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Abstract

:

The rapid establishment of seedlings in forest regeneration or afforestation sites after planting is a prerequisite for successful reforestation. The relationship between the quality of the seedling material and their growth and survival after outplanting has been recognized for decades. Despite the existence of a substantial amount of information on how to produce high-quality seedlings, there is still a need to develop practices that can be used in nurseries and at planting sites to be able to produce well-growing forest stands in ever-changing environments. This Special Issue of Forests is focused on seedling quality and how it can be manipulated in a nursery as well as how the quality of the seedlings affects their field performance after planting.
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1. Use of High Quality Seedlings Is the Basis for Tree Planting Success


Seedling survival after outplanting is a complex process which can be affected by many nursery and silvicultural practices. The factors contributing to seedling quality have been comprehensively reviewed by Landis et al. [1] and Grossnickle and MacDonald [2]. Seedling quality can be assessed by measuring several morphological, physiological and performance attributes, the latter integrating the morphological and physiological attributes. However, in the end, the limiting factors on the outplanting site determine the most desirable morphological and physiological seedling attributes for improving the chances for increased growth and survival after the outplanting [3]. In this Special Issue, Grossnickle and MacDonald [4] review the historical development of the discipline of seedling quality, as well as where it is today. Because seedling quality consists of several features, such as the genetic source, morphological properties, nutritional status, stress resistance and the vitality of the seedlings, the seedling responses to different nursery practices may be variable in different tree species and under variable growth conditions [1,5]. In this Special Issue, Pinchot et al. [6] and Pinto et al. [7] consider the relationship between the initial size of the seedlings and their growth after outplanting. These studies highlight once more how the responses of the seedlings to different nursery practices are dependent on plant species and stock type.



The quality and germinability of seeds greatly influence the success of producing healthy and well-growing seedlings. Germinability and seedling health can be enhanced through different production methods [8]. In this issue, Kaliniewicz and Tylek [9] found that the quality of pedunculate oak acorns can be improved by different seed treatments prior to germination. They concluded that scarification and the elimination of infected acorns significantly increased the germination capacity of the acorns.




2. New and Existing Challenges along the Seedling Production Chain


Global change and development of technology provide new challenges and opportunities for influencing processes along the seedling production chain. According to the projections made by Intergovernmental Panel on Climate Change [10], the global temperature will increase throughout the century. The world’s forests play a key role as a carbon sink [11], and therefore, their responses to climate change may amplify or dampen atmospheric change at a regional and continental scale. During the last few years, the increased severity and frequency of summer heat waves and associated droughts have raised concerns about how climate change will interfere with forest regeneration processes. These climate extremes are projected to increase in the 21st century in many land areas [10] and they may eventually alter species compositions (as found by Vander Mijnsbrugge et al. [12] in this Special Issue), and even predispose some vulnerable species to disappearance from certain growth habitats (as found by Santos et al. [13] in this Special Issue).



Mining activity has a large impact on the surrounding landscape. It has caused significant forest losses and severe soil degradation worldwide. The post-mine areas are often reclaimed to non-forest land which results in a loss of biodiversity [14]. The reforestation of mined land would help mitigate the increase in atmospheric CO2 concentrations and restore the potential for the land to provide forest ecosystem services and goods [15]. The restoration of forest on reclaimed post-mine land is often dependent on artificial regeneration [16]. Planted seedlings, however, are threatened by a variety of stresses, including low quality of rooting media, pre-existing competing vegetation and herbivory. In this issue, the first-year results from two experiments conducted in the reclaimed Appalachian surface mines are presented. Bell et al. [17] compared the survival and growth of native shortleaf pine to those of non-native loblolly pine (Pinus taeda). Hackworth et al. [18] studied herbivore damage in different tree species and how it could be reduced.



A current question in forest regeneration is how to transfer the gains from tree breeding programmes to forestry. One way to do this is to use vegetative propagation for producing somatic embryo plants. Somatic embryogenesis has been widely developed to mitigate shortages of regeneration material of a high breeding value in different conifer species ([19], and references therein). Fluctuation in the availability of genetically improved seed material of the Norway spruce has increased interest in developing the technology for the production of somatic embryos in Finland also. In this special issue, Tikkinen et al. [20] report that when state-of-the-art embryo storage and in vitro germination protocols were combined, somatic embryo plants can be grown and large-scale field testing can be initiated, although further development is still required to increase the cost-efficiency of the method.



Nursery production has traditionally focused on producing seedlings efficiently and economically. Nowadays, there is a growing interest in reducing the environmental impacts of seedling production. Sphagnum peat moss is widely used as a growth media in forest tree nurseries. However, due to its very long regeneration time, peat is no longer considered to be a renewable resource. Furthermore, peat extraction damages peatland ecosystems and reduces its capacity to act as a carbon sink ([21], and references therein). One way to reduce the C footprint of peat extraction is to develop an alternative growth media for Sphagnum peat moss. In this Special Issue, Dumroese et al. [22] evaluated different modes of biochar delivery to amend and replace Sphagnum peat moss in the production of nursery plants in containers.



In Fennoscandia, tree planting is the preferred method of stand regeneration. Most seedlings are planted manually in the regeneration sites. Economic pressure and labour shortages are pushing forest owners to manage their forests more intensively to increase wood production and profitability. Mechanized tree planting has been developed in Fennoscandia as an alternative to manual planting. It has been shown to be time efficient and to lead to high-quality regeneration when compared to manual planting [23]. However, due to its low cost-efficiency, the proportion of mechanically planted seedlings in Finland and Sweden has been only a few percentages of the total amount of plantings over the last few years [24,25]. In this issue, Ersson et al. [26] discuss the key factors that may affect the future growth of mechanized planting. They conclude that the cooperation between Sweden and Finland’s forest industries and research institutes is an efficient way to enhance the mechanization level of Fennoscandian tree planting.




3. Conclusions


The papers included in this Special Issue cover a broad range of aspects, ranging from cultural practices in nurseries to the field performance of seedlings under challenging environmental conditions. Broader insights into how the existing and new information could be applied to the forest regeneration chain in the future were provided. We hope that the information in this Special Issue will be useful for the progress of science in the field of silviculture.
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