian Pa-
cific Journal of Tropical Biomedicine 5 (1): 79-84. https://doi.org/10.1016/
§2221-1691(15)30174-X

Rashford, J. (2015). The uses of the baobab flower (Adansonia digitata
L.). Ethnobotany Research and Applications 14: 211-229. https://doi.
org/10.17348/era.14.0.211-229

Razanamaro, O., Rasoamanana, E., Rakouth, B., Randriamalala, J. R., Ra-
bakonadrianina, E., Clément-Vidal, A., Leong Pock Tsy, J. M., Menut,
C. & Danthu, P. (2015). Chemical characterization of floral scents in
the six endemic baobab species (Adansonia sp.) of Madagascar. Bio-
chemical Systematics and Ecology 60: 238-248. https://doi.org/10.1016/j.
bse.2015.04.005

Steentoft, M. (2015). Flowering Plants of Africa Vol. 64, Issue 9. Cambridge
University Press.

Van den Bilcke, N., De Smedt, S., Simbo, D. J. & Samson, R. (2013). Sap
flow and water use in African baobab (Adansonia digitata L.) seedlings
in response to drought stress. South African Journal of Botany 88: 438-
446. https://doi.org/10.1016/j.sajb.2013.09.006


https://doi.org/10.1038/s41467-024-53157-w
https://doi.org/10.1038/s41467-024-53157-w
https://doi.org/10.5252/a2017n1a3
https://doi.org/10.12691/wjar-10-3-4

https://doi.org/10.1017/S0033822200045732
https://doi.org/10.1371/journal.pone.0117193
https://doi.org/10.1038/s41477-018-0170-5
https://doi.org/10.1038/s41477-018-0170-5
https://doi.org/10.1016/S2221-1691(15)30174-X
https://doi.org/10.1016/S2221-1691(15)30174-X
https://doi.org/10.17348/era.14.0.211-229
https://doi.org/10.17348/era.14.0.211-229
https://doi.org/10.1016/j.bse.2015.04.005
https://doi.org/10.1016/j.bse.2015.04.005
https://doi.org/10.1016/j.sajb.2013.09.006

Lilloa 62 (1): 311-321, 7 de junio de 2025 321

Venter, S. M. & Witkowski, E. T. E (2019). Phenology, flowering and fruit-
set patterns of baobabs, Adansonia digitata, in southern Africa. Forest
Ecology and Management 453: 117593. https://doi.org/10.1016/j.fore-
c0.2019.117593

Wan, J. N., Wang, S. W., Leitch, A. R., Leitch, 1. J., Jian, J. B., Wu, Z. Y.,
Xin, H. P, Rakotoarinivo, M., Onjalalaina, G. E., Gituru, R. W., Dai,
C., Mwachala, G., Bai, M. Z., Zhao, C. X., Wang, H. Q., Du, S. L., Wei,
N., Hu, G. W, Chen, S. C., Chen, X-Y., Wan, T. & Wang, Q. E (2024).
The rise of baobab trees in Madagascar. Nature 629 (8014): 1091-1099.
https://doi.org/10.1038/s41586-024-07447-4


https://doi.org/10.1016/j.foreco.2019.117593
https://doi.org/10.1016/j.foreco.2019.117593
https://doi.org/10.1038/s41586-024-07447-4

