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Plant ecologists are interested in dissecting the
relationships between plants and their abiotic
(physicochemical) and biotic environments. Plants
assimilate carbon dioxide (CO,) and produce oxygen
(0,), which are essential for our lives. Unlike animals,
plants are sessile in nature and cannot physically
escape predators, and are frequently exposed to
changing environments, e.g. the availability of water,
temperature, light, CO,, nutrients, herbivore and
pathogen, during their life cycles. Plants have evolved
highly plastic and resilient strategies to tolerate and
withstand the variable environmental dynamics. The
environments where plants grow are also reshaped
and can influence plant traits, performances and
functions. Plants often live in a community and
have to share/compete resources with other plants
in the community. Therefore, plants together with
their surrounding environment control water
and biogeochemical cycles at the ecosystem scale
providing ecosystem functioning and services to
support and transform the earth system. There are
diverse ecosystems with many distinct vegetation
types in China. How these ecosystems respond and
adapt to the changing environments is a main theme
of contemporary plant ecology. Scientists in China
have made great achievements on the topic in 2020
as evidenced by publications in highly regarded
international journals. Here, we comprehensively
summarized the major progresses of plant ecology
research in 2020.

By assembling peer-reviewed articles from 35
journals (Table 1) published in 2020, a total of 266
papers were selected. Among the selected papers,
65.8% was funded by National Natural Science
Foundation of China (NSFC), 24.4% by National

Key Research and Development Program of China
(NKRDPC), 12.8% by Chinese Academy of Sciences
(CAS), 5.3% by China Scholarship Council (CSC)
and 4.1% by China Postdoctoral Science Foundation
(CPSF), respectively (Fig. 1a). The top-five institutions
in terms of publication numbers are University of
CAS (19.1%), Institute of Botany CAS (12.8%),
Peking University (11.7%), South China Botanical
Garden CAS (7.9%), Institute of Geographic Sciences
and Natural Resources Research CAS (7.1%) and
Lanzhou University (7.1%), respectively (Fig. 1b).
Among the selected 266 papers, the top-five journals
in number of published papers are Global Change
Biology (54 papers), Journal of Ecology (33 papers),
Global Ecology and Biogeography (21 papers), Functional
Ecology (20 papers), Ecology (13 papers) and Oikos (13
papers), respectively (Fig. 1¢). We further detailed the
important progresses in plant ecology based on the
49 studies (Fig. 1d) from 14 selected top international
journals (Table 1), with the topics ranging from plant
traits to ecosystem functioning.

Plant functional traits are thought to be
the fundamental strategies to adapt to various
environments and to be key indicators for
ecosystem processes and functions. He et al
(2020) constructed a new plant trait networks and
clarified complex relationships among plant traits
using metrics for the topology of trait coordination.
Their study provides an improved resolution of the
multidimensional plant adaptation in facing with
environmental changes across different scales.
For leaf traits, a pitcher plant, Nepenthes alata, is a
superior fog harvester in humid environment via its
special peristome (Li ef al. 2020e). Changes in leaf
apex shapes from round to triangle and acuminate,
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Table 1: Information on the journals from Web of Science (accessed by 02/01/2021)

Category

(Web of Science) Journal full name

Plant sciences Nature Plants

Multidisciplinary National Science Review

sciences
Nature
Nature Communications

Proceedings of the National
Academy of Sciences of the
United States of America

Science
Science Advances
Science Bulletin
Nature Geoscience

Environmental Nature Climate Change

sciences
Nature Sustainability
Ecology Advances in Ecological Research

American Naturalist

Annual Review of Ecology,
Evolution, and Systematics

Biological Conservation
Conservation Biology
Ecography
Ecological Applications
Ecological Monographs
Ecology
Ecology Letters

Ecosystems

Frontiers in Ecology and the Environment

Functional Ecology
Global Change Biology
Global Ecology and Biogeography
Journal of Applied Ecology
Journal of Ecology
Methods in Ecology and Evolution
Nature Ecology € Evolution
Oecologia
Oikos

Proceedings of the Royal Society
B: Biological Sciences

Remote Sensing in Ecology and
Conservation

Trends in Ecology ¢ Evolution
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Journal abbreviation
(Journal citation reports)

NAT PLANTS
NATL SCI REV
NATURE
NAT COMMUN

P NATL ACAD SCI USA

SCIENCE
SCI ADV
SCI BULL
NAT GEOSCI
NAT CLIM CHANGE
NAT SUSTAIN
ADV ECOL RES
AM NAT

ANNU REV ECOL EVOL S

BIOL CONSERV
CONSERV BIOL
ECOGRAPHY
ECOL APPL
ECOL MONOGR
ECOLOGY
ECOL LETT
ECOSYSTEMS
FRONT ECOL ENVIRON
FUNCT ECOL
GLOB CHANGE BIOL
GLOBAL ECOL BIOGEOGR
J APPL ECOL
JECOL
METHODS ECOL EVOL
NAT ECOL EVOL
OECOLOGIA
OIKOS

P ROY SOC B-BIOL SCI

REMOTE SENS ECOL CON

TRENDS ECOL EVOL
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and from flat to bent can help leaves rapidly
remove rain droplets to avoid damage (Wang
et al. 2020e). By meta-analysis, Cui et al. (2020b)
found that the positive relationships among three
leaf economic traits (i.e. specific leaf area, leaf
nitrogen content and net photosynthetic rate)
still hold under simulated global environmental
changes (warming, drought, elevated CO, and
nitrogen enrichment). Plant traits (e.g. arbuscular
mycorrhizal and ectomycorrhizal) also played
critical roles in determining tree species coexistence
in both temperate (Jia et al. 2020) and subtropical
forests (Liang ef al. 2020). In addition, independent
of plant life forms, plant traits (e.g. leaf length and
width of dicots) were positively correlated with
forest ecosystem primary productivity in both
China and North America (Li et al. 2020c). These
findings provide promising means to estimate
paleo-ecosystem primary productivity from fossil
leaf records.

Plants and animals have similar evolution in
terms of climatic-niche and often share comparable
species richness patterns, biogeographic biomes and
hotspots (Liu et al. 2020a), as well as the effects
of birds’ spatial location on seed dispersal (Li et al.
2020d). Lu ef al. (2020) discovered that the average
threatened proportion in higher plants was 7.71%
lower than that of animals in China. Agathokleous
et al. (2020), for the first time, confirmed that ozone
is a threat to biodiversity. The cumulative effects of
drought can increase the mortality of gymnosperms
(Li et al. 2020b). In aquatic ecosystems, elevated
CO, caused the reduction in the motility of three
typical phytoplankton, polar marine Microglena
sp., eurvhaline Dunaliella salina and {freshwater
Chlamydomonas reinhardtii, suggesting the decreases
in reproduction and survival of microalgae under
increasing CO, conditions (Wang et al. 2020a).
Warming likely induced loss of marine biodiversity
acrosslatitudinal gradient during the Permian-Triassic
mass extinction event (Song et al. 2020a). Wan et al.
(2020) reported that a higher plant species richness
was associated with a lower herbivore abundance
and damage while plant diversity generally enhanced
abundance and performance of predator, parasitoid
and plant across major terrestrial ecosystems. They
conclude that plant diversity facilities beneficial
trophic interactions via natural enemy effects, thus
contributing to ecosystem functioning and services.
A timely spatial meta-analysis, with identified
conservation priority zones and cost-effective zones
for protected areas designation, was conducted to
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support the post-2020 global biodiversity framework
(Yang etal. 2020). Some edaphically extreme habitats
that have been suggested to act as refugia and edaphic
islands are now exposed to multiple anthropogenic
threats (Corlett and Tomlinson 2020). Moreover,
an emerging priority for transboundary biodiversity
conservation (Liu et al. 2020b), especially across
the belt and road initiative countries (Hughes et al.
2020), has been proposed.

Vegetation maps can provide basic information
for national strategic decision making, and are
of important significance for ecological research
and biodiversity conservation. A new criterion is
proposed to identify multistable states for biocrusts
in global drylands (Chen et al. 2020c). A projection
of land use in China was developed based on plant
functional types, with a temporal resolution of 5 years
and a spatial resolution of 5 km (Liao ef al. 2020).
An updated version of Vegetation Map of China
(1:1 000 000) including 12 vegetation-type groups,
55 vegetation types/subtypes and 866 vegetation
formation/subformation types was completed (Su
et al. 2020a). With the updated Vegetation Map, it
has been shown that 3.3 million km? of Chinese
vegetation has experienced drastic alterations
during the past three decades. In addition, using
plant fossils records in the Tibetan Plateau, paleo-
vegetations were constructed, i.e. a Middle Eocene
humid subtropical ecosystem, which is affinity to
Early-Middle Eocene floras in both North America
and Europe (Su et al. 2020b), and an Oligocene
temperate alpine ecosystem, which is older than any
other alpine ecosystems worldwide (Ding et al. 2020).
These reconstructed paleo-vegetations from Eocene
to Oligocene reveal that the Tibetan Paleogene
topography and climate play key roles in the origin
and diversification of modern Asian plant species.

To improve the abilities in managing biodiversity
and vegetation relies on how to accurate assess
ecosystem functioning and services (e.g. carbon
sequestration) under the enhanced emissions of
greenhouse gases (CO,, N,O and CH,) and global
warming. Alteration in vegetation cover influenced
annual soil respiration in boreal and temperate
regions, thus contributing to the terrestrial carbon
storage (Huang et al. 2020b). Though free-air CO,
enrichment caused significant ammonium-nitrogen
loss (Xu et al. 2020b) and continuous reduction in
the positive effects of CO, fertilization on vegetation
photosynthesis across most global terrestrial lands
since 1982 (Wang et al. 2020g), terrestrial ecosystems
in China sank ~45% of annual anthropogenic
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Figure 1: Information of assembled peer-reviewed articles. (a) The top-five funding agencies, National Natural Science
Foundation of China (NSFC), National Key Research and Development Program of China (NKRDPC), Chinese Academy
of Sciences (CAS), China Scholarship Council (CSC) and China Postdoctoral Science Foundation (CPSF); (b) the top-ten
organizations, University of Chinese Academy of Sciences (UCAS), Institute of Botany CAS (IB-CAS), Peking University (Peking
Uni), South China Botanical Garden CAS (SCBG-CAS), Institute of Geographic Sciences and Natural Resources Research CAS
(IGSNRR-CAS), Lanzhou University (Lanzhou Uni), Sun Yat-sen University (Sun Yat-sen Uni), Nanjing Agricultural University
(Nanjing Agr Uni), Beijing Normal University (Beijing Norm Uni) and East China Normal University (East Norm Uni); (c)
journals in number of papers published without journal category; and (d) the number of peer-reviewed papers published in
the selected top international journals by the first organization in China. See journal abbreviations in Table 1.

emissions over 2010-16 due largely to China’s
aggressive policy of tree planting (afforestation)
(Wang et al. 2020b). These findings highlight that
the ground-based measurements in combination
with satellite observations can better characterize
terrestrial carbon budget. The afforestation project
has increased vegetation cover (Li ef al. 2020a) and
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carbon sink in both northern (Hong et al. 2020)
and southern China (Tong et al. 2020). Short-term
fencing (4-8 years) enhanced aboveground primary
productivity in the Tibetan grasslands (Sun et al
2020). By contrast, mangrove deforestation led to a
global carbon stock reduction in tidal wetlands after
2000 (Ouyang and Lee 2020). Moreover, Du et al.
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(2020) discovered that one fifth of the global natural
terrestrial lands was limited by nitrogen, 43% by
phosphorus limited and 39% by both nitrogen and
phosphorus. Progressive vegetation limitation by
nitrogen was demonstrated in the Tibetan alpine
permafrost region (Kou et al. 2020), while increases in
nitrogen fixation rates were detected in successional
forests in southern China even under conditions of
elevated atmospheric nitrogen deposition (Zheng
et al. 2020). Nitrogen addition relieved nitrogen
limitation and enhanced both woody biomass
production and emissions of CO,, N,O and CH,, while
the Moso bamboo forest remained a carbon sink
(Song et al. 2020b). Phosphorous addition alleviated
the negative effects of nitrogen addition in CH,
uptake in grasslands globally (Zhang et al. 2020), and
stimulated aboveground plant biomass production
by 34.9% in the global natural terrestrial ecosystems
(Hou et al. 2020). In addition, hydropower dams
increased bioavailability of nitrogen and phosphorus,
thus stimulating phytoplankton growth in Lancang
River, southwest China (Chenetal. 2020b). Therefore,
adding nitrogen together with phosphorus has likely
a positive impact on carbon sequestration in natural
ecosystems.

In a warming world, primary succession of
vegetation in regions experiencing glacier retreat was
accelerated and significantly reduced atmospheric
mercury concentrations (Wang et al. 2020d). Based
on millions leaf unfolding and flowering records
across Europe, more than half (7 of 12) models
were found to overestimate the advance in spring
phenology, while warming indeed advanced spring
leaf-out, flowering (Wang et a/. 2020f) and autumn
leaf senescence for perennials (Chen ef al. 2020a). In
addition, photoperiod and mean annual temperature
positively interacted to trigger the onset of wood
formation in Northern Hemisphere conifers (Huang
etal.2020a). The advancedleaf-outin spring enhanced
annual surface warming in the Northern Hemisphere
(Xu et al. 2020a), exacerbated soil moisture deficit in
summer (Lian ef al. 2020), but it did not alter annual
biomass production in an alpine steppe in the Tibetan
Plateau (Wang et al. 2020c¢). Even though vegetation
feedbacks may shorten water scarcity period in most
monsoon regions (Cui et al. 2020a), a larger-than-
normal carbon sink in lands was detected in a wetter
year (Yue ef al. 2020).

In summary, human activities including land use
change (e.g. afforestation/deforestation), greenhouse
gases emission, warming, atmospheric nitrogen
deposition and artificial substances (e.g. micro-/
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nano-plastics, nano-materials and antibiotics)
dominate global changes, understanding how plants
perform, adapt and form mnatural communities
and ecosystems to fulfill ecosystem functions and
services are either uncertain and/or unresolved.
Answering the following questions would advance
our knowledge on contemporary plant ecology. We
expect that Chinese ecologists will make greater
achievements on these topics in the coming years.

1. What is the balance of plants within a community
and an ecosystem to maintain biodiversity and to
provide ecosystem functioning?

2. How do plants, communities and ecosystems
react and the underlying mechanisms by which
they acquire resources?

3. How does the land use change restore and
improve biodiversity/vegetation and ecosystem
functions?

4. What and how do plants affect the cycles of
energy and information at both local and global
scales?
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