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Abstract

Introduction: African dryland restoration continues to show low success rates despite major pledges, due to persistent water scarcity,
ecological complexity, and limited use of trait-based restoration (TBR). Functional trait-based approaches, which match species selec-
tion to adaptive traits, could strengthen ecosystem recovery under arid conditions, yet adoption in Africa remains rare.

Objectives: This opinion article examines why TBR remains underutilized in African drylands and argues for its systematic integration
into restoration planning and policy.

Methods: A narrative synthesis of recent research and practitioner reports was used to assess the scope of TBR and identify institu-
tional, scientific, and socio-economic barriers limiting adoption.

Results: Restoration projects across Africa often emphasize socio-economic outcomes over ecological function. Only a few African
studies explicitly link plant functional traits to dryland restoration. Key barriers include scarce trait data for native species, limited
long-term trials, weak integration of Indigenous Ecological Knowledge, and short donor-driven project cycles.

Conclusion: Functional TBR offers a practical framework for improving ecosystem resilience in African drylands but requires region-
specific research, inclusive co-design, and policy alignment.

Implications for Practice: Adopting trait-based restoration (TBR) can improve restoration outcomes in Africa when grounded in
region-specific ecological realities. Integrating functional traits with Indigenous Ecological Knowledge can strengthen species selec-
tion, reduce seedling mortality, and enhance ecosystem resilience. Policymakers can embed trait criteria into restoration planning, while
practitioners may use traits linked to drought tolerance, water-use efficiency, and regeneration capacity. Strengthening collaboration

among researchers, communities, and government agencies is essential for scaling TBR approaches.
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Introduction

The United Nations (UN) Decade on Ecosystem Restoration
(2021-2030) underscored the urgent need to reverse ecological
degradation and build resilience in ecosystems that sustain
biodiversity and livelihoods (Aronson et al. 2020; Waltham
et al. 2020). Among the most vulnerable ecosystems are dry-
lands (aridity index 0.03—0.65) (Zomer et al. 2022), which cover
over 40% of the Earth’s land surface and are home to over
2 billion people (Martinez-Valderrama et al. 2023). In Africa,
drylands face escalating pressures from desertification, land
degradation, and climate change (Burrell et al. 2020).

Globally, trait-based restoration (TBR) has gained traction as
an emerging framework for improving restoration outcomes
in water-limited and degraded ecosystems. Studies from
Mediterranean drylands, Latin America, and Australia have
demonstrated that matching species to environmental filters
and functional traits can substantially improve plant survival
and ecosystem function (Laughlin et al. 2017; Giannini
et al. 2017; Werden et al. 2018; del Campo et al. 2020). These
global advances highlight the potential of TBR to address the
limitations of traditional restoration approaches that rely on tax-
onomic or convenience-based species selection.

Despite major restoration commitments such as the Bonn
Challenge, the Great Green Wall, and AFR100, restoration out-
comes in African drylands remain limited (Chomba et al. 2020;
Sacande & Muir 2023). Poor seedling survival and weak ecosys-
tem recovery are frequently reported, largely because species are
introduced without sufficient consideration of functional traits
required under extreme water limitation (Gebirehiwot 2023;
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Asmelash & Rannestad 2024; Chapungu & Zhanda 2025).
Effective restoration, therefore, demands frameworks that prior-
itize drought tolerance and water-use efficiency (WUE).

The TBR offers such a framework by aligning species selection
with measurable traits that predict performance and survival
(Laughlin 2014; Balazs et al. 2020). However, its application
across Africa remains limited. Barriers include scarce trait data,
minimal integration of Indigenous Ecological Knowledge (IEK),
and weak links between research, policy, and implementation
(Djenontin et al. 2018; Wells et al. 2021; Sacande & Muir 2022).

This article argues that improving restoration outcomes in
African drylands requires moving beyond symbolic planting tar-
gets toward trait-informed approaches that integrate ecological
science, policy support, and community knowledge.

Functional Trait-Based Restoration: The Missing Link

Global experience has shown that TBR can significantly
enhance restoration success by improving species—site match-
ing, WUE, and resilience under extreme climatic conditions
(Laughlin 2014; Balazs et al. 2020). These insights provide a
critical foundation for understanding how functional traits influ-
ence ecosystem recovery across diverse dryland ecosystems.
However, translating these lessons to African contexts requires
careful adaptation, as ecological baselines, species pools, and
implementation constraints differ substantially from those in
the Global North and Latin America.

Studies from Mediterranean drylands, Costa Rica, and Brazil
demonstrated that traits such as rooting depth, wood density,
and stomatal dynamics can predict survival and guide species
choice (Giannini et al. 2017; Werden et al. 2018; del Campo
et al. 2020). Tools such as the Restoring Ecosystem Services
Tool (REST) help translate these traits into practice (Rayome
et al. 2019). These global case studies demonstrate the potential
of TBR, yet they cannot be assumed to transfer directly to Afri-
can drylands due to differing species pools, socioecological con-
texts, and implementation constraints.

In African drylands, evidence for functional TBR remains
limited. A review by Ben-Enukora and Ejem (2024) showed that
most projects rely on participatory approaches rather than trait-
based methods. Two East African studies demonstrated the util-
ity of functional traits. Lohbeck et al. (2018) linked functional
diversity to improved soil carbon and reduced erosion, while
Mens et al. (2023) related woody traits to better soil hydrology.
These examples underscore the potential of TBR but also reveal
the continent’s lag compared to other regions.

Barriers to Implementing TBR in Africa

A major constraint to adopting TBR in Africa is the lack of trait
data for native dryland species (Merchant et al. 2023). Most
existing plant trait knowledge comes from temperate or humid
regions (Hortal et al. 2015), leaving the functional ecology of
African species poorly documented (Karlsson et al. 2007; Hortal
etal. 2015; Wilson et al. 2016). Limited research investment fur-
ther restricts practitioners’ ability to select species based on
functional performance.

Large-scale trait databases like TRY exist, but they are
heavily biased toward non-African flora (Kattge et al. 2020).
High environmental variability across Africa’s drylands also
challenges the transfer of generic trait-environment frameworks
(Eviner & Hawkes 2008). Few long-term trials test trait—
performance relationships, and short project cycles rarely sup-
port the monitoring needed to validate trait relevance in field
conditions (Carlucci et al. 2020).

Initiatives such as the Great Green Wall have engaged local com-
munities in species selection, yet choices often prioritize socio-
economic benefits over ecological suitability (Sacande et al. 2015;
Sacande & Berrahmouni 2016). The IEK holds valuable observa-
tions of plant resilience, drought behavior, and regrowth under stress
(Fremout et al. 2021), but this knowledge is seldom translated into
measurable trait frameworks in African drylands.

Overcoming the Barriers

Strengthen Locally Relevant Research

Advancing TBR in Africa requires expanding empirical studies
on native dryland species. Despite global progress, trait-based
work across Africa’s semiarid zones remains scarce (Wassenaar
et al. 2013; Chomba et al. 2020; Mills et al. 2023). More region-
ally grounded field trials and long-term monitoring are needed to
test how traits influence species survival and ecosystem recovery.
Without locally derived data, restoration continues to rely on
assumptions that often fail under African conditions.

Integrate Indigenous Ecological Knowledge

Initiatives such as the Great Green Wall have engaged local
communities in species selection, yet choices often prioritize
socio-economic benefits over ecological suitability (Sacande
etal. 2015; Sacande & Berrahmouni 2016). Although IEK holds
valuable observations on drought tolerance and species perfor-
mance, it is seldom translated into measurable trait frameworks
in African contexts (Sacande & Berrahmouni 2016; Constant &
Taylor 2020; Obiero et al. 2023). This gap represents a major
opportunity for co-designed projects that merge local experience
with ecological science. Restoration initiatives that systemati-
cally combine both knowledge systems are more likely to
succeed ecologically and socially (Constant & Taylor 2020;
Obiero et al. 2023).

Focus on Practical, Measurable Traits

Given limited resources, restoration in African drylands should
emphasize traits that are easy to measure and directly relevant
to water-limited conditions (Loureiro et al. 2023). Specific leaf
area (SLA) is one such trait. Defined as the ratio of leaf area to
dry mass, SLA provides insight into a plant’s resource-use strat-
egy (Wilson et al. 1999; Costa-Saura et al. 2016; Wellstein
et al. 2017). Low SLA values suggest a conservative water-use
strategy well suited to arid environments (Hodgson et al. 1999;
Dwyer et al. 2014). Leaf dry matter content (LDMC) is another
key trait. Higher LDMC typically signals better tolerance to
water stress, herbivore resistance, and a “slower” economic
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strategy (Wilson et al. 1999; Blumenthal et al. 2020). On the
other hand, stomatal density serves as a simple proxy for
drought response and gas-exchange regulation (Lawson
et al. 2014; Hepworth et al. 2015). These traits can be assessed
with minimal equipment, making them feasible for student-led
or community-based restoration.

Crassulacean acid metabolism (CAM) is not a trait in the
strictest sense, but it defines a group of species that are well
adapted to dry conditions due to their nocturnal carbon fixation
strategy (Winter et al. 2015). Confirming CAM at a biochemical
level requires gas exchange or isotopic measurements. How-
ever, it can often be inferred based on plant growth form or liter-
ature records, making it a practical and informative proxy in the
African context.

Prioritizing such response traits (those that determine
how plants tolerate stress) offers immediate, scalable benefits.
Focusing on a small suite of ecologically meaningful and low-
cost traits might help practitioners to apply functional TBR
approaches even in resource-constrained settings. This entry
point can help bridge science, policy, and local practice, paving
the way for more resilient restoration outcomes across Africa’s
drylands.

Conclusion

Africa’s drylands are central to global restoration targets, yet
current approaches remain fragile, with low survival rates and
uncertain ecological outcomes. Large-scale initiatives still prior-
itize planting numbers over the functional traits that underpin
resilience in water-limited ecosystems. Although isolated East
African studies show the value of TBR, these remain exceptions
compared to more developed frameworks elsewhere. Integrat-
ing functional TBR into African restoration is both urgent and
feasible. A step forward should focus on a small set of measur-
able traits, systematically incorporating IEK, and aligning pol-
icy with ecological resilience.
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