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1 Forests and global change

Natural forests are important habitats for most of the terrestrial biodiversity (plants,
animals, microbes, and others) and reservoirs of carbon sequestration that underpin
human well-being through the provision of numerous ecosystem services (FAO and UNEP,
2020; Cabon et al., 2022; Malhi et al., 2022). Since 1990, a substantial amount of natural
forest has been degraded and even cleared (at a decreasing rate of loss), whereas the area
of planted forests has increased by 123 million hectares (FAO, 2020). Human activities and
grazing animal disturbances have severely damaged the stability of global natural forest
ecosystems (Seidl et al,, 2017; Canelles et al., 2021; Lapola et al., 2023). However, pest and
pathogen attacks can further decrease biodiversity and stand structural complexity, and
alter demographic processes of already human-altered natural forests, thereby negatively
impacting overall ecosystem multifunctionality under increasing impacts of global change
(Seidl et al., 2017; Canelles et al., 2021). As such, the ability of human-altered natural
forest ecosystems to mitigate global warming through carbon sequestration and to
maintain a stable provision of many other ecosystem services is threatened by the rise
in frequency and severity of wildfires, storms, heat events, floods and droughts (Corlett,
20165 Curtis et al., 2018; Bowd et al., 2019; Lapola et al,, 2023). Thus, in response to
these impacts, people are planting trees for several different socio-ecological reasons
such as forest-based market demands, biodiversity conservation, increasing ecosystem
services, improving environmental conditions, promoting socioeconomic conditions,
conserving cultural and spiritual values, and legislative requirements (Malkamaki et al.,
2018; Brancalion and Holl, 2020; Gomez-Gonzilez et al., 2022; Bose et al., 2023).
Yet, further diverse multidisciplinary insights and conversations are needed into how
to scientifically design and implement socio-ecologically feasible, biologically diverse,
multifunctional planted forest ecosystems to combat global change impacts. Here, the
concept of “biologically diverse, multifunctional planted forest ecosystems” refers to mixed
plantations with numerous tree, shrub and grass species as well as animals and microbes for
the supply of numerous ecosystem services through multifunctionality, rather than being
rigorously developed and managed for quick forest-based targeted products (Figure 1).
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2 Challenges and solutions to
commercial short-rotation tree
planting

Replanting short-rotation (i.e., usually <20 years) trees
is generally considered a potential strategy to improve the
socioeconomic conditions of a region. However, such plantations
usually encourage the establishment of resource-acquisitive, fast-
growing commercial tree species through monoculture designs that
quickly produce the targeted forest-based products to meet the
global market demands (Paquette and Messier, 2010; Brancalion
and Holl, 2020; Mcewan et al, 2020). While this strategy can
reduce rotation lengths as compared to long-term tree species-
diverse, multifunctional planted forests, the frequent replanting of

10.3389/ffgc.2024.1346966

commercial tree species, such as species from the genera Pinus,
Eucalyptus, Acacia, Populus, and Elaeis (oil palm), can greatly limit
the regeneration potential of natural forests (Brancalion and Holl,
2020; Mcewan et al., 2020; Bose et al., 2023). Consequently, less
diversified multifunctional planted forests, such as monocultures,
are often recognized to be less resilient to natural disturbances such
as pest and pathogen attacks that may be further intensified by
human disturbances and climate change including droughts and
extreme temperatures (Paquette and Messier, 2010; Mcewan et al.,
2020; Gomez-Gonzalez et al., 2022).

In the future, there will likely be a higher demand for quick-
growing forest-based products, but decisions on where to establish
commercial short-rotation plantation systems should prioritize the
ecological impacts on the land to be used (Brancalion and Holl,
2020; Mcewan et al., 2020; Bose et al., 2023). These plantations
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An ideal biologically diverse, multifunctional planted forest ecosystem as a substitute for restoring degraded natural forests and halting biodiversity
loss while considering the quick market demands through the mixing of suitable fast- and slow-growing tree species. The concept of a biologically
diverse, multifunctional planted forest ecosystem is framed by three key elements, i.e., Science, Policy, and Practice.
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should be established in areas that are not highly sensitive to
global change and should not disrupt natural forests, grasslands,
and other ecosystems (Ferrier, 2020; Silveira et al, 2022). It
is usually possible to integrate agricultural crops under well-
designed agroforestry systems, but consideration must be given
to the potential impact on food production and the environment
if commercial agricultural lands are to be used (Paquette and
Messier, 2010; Brown et al., 2018). However, using marginal or
unused land for short-rotation plantations is a promising option,
as it can provide wood products and food yields on poor soil
quality which enhances short-term socioeconomic benefits to rural
communities (Ranacher et al., 2021). In addition to focusing on
forest-based products, commercial short-rotation plantations need
to consider the extra socio-ecological benefits of planting trees, such
as mitigating the effects of droughts, heat events, and floods, by
introducing tree species that are suitable for specific sites based
on their positive interactions with the environment (Paquette and
Messier, 2010; Brancalion and Holl, 2020; Gomez-Gonzélez et al.,
2022). Unused urban areas near buildings, roads, and public parks
can also be utilized to meet market demands, enhance the aesthetics
of the surroundings, and reduce the impacts of global change by
implementing feasible designs for planting urban trees that benefit
both nature and people (Pataki et al., 2021).

3 Current insights into diverse
multifunctional planted forests

The concept of “tree species diversified multifunctional planted
forests” refers to mixed plantations with two or more tree species
typically maintained for the supply of numerous ecosystem services
through multifunctionality rather than being developed and
managed for fast-grown, forest-based targeted products (Paquette
and Messier, 2010; Brancalion and Holl, 2020; Messier et al.,
2022). Under the concept of the niche complementarity effects,
the promoting effects of tree species richness, having a variety of
tree sizes (i.e., tree heights, diameters and/or crown dimensions),
functional traits and evolutionary history, on ecosystem functions
(e.g., aboveground biomass) have been widely recognized in both
natural and diversified planted forests (Ruiz-Jaen and Potvin,
2011; Osuri et al.,, 2020; Yuan et al., 2020; Feng et al., 2022; Alj,
2023a). Such forests provide numerous ecosystem services that
underpin human well-being and are more resilient to disturbances
caused by pests, pathogens, drought and heat, due to their higher
tree diversity (Seidl et al., 2017; Gomez-Gonzalez et al., 2022;
Messier et al., 2022). However, under the concept of mass ratio
and selection effects, functionally dominant tree species (based on
the community-weighted mean of specific trait values) and large
trees (based on tree sizes) overrule the effects of tree diversity
on ecosystem functions (Fotis et al., 2018; Ali, 2023a). Moreover,
the niche complementarity and mass ratio effects are further
complicated by the trade-offs and synergies between traits and
ecosystem functions over short (i.e., grow fast and persist short)
versus long (grow slow and persist long) time periods (Reich,
2014). However, this does not mean that functionally redundant
trees should be solely planted for targeted forest-based products,
because forest ecosystem functions are regulated by tree species
coexistence mechanisms in interactions with climate and soil
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conditions (Hector et al., 2001; Duffy, 2009; Feng et al., 2022
Messier et al., 2022). In this scientific context, it can be predicted
that diversified multifunctional planted forests having fast-growing
resource-acquisitive trees may quickly meet the socio-economic
and market demands for forest-based products whereas slow-
growing resource-conservative trees may continue to improve the
resistance of planted forests to global change drivers (Poorter et al.,
2021; Feng et al., 2022; Ali, 2023b).

4 Moving toward biologically diverse,
multifunctional planted forest
ecosystems

Despite the strong scientific evidence and growing societal
support for the multiple ecosystem services and reduced global
change risks associated with diversified multifunctional planted
forests (Paquette and Messier, 2010; Ruiz-Jaen and Potvin, 2011;
Brancalion and Holl, 2020; Feng et al., 2022; Gomez-Gonzalez et al.,
2022; Messier et al, 2022; Ali, 2023b), a significant portion of
global planted forests continue to be established and maintained as
monocultural plantations (FAO, 2020). This situation shows a gap
between forest science, policy and practice as most of the world’s
planted forests are not strictly designed, implemented and managed
under scientific guidelines through best-practice silviculture, and
feasible actions for biodiversity and environmental conservation
(Mori et al., 2017; Brancalion and Holl, 2020; Achim et al,
2021; Ali, 2023b). Further, the general widespread understanding
is that planting trees (either monocultural or mixed species)
is not the simple solution to combating the impacts of global
change drivers. Focusing (either short-term or long-term) solely
on tree species cannot simply replace the ecosystem functions
and services provided by natural undisturbed forests which are
largely regulated by both above- and below-ground biodiversity
(including plants, animals and microbes) as well as soil and climatic
conditions (Figure 1; Gomez-Gonzdlez et al., 2022; Ali, 2023a).
For example, recent studies have shown that forest ecosystem
multifunctionality is largely regulated by both above- and below-
ground biodiversity along environmental conditions (Lefcheck
et al., 2015; Schuldt et al., 2018; Yuan et al., 2020). Yet, we still
lack widespread research on how plant, animal and microbial
biodiversity (i.e., trophic levels) jointly regulate forest ecosystem
functions for the provision of multiple ecosystem services (Van
Der Plas, 2019; Ali, 2023a). As such, proper silvicultural practices,
and forest management policies and practices are largely lacking
in implementing biologically diverse, multifunctional planted
forest ecosystems (Mori et al, 2017; Achim et al, 2021; Ali,
2023b). Thus, it is very important to focus on the whole forest
ecosystem when designing plantations, not just on planting trees,
by managing stand structural complexity through best-practice
silviculture and promoting ecological intensification through best-
action biodiversity and environmental conservation (Paquette
and Messier, 2010; Brancalion and Holl, 2020; Achim et al.,
2021; Goémez-Gonzalez et al., 2022; Messier et al., 2022). To
this end, I put forward two important guidelines for successful
biologically diverse, multifunctional planted forest ecosystems
while considering short-term commercial plantations (Figure 1).
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(1) To restore degraded natural forest ecosystems and combat
the loss of biodiversity due to global change drivers, it
is imperative that tree planting initiatives prioritize and
incorporate biodiversity conservation. While planting trees is
an initial step toward restoring degraded forest ecosystems, it
is equally important to implement simultaneous conservation
efforts that promote soil health through the preservation of
animal and microbial biodiversity. By embracing biologically
diverse, multifunctional planted forest initiatives, we can
ensure long-term sustainable forest management through
proper silvicultural practices that meet the needs of both
present and future generations, while also serving as a
replacement for already degraded natural forest ecosystems.
Although the adoption of diverse multifunctional tree species
is prevalent worldwide, the challenges surrounding the
promotion and re-introduction of native animal and microbial
biodiversity may require further policies and practices
informed by scientific research. This can be achieved by
looking to local undisturbed natural forests as a model for
actively or passively restoring degraded forests, guided by
the principles of the science of silviculture while considering
the designs of biologically diverse, multifunctional planted
forest ecosystems.

(2) To effectively meet the growing demands of the market and
industry for forest-based products, commercial plantations
must shift their focus toward incorporating multipurpose
tree species, rather than solely relying on monocultural
plantations. These planting initiatives must be carried out
in commercial or otherwise marginal lands, rather than
disrupting natural biodiversity hotspots. Additionally, it
is important to recognize the significance of other open
biomes, such as grasslands and agricultural crops. By
doing so, we can mitigate the risks of global change
divers such as pest and pathogen attacks, as well as
minimize the impacts of droughts and heat events. This
approach not only ensures the preservation of a high-
quality environment but also safeguards the natural and
biologically diverse, multifunctional planted forests in the
surrounding areas. However, further advanced research and
practical strategies are still required to effectively design and
implement short-term commercial plantations that prioritize
biodiversity as a whole through advanced technologies and
silvicultural practices, ultimately achieving the ecosystem
services provided by biologically diverse, multifunctional
planted forests.

5 Concluding remarks and future
perspectives

In this thought-provoking article, I attempt to address the
fundamental question of “Will planting trees solve anything”.
Through an appraisal of the relevant literature, I assert that
the answer may indeed be affirmative, contingent upon the
thoughtful design, implementation, and management (including
silvicultural practices) of tree planting initiatives. I have identified
two conflicting planting strategies that each require trade-offs
between production and ecological goals: firstly, the adoption
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of short-rotation commercial plantations, driven by the market
demands, which may inadvertently pose a threat to biodiversity
conservation and environmental integrity, but can reduce pressure
on existing natural forests; and secondly, the potential for
ecological intensification and diversification of multifunctional
planted forests to effectively achieve sustainable forest management
and Dbiodiversity conservation goals, though hindered by the
urgency to meet market demands. In light of these conflicts,
I emphasize that global change solutions must embrace the
concept of biologically diverse, multifunctional planted forest
ecosystems as a means to enhance the provision of ecosystem
services through the regulation of both above- and below-
ground biodiversity, as well as environmental integrity. To realize
this vision, we must engage in further comprehensive global
scientific research to inform global criteria for planting trees policy
and practice.
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