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Abstract: Conservation and sustainable management of
Ethiopia’s economically important indigenous tree species are
crucial for preserving biodiversity and restoring ecosystems.
However, the viability and germination potential of their
seeds are often hindered by dormancy, desiccation sensitivity,
and improper storage techniques. These limitations in seed
storage and poor germination rates present challenges
for the sustainable propagation and conservation of these
valuable trees. This review paper synthesizes existing
knowledge on seed storage behavior, dormancy mechanisms,
and germination enhancement techniques for six selected
indigenous tree species in Ethiopia, namely, Cordia africana,
Vachellia abyssinica, Olea europaea ssp. africana, Millettia
ferruginea, Albizia gummifera, and Hagenia abyssinica. It explores
the physiological and ecological factors that influence seed
longevity and germination success while evaluating various
pre-treatment methods such as scarification, stratification, and
chemical applications. This review identifies species-specific
treatments that improve germination and seed viability,
helping afforestation efforts. For instance, the germination
rates of C. africana are enhanced by soaking seeds in hot water
(70 to 80°C) for 10 to 15 minutes. V. abyssinica can achieve
up to a 98% improvement with concentrated sulfuric acid
pre-treatment. The germination of O. europaea ssp. africana
is enhanced by soaking seeds in hot water (70-80°C) for 10-
15 minutes and then leaving them soaked for 12 to 24 hours.
Similarly, M. ferruginea benefits from soaking seeds in hot
water (70 to 80°C) for 10 to 15 minutes, followed by a 12 hour
soak in water. A. gummifera also improves with hot water
soaking for 10 to 15 minutes and a subsequent soak of 12 to
24 hours. Finally, H. abyssinica shows enhanced germination
rates with the same hot water soaking method for 10 to 15
minutes, followed by a soak of 12 to 24 hours. Additionally, this
manuscript assesses the effectiveness of different seed storage
strategies in maintaining viability over time. By consolidating
findings from diverse studies, this review paper provides
critical insights for conservation practitioners, foresters,
and policymakers, offering recommendations to improve
seed handling practices for afforestation, reforestation, and
ecological restoration initiatives. It underscores the need for
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species-specific approaches to enhance seed
viability and propagation success, ultimately
contributing to afforestation and biodiversity
conservation efforts in the country.

Key words: Germination enhancement, indigenous
trees; seeds-treatment.

Successful forest development is highly
dependent on the supply of good quality seed
germplasm of the required species in sufficient
quantity. However, propagation of many tree
seeds is difficult due to a limited supply and
availability of seed at the right time, storage
difficulties, and poor germination (Mbi et al.,
2022). Thus, sustainable forest management
in the country may rely heavily on both the
retention of virgin forest areas containing the
most valuable tree species and the planting and
domestication of these species. In this context,
most of the seed and/or seedling requirements
for reforestation and rehabilitation could be met
in the future, as other areas become degraded
due to forest harvesting.

Ethiopia’s indigenous tree species are
essential for ecological balance, economic
benefits, and local livelihoods (Fekadu and
Yohannes, 2004; Geta et al., 2014; Yibeltal, 2017;
Tesfay et al.,, 2024). For instance, indigenous
trees such as C. africana, V. abyssinica, O.
europaea ssp. africana, M. ferruginea, A. gummifera,
and H. abyssinica are vital for Ethiopia’s
ecosystems and economy (Yeshiwas et al.,
2019; Ereso, 2023). Despite their importance,
these species face propagation challenges due
to seed dormancy, low viability, inadequate
storage methods, and damages by insect pests
(Teketay, 1996, Mng and Akinnifesi, 2007;
Yirgu et al., 2017; Taye et al., 2022; Seid et
al., 2024). Therefore, understanding effective
germination enhancement methods is crucial
for conservation and reforestation efforts.
Seed dormancies require specific treatments to
enhance germination, such as scarification (e.g.,
mechanical, chemical, or thermal treatments
to break hard seed coats), stratification (e.g.,
cold or warm pre-treatment to simulate natural
germination conditions), hormonal Treatments
(e.g., gibberellic acid (GA3) and other plant
hormones to promote germination), pre-sowing
treatments (e.g., soaking in water, hot water
treatment), and exposure to light (dark) cycles.

Understanding the seed storage behavior is
also essential for preserving genetic diversity

and ensuring the availability of planting
materials (Gonzalez Pérez et al., 2021; Kumar
et al., 2024). Based on storage behavior, seeds
can be classified into three categories: Orthodox,
Recalcitrant, and Intermediate seeds (Hong and
Ellis, 1996). Orthodox seeds are seeds that
tolerate drying (typically below 5%) and can be
stored at low temperatures (-20°C) for extended
periods (Pelissari et al., 2013; Mayrinck et al.,
2016; Trusiak et al., 2022). Recalcitrant seeds are
seeds that are sensitive to desiccation, mostly
when seed’s moisture content is less than 12%,
and have short storage viability (José and
Davide, 2007; Lima et al., 2014). Intermediate
seeds are seeds with storage behavior between
orthodox and recalcitrant categories (Mayrinck
et al., 2016). In other words, intermediate seeds
lose viability at 5 to 8% moisture content if
stored at -18°C for 90 days (Hong and Ellis,
1996).

Therefore, this review paper explores
effective seed storage and germination
enhancement methods for these species,

drawing on insights from relevant research
studies. Moreover, it highlights key approaches
for improving seed storage and germination
of these economically significant indigenous
trees in Ethiopia. Overall, this review aims
to synthesize existing evidence on the seed
biology, dormancy, storage, and germination
enhancement of six priority indigenous species
in Ethiopia.

Overview of the Selected Trees

For this review, six of the most important
tree species in Ethiopia have been selected for
discussion: Cordia africana Lam. (Boraginaceae),
Vachellia abyssinica (Hochst. ex Benth.) P.J.H.
Hurter, Olea europaea L. subsp. africana (Mill.)
P.S. Green, Millettia ferruginea (Hochst.) Baker,
Albizia gummifera (J.F. Gmel.) C.A. Sm., Hagenia
abyssinica (Bruce) J.F. Gmel. The seed ecology of
these species provides critical insights into their
seed production, dispersal methods, dormancy
types, and the factors that influence these
processes (Teketay, 2005; Orwa et al., 2009).
The species demonstrate diverse reproductive
strategies and ecological adaptations essential
for their survival in the Afromontane forests of
Ethiopia (Teketay, 2005; Orwa et al., 2009). These
tree species have been reported as the most
significant in terms of ecological and economic
value in Ethiopia (Yeshiwas et al., 2019; Ereso,
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Table 1. Summary altitude range, main uses, and IUCN conservation status of the species

Species Occurrence Main uses Conservation

alitude (m)in 1 Fw  Fd (frt, Fod. Med. AF,Resto. Orm. Status (IUCN)
Ethiopia m) and ST

C. africana 1,200-2,000 v oA ol V V ol V LC

V. abyssinica 1,500-2,800 NN l J J V N NE

O. europaea ssp. africana 800-2,500 \ R N N ~ N NE

M. ferruginea 1,000-2,500 NN \ \ V Y LC

A. gummifera 1,400-2500 \ v \ v \ N LC

H. abyssinica 2000-3000 NN V \ \ LC

T = Timber, FW = Firewood, Fd = Food (frt. = fruits, gm = gum), Fod. = Fodder, Med. = Medicine, AF =
Agroforestry, Resto. = Restoration/Rehabilitation, SI = Soil improver, Orn. = Ornamental; NE = Not Evaluated, LC

= Least Concerned.

2023). For example, in many regions of Ethiopia
where Coffea arabica is cultivated, shade trees
such as Albizia gummifera, Cordia africana, and
Millettia ferruginea are commonly used (Girma
and Wolka, 2012).

However, there are Ilimitations in
geographical coverage and occurrence data
for C. africana, V. abyssinica, O. europaea ssp.
africana, M. ferruginea, A. gummifera, and H.
abyssinica. These issues hinder ecological and
conservation research and complicate the
effective management of these species. The
geographical distribution and occurrence data
for these plants are frequently incomplete,
geographically biased, and inconsistent
over time, creating challenges for thorough
ecological assessments and conservation
planning (Klopper et al., 2006; Meyer et al.,
2016; Oliver et al., 2021). Therefore, initiatives
like the Global Biodiversity Information
Facility (GBIF) can promote the aggregation
of diverse data types to fill gaps (Faith et al,,
2013). Moreover, developing comprehensive
checklists and databases can facilitate better
tracking and management of species (Klopper
et al., 2006). Furthermore, countries can work
together to share data and resources, improving
overall biodiversity knowledge (Oliver et al.,
2021). The summary of the altitude range, main
uses, and conservation status of the species is
presented in Table 1.

Cordia africana Lam. (Boraginaceae) is a
small to medium-sized evergreen tree, reaching
heights of 4 to 15 (occasionally up to 30) m. It
is heavily branched with a spreading, umbrella-
shaped or rounded crown (Orwa et al., 2009;
Seid and Gebeyehu, 2024). It is an evergreen
tree native to warmer regions, and occurs at
medium to low altitudes in woodland, savannah,

and bush areas that are warm and moist, often
along riverbanks. C. africana is recognized for its
diverse applications and ecological importance.
It serves multiple purposes, including providing
food (fruits), fodder (leaves), fuel (firewood),
timber, and medicine (Orwa et al., 2009; Seid
and Gebeyehu, 2024). Additionally, it offers
products such as honey and services like shade
(shelter), soil improvement, and ornamental
uses. Its various phytoconstituents exhibit
notable pharmacological properties, including
antioxidant and antimicrobial activities, making
it a valuable resource for both ecological and
medicinal applications (Alhadi et al., 2015;
Nigussie et al., 2021).

V. abyssinica (syn.. Acacia abyssinica)
(Fabaceae or Leguminosae) is a large, flat-
topped tree that can grow up to 20 m tall
when mature. It is found throughout Africa:
Angola, Eritrea, Ethiopia, Kenya, Malawi,
Mozambique, Rwanda, Sudan, Tanzania,
Uganda, D.R.C., and Zimbabwe (Hedberg and
Edwards, 1989; Bekele-Tesemma, 2007, Orwa
et al., 2009; Fischer et al., 2010). In Ethiopia,
V. abyssinica thrives in wooded grasslands and
along the edges of highland forests across the
Dry, Moist, and Wet midland zones, as well
as in the Moist and Wet highland agroclimatic
zones, at altitudes ranging from 1,500 to
2,800 m. (Bekele-Tesemma, 2007; Orwa et al.,
2009). The species plays a significant role in
forest restoration and ecological dynamics,
particularly in the Ethiopian highlands
(Asmelash and Getachew, 2022). It exhibits
notable morphological variations influenced
by environmental factors such as temperature
and diurnal range, which can affect its growth
and suitability for restoration projects (Seid and
Gebeyehu, 2024). V. abyssinica contributes to
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nitrogen fixation, enhancing soil fertility and
supporting biodiversity in degraded ecosystems
(Asmelash and Getachew, 2022). It also serves
as a keystone species in arid environments,
maintaining high nitrogen content even under
anthropogenic pressures (Vincent et al., 2024).

Olea europaea ssp. africana (Oleaceae) is a
shrub or small to medium-sized tree, typically
growing between 5 to 10 m tall, though it can
occasionally reach heights of up to 18 m. It is
widely distributed throughout its native range
in southern Africa, thriving in diverse habitats,
primarily near water sources like stream banks
and riverine fringes. Additionally, it can be
found in open woodlands, among rocks, and in
mountain ravines (Orwa et al., 2009). This species
serves multiple purposes, providing products
such as food, fodder, fuelwood, timber, and
medicine, as well as contributing to services
like the reforestation of degraded lands and
ornamental uses. The species plays significant
roles in both traditional medicine and ecological
contexts. It is recognized for its medicinal
properties used for treating ailments such as
hypertension, diabetes, and gastrointestinal
issues (Msomi and Simelane, 2017). It also
possesses key compounds identified, including
oleuropein, esculin, and ursolic acid, which
contribute to its therapeutic effects (Msomi
and Simelane, 2017). Studies show that extracts
from O. europaea ssp. africana exhibit significant
anthelmintic properties against gastrointestinal
worms in dogs, supporting its traditional use
(Orengo et al., 2022).

Millettia ferruginea (Fabaceae or Leguminosae)
is a large, shady tree that can reach heights
of up to 35 m. It is endemic to Ethiopia, and
thrives in upland forests, rainforests, and forest
remnants throughout the country (Bekele-
Tesemma, 2007). The tree serves multiple
purposes, providing firewood, timber for local
construction, tool handles, household utensils,
shade, and fish poison derived from its ground-
up seeds. M. ferruginea is a significant tree
species in Ethiopia, recognized for its diverse
applications in agriculture and medicine (Loha
et al., 2008; Das, 2017). It is also recognized as
a potential agroforestry species, with significant
genetic variation in seed and seedling traits
observed across different populations (Loha et
al., 2008). It also serves as a valuable fodder
source for livestock, and exhibits notable

antimicrobial properties, particularly against
various Shigella species (Das, 2017).

Albizia gummifera (Fabaceae or Leguminosae)
is a large deciduous tree that ranges from 4.5
to 30 meters in height, with branches that
ascend to form a flat top. The crown is flat,
and the bark is smooth and grey. Native to East
Africa, A. gummifera is common in lowland
and upland rainforests, riverine forests, and in
open habitats near forests (Orwa et al., 2009).
It is found in various agroecological zones,
particularly in Ethiopia, where it is part of
agroforestry practices (Abide and Birru, 2024).
It occasionally serves as a pioneer species in
forests and thickets. A. gqummifera is utilized
for various products, including apiculture,
fuelwood, timber, gum or resin, tannin or
dyestuff, and medicine. Additionally, it
provides services such as erosion control, shade
or shelter, nitrogen fixation, soil improvement,
and ornamental use, as well as intercropping
opportunities. A. gummifera is recognized
for its ecological and medicinal significance
(Nantongo et al., 2009; Thuo et al., 2017). The
species is classified as Least Concern in terms
of conservation status and is noted for its
potential in agroforestry systems.

Hagenia abyssinica (Rosaceae) is commonly
known as the African redwood, is a slender
tree that can grow up to 20 meters tall, with a
short trunk and thick branches. Its branchlets
are adorned with silky brown hairs and have
distinct ringed leaf scars. This species is mainly
located in East Africa, found in countries such
as Burundi, the Democratic Republic of Congo,
Ethiopia, Kenya, Malawi, Rwanda, Sudan,
Tanzania, Uganda, and Zambia (Orwa et al.,
2009). It typically dominates the woodland zone
just above the mountain bamboo. H. abyssinica
is a significant multipurpose tree native to the
Afromontane regions of East Africa (Gérard et
al., 2016, Habtemariam and Woldetsadik, 2019).
It predominantly thrives in high-altitude forests,
particularly between 2000 and 2600 meters in
the Albertine Rift, where it plays a crucial role
in maintaining soil fertility and supporting
biodiversity (Gérard et al., 2016; Habtemariam
and Woldetsadik, 2019). It is valued for its
medicinal properties, ecological benefits, and
various uses in local communities (Karumi,
2013; Jaiswal and Lee, 2024). Overexploitation
for medicinal and commercial purposes, along
with habitat loss due to agriculture and climate
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change, poses significant risks to its survival
(Habtemariam and Woldetsadik, 2019).

Seed Storage, Germination Enhancement and
Plantation Management

C. africana seeds are classified as orthodox,
meaning they can be stored for extended
periods under cold and dry conditions without
significant loss of viability. The number of
seeds (stones) per kilogram is approximately
2,500-4,500. Seed dispersal relies on frugivores
(zoochory) such as birds and primates, for this
process (Orwa et al., 2009). The seeds of C.
africana exhibit physical dormancy, remaining
viable for at least a year; however, fresh seeds
demonstrate optimal germination (Negash,
2021). It has also developed a light-quality
sensing mechanism that inhibits germination in
dense shade, which enhances seedling survival
in open areas. After extraction, seeds are dried
in the sun to a moisture content of 6 to 8% and
can be stored for at least one year in hermetic
storage at 3°C to -10°C without any loss in
viability (Orwa et al., 2009; Mewded et al.,
2019). This characteristic allows for effective
seed banking (Orwa et al., 2009; Mewded et
al., 2019). Germination enhancement techniques
for C. africana seeds include soaking seeds in
hot water (70-80°C) for 10-15 minutes (Addis,
2003; Orwa et al., 2009; Mewded et al., 2019),
which has been shown to break dormancy and
improve germination rates (Table 2). Moreover,
applying gentle mechanical scarification with
sandpaper can also enhance germination by
breaking physical dormancy (Materechera and
Materechera, 2001; Smith et al., 2023).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output
(Yu et al., 2024). Pruning and coppicing are
the common management practices to improve
seed production and tree survival of C. africana
(Materechera and Materechera, 2001; Addis,
2003; Teklay, 2005; Orwa et al., 2009; Legese
et al., 2019; Mewded et al., 2019; Lameso and
Bekele, 2020; Smith et al., 2023).

V. abyssinica seeds are classified as orthodox
and can be stored for up to 20 months under
dry conditions at 2 to 20°C without losing
viability, making them suitable for long-term
conservation (Addis, 2003; Orwa et al., 2009).
The seed coat of V. abyssinica controls seed
germination by acting as a barrier to the entry

of water and gases, indicating the presence
of physical dormancy (Negash, 2021). The
number of seeds per kilogram is approximately
16,000 to 18,000 (Bekele-Tesemma, 2007). Seed
dispersal relies on frugivores (zoochory) such
as birds and primates, for this process (Teketay,
2005; Orwa et al., 2009). Maintaining seeds at
lower moisture content during storage can
reduce sensitivity to temperature fluctuations
and improve germination rates (O'Reilly et al.,
2006). Germination enhancement techniques
for V. abyssinica seeds include mechanical
scarification through sandpaper abrasion (Table
2). This method is cost-effective and improves
germination rates significantly (Materechera
and Materechera, 2001; Smith et al.,, 2023).
Soaking seeds in concentrated sulfuric acid
for 10 to 40 minutes has been shown to break
dormancy and achieve germination rates of
over 98% (Materechera and Materechera, 2001;
Addis, 2003). Moreover, soaking seeds in hot
water (70°C) for one hour can also improve
germination, though results are less consistent
compared to mechanical scarification (Addis,
2003).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output
(Yu et al., 2024). Regular watering, mulching,
and protection from wild animals are crucial
for seedling survival (Materechera and
Materechera, 2001; Addis, 2003; Aerts et al.,
2007; Alem, 2020; Smith et al., 2023; Tenkir et
al., 2024).

Olea europaea ssp. africana seeds are orthodox
and can be stored for extended periods under
cold and dry conditions (Mewded et al., 2019).
The endocarp of O. europaea cana restricts
moisture and oxygen and mechanically impedes
the germinating embryo’s emergence from
the seed coat (Negash, 2021). Removing the
endocarp is crucial for successful germination.
The number of seeds kg’ is approximately
13,800 (Orwa et al., 2009). Seed dispersal relies
on frugivores (zoochory) such as birds and
primates, for this process (Teketay, 2005; Orwa
et al., 2009). The seeds should be stored at low
temperatures (-10°C) and low moisture content
to maintain viability (Mewded et al., 2019). Seed
viability can be maintained for several years in
hermetic storage at 3°C with a moisture content
of 6 to 10% (Orwa et al., 2009). Germination
enhancement techniques including soaking
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seeds in hot water (70 to 80°C) for 10 to 15
minutes and leaving it soaked for 12 to 24
hours (Addis, 2003; Mewded et al., 2019) has
been shown to break dormancy and improve
germination rates of O. europaea ssp. africana.
Applying gentle mechanical scarification with
sandpaper can also enhance germination by
breaking physical dormancy (Materechera and
Materechera, 2001; Smith et al., 2023).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output (Yu
et al., 2024). Planting in shaded areas and using
nurse plants like shrubs can enhance seedling
survival (Materechera and Materechera, 2001;
Addis, 2003; Aerts et al., 2007; Girma et al., 2010;
Mewded et al., 2019; Alem, 2020; Dagnachew
et al., 2023; Smith et al., 2023).

M. ferruginea seeds are classified as orthodox
and can be stored for extended periods under
cold and dry conditions without significant loss
of viability (Mewded ef al., 2019). The dry pods
of M. ferruginea have a distinctive helical shape.
The uneven drying of their surfaces generates
tension, which leads to explosive seed dispersal.
This mechanism effectively releases physical
dormancy (Negash, 2021). The number of seeds
per kilogram is approximately 55,000 to 75,000
(Orwa et al., 2009; Negash, 2010), and utilizes
wind for seed dispersal (i.e., Anemochory),
enhancing their spread across the forest (Yu
et al., 2024). The seeds should be stored at low
temperatures (-10°C) and low moisture content
to maintain germination capacity (Mewded et
al., 2019). Germination enhancement techniques
for M. ferruginea seeds include soaking seeds
in hot water (70 to 80°C) for 10 to 15 minutes
and leaving it soaked for 12 hours (Addis,
2003; Mewded et al., 2019) has been shown
to break dormancy and improve germination
rates (Table 2). Moreover, applying gentle
mechanical scarification with sandpaper can
also enhance germination by breaking physical
dormancy (Materechera and Materechera, 2001;
Smith et al., 2023).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output
(Yu et al., 2024). Pollarding and thinning are
effective management practices to maintain tree
health and promote regeneration (Materechera
and Materechera, 2001; Addis, 2003; Teklay,

2005; Mewded et al., 2019; Ereso, 2023; Smith
et al., 2023).

A. gummifera seeds are classified as orthodox,
meaning they can be stored for extended
periods under cold and dry conditions without
significant loss of viability. This characteristic
allows for effective seed banking (Mewded et
al., 2019). The fruits appear in bundles, each
pod containing 8-14 seeds. The number of
seeds kg' is approximately 10,000 to 16,000
(Orwa et al.,, 2009). Seed dispersal mainly
occurs by wind (i.e., Anemochory), with seeds
remaining attached to half of the dehiscent
pod. Moreover, monkeys also eat fresh
pods, which may contribute to long-distance
dispersal (i.e., Zoochory). Seed viability can be
preserved for several years in hermetic storage
at 10°C (-10°C) and low moisture content
to maintain germination capacity (Orwa et
al., 2009; Mewded et al., 2019). Germination
enhancement techniques for A. gummifera seeds
include soaking seeds in hot water (70 to 80°C)
for 10 to1l5 minutes and leaving it soaked for
12 to 24 hours (Addis, 2003; Mewded et al.,
2019) has been shown to break dormancy and
improve germination rates (Table 2). However,
fresh seeds need no pre-treatment. Moreover,
applying gentle mechanical scarification with
sandpaper can also enhance germination by
breaking physical dormancy (Materechera and
Materechera, 2001; Smith et al., 2023).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output
(Yu et al., 2024). Soil preparation and organic
inputs from tree foliage enhance soil fertility
and germination rates (Materechera and
Materechera, 2001; Addis, 2003; Mewded et al.,
2019; Teklay, 2005; Legese et al., 2019; Alem,
2020; Dagnachew et al., 2023; Smith et al., 2023).

H. abyssinica seeds are classified as orthodox,
meaning they can be stored for extended
periods under cold and dry conditions without
significant loss of wviability. The specific
dormancy mechanisms for H. abyssinica are not
well understood and have not been thoroughly
documented. The number of seeds per kilogram
is approximately 400,000-500,000 (Orwa et al.,
2009), and utilizes wind for seed dispersal (i.e.,
Anemochory), enhancing their spread across
the forest. Hermetic air-dry storage at cool
temperatures is recommended to extend seed
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Table 2. Summary of seed characteristics, storage behavior, pre-treatment techniques and germination outcomes of the
target tree species

Species Seed storage Seed storage Pre-treatment Germination References
behavior methods methods

C.africana Orthodox  Seeds can ¢ Soaking hot water Under nursery, Materechera and
be stored (70-80°C) for up to 15 sowing in well- Materechera, 2001; Addis,
under shade minutes. drained substrate 2003; Teklay, 2005; Orwa et
with proper ¢ Soaking in cold water for ~maintaining al., 2009; Legese et al., 2019;
ventilation 24-48 hours. moisture and Mewded et al., 2019; Lameso
to maintain * Mechanical scarification. ~ warmth improves and Bekele, 2020; Smith et
viability survival success. al., 2023

V. abyssinica Orthodox  Seeds should * Soaking in concentrated =~ Direct sowing with ~ Materechera and
be stored in a H,SO; for up to 40 seed burial for fresh  Materechera, 2001; Addis,
cool, dry place minutes. seeds 2003; Aerts et al., 2007; Alem,
to maintain e Scarification through 2020; Smith et al., 2023;
germination rates  sandpaper abrasion. Under nursery, Tenkir et al., 2024

* Hot water treatment for ~ sowing in sandy-
12-24 hours. loam soil with
warmth (25-30°C).
O. europaea Orthodox  Seeds benefit * Soaking in hot water (70- Sowing in moist soil Materechera and
ssp. africana from cold 80°C) for 10-15 minutes improves success Materechera, 2001; Addis,

M. ferruginea Orthodox

A. gummifera Orthodox

H. abyssinica  Orthodox

storage at 4°C
to maintain
viability

Seeds should be
stored in a cool,
dry environment
to preserve
viability

Seeds can be
stored at room
temperature for
short periods
but benefit from °
cooler conditions
for longer
storage

Seeds should
be stored in a
cool, dry place
to maintain
viability d

and leaving it for 12-24
hours.

Soaking in cold water
for 24-48 hours; and cold
stratification.
Scarification using
sandpaper.

Soaking in hot water (70-
80°C) for 10-15 minutes
and leaving it for 12
hours.

Mechanical scarification
with sandpaper.

Hot water (70-80°C)
treatment for 10-15
minutes and soaking it for
12-24 hours.

Mechanical scarification
with sandpaper.

Nicking improves
germination.

Soaking in hot water (70-
80°C) treatment for 10-15
minutes and soaking it for
12-24 hours.

Seed burial.

rate.

Seed burial in semi-
arid conditions
(require 2-3 months
to sprout).

Removing the
endocarp.

Under nursery,
sowing in green
manure, moist and
good light medium.

Under nursery, it
germinates well in
warm (25-30°C) and
moist conditions.

Germination success
also improved
through seed burial

and soil preparation.

Requires cool, moist
and light conditions
to improve success
rate

2003; Aerts et al., 2007; Girma
et al., 2010; Mewded et al.,
2019; Alem, 2020; Dagnachew
et al., 2023; Smith et al., 2023

Materechera and
Materechera, 2001; Addis,
2003; Teklay, 2005; Mewded
et al., 2019; Ereso, 2023; Smith
etal., 2023

Materechera and
Materechera, 2001; Addis,
2003; Mewded et al., 2019;
Teklay, 2005; Legese et al.,
2019; Alem, 2020; Dagnachew
et al., 2023; Smith et al., 2023

Materechera and
Materechera, 2001;

Addis, 2003; Mewded

et al., 2019; Alem, 2020;
Eshete, 2004; Aerts et al.,
2007; Habtemariam and
Woldetsadik, 2019; Smith et
al., 2023

viability (Orwa et al., 2009). This characteristic
allows for effective seed banking (Mewded et
al., 2019). The seeds should be stored at low
temperatures (-0°C) and low moisture content
to maintain germination capacity (Mewded et
al., 2019). Generally, no dormancy-breaking
needed for fresh seeds which can be directly

sown. But, germination enhancement techniques
for H. abyssinica seeds include soaking seeds
in hot water (70-80°C) for 10-15 minutes and
leaving it soaked for 12-24 hours (Addis,
2003; Mewded et al., 2019) has been shown
to break dormancy and improve germination
rates (Table 2). Moreover, applying gentle
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mechanical scarification with sandpaper can
also enhance germination by breaking physical
dormancy (Materechera and Materechera, 2001;
Smith et al., 2023).

Precipitation significantly influences the
variability of seed production; with higher
rainfall correlating to increased seed output (Yu
et al., 2024). Planting in fenced areas to protect
from livestock and using litter removal to
improve seedling establishment (Materechera
and Materechera, 2001; Addis, 2003; Mewded
et al., 2019; Alem, 2020; Eshete, 2004; Aerts et
al., 2007; Habtemariam and Woldetsadik, 2019;
Smith et al., 2023)

Overall, mechanical scarification of seeds
(i.e., nicking or rubbing), soaking seeds in water
(hot or cold) and treatment with concentrated
sulfuric acid enhance the germination rates
of the target species. The germination rates
vary significantly; for instance, O. europaea
ssp. africana demonstrates high germination
rates after storage, while M. ferruginea shows
lower rates (Blanke, 2022). Factors such as
storage duration, moisture content, and sowing
(growing) substrate types and conditions
directly affect the seed germination percentage
(Wawrzyniak et al., 2020).

Current Seed Storage Methods used in
Ethiopia

Seed storage techniques for indigenous tree
species vary significantly depending on their
physiological characteristics, which affect seed
longevity and viability. In Ethiopia, current
methods focus on optimizing conditions
to maintain seed viability and enhance
germination, which are essential for the
conservation and sustainable use of these
species due to their ecological and economic
importance. Common seed storage methods in
Ethiopia include conventional techniques such
as dry storage, cold storage, and seed banks (Mamo
et al., 2011).

Dry storage lowers seed moisture content
to below 5 to 6% using desiccants like silica
or activated charcoal. This method, known as
ultra-dry storage, enhances seed longevity and
is particularly effective for low-volume seeds,
making it ideal for seed companies and banks
(Nm and Gowda, 2017). Cold storage typically
maintains seeds at -20°C, which is standard for
orthodox seeds that can tolerate desiccation. For

example, the Ethiopian Forestry Development
(EFD) currently employs cold storage methods
to preserve the seeds of various tree species.
Similarly, the Ethiopian Biodiversity Institute
(EBI) wutilizes cold storage techniques for
storing crops and tree germplasms. In contrast,
seed banks function as repositories for genetic
material, preserving seeds under controlled
conditions to protect against biodiversity loss
and to address challenges such as climate
change and population growth (Ambrose,
2010). For instance, the Ethiopian Biodiversity
Institute uses seed banks, or community seed
banks, to temporarily store and distribute crop
seeds to farmer groups. However, certain seeds,
particularly recalcitrant types, necessitate
cryopreservation techniques, including storage
in liquid nitrogen, to maintain their viability
(Ballesteros et al., 2021).

Despite the potential of these techniques,
challenges persist within Ethiopia’s broader
seed supply system. Issues such as the lack of
provenance trials and improved seed varieties,
along with the need for better legislation and
infrastructure, highlight the complexities of
seed conservation efforts (Bantihun et al.,
2024). Addressing these challenges is crucial
for the effective conservation and utilization
of indigenous tree species in Ethiopia.

Farmers in Ethiopia use various traditional
methods to store seeds of indigenous tree
species, including C. africana, V. abyssinica, O.
europaea ssp. africana, M. ferruginea, A. gummifera,
and H. abyssinica. These practices are essential
for maintaining seed viability and ensuring
successful future planting. To prevent mold and
decay, farmers often dry the seeds to reduce
moisture content. The seeds are then stored in
woven baskets or clay pots, which protect them
from pests and environmental factors (Teketay
and Granstrom, 1997). While these traditional
methods are effective, challenges persist, such
as limited access to improved seed varieties
and the need for better seed management
practices to enhance agricultural productivity
(Alemu, 2015).

Implications for Conservation and Afforestation
Programs

This review of seed storage and
germination enhancement methods holds
important implications for conservation and
afforestation efforts in Ethiopia. Indigenous
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tree species play a crucial role in maintaining
biodiversity, improving ecosystem services,
and supporting local livelihoods. However,
their natural regeneration is often limited by
factors such as seed dormancy, low germination
rates, and poor seed storage viability. By
implementing scientifically validated seed
treatment techniques, the propagation success
of these species can be improved, thereby
bolstering large-scale restoration initiatives.
Thus, afforestation programs should focus on
species-specific seed treatments to increase
germination success and seedling establishment.
Furthermore, integrating ex-situ conservation
strategies, such as seed banking under optimized
storage conditions, can help preserve genetic
diversity and support long-term reforestation
efforts. Integrating traditional knowledge
with scientific advancements is crucial for
engaging the community for promoting the
afforestation initiatives. Moreover, involving
local stakeholders in seed collection, treatment,
and planting can significantly enhance
the sustainability of afforestation projects.
Additionally, strong policy and institutional
support for seed management is essential.

Countries display significant differences in
their forestry and climate adaptation strategies,
shaped by their distinct environmental
contexts, policy frameworks, and socio-
economic conditions (Keskitalo et al., 2015;
Ismail et al., 2019; Yousefpour et al., 2020). For
example, Finland and Canada are developing
climate-resilient seeds and forestry systems
aimed at mitigating the impacts of climate
change, utilizing advanced technologies such
as gene editing for seed improvement. In
contrast, developing countries like Ethiopia
and Madagascar are often more focused on
reforestation efforts to combat deforestation
and land degradation, typically without the
use of advanced technologies.

Stakeholder Engagement and Policy Context

In Ethiopia, the Ethiopian Forestry
Development (EFD), a federal organization, is
dedicated to enhancing tree seed technologies
to ensure the availability of high-quality seeds.
This involves research to identify suitable seed
sources and improve systems for seed collection,
storage, and distribution. The EFD’s Plantation
Research Directorate conducts studies aimed at
advancing seed technologies and identifying the

most suitable species for various climatic zones.
This work is crucial for scaling up reforestation
programs and ensuring that the right trees are
planted in the appropriate locations, which is
essential for successful tree planting and forest
restoration across diverse ecosystems.

Additionally, the Provision of Adequate
Tree Seed Portfolios (PATSPO) initiative aims
to improve access to high-quality germplasm,
particularly for species like Grevillea robusta,
which can significantly enhance economic
returns and environmental benefits (Pedercini
and Dawson, 2022). Recommendations include
using quality seedlings and matching species
appropriately to their sites (Gebirehiwot, 2023).
Farmers have expressed a need for diverse tree
species, indicating a gap in current agroforestry
practices. Furthermore, community involvement
and participatory trials have shown that aligning
species priorities with local knowledge can
improve tree planting success (Billups, 2023).
Participatory approaches, such as those utilized
in the Metema frankincense forest restoration
project, are vital for the effectiveness of tree
seed systems. Communities are being trained
in sustainable seed harvesting techniques and
nursery management, equipping them with
the skills necessary for forest management and
contributing to restoration efforts (Tree Aid,
2024).

Future Research Directions and

Recommendations
Despite advancements in seed storage
and germination techniques, challenges

remain: insufficient seed storage facilities and
infrastructure, limited research on the dormancy
mechanisms of many indigenous species, and
the need to combine traditional knowledge with
modern methods. Therefore, future research
should focus on species-specific strategies for
enhancing storage and germination, improving
seed banking facilities, and providing policy
support for the large-scale propagation of
indigenous trees. Moreover, future studies
should refine seed storage techniques to extend
the viability of seeds from various indigenous
species, particularly under changing climatic
conditions. There is a need for more research
on dormancy-breaking mechanisms tailored to
the specific requirements of different species,
ensuring consistent and scalable germination
success. Additionally, exploring biotechnology
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and molecular approaches in seed science
presents a promising direction for advancement
in this field.

Research should also examine the ecological
interactions that affect seedling survival, such as
the roles of soil microbiomes and mycorrhizal
associations, which can enhance growth after
germination. Furthermore, investigating the
genetic and physiological factors that influence
seed dormancy could optimize conservation
strategies. Moreover, collaboration among
researchers, conservation practitioners, and
policymakers is crucial for translating research
findings into practical applications. Developing
locally adaptable seed enhancement protocols
and integrating them into national reforestation
policies will help scale up restoration efforts
while ensuring both ecological and socio-
economic benefits (Hailu and Cheru, 2025).

Conclusions

Enhancing seed storage and germination
techniques is crucial for the conservation
and sustainable use of Ethiopia’s indigenous
trees. Effective seed storage and germination
enhancement methods are critical for the
conservation and sustainable use of economically
important indigenous trees in Ethiopia. By
understanding the specific needs of each species
and applying appropriate pretreatments and
storage conditions, it is possible to improve
germination rates and ensure the successful
propagation of these valuable trees. The
species discussed in this paper (i.e., Cordia
africana, Vachellia abyssinica, Olea africana,
Millettia  ferruginea, Albizia gummifera, and
Hagenia abyssinica) have orthodox seeds and
can be stored for extended periods under
cold and dry conditions. Maintaining seeds
at lower moisture content during storage can
reduce sensitivity to temperature fluctuations
and improve germination rates. Generally,
soaking seeds in hot water (70 to 80°C) for
10 to 15 minutes has been shown to break
dormancy and improve germination rates of
the species discussed in the paper. Moreover,
lighter mechanical scarification with sandpaper
or boiling water can also enhance germination
by breaking physical dormancy. Furthermore,
soaking seeds in concentrated sulfuric acid
for 10 to 40 minutes has been shown to break
dormancy and achieve germination rates of the
species over 98%.
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