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Abstract

Scientists are becoming increasingly aware that disparities in opportunities for conducting and
publishing research among scientists living under different socio-economic contexts have cre-
ated pervasive biases and long-lasting impacts on our views of the natural world. These dis-
parities are challenging the establishment of a global research agenda for a variety of
disciplines, including seed ecology. Seed ecology has progressed enormously recently, but
multiple barriers have hindered progress in the Global South where biodiversity and environ-
mental complexity are highest. Here, we identify ten major challenges that seed ecologists
from developing countries face in relation to planning, designing, conducting and publishing
their research. We also propose several measures to overcome these challenges: (1) closing bio-
diversity knowledge shortfalls, (2) enhancing and creating long-term seed ecological networks,
(3) supporting better infrastructure, (4) making fieldwork easier and safer, (5) unlocking fund-
ing opportunities, (6) promoting inclusive scientific meetings, (7) alleviating language bar-
riers, (8) improving education, (9) shifting the notion of novelty and relevance and (10)
supporting native seed markets. The authors recommend that the proposed solutions can
be implemented by seed ecologists and the broader scientific community including funding
agencies, research directors, journal editors and the academic publishing industry. Solutions
can help mitigate multiple challenges simultaneously, thus offering a relatively inexpensive,
fast and productive pathway for the development of seed ecology into a truly global research
discipline that benefits scientists irrespective of their geographic location and background.

Introduction

Seed ecology is a complex, exciting and growing subdiscipline of seed science. Seed ecology
addresses processes, patterns, mechanisms and environmental challenges ranging from seed
production to seedling establishment and ecosystem restoration across a wide diversity of eco-
logical scales. Seed ecology is interdisciplinary in nature and often intersects with knowledge
stemming from a broad range of subdisciplines in ecology, plant science, genetics and conser-
vation biology, as well as in applied fields such as agriculture, forestry and restoration ecology
(Saatkamp et al 2019). Since the publication of Fenner’s (1985) seminal book on the ecology of
seeds, followed by the first edition of the classic book by Baskin and Baskin (1998) Seeds:
Ecology, Biogeography, and Evolution of Dormancy and Germination, the discipline has
undoubtedly expanded and brought a wealth of knowledge about how seeds interact with
their mother plants (Wang et al 2022) and the subsequent environments (Donohue et al
2010), shape a wide diversity of associated organisms (Chen et al 2017), contribute to commu-
nity assembly (Larson and Funk 2016), cascade into manifold processes at biogeographical and
macroecological scales (Chen et al 2019) and contribute to ecosystem restoration (Dalziell et al
2022). Several studies have emphasized the paucity of solid information of seed ecology as a
limitation to understanding plant responses at different geographic scales. However, the
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development of novel and automatic approaches to data compil-
ation for the study of seed ecology now include big data (Chen
et al 2020; Carta et al 2022), functional perspectives (Saatkamp
et al 2019), molecular ecology (Footitt et al 2020), global-scale
analyses (Rubio de Casas et al 2017) and automated trait data
acquisition (Dayrell et al 2023).

The wider application of seed ecology and subsequent growing
seed ecology databases has enriched our understanding of the
ecology of seeds of native, crop and invasive species over
the last two decades (Fernández-Pascual et al 2023). However,
the contribution of scientists and data to the development, man-
agement and use of the analytical tools that have enabled this pro-
gress is not globally representative. This is largely because, as in
many biodiversity-oriented fields, sampling efforts and available
data on the ecology of seeds are both concentrated in developed
countries (sensu United Nations 2014), whereas developing coun-
tries are underrepresented in the scientific literature, with a few
exceptions such as China (Marks et al 2023). Research on seed
ecology is hindered by insufficient human and financial resources,
limited long-term and monitoring data, and a lack of recognition
of seed ecological knowledge by decision-makers in the environ-
mental sector. These factors hinder novel research questions
requiring long-term data, challenging ecological patterns at vari-
ous scales or in modelling studies. Consequently, the generation
of novel information through basic research is crucial to enable
testing of more advanced hypotheses. Unfortunately, this need
has received limited investment and garnered little recognition
from the forefront of the broader scientific community
(Geldmann et al 2020).

Ecologists have recently begun to acknowledge that disparities
between developing and developed countries have profound, long-
lasting effects on how we understand, manage, protect and restore
our natural world (Culumber et al 2019). Geographical biases sig-
nificantly impact the planning and implementation of seed-based
conservation and restoration programmes (Godefroid et al 2013;

Ribeiro et al 2016). Given the unprecedented levels of biodiversity
loss in the tropics, where many developing countries are located,
there is a pressing need for ecologists to bridge the gap between
the science of restoration and its practical implementation
(Dalziell et al 2022). Additionally, climate change has unequivocally
demonstrated that environmental challenges do not adhere to
national borders, emphasizing the imperative for a collective global
effort to mitigate environmental problems and combat the alarm-
ing rate of species extinction. Therefore, identifying the factors con-
tributing to these disparities and designing solutions to alleviate
them should be prioritized by the scientific community.

Here, we provide a list of ten barriers that seed ecologists from
developing countries are facing and possible solutions to alleviate
them. The solutions proposed here stem from a shared responsi-
bility and collaborative efforts required from all countries to
effectively address global environmental challenges. We acknow-
ledge the importance of the debate on underrepresented groups
in science, including those based on gender, race or sexual orien-
tation; however, we do not address these issues, given they have
been discussed elsewhere. Nevertheless, we have tried to accommo-
date a diversity of opinions, perceptions and experiences from
developing countries’ seed ecologists by assembling a list of authors
that either work in or hail from countries where these barriers are
present. Researching seed ecology in developing countries presents
significant challenges due to the high biodiversity prevalent in
many of these regions, as well as the complex logistical, social
and economic contexts within which the research is conducted.
We recognize that our list is not exhaustive, but rather represents
initial steps towards a broader discussion that the seed ecology
community needs to engage in (Table 1).

Closing biodiversity knowledge shortfalls

Seed ecology studies require data of distinct natures, which are often
lacking for species from developing countries (Fernández-Pascual

Table 1. Summary of the proposed solutions to overcome barriers in seed ecology research in developing countries

Barrier Summary of the proposed solutions

Persistent biodiversity knowledge shortfalls Prioritize data-deficient areas, building seed trait databases, using modern technology to accelerate
extraction of seed traits

Lack of long-term seed ecological networks
across multiple scales

Implement networks microclimate sensors and long-term vegetation data

Poor infra-structure Establishing meaningful and collaborative partnerships between developed and developing countries

Unsafe fieldwork Building partnerships with local individuals, communities, organisations, or governments, and creating
protocols to improve safety

Limited funding opportunities Strengthening international collaboration, developing strategies for alleviating barriers imposed by
article processing charges

Exclusive scientific meetings Organizing in-person meetings on different continents, informing decisions on abstract acceptance in
advance, considering the schedule of developing countries when defining deadlines, and promoting
hybrid meetings to decrease the travelling and accommodation costs

Language barriers Multiple solutions are suggested, but supporting English translation and polishing services is particularly
encouraged

Poor education Creating international and field-based seed ecology courses

Biased notion of novelty and relevance Implementing double-blinded review, recruiting international reviewers, diversifying journal editorial
boards, personalize the review process with sensitivity to international authors with English as an
additional language, emphasize and value low-cost methods

Underdeveloped native seed markets Easing the laboratory accreditation process for native seed and relaxing the level of the international and
national limitations over seed transport
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et al 2023). More specifically, in such countries, there are clear
knowledge gaps for species taxonomy, distribution, abundance,
phylogenetic relationship, niche breadth, species traits and biotic
interactions (the so-called biodiversity knowledge shortfalls;
Hortal et al 2015). In many cases, community-level studies in
developing countries lack species-level identification, so data for
unidentified species need to be removed. Due to the colonial sci-
ence culture of the past, research infrastructure in many develop-
ing countries has begun to thrive only in the last few decades
(Marks et al 2023). The absence of a robust foundation in seed
data restricts seed ecologists from developing countries in their
ability to test more elaborated hypotheses or use modelling
approaches that require sophisticated climatic, edaphic and bio-
logical data. Consequently, seed ecologists from developing coun-
tries face the necessity of gathering new baseline data in their
early-career stages. Gathering new data over large, unexplored
areas is time-consuming and often prohibitively costly.
Furthermore, investment in collecting such data is often limited
given that local-scale field studies are undervalued by inter-
national journals (Geldmann et al 2020). Consequently, fewer
studies are published, fewer data are made publicly available
and papers are often published in local journals. For example,
seed trait and seed germination data of Mediterranean Basin
plants are significantly biased towards the northern parts of the
Basin where developed countries are located, whereas seed trait
data in the Mediterranean parts of northern African countries
are underrepresented (Tavşanoğlu and Pausas 2018). Both fun-
ders and international journals should recognize and support
these priorities by introducing grants targeting baseline studies
in data-deficient areas (see Section ‘Unlocking funding opportun-
ities’) and welcoming the publication of their results (see Section
‘Shifting the notion of novelty and relevance’).

Alternative initiatives help accelerating trait data compilation
and acquisition in developing countries, as exemplified by the
Seed Information Database (https://ser-sid.org/). First, data
papers and meta-analyses can be a useful way of mobilizing and
consolidating data published in local languages and data stored
in the so-called gray literature. By compiling, standardizing, har-
monizing and checking the quality of unpublished data stored in
theses, reports, papers published in non-indexed journals and
ongoing experiments, seed ecologists can amplify the data use,
reuse and rescue (Fernández-Pascual et al 2023). Such databases
are rare but are starting to emerge in developing countries
(Ordóñez-Parra et al 2023). Nevertheless, increased and targeted
funding is needed to support data curation, management and
archiving future efforts. Identifying data-deficient countries can
inform prioritization for closing knowledge gaps.

Furthermore, emerging high-throughput methods of seed trait
extraction from images offer a powerful and efficient approach to
rapidly increase seed ecology knowledge and support seed
identification initiatives (Dayrell et al 2023). Finally, additional
strategies include the production of curated field guides
(https://fieldguides.fieldmuseum.org/; Acosta-Rojas et al 2021),
building of interactive keys (i.e. https://seedidguide.idseed.org/),
creating plant taxonomy networks based on seed traits and part-
nering with local seed collector networks.

Enhancing and creating long-term seed ecological networks
across multiple scales

The global coverage of vegetation (Bruelheide et al 2019), species
abundance (Dornelas et al 2018) and trait data (Kattge et al 2020)

is biased towards Western Europe, North America and Australia,
reflecting unequal sampling efforts across the globe. These biases
prevent studies addressing long-term land-use changes, and spe-
cifically restrict seed ecologists from developed countries to test
ecological hypotheses spanning large spatial and temporal dimen-
sions across multiple scales.

Likewise, existing microclimatic data (i.e. environmental con-
ditions experienced by seeds), as exemplified by in situ measure-
ments of soil temperature, are also biased towards developed
countries (Lembrechts et al 2022). Under these conditions, seed
ecologists should rely on biased global models (not suitably cali-
brated for their local conditions), national meteorological data
(which are less useful for seed ecology) or whenever possible,
invest time and money on generating the necessary microclimate
data.

Implementing long-term environmental and biological data
gathering is becoming increasingly important in some developing
countries (Wohner et al 2021). However, environmental data and
technology-sharing agreements underpin and help sustain
research networks, but are virtually non-existent in the seed ecol-
ogy community. For such data to become meaningful in seed
ecology, environmental data gathering should operate at the
microclimatic level. For instance, novel soil temperature and
moisture sensor technologies are available at relatively low cost
(Lembrechts et al 2022). Another powerful way of advancing
seed ecology in developing countries is the establishment of glo-
bally distributed research networks, which need not be prohibi-
tively expensive or time-consuming on a per capita basis and
are not limited to senior scientists or countries where science is
well-funded (Borer et al 2014).

Supporting better infrastructure

New techniques such as omics and molecular ecology are being
used to analyse how genes modulate seed interactions with the
environment (Colville et al 2022; Simonin et al 2022). However,
molecular seed ecology is rare in developing countries owing to
a lack of basic equipment like incubators, stable power supplies
to conduct germination experiments under controlled conditions
and bureaucratic reagent importing. Indeed, many seed ecologists
from developing countries have experienced multiple collapses of
germination chambers due to unpredictable power failures.
Laboratory infrastructure and equipment in developing countries
are also often obsolete. For example, owing to different equipment
precision settings, measuring the seed carbon and nitrogen con-
tent in a developing country may require 12 g, whereas the
same chemical analysis in a European laboratory requires only
0.05 g of dry seeds (Acosta-Rojas, personal communication).
Given the limited funding available for field studies in developing
countries (see Section ‘Unlocking funding opportunities’), waste
of time and resources is likely if sampling additional material is
needed to achieve the required seed material.

Another pervasive issue is infrastructure needed for the ex situ
seed conservation in developing countries. Many tropical species
have recalcitrant seeds (Wyse and Dickie 2017), and conservation
of such genetic material requires expensive infrastructure and
complex processing techniques such as in vitro preservation or
cryopreservation (Pence et al 2022). Despite the high prevalence
of recalcitrant species in tropical and subtropical biomes, there
are few national facilities and research programmes focused on
germplasm conservation. A few developing countries have
national seed gene bank facilities for agricultural crops or their
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wild relatives, but native and threatened seeds are not on their pri-
ority list for gene banking (Teixido et al 2017; ICAR-NBPGR
2023).

It is clear that disparities among countries in access to novel
methods, and cutting-edge techniques largely affect researcher’s
capacity to produce, publish and receive credit for their research
(Culley et al 2021). Solving these issues is not trivial, but a
major step forward is the establishment of meaningful and collab-
orative partnerships between developed and developing countries
(Armenteras 2021). The key is to include researchers from devel-
oping countries from the start in setting up the project goals and
design. Crucial for a healthy ‘global science’ community is that
individuals and institutions in developing countries acquire,
improve and retain skills, knowledge, equipment and resources
(Haelewaters et al 2021). Whenever possible and appropriate,
allocation of financial resources to the purchase, installation or
maintenance of infrastructure of research labs in developing
countries can boost future research. Using local infrastructure to
keep samples, data and results on site can be useful if samples
are temperature- or time-sensitive, and especially important if
samples were extracted from protected species or sites. This is
overall good practice and a good way to implement the Nagoya
Protocol by recognizing the sovereign rights of nations over
their own genetic resources and preventing biopiracy.

Making fieldwork easier and safer

Seed collection in developing countries is often characterized by
large territories that require travelling over long distances, with
limited resources, poor logistics, bureaucratic restrictions and
safety issues. Logistics and lack of funding restrict seed collection
close to research institutions (Ribeiro et al 2016), thus resulting in
widespread geographic, ecological and taxonomic biases. In add-
ition, tropical seed ecologists are faced with markedly asynchron-
ous fruit production (Connell and Green 2000), which implies
multiple field excursions year-round to monitor fruiting phen-
ology and collect a minimum number of seeds from different
individual plants. Seed collection in tropical rainforest trees grow-
ing up to 60–70 m high requires appropriate, often expensive
equipment (Lowman et al 1993).

Many developing countries have international or domestic
military conflicts (Rodriguez et al 2020) making seed collections
from the field harder and unsafe. In such regions, a major limita-
tion is gaining access to the field due to military or governmental
restrictions, while personal safety is commonly the major issue.
Even in areas free of conflict, it may be unsafe for conducting
fieldwork alone and for underrepresented groups (Pettorelli
et al 2019), which can be another shortcoming for collecting
seeds from wild species in the field.

An essential step in making fieldwork easier and safer is to
build partnerships with local individuals, communities, organiza-
tions or governments. Partnerships can act as a support network
and allow researchers to gain valuable information and a better
understanding of local dynamics, which can ultimately make
fieldwork safer and easier. Involving local stakeholders can also
increase the relevance of research, improve knowledge sharing
and lead to greater conservation success (Kainer et al 2009).
Importantly, with appropriate training, local partners can partici-
pate in the research process (e.g. monitoring reproductive phen-
ology or collecting seeds in remote areas), allowing researchers
to use funds more efficiently. Securing assistance from local
guides during fieldwork will not only enhance safety but also

reduce the time spent travelling in the field, as they could provide
shortcuts and recommend better routes. In parallel, establishing
long-term phenological databases to help predicting and identify-
ing fruiting stages of habitats would enable better planning of
fieldwork and avoid wasting resources (Chapman et al 2018).

In addition, researchers in developing countries with violent
conflict need to develop and follow a comprehensive fieldwork
strategy to ensure their safety (some useful guidelines: Daniels
and Lavallee 2014; Rudizki et al 2022). This strategy should
address critical aspects, such as (i) conducting a risk assessment
and formulating a safety plan to mitigate hazards; (ii) establishing
emergency protocols to deal with unexpected circumstances; (iii)
implementing effective communication strategies with local part-
ners and universities and (iv) receiving adequate training in first
aid, conflict resolution, personal safety and awareness, among
others. The preparation and implementation of this programme
involves costs that ultimately reduce the direct investment in
research activities. International collaborators are encouraged
that those costs in their projects.

Unlocking funding opportunities

Sustained funding is needed to support fieldwork, maintain
equipment, acquire reagents, and, above all, cover scholarships
and salaries. Limited resources for research prevent seed ecologists
from being at the forefront of science. For example, annual
research output, measured in terms of the total number of
indexed papers across all fields of science, is <100 for many devel-
oping countries (van Noorden 2014). When resources are avail-
able, they are largely concentrated on model study species (e.g.
Arabidopsis thaliana), crop species (Marks et al 2023) or are allo-
cated based on priorities determined by researchers in developed
countries (Asase et al 2022).

In terms of publication, many developing countries cannot pay
subscription fees to allow access to paywall-protected scientific
articles written by their own scientific communities. Therefore,
many seed ecologists from developing countries are often left
with few options, but to request PDFs directly from authors or
use alternative methods to gain access to full texts (Bohannon
2016). Moreover, open-access policies of leading publishing com-
panies based on article processing charges (APCs) are a growing
concern for scientists in developing countries. Some scientific
journals waive APC for low-income developing countries, but
other developing countries remain excluded. Consequently, they
are excluded from publishing in leading journals with broader sci-
entific scope, reducing the exposure and attention of their
research.

Strengthening international collaboration can also be a power-
ful way of overcoming limited funding. Higher investments in
research and development do not necessarily lead to high-impact
publishing. Nevertheless, countries with low investments can
choose alternative paths, including enhancing international col-
laboration leading to greater impact and recognition of the
research in the country (McManus et al 2023). When properly
incorporated, capacity building and student exchange, inter-
national partnerships benefit researchers from both developing
and developed countries (Haelewaters et al 2021). Given similar
challenges, we encourage international collaboration among
developing countries. Finally, one unorthodox strategy is to finan-
cially reward reviewers from developing countries in fully OA
journals. This would be a more just and effective way of using
APCs. In summary, establishing meaningful and more fruitful
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collaboration is a win-win game with positive outcomes for all
involved partners (Armenteras 2021).

Promoting inclusive scientific meetings

A good conference experience can make a difference in the pro-
fessional development of the attendees and create long-lasting col-
laborations and opportunities (Joo et al 2022). The number of
conference attendees from developing countries is less than 15%
across Seed Ecology Meetings, but when the conference venue
was held in a developing country the percentage of attendees
from developing countries increased up to 70% (Fig. 1). High
travelling costs, visa requirements, unrealistic deadlines (those
ignoring long visa requirements and those coinciding with vac-
ation time in the southern hemisphere), language barriers and
cultural contrasts constitute possible reasons for the under-
representation of seed ecologists from developing countries.

Practical solutions to increase attendance by seed ecologists
from developing countries include organizing in-person meetings
on different continents, informing decisions on abstract accept-
ance in advance to allow visa requirements, considering the
schedule of developing countries when defining deadlines and
promoting hybrid meetings to decrease the travelling and accom-
modation costs (Joo et al 2022). Developing open and inclusive
meetings means working harder to support people from underre-
presented regions of the world as attendees, but also developing
local research networks in these regions to better connect seed
ecologists.

A positive initiative is the recent implementation of member-
ship waiving fees by the International Society for Seed Science
(ISSS) for residents in low and lower-middle-income countries
(https://seedscisoc.org/register/individual-resident-in-low-and-
lower-middle-income-country/), meaning that high member-
ship costs of international societies no longer discourages
early-career seed ecologists to engage with their peers. An add-
itional approach to addressing this issue could involve imple-
menting a differential pricing system, where registration fees
are reduced for participants from developing countries, with
a particular focus on student delegates. This strategy would sig-
nificantly alleviate the financial burden on young seed ecolo-
gists attendance. Furthermore, expanding the availability of

conference scholarships specifically targeted towards students
from these regions could provide an invaluable opportunity
for their professional growth and engagement within the global
seed ecology community.

We call for Seed Ecology Meetings to be a place for interdiscip-
linary research paradigms, integrating insights and methods from
related disciplines to address complex research questions. This
collaborative approach must bring together experts from multiple
fields to create a more comprehensive understanding of seed ecol-
ogy. This paradigm will benefit from researchers coming from dif-
ferent disciplines, different backgrounds and different places of
the world.

Alleviating language barriers

Language barriers still hinder access to scientific knowledge dur-
ing the training of students, but also during the research and pub-
lication processes. Currently, 98% of publications in science are
written in English, including researchers from English as foreign
language countries, which also results in increased costs for trans-
lation (Ramírez-Castañeda 2020). Using a large, randomized trial
with real manuscript submissions to evaluate the various conse-
quences of shifting to double-blind peer review, Fox et al (2023)
provide strong evidence that authors from higher income and/
or English-speaking countries receive significant benefits (a
large positive bias) to being identified to reviewers during the
peer-review process.

While the use of automatic translation and artificial intelli-
gence apps may help alleviate these problems, student training
crucially depends on resources in native, local languages
(Steigerwald et al 2022). Scientific papers published in English
that are relevant to local communities and decision-makers may
remain inaccessible, hence non-English-language articles play an
important role in improving the understanding of biodiversity
and its conservation in developing countries, which in turn,
may be inaccessible to readers screening the literature using
English keywords (Chowdhury et al 2022; Amano et al 2023).

Language barriers can be alleviated by publishing in local lan-
guages. Some journals encourage publications to include
non-English abstracts and summaries especially when research
has consequences for local communities, decision-makers and

Fig. 1. Percentage of attendees from developing and developed countries in Seed Ecology Meetings since 2004. Data for Seed Ecology Meeting II in Australia, 2007
was not available.
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practitioners, thus extending the scientific impact beyond the
restricted scientific community. In developing countries, many
journals are published in national languages other than English.
Despite the fact that our current academic promotion systems
may not reward such efforts, one can submit a translated version
of the manuscript in the Supplementary material. This would fos-
ter engagement with researchers and stakeholders who may not
have a strong understanding of English.

Recently, Amano et al (2021) proposed ten tips for overcoming
language barriers in science, which we endorse. The list includes
dissemination of research in multiple languages, sourcing
knowledge from multiple languages, increasing the visibility of
non-English-language science, translating scientific terms, provid-
ing genuine support to non-native speakers, distinguishing lan-
guage skills from scientific quality, considering language balance
in scientific activities, acknowledging efforts to overcome lan-
guage barriers and make use of existing resources and opportun-
ities. In addition to this list, providing English translation and
polishing services at no additional charge for seed ecologists in
developing countries may benefit the whole scientific community
with better quality science available (Ramírez-Castañeda 2020).

Altogether, this set of actions is expected to result in better
outcomes not only for researchers in developing countries but
also for peers in developed nations. English-speaking scholars
would have access to global knowledge and contribute to making
science more inclusive (Nolde-Lopez et al 2023). An excellent
example of recent access to non-English literature is the impres-
sive effort by Rosbakh et al (2020) to translate and digitize a
huge data set on seed dormancy and germination from
Nikolaeva et al (1985) originally published in Russian and previ-
ously mostly inaccessible to the vast majority of seed ecologists.

Another type of language barrier is the thousands of indigen-
ous languages that are still spoken in developing countries.
Translators are often required in order to communicate with com-
munities in remote areas to ask their permission to collect seeds/
plants on their land. Finding creative ways to communicate seed
ecology knowledge to local communities remains a challenge.

Improving education

Training the next generation of seed ecologists is a multi-step
challenge, but primarily requires enrolment in specific courses.
However, seed ecology is hardly touched upon in ecology courses,
and even more so in developing countries. Most plant science
courses offered by universities in developing countries consist of
limited lectures on seed germination and dormancy. In contrast,
many agriculture universities offer full course training in seed
technology with a prime focus on producing and sustaining the
supply of quality crop seeds.

Dedicated training on seed ecology may alleviate several key
challenges in seed ecological research in developing countries.
First, the plant science course curriculum is recommended to
cover all aspects of seed ecology, from seed production to dispersal
to seedling establishment (Fenner 1985). Applied courses could
include contemporary topics such as climate change, defaunation,
biodiversity conservation and restoration, preferably using interdis-
ciplinary approaches. We encourage seed ecologists from developed
countries to engage in teaching courses in developing countries.

Both theoretical and practical field courses hold a large poten-
tial to improve education. Plant Functional Traits Courses are
becoming common in many places offering hands-on training
in applications of plant functional trait ecology within a real-life

field research project setting in different parts of the world includ-
ing developing countries (https://plantfunctionaltraitscourses.w.
uib.no/). A similar successful example of a theoretical course is
the Winter School on Functional Seed Ecology at the University
of Pavia, Italy (http://seedschool.unipv.it/). Such online courses
are offered at low costs to early-career researchers from develop-
ing countries, providing world-class lectures to the next gener-
ation of seed ecologists. Future international courses are
expected to provide additional training to researchers to help
building a more representative global network of seed ecologists.

Field courses have long been powerful and transformative in
the tropics (https://tropicalstudies.org/). Intensive field-based pro-
grammes help students develop basic research abilities and create/
extend a network of early-career colleagues. Field-based courses
span all steps of the scientific process from the definition of
hypotheses, developing and implementing sampling, analysing
data, rehearsing formal oral presentations and preparing complete
manuscript drafts. In many cases, such courses result in publica-
tions that can benefit both participants and instructors alike (Putz
and Ruslandi 2018). To date, we are unaware of field courses
entirely focused on seed ecology, but we encourage local courses
to be developed given the low cost:benefit ratio of such activities.

Shifting the notion of novelty and relevance

Acceptance of scientific papers is largely determined by assess-
ments of novelty and relevance by journal editors and reviewers.
Editors have the responsibility of evaluating whether submitted
papers have enough novelty and are relevant enough before decid-
ing to invite reviewers that will provide recommendations that
ultimately determine manuscript fate. A profound geographical
mismatch exists among editors of leading ecological and conser-
vation science journals, with journals having few or sometimes no
editors from many of the most biodiverse, developing countries
(Espin et al 2017). This geographic bias strongly influences
acceptance rates and shapes the scientific publishing landscape,
with detrimental consequences for scientists in developing coun-
tries who have their papers deemed as ‘of local relevance’
(Geldmann et al 2020). Recently, Smith et al (2023) found notably
worse review outcomes for authors whose institutional affiliations
were in Asia, for authors whose country’s primary language is not
English and based in countries with relatively low Human
Development Indices. As a result, there are substantial biases in the
geographic representation in the ecological and plant science litera-
ture (Marks et al 2023), with somedeveloping countries being under-
represented, despite being home to the world’s most diverse floras.

There are multiple ways in which the community of seed ecol-
ogists can address the underrepresentation of developing coun-
tries in both plant science and ecological literature. The
emphasis on novelty is at the odds of replication of studies sug-
gesting the process of getting new field data that are otherwise
important to support quantitative syntheses and meta-analyses
is disfavoured. A number of concrete actions by journal editors
includes encouraging submissions from all countries, reaching
out to international authors, recruiting international reviewers,
publishing more open-access papers and diversifying journal edi-
torial boards to represent our global audience (only two editors of
SSR are currently affiliated with institutions in developing coun-
tries), personalize the review process with sensitivity to inter-
national authors with English as an additional language,
emphasize and value low-cost methods, and waive APCs for
developing countries (Culley et al 2021; Smith et al 2021). In
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addition to that, compulsory anonymization of author identities
(e.g. double-blind review) can help mitigating biases in the peer-
review process (Fox et al 2023).

Given the paucity of basic data on the ecology of seeds in
developing countries, creating manuscript categories dedicated
to seed ecology data from data-deficient regions in international
journals would incentivize the filling of knowledge gaps and pro-
vide recognition to researchers dedicated to these areas. A few
journals (e.g. Journal of Ecology, Biotropica and Ecology) have
recently created amanuscript categoryof ‘NaturalHistory’ to accom-
modate studies showing the wonders of our natural world (e.g.
Suetsugu and Hashiwaki 2023). We suggest that including
ResearchNotes into the scope of Seed ScienceResearchwould reinvig-
orate the role of natural history and basic native seed biology as
powerful knowledge-building methods. Studies focusing on natural
history and basic seed ecology should, however, emphasize relevance
beyond the local scales to attract the attention of a broad audience.

Supporting native seed markets

As signatories of the UN Convention on Biological Diversity,
most developing countries operate under very strict biodiversity
acts and laws, some of which hamper the exchange and transport
of biological material overseas. Frequently, local legislation ham-
pers the use of native species seeds that could be otherwise used
to train students, generate knowledge and restore degraded eco-
systems (Urzedo et al 2019). The national application of the
Nagoya protocol is a great challenge for biodiversity research
and especially for seed ecology, given that seeds consistently fall
under this protocol (Prathapan et al 2018). While far-reaching
exceptions in the Nagoya protocol enable an agro-industrial
exploitation of biological resources across national borders, the
application of rules suggested in Nagoya makes it very difficult
for both local research teams as well as international consortia
to work on seed ecology.

Native seed supply for restoration is essentially a community-
based activity that faces broad barriers to operating within regula-
tions because of requirements for excessive and costly technical
documentation, scarcity of seed laboratories and lack of instruc-
tions for native seed quality testing. Therefore, easing the labora-
tory accreditation process for native seed quality assurance is
recommended (Urzedo et al 2019). Future regulations should
facilitate the exchange of seed material for seed ecological research
not addressing genetic issues through simplified authorization
procedures, pending the public availability of research results
and following open standards on storage and further use of
seeds. Relaxing the level of the international and national limita-
tions over seed transport may also enhance banking threatened
species in ex situ collections (Teixido et al 2017).

Conclusions

Seed ecology is a flourishing discipline that has been expanding its
scope, breadth and approaches. Here, we discussed how overcom-
ing long-standing barriers for seed ecologists in developing coun-
tries can contribute to accelerating the development of the
discipline and extend progress to regions where biodiversity is
highest and where research is more needed. The challenges out-
lined here are complex, multidimensional and not easily fixed.
However, overcoming these barriers (and others not addressed
here) is likely to provide long-term benefits to the whole commu-
nity of seed ecologists. For example, increasing the availability of

seed trait data for underrepresented regions and lineages will
improve our understanding of seed-environmental relationships
at global scales. Establishing meaningful collaboration is not
necessarily costly and impractical, and has the potential to over-
come multiple barriers simultaneously. We envision a new era
of seed ecology when research done in developing countries is
safer, inclusive, more valued, well-funded and benefits the
whole community of scientists attempting to revealing the myster-
ies hidden within seeds.
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