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Seeding or planting to revegetate the world’s degraded
land: systematic review and experimentation to address
methodological issues
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Revegetation is key to achieve the goals of the UN Decade on Ecosystem Restoration. For many situations and plant species,
selecting direct seeding or planting can define revegetation success. However, there is no clarity about when one method should
be preferred over the other, partly driven bymethodological difficulties that preclude avoiding bias during experimentation. To
move the debate forward, (1) we propose a systematic review of the studies that compare seeding and planting, including how
they have handled bias; and (2) we describe an ongoing experiment that tests different ways to handle bias when comparing
seeding with planting.
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Conceptual Implications

• Electing to revegetate through seeding or planting can
modulate the biotic and abiotic stresses suffered by seed-
lings and affect restoration success.

• Evaluating the balance between these two key revegeta-
tion alternatives involves choosing between unavoidable
sources of bias.

• Bias may result from differences in the demographic stage
of seedlings resulting from seeding and planting, seed origin
and storage, seed quality, and revegetation year.

• We outline the objectives and protocol for a new system-
atic review and describe an ongoing experiment which,
combined, aim to produce novel insights on the seeding
vs. planting debate and offer ways to handle bias.

The UN Decade on Ecological Restoration provides a unique
opportunity to tackle the challenge of restoring the 2 billion ha
of degraded land around the world (Cernansky 2018). Succeed-
ing in such objectives could provide important benefits related to
ecosystem service supply and climate change mitigation
(Chazdon 2008; Nave et al. 2018). Revegetation constitutes a
fundamental step in this effort. The ambitious plans for revege-
tation also highlight its noteworthy economic importance, as an
entire industry related to seed collection and seedling production
produces employment and community involvement, whereas
the concomitant costs stress the need for guaranteeing high
revegetation success (Kimball et al. 2015).

Ensuring the success of revegetation requires selecting appropri-
ate species given current and projected environmental conditions
(Leverkus et al. 2021) and the use of techniques that promote suc-
cess. Revegetation success can be low even under historical condi-
tions (e.g. Rey Benayas et al. 2005), which constitutes a waste of
economic resources and the fading of the prospect of a restored
habitat. Major drivers of revegetation failure may include both
adverse biotic and abiotic conditions. For instance, long, dry sum-
mers or poor, shallow soils can limit seedling survival and
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performance (Rey Benayas et al. 2015; Leverkus et al. 2015a).
Biotic stress, primarily through herbivory, seed predation, and
competition, can also cause great losses (Löf & Welander 2004;
Rey Benayas et al. 2015; Castro & Leverkus 2019; Löf
et al. 2019). Both kinds of stresses can be influenced by the method
employed for revegetation, so it is essential to identify the causes of
failure and propose techniques to address them.

The Seeding or Planting Dilemma

Current methods for revegetation with many trees and shrubs
rely mostly on the outplanting of nursery-grown seedlings.
The alternative for many species, direct seeding of seeds in the
field, is often discarded due to the risk of low germination and
establishment rates, partly driven by high seed predation and
the vulnerability of young seedlings (Allen et al. 2001; Palma &
Laurance 2015; Leverkus et al. 2015b). Seedling planting has
several advantages over seeding, such as generally faster seed-
ling growth and establishment, and the avoidance of seed preda-
tion (Allen et al. 2001; Löf et al. 2004). Seeding operations, on
the other hand, are easier to carry out and generally less costly
(Löf et al. 2004). Seeding also reduces the risk of transferring
plant diseases from nurseries to the field (Sánchez et al. 2005).
Root morphology may also be affected by the choice of revege-
tation method, with implications for plant access to soil
resources. For instance, in the case of oaks (Quercus spp.), the
tap root of nursery-grown seedlings is often damaged or anoma-
lously shaped when grown in containers, or pruned in the case
of bare-root transplanted seedlings (Allen et al. 2001). This may
lead to a shallower or unnaturally developed root systemwith vas-
cular problems, less access to soil resources, and ultimately to
lower seedling performance given some degree of water shortage
(Pemán et al. 2006; Tsakaldimi et al. 2009). As the relevance of
different stressors for revegetation gradually changes—for
instance through the commercialization of new seed protectors
that prevent their predation (Lof et al. 2019) and the intensifica-
tion of droughts and disturbances globally (Leverkus
et al. 2021)—the consequences of revegetation method on plant
survival and performance need renewed evaluation.

Empirically evaluating the performance of seeding and plant-
ing represents considerable methodological challenges related
to the risk of bias between the two methods. Seeding and plant-
ing are necessarily accompanied by confounding factors so that,
when designing experiments, researchers must select among an
array of possible trade-offs among different confounders. For
instance, if seedlings and seeds are placed in the field simulta-
neously, thereby homogenizing weather conditions after reveg-
etation between the two treatments, the experiment suffers from
comparing planted seedlings that are 1 or more years older than
those from sown seeds, as well as from the wrong seeding or
planting season if both differ. Contrarily, if seeds are sown
1 year ahead of planting to control for seedling age, the effect
of revegetation method cannot be differentiated from idiosyn-
cratic weather differences between revegetation years. The com-
parison of methods can be further obscured by differences in
cultivation techniques, the year of seed collection, the character-
istics of seeds, and even the identity of the maternal plant (Dey

et al. 2008; Palma & Laurance 2015; Löf et al. 2019). The com-
parability of experimental seeding and planting treatments may
also be modulated by the responses being measured, combined
with the timing of measurement. Demographic statistics of reve-
getated species are among the most common response variables
in revegetation studies (Ceccon et al. 2016), yet these may be
quite susceptible to bias due to the demographic differences
inherent to both methods. This makes responses biased (such
as seedling survival, which is related to seedling age) or not
comparable at all (such as emergence probability, which cannot
be measured on planted seedlings). Broader variables related to
restoration targets, such as habitat quality indicators, could pro-
vide more suitable comparisons between methods (Fraser
et al. 2015). It may be necessary to further define success in terms
of output per unit input, for instance change in native plant cover
obtained per unit money spent (Kimball et al. 2015). Despite the
key importance of such methodological issues, we are not aware
of studies that have assessed the trade-offs between differentways
of addressing confounding factors and the associated risk of bias
in seeding versus planting experiments, nor of reviews aiming to
produce a broader picture of what has been done to date and how
to move this debate forward.

Ways Ahead

To advance this topic, we are currently working on two fronts.

(1) A systematic review. Some reviews have previously addressed
direct seeding (e.g. Ceccon et al. 2016; Grossnickle &
Iveti�c 2017; Löf et al. 2019) and the success of seeding com-
pared to planting (Dey et al. 2008; Palma & Laurance 2015).
However, to our knowledge, none of them has followed a
reproducible, systematic approach, specifically targeted studies
comparing the two revegetation methods. or reviewed the han-
dling of bias in experiments. In Supplement S1 we present the
protocol of our systematic review; its publication aims to
increase the transparency and robustness of the review process
and reduce potential for review bias (Kupferschmidt 2018).
The protocol pre-defines our objectives, search strategy, article
selection criteria, screening methodology, and data extraction
strategy. The review is designed under the methodological
standards set by the Collaboration for Environmental Evidence
and the Cochrane Handbook for Systematic Reviews
(Higgins & Green 2011; Koricheva et al. 2013).

(2) An experiment to compare the performance of planted holm
oak (Quercus ilex) seedlings with seedlings emerged from
sown acorns while simultaneously aiming to test the validity
of different ways of comparing them. The experiment was
set up in 2016–2018 in four localities across Andalusia
(southern Spain), each of which includes six independently
fenced blocks divided in two plots for an irrigation treat-
ment. Each plot has 10 oak seedlings grown from local seed
under each of eight methods (treatments in Table 1). For
each seedling, we have kept track of the mass of the acorn
and the identity of the maternal tree to control for these
potential sources of variability (maternal trees were the
same for acorns collected in 2016 and 2017 when possible).
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We are closely monitoring plant performance and aim to
assess the differences in outcomes of the seeding/planting
dilemma resulting from differences in the way in which
the potential sources of variability are controlled.

The selected combination of treatments in our experiment
allows answering an array of questions to assess the perfor-
mance of plants obtained through seeding and planting. For
example, does planting nursery-grown seedlings produce more
competitive seedlings than seeding acorns of the same maternal
tree and seed size and collection year (treatments a vs. d in
Table 1)? Does this effect vary with increasing drought (differ-
ences in the comparison of treatments a versus d across irriga-
tion treatments and localities)? Moreover, the experiment is
designed to assess the differences in the balance of seeding
vs. planting when different planting techniques are employed,
when seed predation by rodents is controlled for or not, and
when different approaches are employed to control bias. For
instance, does comparing seeding vs. planting produce different
outcomes if seedlings are grown in normal containers (a vs. d)
than if containers allow developing a longer root (a vs. e–f )?
And, how does seeding compare to planting if seedlings are sim-
ilarly aged (treatments a vs. d) vs. if revegetation is conducted
simultaneously yet at the cost of comparing planted seedlings
with younger sown seedlings plus sown acorns coming from a
subsequent cohort of acorns (c vs. d) or from the same cohort
but after 1 year of storage (b vs. d)?

Conclusion

The sensitivity of revegetation efforts to environmental stressors
may greatly depend on the selection of the planting or seeding

method, yet we still lack capacity to understand the results of
experiments in the light of the limitations imposed by unavoid-
able sources of bias. The combined purpose of our proposed
review and ongoing experiment is to produce solid insights into
the drivers of the balance between both revegetation methods as
well as setting guidelines for the future assessment of seeding
vs. planting success. This may ultimately help improve our
capacity to address the colossal goals of the UN Decade on Eco-
system Restoration.
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