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Innovation in plant and soil sciences to tackle critical global

challenges

1 | INTRODUCTION

The environmental consequences of anthropogenic climate change
and other types of environmental degradation pose enormous chal-
lenges for the future of human societies (Dietz et al., 2020), requiring
us to balance consumption with conservation and production with
restoration to increase sustainability. Plants and soils are at the very
centre of these challenges. As they are directly affected by climate
change (Van der Putten et al., 2013), they can serve as key indicators
of climate change (Hatfield et al., 2020; Higa et al., 2013; Morecroft &
Keith, 2009). At the same time, they can offer opportunities to
develop strategies that aim to mitigate and minimise environmental,
biodiversity and societal impacts of climate change (Amelung
et al.,, 2020; Lal, 2004; Silva & Lambers, 2021). Thus, plant and soil sci-
entists now have unique opportunity and responsibility to draw on
the latest research and innovations across disciplines to contribute
towards global efforts in climate change mitigation, adaptation, con-
servation and ecological restoration.

The complexity of the current challenges requires a paradigm
shift in how we use and manage our planet's plants and soils so that
new approaches prioritise both productivity and sustainability to
support the global population while minimising adverse impacts on
the wider environment. To address these pressing challenges, it is
now critical that researchers in plant and soil sciences come together
to develop solutions to drive adaptation to changing conditions and

mitigation of past and current damage.

2 | UNDERSTANDING THE FUTURE OF
TERRESTRIAL CARBON SINKS

Terrestrial carbon sinks play a vital role in combating climate change
by absorbing and storing carbon dioxide (Lal, 2004; Schulze, 2006).
Understanding the future of these sinks is crucial for effective climate
change adaptation and mitigation strategies. Both natural and man-
aged ecosystems are potential carbon sinks, and so investigating their
capacity to sequester carbon and mitigate greenhouse gas emissions

is a focus of much ongoing research. One mode of investigating this is

through deployment of Free-Air CO, Enrichment (FACE) experiments
to study the effects of elevated carbon dioxide levels on vegetation
(Ainsworth & Long, 2005; Norby & Zak, 2011), providing valuable
insights into plant responses and ecosystem dynamics under future
climate scenarios.

Technological advancements through Earth observation and
climate modelling can help to predict the behaviour of terrestrial car-
bon sinks in response to a changing climate. Satellite imagery, LIDAR
(Light Detection and Ranging) and advanced computational models
can help monitor and precisely quantify changes in carbon stocks
across varied ecosystems (Asner et al., 2010; Dalponte et al., 2019;
Kulawardhana et al., 2014; Zhao et al., 2023). These remote sensing
tools also help identify key drivers of carbon fluxes, such as land use
change (Zhu et al., 2019), disturbance (Goward et al., 2008) and cli-
mate variability (Sun et al., 2019), helping to facilitate more accurate
predictions of carbon sink dynamics in the future. Interdisciplinary
efforts to advance our understanding of terrestrial carbon sinks and
their role in the global carbon cycle are more essential than ever
before. Collaboration across disciplines, including plant and soil
sciences, climatology, ecology and remote sensing, will drive a more
comprehensive assessment and understanding of carbon sequestra-
tion potential and ecosystem resilience. By integrating new knowl-
edge, technologies and policy interventions, humanity may become
able to harness the full potential of terrestrial carbon sinks, helping to
mitigate climate change and build a more sustainable future (Zhao
et al., 2023).

3 | PLANT- AND SOIL-BASED CLIMATE
MITIGATION

Plant and soil sciences underpin new approaches to land management
such as afforestation, reforestation and improved agricultural prac-
tices that help to sequester carbon dioxide and thereby reduce green-
house gas emissions (Bottcher et al., 2012; Padilla et al., 2010).
Afforestation involves the establishment of new forests on land that
has not been forested in recent history (Doelman et al., 2020), while

reforestation focuses on restoring forests on previously deforested or
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degraded land (Nave et al., 2019). Both approaches enhance carbon
sequestration by increasing plant biomass, thereby capturing and stor-
ing atmospheric carbon dioxide through photosynthesis. However,
recent research suggests that the climate benefits of such approaches
may be overestimated (Weber et al., 2024), highlighting the need for
more research in this area. Geoengineering approaches, such as appli-
cation of rock dust to enhance the drawdown of atmospheric CO,
through increased biological weathering, also hold promise in this area
(Beerling et al., 2018) but again require more research at various
scales to determine long-term efficacy and viability.

Alternative agricultural practices such as agroforestry, conserva-
tion agriculture, and cover cropping offer additional opportunities for
carbon sequestration in soils (Lal, 2015; Poeplau & Don, 2015; Shi
et al., 2018). Agroforestry integrates trees and shrubs into agricultural
landscapes, providing multiple benefits such as enhanced soil fertility,
erosion control and biodiversity conservation while sequestering car-
bon in woody biomass and soil organic matter (Ramachandran Nair
et al, 2009). Conservation agricultural techniques, including no-till
and reduced tillage, help minimise soil disturbance and thereby reduce
carbon loss, preserving soil structure and promoting carbon storage
(Hobbs et al., 2008; Lal, 2015). Cover cropping that involves planting
non-commercial crops during fallow periods can help further protect
soil from erosion, improve nutrient cycling and increase organic
carbon inputs (Dabney et al., 2001).

Together, these approaches offer promising avenues to effec-
tively combat global warming and enhance carbon storage in soil.
However, it is essential to be mindful of unintended consequences
that may arise from these measures, such as disruptions to local biodi-
versity or other environmental issues (Torralba et al., 2016). By inte-
grating scientific knowledge, technological innovations and holistic
ecosystem management approaches, plant- and soil-based mitigation
strategies have significant potential towards helping to address
climate change while promoting environmental sustainability and
resilience. Collaboration between researchers, policymakers, land
managers and local communities is essential to design and implement
mitigation measures that balance carbon sequestration goals with
other ecological and socioeconomic objectives.

4 | CLIMATE-READY AGRICULTURE

Climate change is affecting almost all aspects of crop growth and
productivity (Lesk et al., 2016), posing significant threats to food
security against a backdrop of global population growth and rapid
shifts in dietary patterns (Kastner et al., 2012) Soil erosion, salinisation
and desertification are further reducing agricultural capacity
(Mukhopadhyay et al., 2021; Rhodes, 2014), while intensive irrigation
and poor water management are leading to water scarcity and deple-
tion of groundwater resources (Balasubramanya et al., 2022). Devel-
opment of new climate-resilient crop varieties and sustainable
cropping strategies, through targeted breeding of climate-resilient
traits, will be central in securing future food production. New land

management techniques to improve soil health, such as no-till farming

and cover cropping, are likely to play important roles in helping
improve soil health and function, while simultaneously mitigating
greenhouse gas emissions, increasing carbon storage and driving the
selection of disease-suppressing soil microbiomes (Rolfe et al., 2019).
Implementation of sustainable agricultural practices such as precision
agriculture and regenerative approaches may bolster these efforts
(Bohan et al., 2022; Chappell & LaValle, 2011).

In developing new approaches to improving agricultural produc-
tivity against the background of climate change, targets for innovation
should centre on leveraging new developments in crop and soil sci-
ences to improve crop productivity and stress tolerance. To improve
the resilience of our crops to the environmental extremes associated
with climate change, a better understanding is needed of how plants
cope with variable and multifactorial stresses, which requires basic
research on plant acclimation to abiotic stresses, stress memory and
resistance to pests and diseases (Harris et al., 2023; Wilkinson et al.,
2023). Technological innovation is also critical: apart from advances in
precision breeding (i.e., CRISPR gene editing) that take advantage of
the rapidly expanding availability of genomic data, remote sensing to
monitor outbreaks of pests and diseases, precise irrigation, real-time
soil moisture monitoring and engineering of beneficial soil microbial
communities will maximise potential sustainability, efficiency and yield
in regions prone to biotic or abiotic stresses.

Climate-ready agriculture should place a strong emphasis on soil
health as a crucial component in building resilience to climate change.
Regenerative and precision agricultural techniques and technologies
and the use of ‘biofertilizers’, including inoculation with beneficial
soil microbes (e.g., mycorrhizal fungi, nitrogen-fixing and/or other
rhizospheric growth promoting bacteria), are among the innovations
that target conserving and improving soil fertility, enhancing water
retention and reducing greenhouse gas emissions (Rosenzweig &
Hillel, 2000). Soil management practices are integral to biodiversity
conservation and ecosystem health. Effective management of soil
ecosystems bolsters against environmental degradation, including
soil erosion, declining water quality and pollution from agriculture,
thereby safeguarding the integrity of terrestrial and aquatic
ecosystems.

5 | LAND MANAGEMENT AND EMERGING
CONTAMINANTS

With the rapid proliferation of new chemicals and pollutants in the
environment, understanding the behaviour and fate of these contami-
nants in soil ecosystems and their subsequent assimilation into plants
is crucial so as to develop new strategies to mitigate their effects and
safeguard the health of the environment and inhabitants. Phytoreme-
diation, a process whereby plants are used to remove, degrade or
immobilise pollutants, offers one such innovative solution but may
require specific tailoring to different contamination scenarios, taking
into account local environmental factors and potential land use
(Weyens et al., 2009). Green remediation strategies not only offer

cost-effective and sustainable alternatives to more traditional
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remediation methods but also have clear potential to contribute to
the restoration of degraded landscapes.

New research into potential land and waste management strate-
gies have potential to develop new approaches that help to minimise
the introduction and spread of emerging contaminants. By promoting
effective soil management, including the techniques inherent in
regenerative approaches to agriculture (Meidl et al., 2024; Sallach
et al., 2021; Urra et al.,, 2019), the risks of soil contamination and
leaching of contaminants into groundwater could be mitigated. Priori-
tisation of biodiversity maintenance could play a crucial role in buffer-
ing against the impacts of emerging contaminants and maintaining or
enhancing critical ecosystem services (Dawson et al., 2011). Plant bio-
diversity is key in water purification with riparian zones and wetlands
serving as natural water filtration systems. By maintaining plant and
microbial diversity in these systems, their capacity for filtering out
emerging contaminants is maximised with beneficial impacts on water
quality (David et al., 2023).

Importantly, biodiverse environments are important culturally and
recreationally, providing spaces for recreation, tourism and well-being.
By prioritising the conservation of biodiversity, these values are pre-
served, fostering societal interest and enthusiasm for protecting the
natural world (McGinlay et al., 2018). Only by improving our under-
standing of the complex interplay between emerging contaminants,
soils and plants alongside collaboration across disciplines and stake-
holders will it be possible for the development of effective mitigation
strategies against environmental pollution and promotion of wider

ecosystem health and functionality.

6 | URBANISATION

Green spaces, such as parks, gardens and urban forests, enhance well-
being in urban environments (Lee & Maheswaran, 2011; Schebella
et al., 2019). These spaces not only provide aesthetic appeal to towns
and cities but also serve as vital components of urban ecosystems,
supporting biodiversity (Aronson et al., 2017) and mitigating the urban
heat island effect (Edmondson et al., 2016). By leveraging new under-
standing in selecting and cultivating species that can thrive in urban
conditions, there is great potential to exploit urban greenspaces to
enhance these benefits as well as improve air quality in towns and cit-
ies (Hewitt et al., 2020; Venter et al., 2024).

Urban horticulture represents another important area where
innovation in plant and soil sciences will have future impact,
particularly in promoting sustainable food production in limited spaces
and fostering community engagement (Edmondson, Cunningham,
et al., 2020; Edmondson, Childs, et al., 2020). Through innovative
farming techniques such as vertical gardening, rooftop farming and
community gardens, urban agriculture can contribute significantly to
food security, environmental sustainability and social cohesion
(Edmondson, Cunningham, et al., 2020). Cultivating urban forests and
green corridors within towns and cities not only enhance biodiversity
but also provide numerous ecosystem services, including carbon

sequestration, stormwater management and temperature regulation

People P

(Sanesi et al., 2011; Schlaepfer et al., 2020). Development and adop-
tion of innovative soil management techniques for urban areas are
likely to play a key role in mitigating issues like soil erosion and urban
runoff in rapidly developing urban landscapes. By implementing soil
conservation practices such as green infrastructure and permeable
paving, urban planners can minimise soil degradation in these areas,
improving water quality and enhancing resilience of urban ecosystems
to climate change impacts (Minixhofer & Stangl, 2021; Teixeira da
Silva et al., 2018). There is potential in revitalising brownfield sites
and degraded urban landscapes, transforming them into vibrant and
sustainable environments that could contribute to broader ecosystem
services thereby generating socioeconomic benefits (Hou et al., 2023).
By integrating the latest knowledge developments and emerging tech-
nologies with planning and design, urban environments will be
uniquely able to harness the potential of plant soil-based solutions to

build resilient and sustainable environments in the future.

7 | BALANCING BIODIVERSITY GAIN

Plants and soils are the foundation of terrestrial food webs and sup-
port a rich diversity of consumers and higher trophic levels. Many of
these (e.g., herbivorous and saprophagous insects) play critical roles in
nutrient cycling and other ecosystem services, while some pose signif-
icant challenges to agriculture and forestry. Terrestrial ecological com-
munities are threatened globally due to the effects of climate change,
agricultural practices and land use change (Wagner et al., 2021), and
thus, plant- and soil-based innovations for carbon dynamics or crop
improvement need to explicitly consider how these efforts will impact
biodiversity under climate change. In some cases, techniques such as
precision pesticide application and use of genetically modified crop
varieties can have significant benefits for non-target organisms
(Klimper & Qaim, 2014). New landscape-scale ecological intensifica-
tion approaches that aim to reduce external inputs by selectively
enhancing key biodiversity in agroecosystems (e.g., pollinators and
pest control) may also help balance biodiversity conservation with
sustainable food production (Kleijn et al., 2019). However such
approaches require additional research on their feasibility and accept-
ability, and significant questions remain about whether enhancement
of agroecosystem diversity can sufficiently compensate for loss of
natural habitats (Bateman & Balmford, 2023).

The biodiversity directly associated with plants is likely to drive
strong feedbacks with numerous ecosystem-scale processes, but
these feedbacks remain an area requiring considerable further
research. Consumption of plant material by insect herbivores can have
substantial impacts on ecosystem function (Couture et al., 2015), and
climate-dependent range expansion of outbreaking herbivores is
expected to play a significant role in carbon capture and storage (Kurz
et al., 2008). Some of the strongest drivers of nutrient fluxes across
the above-belowground interface may involve consumers (Bardgett &
Wardle, 2003), but these
their consequences for natural and managed ecosystems, remain

complex interactions, and

poorly understood. Similarly, in highly modified agricultural or urban
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ecosystems, innovations to improve sustainability may require new
approaches to landscape modification, such as the distribution of
field-scale pest management strategies (Larsen et al., 2024). These
strategies can have far-reaching feedbacks by impacting pollinator
populations and leading to pollen limitation (Woodcock et al., 2016),
and innovations to improve crop pollination may soon be needed to

offset pollinator decline.

8 | CONCLUSIONS

Against this background we are delighted to announce a forthcoming
Special Issue of Plants, People, Planet, to bring together an exciting col-
lection of innovative and exciting new research, reviews, reports and
opinion pieces exploring the latest innovations in plant and soil sci-
ences and their contributions to addressing the climate and ecological
crises. We welcome suggestions for potential articles covering all
aspects of plant and soil research in the context of global change and
associated challenges. We welcome articles within (but not limited to)

the following broad themes:

e Future of terrestrial carbon sinks

o Climate mitigation strategies

o Climate-ready agriculture and crops

e Soil health

o Biodiversity conservation and ecosystem management
e Urbanisation

e Land management and emerging contaminants.

KEYWORDS
adaptation, climate change, global challenges, mitigation, plant sci-

ence, soil science, sustainability
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