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Editorial on the Research Topic
Modulation of Growth and Development of Tree Roots in Forest Ecosystems

More research on the above-ground compartment of plants has been completed compared to the
belowground plant compartment. Much of this disparity is likely ascribable to the methodological
difficulties of studying plant roots, the associated rhizosphere, and related traits (Freschet et al.,
2021a). During the past two decades, a focus on methodological advancements has rendered root
investigations more feasible and more standardized in terms of quantitative approaches (Bao et al.,
2018; Montagnoli et al., 2018; Atkinson et al., 2019; Chiatante et al., 2019; Cabal et al., 2021; Freschet
etal,, 2021b). This has allowed and encouraged a greater number of scientists to examine the hidden
half of plants, thereby helping to reduce this long-standing knowledge discrepancy (Ryan et al,,
2016; Freschet et al., 2021b).

These recent studies covered a wide range of root aspects, spanning from sub-cellular levels
(Jung and McCouch, 2013; Wachsman et al., 2015; Slovak et al., 2016; Chiatante et al., 2021) to
the community and ecosystem scales (Hopkins et al., 2013; Li et al., 2018; Freschet et al., 2021b).
In association with the overall increase of root studies, scientific journals have published several
thematic special issues covering diverse viewpoints, from a fundamental biological approach to
identifying root phenotypes for a better understanding of responses to environmental cues. Finally,
the accumulation of data regarding root system traits led to the establishment and development of
databases representing local to global scales (Kattge et al., 2020; Guerrero-Ramirez et al., 2021;
Iversen et al., 2021; Montagnoli et al., 2021), allowing scientists to perform reviews and meta-
analyses and create new developmental models that enhance our understanding of root complexity
in terms of dynamics, form, and function (Wang et al., 2018, 2019, 2021; Carmona et al., 2021).

The evidence of the effects of global climate change on vegetation in general, and on root systems
in particular, continues to challenge our understanding (Norby and Jackson, 2000; Brunner et al.,
2015; Zhang et al., 2019; Masyagina et al., 2021). Although forests represent an important ecosystem
for reducing the impacts of climate change, climate change itself and the environmental stressors
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exacerbated by it (e.g., fire, drought, wind, and flooding) strongly
affect forests and the services they provide (Wagner et al., 2014;
Locatelli, 2016; Nordstrom et al., 2019). Analyzing the effects
of these factors on the growth and development of single trees,
and their complex organization into forest, is necessary for
understanding and increasing the resilience of this ecosystem.
Responses of forest ecosystem functions to climate change are
strongly linked to changes in compositional and structural
complexity (Ehbrecht et al., 2021). Indeed, a more complex
forest ecosystem may respond differently to new and variable
conditions, enhancing both ecosystem functional stability and
services sustainability (Brockerhoff et al.,, 2017; Messier et al.,
2019). This functional tree network is dependent on below-
ground complexity (i.e., root plasticity and symbiotic relationship
of roots with microbes such as fungi) and its integration with the
above-ground structure (Freschet et al., 2021b). Unfortunately,
despite more work being reported on roots, knowledge of
the below-ground forest remains scarce, requiring an in-depth
understanding of root function, complexity, and relationship
with microbes. Thus, the 12 papers within this Frontiers in
Plant Science Research Topic represent a contribution toward
amplifying the knowledge regarding tree root development at
the single-tree and forest levels. The aim is to reveal the impact
of environmental stressors on root growth and how the sum
of these impacts at the individual tree level may endanger the
performance and resilience of entire forest ecosystems.

Seven manuscripts focus on the relationship between roots
and water, revealing how plants plastically respond to the
changing of water availability through the modulation of
different root traits. In particular, Lihui et al., in regions with
different precipitation regimes and slope aspects, highlighted
how variations in the belowground rooting depth may be a
key functional trait determining plant survival and growth in
drought-prone regions. Similarly, Fujita et al, showed how
potted seedlings subjected to different depths of waterlogging
adapt to hypoxic conditions by changing the depth of their fine
root distribution. Seedlings subjected to different drought and
soil substrate conditions in pots maintained a low cost-benefit
ratio in root system development under drought conditions
by varying the morphological traits of different fine root
branching orders and non-structural carbohydrate content (Ji
et al.). In line with these findings, a forest-scale study with
trees exposed to extreme drought conditions revealed that the
responses of fine roots of different species are not linked to
a sole ecological strategy (Nikolova, Bauerle et al.). Using a
split-pot design to apply spatially heterogeneous soil moisture,
Hart et al. discerned a differential mass or reserve allocation
between above- and belowground organs as well as within the
root system, suggesting that different portions of plant organs
might respond autonomously to local conditions. A shovelomics
approach within afforestation stands of arid lands showed that
root biomass was correlated positively with water availability
and negatively with fertilizer application (Nyam-Osor et al.).
Finally, Withington et al, in a common garden experiment

with different temperate tree species, suggested that annual
absorptive fine-root growth response to extreme precipitation
or drought events can be exacerbated across years through a
“legacy effect.”

The response of roots and their microorganisms to forest
management activities is another important Research Topic.
Koczorski et al. in a short rotation coppice system found
that the main factors controlling fungal communities were
soil properties and the level of fungal community association
with the trees. In a mixed stand, Veseld et al. showed how
management after disturbance (i.e., windstorm) significantly
affected the composition of ectomycorrhiza on a species-
specific basis but did not affect the potential connections of
trees via their ectomycorrhizal symbionts. Nikolova, Geyer,
et al. found that subdominant trees on the edges of strip
cuttings presented a strong increase of root growth relative to
shoot growth that persisted 7-8 years and probably supported
the need to enhance wind firmness through improving root
anchorage. Differences and/or similarities between stems and
roots in response to mechanical constraints were examined
by De Zio et al. They found an antagonistic interaction
of auxin and cytokinin signaling that was highly organ-
dependent and resulted in the production of reaction wood
on the stretched side of stems and on the compressed side
of roots. Finally, using the ingrowth core method, Noguchi
et al. found that fine root growth of understory plants
was increased by Sphagnum moss. This finding is key to
better understanding belowground carbon dynamics, especially
in forests sites where the shallow permafrost layer varies
in thickness.

Together, these 12 studies provide new evidence on how
roots, rhizospheres, and microorganisms are coordinated
with the aboveground tree organs into an integrated whole
organism that responds and adapts to changing environmental
conditions. This research offers important insights into
the ecosystem function of current and future forests. Yet,
however, a main challenge in tree root research is to gain a
complete understanding framework of integrated responses
to the constant change of environmental conditions from
the molecular level upscaled to tissue, single organism, and
forest community scales, the later requiring a comprehension
of biological communication mediated by microorganisms.
This would lead to a more detailed understanding of
carbon dynamics and carbon use efficiency of the entire tree
and forest.

AUTHOR CONTRIBUTIONS

AM conceived and produced the first draft. BR provided

important insights to the first draft. DC, DG, and
TK commented on the final draft. AM and RKD
equally contributed to all revisions leading to the

final manuscript.

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 850163


https://doi.org/10.3389/fpls.2021.684468
https://doi.org/10.3389/fpls.2021.614764
https://doi.org/10.3389/fpls.2021.692715
https://doi.org/10.3389/fpls.2020.01211
https://doi.org/10.3389/fpls.2021.654159
https://doi.org/10.3389/fpls.2021.638828
https://doi.org/10.3389/fpls.2020.623722
https://doi.org/10.3389/fpls.2021.647709
https://doi.org/10.3389/fpls.2021.641232
https://doi.org/10.3389/fpls.2021.703674
https://doi.org/10.3389/fpls.2020.590985
https://doi.org/10.3389/fpls.2021.769710
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles

Montagnoli et al.

Editorial: Modulation of Growth and Development of Tree Roots

REFERENCES

Atkinson, J. A., Pound, M. P., Bennett, M. J., and Wells, D. M. (2019). Uncovering
the hidden half of plants using new advances in root phenotyping. Curr. Opin.
Biotech. 55, 1-8. doi: 10.1016/j.copbio.2018.06.002

Bao, T., Melenka, G. W., Ljubotina, M. K., Carey, J. P,, and Cahill J. F.
Jr. (2018). A new method for the rapid characterization of root growth
and distribution using digital image correlation. New Phytol. 218, 835-846.
doi: 10.1111/nph.15009

Brockerhoff, E. G., Barbaro, L., Castagneyrol, B., Forrester, D. I, Gardiner,
B., Gonzalez-Olabarria, J. R., et al. (2017). Forest biodiversity, ecosystem
functioning and the provision of ecosystem services. Biodivers. Conserv. 26,
3005-3035. doi: 10.1007/s10531-017-1453-2

Brunner, I, Herzog, C., Dawes, M. A., Arend, M., and Sperisen, C. (2015). How tree
roots respond to drought. Front. Plant Sci. 6, 547. doi: 10.3389/fpls.2015.00547

Cabal, C., De Deurwaerder, H. P. T., and Matesanz, S. (2021). Field methods to
study the spatial root density distribution of individual plants. Plant Soil 462,
25-43. doi: 10.1007/s11104-021-04841-z

Carmona, C. P., Bueno, C. G., Toussaint, A., Triger, S., Diaz, S., Moora, M., et al.
(2021). Fine-root traits in the global spectrum of plant form and function.
Nature 597, 683-687. doi: 10.1038/541586-021-03871-y

Chiatante, D., Montagnoli, A., Trupiano, D., Sferra, G., Bryant, J., Rost, T. L., et al.
(2021). Meristematic connectome: a cellular coordinator of plant responses to
environmental signals? Cells 10, 2544. doi: 10.3390/cells10102544

Chiatante, D., Terzaghi, M., Scippa, G. S., and Montagnoli, A. (2019). “Advances
in understanding root development in forest trees,” in Achieving Sustainable
Management of Boreal and Temperate Forests, ed J. A. Stanturf (London:
Burleigh Dodds Science Publishing Limited), 1-33.

Ehbrecht, M., Seidel, D., Annighofer, P., Kreft, H., Kohler, M., Zemp, D. C,, et al.
(2021). Global patterns and climatic controls of forest structural complexity.
Nat. Commun. 12, 519. doi: 10.1038/541467-020-20767-z

Freschet, G. T., Pages, L., Iversen, C. M., Comas, L. H., Rewald, B., Roumet, C., et al.
(2021a). A starting guide to root ecology: strengthening ecological concepts and
standardising root classification, sampling, processing and trait measurements.
New Phytol. 232, 973-1122. doi: 10.1111/nph.17572

Freschet, G. T., Roumet, C., Comas, L. H., Weemstra, M., Bengough, A. G., Rewald,
B., et al. (2021b). Root traits as drivers of plant and ecosystem functioning:
current understanding, pitfalls and future research needs. New Phytol. 232,
1123-1158. doi: 10.1111/nph.17072

Guerrero-Ramirez, N., Mommer, L., Freschet, G. T., Iversen, C. M., McCormack,
M. L, Kattge, J., et al. (2021). Global root traits (GRooT) database. Global Ecol.
Biogeogr. 30, 25-37. doi: 10.1111/geb.13179

Hopkins, F., Gonzalez-Meler, M. A., Flower, C. E., Lynch, D. J., Czimczik, C., Tang,
J., et al. (2013). Ecosystem-level controls on root-rhizosphere respiration. New
Phytol. 199, 339-351. doi: 10.1111/nph.12271

Iversen, C. M., McCormack, M. L., Baer, J. K., Powell, A. S., Chen, W., Collins,
C., et al. (2021). Fine-Root Ecology Database (FRED): A Global Collection of
Root Trait Data with Coincident Site, Vegetation, Edaphic, and Climatic Data,
Version 3. Oak Ridge National Laboratory, U.S. Department of Energy, Oak
Ridge, Tennessee, United States. Available online at: https://roots.ornl.gov/
sites/default/files/2021-01/FRED_3_User_Guidance_Doc_2021.pdf (accessed
February 1, 2021).

Jung, J., and McCouch, S. (2013). Getting to the roots of it: genetic
and hormonal control of root architecture. Front. Plant Sci. 4, 186.
doi: 10.3389/fpls.2013.00186

Kattge, J., Bonisch, G., Diaz, S., Lavorel, S., Prentice, I. C., Leadley, P., et al. (2020).
TRY plant trait database—enhanced coverage and open access. Glob. Change
Biol. 26, 119-188. doi: 10.1111/gcb.14904

Li, F, Hu, H., McCormlack, M. L., Feng, D. F, Liu, X, and Bao,
W. (2018). Community-level economics spectrum of fine-roots driven
by nutrient limitations in subalpine forests. J. Ecol. 107, 1238-1249.
doi: 10.1111/1365-2745.13125

Locatelli, B. (2016). “Ecosystem services and climate change” in Routledge
Handbook of Ecosystem Services, eds M. Potschin, R. Haines-Young, R. Fish,
and R. K. Turner (London; New York, NY: Routledge), 481-490.

Masyagina, V. O., Evgrafova, S. Y., Menyailo, O. V., Mori, S., Koike, T., and
Prokushkin, S. G. (2021). Age-dependent changes in soil respiration and

associated parameters in Siberian permafrost larch stands affected by wildfire.
Forests 12, 107. doi: 10.3390/f12010107

Messier, C., Bauhus, J., Doyon, F., Maure, F., Sousa-Silva, R., Nolet, P., et al. (2019).
The functional complex network approach to foster forest resilience to global
changes. For. Ecosyst. 6, 21. doi: 10.1186/540663-019-0166-2

Montagnoli, A., Terzaghi, M., Chiatante, D., and Dumroese, R. K. (2021).
Characteristics of 32-Year-Old Pinus ponderosa Root Systems in Northern Idaho,
USA. Fort Collins, CO: US Department of Agriculture Forest Service Research
Data Archive.

Montagnoli, A., Terzaghi, M., Giussani, B., Scippa, G. S., and Chiatante, D.
(2018). An integrated method for high-resolution definition of new diameter-
based fine root sub-classes of Fagus sylvatica L. Ann. For. Sci. 75, 76.
doi: 10.1007/513595-018-0758-y

Norby, R., and Jackson, R. (2000). Root dynamics
change: seeking an ecosystem perspective. New Phytol.
doi: 10.1046/j.1469-8137.2000.00676.x

Nordstrom, E.-M., Nieuwenhuis, M., Baskent, E. Z., Biber, P., Black, K,
Borges, J. G., et al. (2019). Forest decision support systems for the analysis
of ecosystem services provisioning at the landscape scale under global
climate and market change scenarios. Eur. J. For. Res. 138, 561-581.
doi: 10.1007/s10342-019-01189-z

Ryan, P. R,, Delhaize, E., Watt, M., and Richardson, A. E. (2016). Plant roots:
understanding structure and function in an ocean of complexity. Ann. Bot. 118,
555-559. doi: 10.1093/a0b/mcw192

Slovak, R., Ogura, T., Satbhai, S. B., Ristova, D., and Busch, W. (2016). Genetic
control of root growth: from genes to networks. Ann. Botany 117, 9-24.
doi: 10.1093/a0b/mcv160

Wachsman, G., Sparks, E. E., and Benfey, P. N. (2015). Genes and networks
regulating root anatomy and architecture. New Phytol. 208, 26-38.
doi: 10.1111/nph.13469

Wagner, S., Nocentini, S., Huth, F., and Hoogstra-Klein, M. (2014). Forest
management approaches for coping with the uncertainty of climate change:
trade-offs in service provisioning and adaptability. Ecol. Soc. 19, 32.
doi: 10.5751/ES-06213-190132

Wang, C., Brunner, I, Zong, S., and Li, M.-H. (2019). The dynamics of living and
dead fine roots of forest biomes across the northern hemisphere. Forests 10, 953.
doi: 10.3390/10110953

Wang, C., Chen, Z., Brunner, I, Zhang, Z., Zhu, X,, Li, J., et al. (2018). Global
patterns of dead fine root stocks in forest ecosystems. J. Biogeogr. 45, 1378-1394.
doi: 10.13332/j.1000-1522.20150437

and  global
147, 3-12.

Wang, R, Yu, G, and He, N. (2021). Root community traits:
scaling-up and incorporating roots into ecosystem  functional
analyses. Front. Plant Sci. 12, 690235. doi: 10.3389/fpls.2021.6
90235

Zhang, X., Xing, Y., Yan, G, Han, S, and Wang, Q. (2019). Effects of
precipitation change on fine root morphology and dynamics at a global
scale: a meta-analysis. Can. J. Soil Sci. 99, 1-11. doi: 10.1139/cjss-2018-
0114

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Montagnoli, Chiatante, Godbold, Koike, Rewald and Dumroese.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Plant Science | www.frontiersin.org

February 2022 | Volume 13 | Article 850163


https://doi.org/10.1016/j.copbio.2018.06.002
https://doi.org/10.1111/nph.15009
https://doi.org/10.1007/s10531-017-1453-2
https://doi.org/10.3389/fpls.2015.00547
https://doi.org/10.1007/s11104-021-04841-z
https://doi.org/10.1038/s41586-021-03871-y
https://doi.org/10.3390/cells10102544
https://doi.org/10.1038/s41467-020-20767-z
https://doi.org/10.1111/nph.17572
https://doi.org/10.1111/nph.17072
https://doi.org/10.1111/geb.13179
https://doi.org/10.1111/nph.12271
https://roots.ornl.gov/sites/default/files/2021-01/FRED_3_User_Guidance_Doc_2021.pdf
https://roots.ornl.gov/sites/default/files/2021-01/FRED_3_User_Guidance_Doc_2021.pdf
https://doi.org/10.3389/fpls.2013.00186
https://doi.org/10.1111/gcb.14904
https://doi.org/10.1111/1365-2745.13125
https://doi.org/10.3390/f12010107
https://doi.org/10.1186/s40663-019-0166-2
https://doi.org/10.1007/s13595-018-0758-y
https://doi.org/10.1046/j.1469-8137.2000.00676.x
https://doi.org/10.1007/s10342-019-01189-z
https://doi.org/10.1093/aob/mcw192
https://doi.org/10.1093/aob/mcv160
https://doi.org/10.1111/nph.13469
https://doi.org/10.5751/ES-06213-190132
https://doi.org/10.3390/f10110953
https://doi.org/10.13332/~j.1000-1522.20150437
https://doi.org/10.3389/fpls.2021.690235
https://doi.org/10.1139/cjss-2018-0114
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/plant-science#articles

	Editorial: Modulation of Growth and Development of Tree Roots in Forest Ecosystems
	Author Contributions
	References


