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Introduction 

Forests are dynamic, complex ecosystems that deliver diverse goods 

and services to society (1). The ecosystem-based approach has 

emerged as a holistic framework that integrates forest functions and 

associated ecosystem services with traditional timber-focused forest 

management practices (2). However, plant functional traits not only 

regulate growth and development but also enhance species 

performance and contribute to the provision of ecosystem services, 

including carbon sequestration, biodiversity conservation and water 

cycling (3). The integration of functional traits into forest 

management plans is a key component of this transition (4), 

influencing both the effectiveness and cost-efficiency of specific 

ecosystem services (5). By understanding how functional traits 

respond to environmental conditions, forester managers can 

develop strategies to optimise the provision of desired ecosystem 

services (6). 

 Key functional traits are fundamental to biodiversity 

conservation, enabling forest managers to enhance ecosystem 

services and support sustainable forest management practices (Fig. 

1). Tree growth rates play a crucial role in climate change mitigation 

by directly influencing carbon sequestration potential. In contrast, 

wood density contributes to structural stability in forests and 

enhances resilience to disturbances (7, 8). Leaf traits influence key 

processes such as nutrient cycling, photosynthesis and water-use 

efficiency, thereby regulating ecosystem functioning, while 

reproductive traits are vital for biodiversity conservation and species 

persistence (9, 10). Leaf traits such as leaf nitrogen content, specific leaf 

area (SLA) and leaf longevity are widely used to characterise nutrient 

cycling, drought resilience and plant photosynthetic capacity (10). Field 

measurement of SLA typically involves collecting leaves from 

representative trees and determining leaf area using a leaf area meter or 

scanning techniques. Leaf nitrogen content is quantified using 

established laboratory methods, such as Dumas combustion or the 

Kjeldahl method (3). Careful consideration should be given to the 

selection of representative leaves to minimise sampling bias, as well as 

PLANT SCIENCE TODAY 

Vol x(x): xx–xx 

https://doi.org/10.14719/pst.13299 

eISSN 2348-1900  

REVIEW ARTICLE 

Plant functional traits as indicators of forest management 
strategies and ecological resilience   

 

Manish Singh1*, Rajesh Joshi2, Mithilesh Singh1, Sumit Rai1, Hukum Singh3, Bishnu Prasad Sahoo4, Gaurav Singh5, 

Prabal Kumar6 & Anil Kumar Kewat4    

 
1Center for Environmental Assessment and Climate Change, Govind Ballabh Pant National Institute of Himalayan Environment, Almora 263 643, 

Uttarakhand, India 
2Govind Ballabh Pant National Institute of Himalayan Environment, Sikkim Regional Centre, Pangthang, Gangtok 737 101, Sikkim, India 

3Plant Physiology Discipline, Forest Research Institute, P.O. New Forest, Dehradun 248 006, Uttarakhand, India 
4Forest Ecology and Climate Change, Forest Research Institute, P.O. New Forest, Dehradun 248 006, Uttarakhand, India 

5ICAR-Indian Institute of Soil and Water Conservation, Research Center, Anand 388 110, Gujarat, India 
6Mountain Division (CS-1), Ministry of Environment, Forest and Climate Change, Jorbagh 110 016, New Delhi, India   

 

*Correspondence email -  manish.s92@gmail.com  

  

Received: 22 December 2025; Accepted: 18 February 2026; Available online: Version 1.0: 21 April 2026 

 

Cite this article: Manish S, Rajesh J, Mithilesh S, Sumit R, Hukum S, Bishnu PS, Gaurav S, Prabal K, Anil KK. Plant functional traits as indicators of forest 
management strategies and ecological resilience. Plant Science Today (Early Access). https://doi.org/10.14719/pst.13299 

 

Abstract  
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functional traits, this approach provides insight into how these traits influence ecosystem functions like carbon storage, nutrient recycling and 
habitat availability. Furthermore, practitioners can predict forest responses to climate change and other biotic and abiotic stresses by 

incorporating functional traits into forest management strategies, thereby fostering ecosystem services. Overall, integrating functional traits 

provides a robust framework for improving forest resilience, conserving biodiversity and balancing ecological health with economic goals in 

changing climate scenarios. 
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to the inclusion of multiple growth stages to capture variability across 

plant species (8, 10). Wood traits such as wood density, growth and their 

mechanical properties are important parameters for assessing 

ecosystem stability, forest biomass and carbon storage (3, 11–13). 

Furthermore, root traits such as root–shoot ratio, depth and biomass, 

regulate water and nutrient uptake and help explain plant survival 

strategies (14). Reproductive traits such as phenology, seed size and 

dispersal mechanisms, provide important insights into forest 

regeneration potential and plant reproductive strategies (15, 16). 

Phenological traits, including flowering, fruiting and leaf fall, are 

particularly important for understanding plant responses to 

disturbances across diverse environmental conditions. These traits are 

typically assessed through periodic monitoring of phenological events 

in marked trees, such as leaf senescence, flowering, fruiting and bud 

dormancy, enabling accurate evaluation of climatic variability (13, 16). 

 Plant functional traits encompassing physiological, 

morphological and phenological characteristics, provide a basis for 

ecosystem-based interventions, guiding forest managers in species 

selection, biodiversity conservation and overall ecosystem 

management (Fig. 1). Additionally, plant functional traits constitute a 

critical component of management plans, as dominant species within a 

community largely regulate ecosystem processes and functions. 

Focusing on the functional traits of dominant species provides forest 

managers with valuable insights into ecosystem dynamics and informs 

effective management strategies (17), as summarised in Table 1.  

 Functional diversity, defined as the range of functional traits  

within a community, is a key determinant of ecosystem functioning. 

Higher functional diversity is generally associated with greater 

ecosystem stability and resilience, while specific traits such as leaf area, 

serve as indicators of plant responses to changing environmental 

conditions. For example, studies across North and South America have 

demonstrated considerable variation in functional diversity and 

distinctiveness among different biomes, reflecting diverse adaptive 

strategies among plant species. These findings highlight that 

Table 1. Methods for assessing plant functional traits and their applications in forest management  

Method Description Examples of use Strengths Limitations References 

In situ measurement 
technique 

Direct measurement of 
functional traits (e.g., leaf size, 

wood density, tree height, 
biomass) 

Measuring tree height 
for species 

Accuracy, site-specific 
data 

Labor-intensive, 
time-consuming 

(18) 

Remote sensing 
Use of drones, satellites or 

LIDAR to assess canopy 
structure 

Canopy height and 
NDVI via satellites 

high efficiency, covers 
extensive area 

Limited resolution, 
expensive 

(19) 

Functional trait databases Using existing trait data (e.g., 
TRY database) 

Assessing leaf area 
index 

Saves time and effort May lack local 
specificity 

(20) 

Ecophysiological models 
Simulations of traits and 

performance under varying 
conditions 

Modelling water use 
efficiency 

Predicts responses to 
changes 

Requires high-
quality input data 

(21) 

Plant functional traits (PFTs) 
Grouping species with similar 
functional traits (e.g., drought 

tolerance) 

Monitoring drought-
tolerant species 

Simplifies analysis 
and planning 

It does not give 
detailed information 

about loss of 
individual species. 

(22) 

Community weighted 
methods (CWM) 

Calculates weighted averages 
of traits based on species 

abundance 

CWM for leaf nitrogen 
concentration 

Quantifies community
-level traits 

Rely on specific data (23) 

Functional diversity indices 
Metrics like functional richness, 

divergence or evenness 
Assessing trait 

diversity in forests 
Measures ecosystem 

stability and resilience 

Complex 
calculation, needs 

trait data 
(24) 

Tree inventory data 
Combines tree species 

identification and basic 
measurements 

Plot-based tree 
diameter data 

Widely available, 
standardised 

Limited data 
available 

(25) 

Soil and environmental 
surveys 

Traits inferred based on 
environmental factors (e.g., soil 

type, moisture) 

Linking wood traits to 
soil moisture 

Links traits to habitat 
conditions 

Assumption based (26) 

 

Fig. 1. Conceptual framework illustrating the role of plant functional traits in ecosystem functioning. 
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incorporating functional traits into forest management plans can 

enable managers to design more effective, ecosystem-based 

interventions (27).  

 

Methodology 

A comprehensive literature search was conducted using Google 

Scholar, Crossref, SpringerLink and PubMed, without bias towards 

journal impact factor, review policy or indexing status. The search 

employed the keywords “plant functional traits”, “forest management” 

and “ecological resilience”, with Boolean operators (AND, OR) applied 

to refine the results. The search was not restricted by publication year 

but was limited to articles published in English. The initial search yielded 

a substantial number of records (Table 2), including 1104 from Crossref, 

4 from PubMed and 100 from Google Scholar. In the second stage, 

studies were screened based on titles and abstracts for relevance to 

plant functional traits in forest ecosystems and associated climatic 

factors, as well as for the inclusion of original data or comprehensive 

reviews. Non-English studies and those focused on aquatic ecosystems 

were excluded. Of the 1104 records identified, 1064 were excluded after 

title and abstract screening. After removing duplicates, 40 items from 

the remaining literature were selected for the qualitative synthesis (Fig. 

2). A word cloud was generated based on the frequency of terms 

identified during the literature search (Fig. 3). The visualisation indicates 

that terms such as carbon, biomass, sequestration, forest management 

and functional traits were among the most frequently occurring across 

the selected literature. This pattern reflects the strong emphasis on 

ecosystem service demands, particularly those related to carbon 

dynamics and forest management.  

Plant silicon as an adaptation to stress in the ecosystem 

Silicon plays a key role in plant physiology, influencing community 
assembly, species composition and plant–environment interactions 

(Fig. 4). High grazing intensity has been shown to increase silicon 

accumulation in grasses; however, herbivores such as locusts 

preferentially consume low-silicon grasses, reducing their biomass and 

abundance relative to high-silicon accumulators (41). Silicon availability 

also promotes the establishment of grass vegetation in estuarine and 

tidal marsh ecosystems (42). 

A theoretical model of pasture succession suggests that calcium-rich 

conditions initially favour legumes (43). Over time, calcium is leached 

while silicon accumulates, shifting dominance towards grasses. Silicon 

uptake varies among taxa, influencing species dominance, 

environmental adaptation (44) and herbivory responses (45). 

Herbivores generally prefer low-silicon species (44–46) and show 

reduced growth in high-silicon environments, thereby favouring 

species adapted to silicon-rich diets (47, 48). 

Applications of functional traits in forest management 

Functional traits provide insights into species performance and 

environmental interactions, enhancing biodiversity, ecosystem 

resilience, sustainability and resource-use efficiency. The detailed 

application of functional traits in management plans is discussed 

in Tables 3 and 4.  

Root-level traits 

Root-level traits such as root depth, nutrient uptake capacity and 

belowground biomass, govern a plant's ability to access soil, 

withstand drought and compete under resource limitation. 

Deeper and more extensive root systems enhance access to stable 

water sources and improve resilience under climate variability, 

while nutrient uptake traits influence nitrogen and phosphorus 

acquisition and soil-plant feedbacks. The strategies below directly 

affect carbon allocation patterns and ecosystem processes, such 

as soil carbon storage and nutrient cycling. Nutrient uptake traits 

determine how plants acquire nitrogen and phosphorus and 

interact with soil systems. These mechanisms influence carbon 

use and key ecosystem functions, including soil carbon 

sequestration and nutrient cycling. Root traits define the 

physiological constraints on leaf and stem characteristics and 

should therefore be prioritised when classifying plant functional 

types (52).  

Leaf-level traits 

Leaf-level traits such as SLA, leaf area, leaf nitrogen content, 

photosynthetic rate, stomatal density, leaf water potential, leaf 

toughness and water-use efficiency regulate carbon assimilation, 

biomass production and short-term physiological processes. Higher 

SLA and nitrogen content are generally associated with rapid 

photosynthesis and fast growth but shorter tissue lifespan, whereas 

low SLA and tougher leaves reflect conservative strategies that 

enhance stress tolerance and longevity (37). These trade-offs 

underpin the globally recognised “leaf economics spectrum”, which 

describes coordinated variation in leaf structure, chemistry and 

function across species and environments. As leaves mediate energy 

capture and directly influence productivity and carbon cycling, they 

represent the second hierarchical level after roots (8, 10).  

Wood/stem-level traits 

Wood (stem)-level traits such as wood density, diameter at breast 

height (DBH) and canopy height-reflect mechanical support, 

hydraulic conductivity and carbon storage capacity. High wood 

density, typically associated with slower growth, confers greater 

structural stability and disturbance resistance, whereas lower 

density supports rapid growth. These traits represent life-history 

strategies linked to survival, resilience and ecosystem carbon 

sequestration, while also influencing forest architecture and light 

interception, thereby scaling individual physiology to stand-level 

functioning (13).   

 Conventional conservation approaches often emphasise 

species richness alone; however, integrating functional traits 

provides a more robust basis for ensuring ecosystem stability. 

Functional traits enable forest managers to identify nitrogen-fixing 

species that enhance soil fertility and to prioritise conservation in 

ecosystems at risk of degradation, linking biodiversity directly to 

ecosystem services such as water filtration and pollination (53). 

These traits regulate key ecosystem processes, including carbon 

sequestration, water regulation and nutrient cycling, thereby 

improving the delivery of ecosystem services. For instance, species 

with larger leaf areas generally exhibit higher carbon assimilation 

potential, while deeper root systems enhance drought tolerance 

and soil water retention (54).  

Functional trait-based approaches also support the design of 

resilient plantations by combining fast-growing species with slow-

growing, resource-efficient species, thereby balancing productivity 

with ecological stability. Traits such as SLA, seed size and wood 

density guide the selection of species suited to local environmental 

conditions. Species with high SLA are typically fast-growing and 

suitable for rapid canopy recovery on degraded lands (13), 

whereas species with higher wood density are better suited to 

wind- or snow-prone environments (7).  Integrating traits such as 
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 Table 3. Plant functional traits: ecological significance and methods of field and laboratory assessment  

Trait Category Definition/Ecological meaning Measurement method Field/Lab based 

Specific leaf area (SLA) Leaf 
Leaf area per unit dry mass; indicates 

growth rate and resource-use 
strategy 

Measure fresh leaf area using leaf area 
meter/scanner → oven dry → weigh → 

area/dry mass 
Field + Lab 

Leaf area/leaf size Leaf Photosynthetic surface influencing 
carbon gain and water loss 

Leaf area meter or image analysis of 
scanned leaves 

Field + Lab 

Leaf nitrogen content Leaf Indicator of photosynthetic capacity 
and nutrient cycling 

Dumas’s combustion or Kjeldahl 
digestion for %N 

Lab 

Leaf water potential Leaf Plant water stress indicator Pressure chamber (Scholander type) Field/Lab 
instrument 

Stomatal density Leaf Regulates gas exchange and 
transpiration 

Leaf impressions/microscopy counting Lab 

Photosynthetic rate Leaf Carbon assimilation capacity Portable photosynthesis system (IRGA) Field 

Leaf toughness Leaf Resistance to herbivory/mechanical 
damage 

Penetrometer or force gauge Lab/Field 

Growth rate Whole plant Biomass accumulation over time Repeated diameter at breast height 
(DBH)/height or biomass measurements 

Field 

Biomass (aboveground/
belowground) 

Whole plant Productivity and carbon storage Harvest/dry weight or allometric 
equations 

Field + Lab 

Wood density Stem Mass per unit volume; relates to 
strength and carbon storage 

Core sample → volume displacement → 
oven dry weight 

Lab 

Tree diameter (DBH) Stem Proxy for growth and biomass Diameter tape at 1.3 m height Field 

Root depth Root Access to water/nutrients; drought 
tolerance 

Soil excavation, coring or trench method Field 

Nutrient uptake traits Root Ability to acquire soil nutrients Soil-plant nutrient assays Lab 

Water use efficiency (WUE) Physiological Carbon gain per unit water loss 
Gas exchange or carbon isotope analysis 

(δ13C) 
Field + Lab 

Silicon accumulation Defense Herbivore/stress defense strategy Tissue digestion + elemental analysis Lab 

Canopy structure/height Structural Stand-level productivity and light 
interception 

LiDAR, drones, satellite or ground 
surveys 

Remote sensing  
+ Field 

Phenology (flowering/
fruiting/leaf fall) 

Reproductive Timing of life-cycle events; climate 
response 

Periodic visual monitoring/recording Field 

Seed size Reproductive Dispersal ability and establishment 
strategy 

Caliper/weight measurement Lab 

Trait diversity metrics 
(CWM, functional richness, 
evenness, divergence) 

Community 
Community-level functional 

composition 
Statistical calculations from species trait 

data Analytical 

Application of functional traits Example Uses References 

Identification of functional traits best suited for 
future climate change adaptation 

Phenology and water tolerance Climate change adaptation studies (16) 

Reintroduction of species having carbon storage 
and water filtration ability 

Structure of the root and water tolerance Used mainly in wetland restoration (49) 

Management of habitat for ecosystem 
sustainability 

Growth rate and reproductive strategies Used in fisheries (50) 

Protection of species based on ecological 
processes 

Mechanism of pollination and its dispersal 
Used in conservation biology 

studies 
(51) 

Forest restoration plans and sustainable 
harvesting 

Seed dispersal and wood density Forestry (26) 

Selection of different high-yielding crop varieties 
and their resilience to abiotic stresses 

Drought tolerance, salt tolerance Used in agricultural studies (18) 

Enhancement in ecosystem services Plant height and nutrient content Used in grassland management 
strategies 

(23) 

Table 4. Multidisciplinary applications of plant functional traits 



MANISH ET AL  6     

https://plantsciencetoday.online 

 

Fig. 2. Flow diagram of the literature search and study selection process for the systematic review. 
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leaf water potential and stomatal density further enables the 

assessment of drought resilience. Collectively, these traits provide 

a predictive framework for evaluating forest responses to 

environmental stresses including pests, diseases and climate 

change allowing managers to anticipate risks and implement 

effective interventions (55).  

 In production-oriented forests, balancing timber yield with 

ecosystem health is essential to sustain multiple ecosystem 

services, including carbon sequestration, nutrient cycling and 

habitat provision. Wood density and growth rate are key indicators 

of timber quality and inform harvesting strategies, while species 

with strong resprouting capacity support rapid regeneration 

following selective logging. Overall, integrating plant functional 

traits offers a mechanistic framework that links species growth, 

resource-use efficiency and stress tolerance to management 

outcomes, enabling the selection of species or trait combinations 

that simultaneously optimise timber production and ecosystem 

stability (7).  

 

 

Invasive plants in sub-Saharan Africa: ecosystem disruption, 

disease risk and functional trait-based management 

Several studies have documented the widespread and 

detrimental impacts of invasive alien plants (IAPs) in sub-Saharan 

Africa, significantly affecting biodiversity, livelihoods and 

ecosystem integrity. These species release secondary metabolites 

or allelopathic compounds that alter soil physicochemical 

properties, including soil organic matter, microbial communities 

and nutrient availability. For example, Acacia melanoxylon and 

Acacia mearnsii  have been shown to modify nutrient cycling and 

increase soil nitrogen levels.  

 The rise of IAPs driven by climate change and 

anthropogenic activities, has made sub-Saharan Africa highly 

susceptible to invasions. Forest managers use plant functional 

traits linked to resilience and recovery to predict climate 

responses, control invasions and maintain ecosystem services. 

Invasive species proliferation reduces native biomass, disrupts 

ecosystem functioning and diminishes economic value (17, 27). 

 Furthermore, IAPs can influence disease transmission in 

sub-Saharan Africa by providing suitable habitats for disease 

 

Fig. 4. Role of silicon in plant physiological responses.  

Fig. 3. Word cloud showing the frequency of terms identified during the literature search. 
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vectors and facilitating vector–plant interactions. For example, the 

malaria vector Anopheles gambiae exhibits increased energy 

reserves and fitness when feeding on plant species such as Bidens 

pilosa, Ricinus communis and Parthenium hysterophorus (56–64). 

These interactions may elevate the risk of arbovirus transmission.  

 Effective management of invasive plants requires 

integrating appropriate management strategies with knowledge 

of functional traits and remote sensing technologies. These 

approaches enable the detection and analysis of high-resolution 

imagery and plant functional traits, supporting the identification, 

monitoring and early intervention of invasive species before they 

spread (65). 

Different approaches to improve the effects of plant 

functional traits in response to ecosystem functioning 

Individual-level trait measurement 

Accounting for intraspecific variability is essential for improving the 

prediction of functional traits, as it strongly influences community 

dynamics and ecosystem functioning (66). At the individual level, 

tree height and growth rate are closely correlated, and interspecific 

variation in these traits drives the effects of aboveground biodiversity 

on specific root length (67). Similarly, variation in individual-level 

traits of phytoplankton influences biomass production and resource

-use efficiency (68). Therefore, incorporating intraspecific variability is 

critical for accurately predicting ecosystem functioning.  

Selection of singular and multiple trait functional diversity 

Relationships between plant traits and ecosystem functions are 
often weak when assessed solely using traditional community-

weighted approaches. To address this limitation, trait abundance 

distribution methods are employed to characterise the frequency 

distribution of functional traits within a community. These 

approaches incorporate higher-order moments-such as variance, 

skewness and kurtosis-alongside the community-weighted mean. 

By capturing trait variability and distribution shape, these metrics 

complement the mean and provide deeper insights into 

community structure and the role of dominant species (69). 

 These distributions enhance the predictive accuracy of 

plant traits for ecosystem functioning, as variance and kurtosis 

show functional divergence and evenness and skewness represent 

the trait distribution asymmetry (69). Though, skewness and 

kurtosis account for 38 % of the variation in multifunctionality for 

SLA and maximum plant height, which exceeds the 15 % 

explained by mean and variance, respectively (69). These findings 

highlight the need to incorporate skewness and kurtosis, which 

have high predictive power of multifunctionality.  

 Functional diversity has emerged as a key driver of 

ecosystem functioning, comprising three components: functional 

divergence, functional richness and functional evenness (24, 70). 

However, various mathematical-based algorithms, such as 

distance and hypervolume, have been developed to delineate the 

trait space occupied by species. Therefore, careful consideration of 

functional diversity indices is recommended when selecting traits 

to enhance predictive power for ecosystem functioning (71, 72). 

Challenges and limitations 

Integration of functional traits into management plans is very 

challenging as their interactions operate from individual trees to 

entire landscapes. It is necessary to adopt multi-level and spatial 

resolutions to integrate these ecosystem services into useful 

forest products (5, 73). Another challenge is context-dependent 

relationships between functional traits and ecosystem services, 

which can vary across environmental conditions and forest types 

(4). Therefore, forest managers should carefully adhere to these 

context-dependent relationship and their management 

practices. Additionally, public and stakeholder participation is 

crucial for integrating these practices, which bring together 

diverse perspectives and engagement and can enable forest 

managers to plan trade-offs among various ecosystem services 

effectively (4). Several challenges arise during the analysis of 

plant functional traits, including measurement error, 

environmental error and trait plasticity. 

Measurement error: Minor errors in estimating traits such as SLA or 
biomass are common and can substantially affect assessments. 

Ensuring precision and sufficient replication is therefore critical for 

reliable results.  

Environmental context: Incorporation of variability in 
environmental conditions is necessary to interpret lab-based data, 

as plant functional traits may vary with different environmental 

conditions, such as soil fertility and  water availability (8). 

Trait plasticity: Plant functional traits can exhibit plasticity in 
response to environmental factors such as SLA and nitrogen 

content, which can complicate the interpretation of data (10). 

 Context dependency is a major challenge as plant 

functional traits and ecosystem services often vary across forest 

types, environmental conditions and disturbance regimes. The 

same trait may confer different or even opposing benefits 

depending on context. For example, high SLA promotes rapid 

growth and productivity in moist, nutrient-rich sites but increases 

water loss and mortality under drought. Similarly, low wood 

density supports rapid biomass accumulation in plantations but 

increases vulnerability to hydraulic failure and wind damage in 

stress-prone environments, whereas deep roots enhance drought 

tolerance in arid soils but provide limited advantage in 

waterlogged or shallow soils (4, 8). 

Future perspectives and research directions 

Integrating functional traits into forest management plans 

highlights the need to address existing knowledge gaps and 

strengthen trait-based applications. For underrepresented species 

across boreal and tropical regions (20), global trait databases such 

as the TRY database, should incorporate traits relevant to 

ecosystem functioning and management, including pest 

resistance, drought tolerance and carbon sequestration potential. 

This underscores the importance of integrating functional traits and 

their responses to environmental drivers, including soil variability, 

climate change and anthropogenic disturbances. 

 Engaging policymakers and ecological stakeholders in trait-

based frameworks can advance ecological sustainability and 

resource-use efficiency, ensuring forests meet both ecological and 

societal demands (53). Future research should prioritise integrating 

these traits into restoration, ecosystem management and climate 

adaptation strategies to enhance resilience to abiotic and biotic 

stresses such as drought, pests and fire, while informing species 

selection for restoration and afforestation programmes (55). 

 Advances in remote sensing and machine learning further 

support large-scale trait mapping, enabling efficient monitoring 

and assessment of forest ecosystems (74). 
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Conclusion  

Integrating plant functional traits such as specific leaf area (SLA), 

root biomass, wood density and nutrient content into forest 

management provides a robust, ecosystem-based framework for 

enhancing resilience, productivity, biodiversity conservation and 

sustainable forest management. Trait-based approaches enable 

informed species selection, optimise forest composition and align 

management strategies with environmental conditions by linking 

plant characteristics to growth, resource use and disturbance 

responses. These approaches also improve the prediction and 

delivery of ecosystem services, including carbon sequestration, 

water regulation and biodiversity conservation, thereby 

supporting the balance between ecological integrity and 

economic objectives. 

Despite challenges associated with phenotypic plasticity, 

variability in trait datasets and the integration of ecological, 

climatic and socio-economic dimensions, functional trait-based 

frameworks offer significant potential for advancing adaptive 

forest management. Their incorporation into restoration, 

afforestation and climate adaptation strategies will be critical for 

ensuring forest sustainability under changing environmental 

conditions. 
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