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Abstract

:

There are two primary forms of plant propagation: sexual and asexual. In nature, propagation of plants most often involves sexual reproduction, and this form is still used in several species. Over the years, horticulturists have developed asexual propagation methods that use vegetative plant parts. Innovation in plant propagation has supported breeding programs and allowed the production of high-quality nursery plants with the same genetic characteristics of the mother plant, and free of diseases or pests. The purpose of this Special Issue, “Innovation in Propagation of Fruit, Vegetable and Ornamental Plants”, was to present state-of-the-art techniques recently developed by researchers worldwide. The Special Issue has brought together some of the latest research results of new techniques in plant propagation in nine original papers, which deal with a wide range of research activities.
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1. Introduction


In horticulture, plant propagation plays an important role as the number of plants can be rapidly multiplied retaining desirable characteristics of the mother plants, as well as reducing the bearing age of the plants. Depending on the species, different techniques can be applied to optimize a nursery production system or even to solve a specific propagation difficulty.



In cultivated almond (Prunus dulcis), non-infectious bud-failure (NBF) is a commercially important age-related disorder that results in the failure of new vegetative buds to grow in the spring. The incidence of NBF increases with clone age, including within individual long-lived trees as well as nursery propagation lineages. Consequently, nursery practices emphasize the establishment of foundation-mother blocks, utilizing propagation-wood selected from proven and well-monitored propagation lineages. Commercial propagation utilizes axillary shoot buds through traditional budding or grafting. Thus, to solve this issue, one possibility is to examine NBF development using basal epicormic buds from individual trees of advanced age as an alternative source of foundation stock.



Blueberry (Vaccinium virgatum) traditionally is propagated by softwood, semi-hardwood and hardwood cuttings or even rhizome cuttings of selected clones [1]. Some challenges in this production are a very low rooting percentage in many genotypes, the amount of time required to propagate and commercialize newly-released cultivars for mass propagation [1,2] and phytosanitary problems. In vitro culture (micropropagation) can overcome the limitations of traditional cuttings, presenting an alternative for faster growth throughout the year (with no seasonal effects) without pathogens.



Seed production in pepper (Capsicum sp.) is achieved by the self-pollination of promising plants to develop true breeding lines. In recent years, there has been an increase in the use of hybrid cultivars because of their higher yields and often unique characteristics. However, seeds from hybrid plants cannot be saved for the next generation since self-progeny would show segregation of desirable traits. Therefore, a clonal propagation protocol could be implemented to enhance profitability of these novel germplasm types [3].



Bacterial wilt is a soil-borne disease of eggplant (Solanum melongena) caused by Ralstonia solanacearum, a highly pathogenic soil-borne bacterium that invades the vascular system of a host plant leading to plant wilting and death. At present, the use of tolerant rootstocks for grafting eggplant varieties is the most effective approach to control bacterial wilt disease [4]. Thus, different grafted combinations of eggplant need to be studied to determine if they affect plant growth and abate the bacterial wilt tolerance of a rootstock upon inoculation with R. solanacearum.



The Dragon Tree or Drago (Dracaena draco) is a subtropical ornamental plant used for its medicinal properties. In view of the drastic reduction in the number of individual varieties and the consequent loss of dragon tree genetic diversity caused by absence of natural regeneration, micropropagation offers many advantages because it potentially can facilitate large-scale production of valuable clones and allow plant reintroduction in its natural ecosystem [5,6,7,8,9]. Unfortunately, most of the published protocols have been poorly described, in particular concerning the difficult stage of acclimatization, so it is necessary to develop an efficient procedure for micropropagation and subsequent acclimatization of this species under in vitro culture conditions.




2. Papers in This Special Issue


The Special Issue “Innovation in Propagation of Fruit, Vegetable and Ornamental Plants” brings together some of the latest research results of new techniques in this field. It presents nine original papers, which deal with a wide range of research activities.



We can divide the Special Issue in three parts, as follows.



2.1. Fruit Crops


The first contribution in this section explored the “Association of Indolebutyric Acid with Azospirillum brasilense in the Rooting of Herbaceous Blueberry Cuttings” by Koyama et al. [10]. The use of plant growth-promoting rhizobacteria (PGPRs) can be a promising biological alternative for increasing the rooting of blueberry (Vaccinium sp.) cuttings [11]. Azospirillum is a genus of PGPRs that inhabits the roots of host plants and provides beneficial effects to the plant under normal growth and/or stress conditions [12]. PGPRs of this genus can increase the fixation of free nitrogen and the production of phytohormones, thus promoting growth in inoculated plants [13].



Studies have shown promising results for association with the PGPR species Azospirillum brasilense, since it promotes root development by increasing the production of hormones, leading to growth and development of plants [14,15,16]. In this context, the objective of this study was to assess the viability of producing blueberry nursery plants from cuttings using different doses of IBA in association with A. brasilense. The authors found that the application of IBA with the A. brasilense rhizobacteria increased the number of roots of ‘Powderblue’ blueberry cuttings, while the treatments with indolebutyric acid (IBA) alone and IBA 1000 mg L−1 + A. brasilense increased the root length of the cuttings. However, treatments with IBA and A. brasilense combined had no impact on the % rooted cuttings and % survival of the cuttings.



The second paper illustrated that “Propagation from Basal Epicormic Meristems Remediates an Aging-Related Disorder in Almond Clones” by Gradziel et al. [17]. The deterioration of clone performance with age has similarly been reported in several crops [18,19,20] due to genetic [20] or epigenetic [21,22] changes resulting in losses in productivity and/or crop value. Non-infectious bud-failure (NBF) is a disorder of almond (Prunus dulcis) characterized by the failure of terminal vegetative buds to push in the spring [23]. Extensive research has failed to find any association of NBF with known pathogens, including viruses and viroids [24,25,26,27,28]. However, the incidence of NBF increases with clone age, including within individual long-lived trees as well as nursery propagation lineages. Thus, the aim of this study was to examine NBF development using basal epicormic buds from individual trees of advanced age as an alternative source of foundation stock, since almond commercial propagation utilizes axillary shoot buds through traditional budding or grafting.



The results of this study showed that the age-related progression of NBF was suppressed in these epicormic meristems, possibly owing to their unique origins and ontogeny. However, the underlying mode of action for suppression remains unknown, and vegetative-progeny testing remains the only effective strategy for identifying suitable commercial propagation clone sources. NBF development in commercial orchards propagated from foundation blocks established from these sources was similarly dramatically suppressed even over the 10- to 20-year expected commercial orchard life. Foundation-stock stability can be further maintained through appropriate management of propagation source trees, which requires accurate knowledge of meristem origin and development.



The third paper concerned the “In Vitro Establishment of ‘Delite’ Rabbiteye Blueberry Microshoots” by Schuchovski and Biasi [29]. Traditionally, blueberry is propagated by softwood, semi-hardwood and hardwood cuttings [1], or even rhizome cuttings of selected clones [30]. Some challenges in this production are a very low rooting percentage in many genotypes, the amount of time required to propagate and commercialize newly-released cultivars for mass propagation [1,2] and phytosanitary problems. In vitro culture (micropropagation) can overcome the limitations of traditional cuttings, presenting an alternative for faster growth [31]. However, one of the first steps to overcome in this process is the establishment of new explants in vitro. Thereby, ‘Delite’ rabbiteye blueberry was cultured in vitro with four cytokinins: zeatin (ZEA), 6-(γ-γ-dimethylallylamino)-purine (2iP), 6-benzylaminopurine (BAP) and kinetin (KIN) at eight concentrations (0, 2.5, 5, 10, 20, 30, 40 and 50 µM) aimed to establish new explants. Additionally, nine combinations of nitrogen salts were tested, using Woody Plant Medium (WPM) and a modified WPM as the basic medium.



Based on the several combinations of cytokinins and nitrogen salts evaluated in this study, the authors recommended, as an efficient strategy for the in vitro establishment of ‘Delite’ rabbiteye blueberry, the lowest ZEA concentration (2.5 µM), which promoted a high survival rate (89.7%) as well as a good response of explants forming new shoots (81.3%). This concentration yielded 1.3 new shoots per explant, a high shoot length (13.8 mm) and 10.0 leaves per shoot. Concerning salt composition, the authors recommend the original WPM. An increase or decrease in the NH4NO3 and Ca(NO3)2 concentration did not promote better growth than the original medium.



The fourth contribution was “Pecan Propagation: Seed Mass as a Reliable Tool for Seed Selection” by Poletto et al. [32]. High-quality seedlings are essential in establishing healthy and productive orchards, and studies on new technologies for pecan (Carya illinoinensis (Wangenh) K. Koch) cultivation in subtropical regions have mostly focused on seedling production [33,34]. However, seed sizing is a single technique suggested as an efficient indicator positively correlated with seed physiological quality and plantlet vigor [35,36]. In this context, this study evaluated the correlation between seed mass, seed emergence and plantlet vigor in the pecan cultivar Importada, towards producing healthy seedlings for orchard establishment under subtropical climatic conditions.



Among the results reported by the authors, a significant positive correlation between seed mass and plantlet height, stem diameter, emergence rate and number of leaves was observed. Thus, the authors suggested that seed mass can be used as a direct method for seed selection towards production of vigorous pecan seedlings. Therefore, controlled studies—taking into consideration the recalcitrant nature of pecan seeds [37] and the influence of genetic stratification of seed parents on these traits—should be carried out. In addition, an increase in seed mass is usually associated with a decrease in the number of seeds that a plant can produce per unit canopy per year [38].




2.2. Vegetable Crops


The first contribution in this section explores the topic “A Susceptible Scion Reduces Rootstock Tolerance to Ralstonia solanacearum in Grafted Eggplant” by Huang et al. [39]. The use of tolerant rootstocks for grafting eggplant (Solanum melongena) varieties is the most effective approach to control bacterial wilt disease, caused by Ralstonia solanacearum, an important disease in this crop. However, although a disease-tolerant rootstock can generally improve the tolerance of a susceptible scion [4], the disease tolerance of grafted plants is generally lower than that of self-rooted plants [40,41], which suggests that a susceptible scion may also influence the tolerance level of the rootstock. Thus, the authors aimed in this study to establish different grafted combinations of eggplant and determine if they affect plant growth and decrease the bacterial wilt tolerance of a rootstock upon inoculation with R. solanacearum.



The authors found that the use of a susceptible scion in scion/rootstock eggplant grafts contributed to a reduction in rootstock tolerance to R. solanacearum. Similar results were previously reported for other plant species, including Capsicum anuum L. and Solanum lycopersicum [42,43], where the use of a susceptible scion on a tolerant rootstock reduced the biological yield of plants to a certain extent when infected with R. solanacearum. This phenomenon was documented for eggplant through this study.



The second paper concerned “Aeroponic Cloning of Capsicum spp.” by Del Valle-Echevarria et al. [3]. Clonally-propagated pepper hybrids would provide an effective way to immortalize favored hybrid genotypes. There are several cloning techniques available, such as in vitro propagation, which presents some disadvantages. In contrast, aeroponic cloning promises to be a great technique that can be used by pepper enthusiasts since it consists of soilless culture that allows for plant growth in a controlled environment, such as a greenhouse or growth chamber that can be readily available [44]. However, peppers have not been evaluated using this technique. Thus, this study evaluated the suitability of an aeroponic cloning protocol by using five Capsicum spp. cultivars as well as one closely related wild species.



Interesting findings were reported in this study: All domestic species were successfully regenerated under aeroponic conditions but not Capsicum eximium, the wild species. In this context, the success of cloning in all five domesticated Capsicum spp. in aeroponic conditions illustrated that it is a viable option for increasing populations of plants with desirable phenotypic traits for both home and boutique growers. Of the species analyzed, Capsicum annuum peppers had the fastest node formation and obtained a larger volume of roots after node formation as compared to C. baccatum, C. frutescens and C. pubescens. This study presented a cost-effective strategy to clonally propagate peppers for personal, industrial and conservation purposes.




2.3. Ornalmental and Medicinal Crops


The first contribution in this section explored “In Vitro Propagation and Acclimatization of Dragon Tree (Dracaena draco)” by Galus et al. [45]. Dracena draco, known as the dragon tree, is a subtropical ornamental species that presents important interest due to its medicinal properties [46], which is prompting innovative approaches for its efficient use in the food industry and in pharmacological applications. In this study, an efficient in vitro procedure was developed for bud induction, rooting of developing shoots and greenhouse acclimatization of young plantlets of dragon tree.



The MS medium [47] was supplemented with different combinations of kinetin (KIN) or 6-benzylaminopurine (BAP) and naphthaleneacetic acid (NAA) or indole-3-butyric acid (IBA). Media were (S1) 1 mg/L KIN and 1 mg/L NAA; (S2) 3 mg/L KIN and 1 mg/L IAA; (S3) 1 mg/L BAP and 2 mg/L IBA; and (S4) 1 mg/L BAP and 1 mg/L NAA [48], and were used to initiate shoot development on dormant buds recovered from mature D. draco trees. Developing shoots were sub-cultured on MS medium containing different concentrations of IBA: (R1) 0 mg/L IBA; (R2) 0.5 mg/L IBA; (R3) 1 mg/L IBA; and (R4) 2 mg/L IBA.



In this study the authors reported that the best shoot induction and rooting media were S1 and S2, and R3 and R4, respectively. Dormant buds from one-year-old D. draco plants submitted to this in vitro procedure allowed successful recovery of up to eight individuals per explant used. In vitro grown plants were successfully acclimated in the greenhouse. The potential of this in vitro procedure for multiplication of this endangered tree is discussed in this report.



The second paper in this section is “Improved Propagation and Growing Techniques for Oleander Nursery Production” by Sabatino et al. [49]. Implementing propagation methods to enhance transplant success, establishment and post-plant maintenance is a major objective for plant nurseries involved in the production of shrubs to be used for gardens and natural landscapes in regions with a Mediterranean climate. In this regard, the production of oleander (Nerium oleander) rooted cuttings with a well-developed root system is fundamental for successful transplanting and establishment in the field [50]. In the first trial, the authors examined rooting of stem cuttings in relation to number of nodes and indole-3-butyric acid (IBA) treatment in five N. oleander clones (clones 1 to 5) grown in Sicily. In a second trial, they tested the effect of different forcing dates and shading on oleander plants for gardens and natural landscapes using just one clone (clone 1).



Interesting results were recorded in both trials: three- and four-node cuttings, ranging in length from 10 to 14 cm, were significantly superior to two-node cuttings (8–10 cm long) in terms of rooting percentage and number of roots per cutting. Concerning IBA application, this treatment improved rooting percentage and root number as compared to an untreated control. However, irrespective of IBA application, rooting percentages ranged from 52% to 94% in clones 4 and 1, respectively. With respect to the shading periods, shaded plants forced in October were significantly higher than those forced in November and in December. Beginning of flowering was delayed in unforced plants. Plants forced in October flowered significantly sooner (first decade of March) than unforced ones (first decade of May) and reached complete flowering almost two months earlier (last week of March). Shading might also save a considerable amount of water during the driest months, especially in Mediterranean areas where water is a scarce resource. Finally, by forcing oleander to flower earlier, growers can supply blooming plants to the market when they would naturally still be vegetative. Overall, this would provide nurseries involved in ornamental plant production with a great marketing tool.



The last contribution examined is “LEDs Combined with CHO Sources and CCC Priming PLB Regeneration of Phalaenopsis” by Mehraj et al. [51]. Regeneration of protocorm-like bodies (PLB) is the best and most efficient technique for orchid micropropagation [52], because it has a rapid proliferation capacity for producing a large number of PLBs within a short period [53]. However, environmental factors such as culture media and light source can affect PLB regeneration and plantlet development. Thus, this study determined the best carbohydrate (CHO) source and LED light combination for successful PLB regeneration of Phalaenopsis “Fmk02010”. In addition, the authors also assessed the impact of chlorocholine chloride (CCC) priming in in vitro PLB propagation of Phalaenopsis. The authors applied 15 LEDs combined with three CHO sources and five CCC concentrations to assess the PLB organogenesis.



Among the results, the authors concluded that sucrose and trehalose can be used as excellent CHO sources in the culture media for PLB regeneration of Phalaenopsis. Red/white LED + sucrose was the best combination to produce the maximum number of PLBs. However, the combination of blue/white LED + trehalose also produced a large number with healthier PLBs; it also had a tendency to produce a greater number of shoots that would need immediate subculture for future preservation. Red/blue/white LED + trehalose generated a satisfactory number of PLBs with a higher fresh weight and did not generate any shoots. An excessive concentration of CCC (10 mgL−1) caused an enormous reduction in the number of PLBs, the percentage of PLB formation and fresh weight; the addition of low concentrations of CCC in the plant culture medium was also unnecessary.





3. Conclusions


The papers of the Special Issue on “Innovation in Propagation of Fruit, Vegetable and Ornamental Plants“ represent innovative research results in this area, with strong applications regarding nursery production and breeding of these species. We hope that this Special Issue will stimulate further research in this area worldwide.
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