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Abstract

:

As a perennial xerophytic shrub, characterized by plesiomorphic features, the caper (Capparis spinosa L.) is naturally spread throughout the Mediterranean basin and occupies an important ecological role, as well as an economic one, in traditional and specialized systems for commercial production. This species, in spite of its wide diffusion, is currently considered at risk of genetic erosion, mainly due to overgrazing and overharvesting for domestic uses and for trade. This situation is made more serious because of the lack of efficient propagation techniques, determining the caper as a “difficult-to-propagate species”. In this review, we report the main available sexual and vegetative propagation techniques with the aim of assessing whether, and to what extent, this criticality is still true for caper as a horticultural crop. In terms of seed propagation, germination rates have generally been considered quite low or unsatisfactory, and are also affected by hybridization phenomena that are likely to occur among both the wild and cultivated forms. The seeds show a physiological dormancy that can be lowered by adopting hormonal treatments, but in situ germination remains a critical phase. Vegetative propagation appears quite effective, mostly as related to in vitro techniques that allow caper cultivation that is no longer affected by propagation for an economic dissemination of the species in more intensive orchards. The research needs for Caper spinosa L. as a horticultural crop, especially in the field of genetic improvement and breeding, are also underlined.
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1. Introduction


The caper (Capparis spinosa L.) is one of about 250 species of the genus of xerotropical origin belonging to the family Capparaceae, widely distributed from the Mediterranean eastwards to Central and Southeast Asia, Australia and Oceania [1]. This perennial xerophytic shrub, characterized by plesiomorphic features, is naturally spread throughout the Mediterranean basin, composing part of the Mediterranean Maquis together with other species [2,3,4], participating with two subspecies, C. spinosa subsp. spinosa and C. spinosa subsp. rupestris [5]. It is also widely diffused in cultivated form, especially in Southern Europe (Italy, Spain and Greece), in North Africa (Tunisia, Morocco and Egypt) and in the Middle East (Syria and Turkey), in traditional and specialized systems for commercial production of pickled, in salt or vinegar, immature flower buds (the caper of commerce), unripe fruits (caper berries) and tender shoots, or as an ornament. The capers for commerce and the other related products have been used since ancient times [6] for food or as a condiment [7,8], as well as in ethnopharmacology, medicine and cosmetics, due to a number of bioactive compounds with beneficial properties and effects [9,10,11,12,13,14,15]. However, most of the caper products available in the international market rely largely on the wild plants, as cultivation is not able to meet the thriving market demand [6]. In Italy, caper cultivation, based upon local selections or biotypes [16] of C. spinosa L., domesticated in situ from subsp. rupestris [17], is concentrated in the small islands around Sicily (mostly Pantelleria and the Aeolian Islands Salina, Lipari and Filicudi). In these Sicilian areas, the species plays a significant socio-economical role [18,19] and was awarded in 1996 with the designation of UE “Protected Geographical Indication” (PGI) for the caper grown on the island of Pantelleria (Figure 1), and more recently (2020), for that on the Aeolian archipelago, by EU “Protected Designation of Origin” (PDO-IT-20A02570), under the denomination of “Cappero delle Isole Eolie Dop”. On the Aeolian island of Salina (Figure 2), a Slow Food Presidium has been active for many years, with the aim of preserving a heritage of cultural and agronomic knowledge linked to the island’s history and the resilience of its heroic agriculture [20].



Well adapted to harsh environmental conditions [21], due to its xerophytic habit and its deep root system [22,23], its exceptional photosynthetic characteristics, maintained under high irradiance and temperature without damage symptoms [24], and its adaptation to poor soils [25], C. spinosa L., could, therefore, significantly contribute to the development of local, marginal areas [21], especially those of small islands. Additionally, caper may help preserve the equilibrium of fragile arid and semiarid ecosystems [26] by reducing the soil erosion hazard [27], by enhancing landscape sustainability, water conservation [28], rehabilitation of rangelands and desert lands and dune stabilization [29,30] and by preventing fires from spreading [31]. Altogether, these features make this species of potential strategic interest as an adaptive crop in a climate change context [32].



Nevertheless, despite its natural diffusion and cultivation, Capparis spinosa L., as a Wild Harvested Plant (WHP), is currently considered at risk of genetic erosion, mainly due to overgrazing and overharvesting for domestic uses and for trade. In fact, it has been included in the IUCN Red List of Threatened Species [33], even if assessed globally as “Least Concern”, and as an endangered species, among the Neglected and Underutilized plant Species (NUS) [19,34].



One of the major constraints, both in the cultivation and in the conservation of WHP or NUS species in the Mediterranean region, is generally represented by the lack of modern, adequate and efficient propagation techniques [35]. Caper has long been considered as a “difficult-to-propagate species”, mostly because of the poor seed germination rate generally observed [36], together with the heterogenous population obtained from seed [8,29] and the frequent erratic response of rooting [37,38].



The question that will be discussed in the present review is, therefore, whether, and to what extent, this reputation is still true for caper as a horticultural crop. Here, we describe the main available propagation techniques and the main factors influencing the results by reviewing the most relevant literature regarding both sexual and vegetative caper propagation. The underlying hypothesis is that the caper industry is, from an agronomic point of view, still in its infancy and that, therefore, some of the “traditional” propagation systems still widely utilized may be no longer valid for modern and specialized caper cultivation.




2. Seed Propagation


Caper propagation in natural habits is ensured by seed dispersal exerted by several animals attracted by the juicy flesh of caperberries, such as lizards, ants, wasps, birds, rats and rabbits [39,40,41,42] which transport and release the undigested seeds, thus enhancing the permeability of the seed coats, and ultimately increasing the seed germination rate. These plants obtained from seed exhibit a high degree of heterogeneity in morphophysiological traits that are conducive to species adaptation and resilience in wild habitats, and may be of extreme interest for breeding purposes, but decidedly not for the agronomic exigence of homogeneity. Nevertheless, according to Chedraoui [21], seed germination is the method of propagation most utilized for caper plant cultivation, and some authors even report [18] that these seedling plants are considered by the farmers “homogeneous enough for the purposes of quality and quantity requirements of the crop”. As a matter of fact, seed propagation, also favored by the caper seedlings’ short juvenile period and the high number of seeds contained in each fruit (up to 400), is still commonly used in Pantelleria for caper cultivation, although using some farmers’ selected lines [16,38], as well as in many other countries. Furthermore, it should be noted that caper seeds, if well stored (i.e., 4–7 °C and low relative humidity), can maintain their germination potential for about 2 years [43,44] or even more than 3 years [45,46] before gradually decreasing.



The seed propagation techniques used in Pantelleria [38] include elemental operations and are carried out in small seedbeds arranged outdoors, without either any disinfection or pre-germination seed treatment or regular irrigation. A good part of the seed population germinates 25–50 days after sowing; however, it is not uncommon to record germination after one or two years. Seedling transplanting is performed during the following winter.



On the other hand, in Spain (Figure 3), nursery seed propagation includes seed stratification in sand, followed by sowing in raised beds in the second half of April to the beginning of May, using 1.5 or 2 g of pre-germinated seeds per linear meter, corresponding to approximately 250–330 seeds m−1 [37]. Seeds lots are collected in August–September from ripe, opened fruits, when flesh color is dark red and seed color is dark brown. They are then rinsed with water, separated from the flesh, and gently dried in the shade before stratification to soften the seed covering. This is carried out after a fungicide treatment in stratified, opportunely moistened sand layers, each 2–4 cm high. This process takes 25 to 50 days and generally leads to a 30–40% pre-germination rate. The full emergence of the plantlets (45–50 out of the initial 250–330 pre-germinated seeds) occurs 25–30 days after sowing. Simplified direct seeding with 4–5 g seed m−2 is also reported, but with lower results in terms of plantlet emergence, with the best expectations of 30–40 plantlets m−2.



Variable germination rates, considered generally low or unsatisfactory, are reported in the scientific literature [18,36,43,47,48]. Most of the unsuccessful results have been almost unanimously related to morphological and physiological seed characteristics such as the thick, lignified structures of the seed integuments [44] and the mucilage surrounding the seeds, developed in contact with excessive water, which represents an effective barrier against the diffusion of oxygen to the embryo [43]. However, recently it was demonstrated that this barrier can be easily removed through seed leaching for 12 h [49].



Additionally, it must be considered that the poorer germination percentages are reported mainly after direct sowing into the field [26], where disturbing factors, such as predator activity, inter alia, cannot be excluded. Several other factors can also affect the final germination percentage such as seed viability, degree of fruit ripening, fruit position on the plant and fruit weight [50]. Furthermore, the extreme heterogeneity of the results present in the scientific literature so far is an indication of the inherent genetic variability of the utilized seed lots, as affected by seed provenance but also by hybridization phenomena that are likely to occur among both the wild and cultivated forms of C. spinosa L. [5,16,17,51,52,53].



At the same time, an effect on germination exerted by cross-pollination between different ecotypes or accessions of C. spinosa cannot be excluded. However, to the best of our knowledge, no specific data on such an issue are available in the scientific literature and, therefore, it may be of interest to be studied also for breeding purposes. Different techniques can be used to improve the germination performance of woody perennials [54]. These consist of treatments to overcome embryo dormancy and/or physical–mechanical dormancy. The latter is generally removed through the effects on the seed covering by stratification (softening) or scarification (scratching). Embryo dormancy, a physiological status under hormonal control, can be overcome by seed vernalization in outdoor beds during winter or in climatic chambers and/or by the application of various chemicals and plant growth regulators (PGRs) such as gibberellins (GA), cytokinins and other substances. Most of these possible treatments, with variable results, have been tested on C. spinosa L., and have been partly reviewed by Sozzi and co-workers [36]: mechanical scarification, stratification, soaking in hot water (55–85 °C), concentrated H2SO4 or H2O2, or in 0.2% KMnO4, 0.2% KNO3, gibberellin (GA4+7) or gibberellic acid (GA3) aqueous solutions, and by manipulation of the environmental conditions (light/dark, temperature). A significant advantage (100% viable embryos germinated within 3–4 days) was obtained by partially removing the seed coats from non-germinated seeds [44]; thus, the authors underlined the supposed inhibitory role exerted by seed integuments. The combined effect of ultrasonic wave treatments (1700 KHz), applied in the presence of GA3, proved able to increase the germination percentage [55]. In an experiment carried out in vitro, high seed germination percentage was achieved on MS medium deprived of hormones (71%) and on sterile water (64%) after a dormancy-breaking treatment by coat scarification [56]. Cold stratification showed positive effects on germination percentage and rate [22,37].



In a study performed on the effects of soaking period and GA3 addition [57], it was concluded that adding a GA solution to the substrate, after acid scarification, was a simple and effective method to ensure satisfactory caper seed germination, although a possible negative effect of acid scarification on successive seedling growth has been reported, together with negative effects of different levels of salinity on germination [58]. In another experiment, a soaking period of 30 days or longer, with or without the addition of a GA3 solution to the substrate, proved to enhance seed germination speed, duration and percentage (up to 95–99%) [59].



In a study aimed at the evaluation of caper seed germination, under interaction of different concentrated sulfuric acid (CSA) and GA3 concentrations, it was found that CSA for 30 min and 200, 300 or 400 mg L−1 GA3 solutions led to the highest (~60%) germination percentages [29], leading the authors to underline the greater opportunity to combine both scarification and GA3 treatments. Similar results (62% seed germination) were obtained in India using sulfuric acid (40 min), followed by dipping in 400 ppm GA3 for 2 h [60] using C. spinosa seeds harvested in the wild, cold desert of the Ladakh region and in Turkey, with seeds initially immersed in warm water (40 °C) and then treated with H2SO4 for 20 min and 2000 mg L−1 of GA3 for 24 h [61].



In agreement with the above-reported results, acid scarification followed by addition of GA3 solution to the germination substrate and one week chilling was reported as a simple, efficient and cost-effective method for ensuring satisfactory seed germination in an experiment carried out in Kuwait [62], where a significant variation in germination percentage due to germination substrate was also evidenced.



The effects of different growing media and sowing depths on seed germination of caper have been more recently compared on Capparis ovata by Olmez and Olmez [63], who reported the highest germination percentage (51.1%) with peat+perlite+manure (2:1:1) at 1.0 cm sowing depth. Accelerated caper seed (cv. Común) ageing for 24, 48, 72 or 96 h at 45 °C was found to improve germination percentage (>90%) compared to non-aged seeds [64]. In research carried out in Syria on the effects of gamma irradiation on the germination of caper seed cultured in vitro [65], a significant effect of irradiation at the 100 Gy dose on dormancy breaking and germination (50%) of caper seeds was observed. In contrast, unsatisfactory germination results were observed [60] using gamma rays at different doses (10 to 50 KR) along with concentrated H2SO4 treatments for different durations. A synergistic effect of GA3 (250 ppm) and KNO3 (8000 mg L−1 for 24 h), useful to improve seed germination of caper (up to 72%), was observed in an Iranian experiment with seeds placed on filter paper [66]. Satisfactory caper germination percentage and germination rate (up to 75% and 1.35, respectively) were reported in another Iranian experiment, after treatment with sulfuric acid for 15 min, and 2000 ppm GA3, under alternate 20–30 °C temperatures [67]. The use of salicylic acid and GA significantly increased germination and seedling growth in C. spinosa under drought stress [68].



The influence of the genetic factor on germination performance was studied, comparing seeds of C. spinosa L., subsp. rupestris with seeds of the subspecies spinosa, where the seeds of the former subspecies germinated earlier and to a greater extent than those of the latter subspecies [46]. In a parallel experiment, the effectiveness of the germination procedures was conditioned by the time elapsed between harvesting the seeds and their seeding. In fact, seeds’ germination performance decreased with increasing storage period, so that the highest germination percentages (>90%) were obtained within 30 days from seed collection [46].



The exposure of caper seeds to magnetic fields (125–250 millitesla) had a positive effect on seed germination (82%) when combined with the addition of GA to the substrate [69].



Lastly, Foschi and co-workers [70], comparing the germination performance of intact seeds, scrapped seeds, cracked seeds and broken seeds of different provenance, clearly demonstrated that caper seeds do not have a water-impermeable coat sensu stricto. In other words, caper seeds do not present a real physical dormancy but rather showed the presence of a physiological dormancy. In fact, with the use of 500 mg L−1 GA, they obtained that all viable seeds germinated. These observations led the authors (i) to suggest a sort of “push power” of the embryo, evoked by GA, able to reduce seed mechanical resistance to embryo expansion, thus allowing germination, and (ii) to conclude that imbibition of caper seeds is not a determining factor in their germination.




3. Vegetative Propagation


Vegetative propagation (syn.: multiplication, asexual or clonal propagation) is based on the capacity of shoots, leaves and roots, once detached from the mother plant, to regenerate the lacking part of the plant by emitting new roots or adventitious buds, or to join together (grafting) to form a new functional plant identical to the mother plant [71]. Therefore, compared to seed propagation, vegetative propagation of mature, selected plant material offers the main advantages, inter alia, to overcome both seedling juvenility and the undesirable heterogeneity that is found in plantations obtained by seed. Multiplication comprises self-rooting, layering, grafting and budding techniques. Among these, self-rooting is the most utilized for caper, although C. spinosa L. is commonly considered a difficult-to-root woody species, strongly dependent for the achievement of good results on plant material and seasonal and environmental parameters [72].



Different self-rooting techniques have long been tested and applied to C. spinosa and are currently adopted in Spain and in the Aeolian island of Salina. In these areas, despite the erratic response of rooting generally reported [18,37], caper is often propagated by stem cuttings. This is the standard method for ‘Mallorquina’ and ‘Italiana’ in Spain, and ‘Nocella’ and ‘Spinoso’ in Salina [16,26], even if plants obtained by cuttings are reputed by the farmers to be more susceptible to drought, at least in the first years of plantation [16]. Regarding the different types of cuttings, the worst results have been obtained in Spain and in Italy (Figure 4) with semi-hardwood cuttings collected and planted during August and September. Conversely, appreciable results have been obtained with hardwood and softwood cutting utilization. Woody cuttings, 12 to 30 cm long and 1.0 to 2.5 cm in diameter, are taken in autumn at the base of the mother plant, from 1-year-old wood. They are then stored in cold and humid conditions (sand stratification or cold room at 3–4 °C), after a fungicide treatment, until their planting (February) in the nursery section, covered by shading nets, with or without the application of indolebutyric acid (IBA) or naphthaleneacetic acid (NAA). Sometimes, two to three short longitudinal incisions are made at the base of the cuttings, and the use of bottom-heated systems is strongly recommended. Unfavorable results have been obtained with the ‘Del País’ variety, which may be considered recalcitrant. With the use of bottom-heated systems, 95% to 100% rooting for hardwood cuttings of ‘Mallorquina’ has been reported [37]. Softwood cuttings, 6 to 9 cm long, and >3 mm in diameter, are taken in spring (April) and are exclusively rooted in the nursery where the use of bottom-heated systems and intermittent mist propagation techniques are recommended [37].



Variation in the rooting potential of caper cuttings has been generally reported as affected by the type of cutting, cutting harvest time and by the PGR and substrate utilized [73,74]. In Italy, dipping the basal end of the cutting into 1500–3000 mg L−1 IBA solution enhanced rooting, depending on the type of cutting and the season in which cuttings were taken, with rooting percentages under mist propagation or heated bed systems between 55% and 75% with hardwood cuttings taken in March–April, corresponding to the initial bud–break phase [75,76]. On the other hand, herbaceous (softwood) cuttings, taken at the beginning of the vegetative cycle (April), showed more satisfactory results, with 90% rooting success, in the case of spineless caper biotypes rather than with spiny ones [77]. Cutting diameter has been generally reported to be determinant for the result in various studies [16,37,78] and, ordinarily, the best results have been achieved with values at least 5–6 mm or even higher, and not below 3 mm, for hardwood and softwood cutting, respectively. A positive correlation between cutting diameter and rhizogenesis success has been reported for hardwood and semi-hardwood cuttings, as well as a positive effect of sealing the top- and the bottom-end of cuttings with paraffin [46].



Besides depending on the type of cuttings, rhizogenesis results have varied depending on the presence of leaves (leafy or leafless cuttings). Leafy cuttings treated with 6000 and 9000 mg L−1 IBA showed higher rhizogenesis percentages (67%) than leafless ones (61%) [29]. Additionally, in the same research, IBA positively affected root number per cutting more than NAA, but both PGRs did not differ in terms of cuttings’ root length, which was significantly higher than in the controls.



The use of irradiation with low doses of gamma radiation (10 Gy) stimulated (in vitro) rooting of shoots from 75% to 100% [65].



Grafting, as a propagation technique, is the least used method in capers. In Spain, satisfactory results (60% scion take) were obtained using bark grafting in mature plantings. Nurseries generally whip-graft with survival rates of 73% [37]. Both systems are now considered excessively expensive and are, therefore, no longer practiced.




4. In Vitro Propagation


The advancement of scientific knowledge and the development of practical techniques have permitted, in recent decades, the constant progress of in vitro plant biotechnologies, particularly those useful to multiply hard-to-propagate woody species by conventional methods [79]. In vitro growth and development are promoted by PGRs which are responsible for cell division and growth. PGRs (auxin and cytokinin) regulate the development of different plant organs during in vitro growth. The auxins (IAA, IBA, NAA or 2,4-dichlorophenoxyacetic acid (2,4-D)) induce cell elongation and tissue swelling, cell division (callus proliferation) and the formation of adventitious roots; the cytokinins (kinetin, benzylaminopurine (BAP), meta-topolin (mT), 2-isopentenyladenine (2iP) or zeatin (ZEA)) stimulate growth and development. They also improve cellular division and induce the formation of adventitious shoots by decreasing the apical dominance.



Even in the case of C. spinosa L., micropropagation has recently offered an interesting and promising alternative for rapidly obtaining, starting from a single explant, highly uniform, pathogen-free plant material, suitable both for specialized plantings and ex situ conservation (Figure 5).



In vitro C. spinosa L. propagation was reported for the first time in 1984 [80] and soon after, it was followed by other studies which mainly dealt with nodal segments as starting material [56,65,80,81,82,83]. Others have reported successful micropropagation protocols regarding other caper-related diverse species, beyond the scope of the present review, such as, for example, C. decidua (Forsk.) Edgew [84,85], or C. orientalis Duh. and C. leucophylla DC. [86,87].



Limiting our analysis to C. spinosa L., it was evident that in most of these studies the best results, in terms of the induction of axillary growth, were obtained with cytokinins (mainly BAP) and auxins, used either alone or in combination. Due to C. spinosa’s reputation as a hard-to-root species, the in vitro rooting phase is considered critical for caper propagation. High rooting responses (70%) of local caper populations of unreported origin were obtained in 1990 [80] using IAA at 5.25 mg L−1, even though there were marked differences among different tested auxins and concentrations in terms of rooting efficacy. Subsequently, other authors have reported high success rates (80–100%) for the rooting phase. In Lebanon, the rooting percentage of a local ecotype was improved up to 80.5% with IBA at 5 mg L−1 for 10 min [81] and in another experiment on explants from a Lebanese-selected mature shrub, a high rooting response (87–92%) of shoots was obtained after a 4 h pulse treatment with IAA at 100 mg L−1 [88]. In Tunisia, on explants coming from one-year-old mother plants of a local ecotype, the maximum rooting (80%) was obtained with IAA at 1.5 mg L−1 [77]. On plant material proceeding from Sicily, rooting percentages up to 87% with IBA at 100–200 mg L−1 were reported [89]. In Jordan, the best auxin for in vitro rooting (80%) of wild caper plants material was IAA at the level of 5.0 mg L−1 [82]. In Syria, the effect of gamma irradiation on the growth of wild caper explants was studied. A 10 Gy dose of gamma irradiation stimulated in vitro growth of shoots up to 200% [65].



In a study on plant material proceeding from Jordan, maximum root formation percentage (60%) was obtained with 2.0 mg L−1 IAA, but similar successful results with IBA and NAA at various concentrations were also reported [90]. On plant material obtained from a mature plant of a Sicilian selected genotype (code ICAORL2), grown in the collection of the University of Palermo, a high percentage (93.7%) of well-rooted plantlets was achieved with the synthetic phenylurea N,N′-bis-(2,3-methylenedioxyphenyl)urea (2,3-MDPU) (1 µM) [78]. In a study carried out in Saudi Arabia, aimed at exploring in vitro culture protocols for ex situ conservation purposes, using axillary buds of wild C. spinosa L. plants, the highest percentage of rooted shoots (56.7%) was observed on half-strength MS medium without NAA and on full MS with 1.5 mg L−1 NAA [91].



A new technique to regenerate caper plants starting from floral explants (unfertilized ovules) on MS medium, supplemented with 88 mM sucrose and 13 µM BAP, was successfully developed by Carra and co-workers [92]. Multiple shoots were obtained on MS medium supplemented with BAP and IBA. The best rooting results (100% of rooted explants) were obtained when explants were dipped for 10 min in 50 µM IBA solution and successively maintained in PGR-free medium. In another experiment carried out on selected Sicilian genotypes, IBA showed better rooting performances than IAA and NAA at all the tested concentrations (1, 5, 10 µM). The best rooting rate (93.4%) was achieved with IBA at 5 µM [93].



The usefulness of PlantForm bioreactors as an alternative to traditional solid-substrate techniques was tested on plant material obtained from mature plants of three Sicilian selected accessions, named ‘Sal 39′, ‘Sal 37′ and ‘Sal 35′, grown on the Aeolian island of Salina [94]. The results show that the caper shoots from bioreactors demonstrated good adaptability and better growth rates. Furthermore, the relative growth and real proliferation rate of the caper explants were higher when using mT (eight new proliferated shoots after 60 days) than when using BAP as a PGR (five new proliferated shoots after 60 days).



In a successive experiment, carried out on plant material from the three same aforementioned accessions, low rooting efficiency with IBA and no response to rooting with IAA was found at the tested concentrations. The maximum rooting performances were observed for only one of the tested accessions (‘Sal 39′) when explants, proceeding from liquid culture in PlantForm, were supplemented with NAA at 0.75 mg L−1 + IBA at 0.25 mg L−1, indicating the importance of the role exerted by the cultural conditions during the proliferation phase. Additionally, these results confirm that mixtures of root-promoting substances are sometimes more effective than either component alone.



Finally, it must be observed that rooting induction often required high levels of auxins which, on the other hand, may stimulate callus formation [88,93]. In these conditions, the abundant presence of callus delays root formation [90] and is unfavorable for ex vitro transfer. Moreover, high concentrations of auxins could be inhibitory for root growth [94] and may be the cause of somaclonal variation in the production cycle [95].



Altogether these results clearly confirm, as has already been pointed out [85], that for an individual genotype, or even the same local population, the rate of rooting is strongly determined by the type and concentration of auxin, but, considered as a whole, they also seem to indicate that no one protocol, although optimal with a specific accession, may fit all genotypes [94,96].




5. Conclusions


The caper (C. spinosa L.) has long been considered a difficult-to-propagate species. In this review, a comparative analysis carried out on the most significant scientific contributions to the issue of both conventional and innovative propagation has led us to prudently confirm this reputation only in part. In fact, far from being able to consider all the specific problems related to the different propagation technologies to be overcome, it has nevertheless clearly emerged that, given the right conditions and the appropriate protocols applied to specific accessions, more than satisfactory results are possible with most of the conventional and innovative available technologies. Furthermore, it is probable that erratic or unsatisfactory propagation results, variously reported, must be linked to the extreme heterogeneity of the plant materials used, rather than to intrinsic limits of the adopted technologies. In this context of the high variability existing within the taxon, we can still consider C. spinosa L. as a difficult-to-propagate species, sensu lato.



However, from an agronomic point of view, the unreliability and low degree of transferability of propagation research results are strongly indicative that the caper industry, including related nursery systems, is still in its infancy. This is also supported by the evidence of the extreme, unjustified emphasis that has been reserved so far for sexual reproduction, as emerged from the present review. In woody perennial fruit plants, seed propagation is usually reserved only for rootstocks and genetic improvement, whereas vegetative (clonal) propagation is the most frequent and appropriate method for specialized woody crops to assure specific phenotypes of agronomic and commercial interest. Caper, as a crop, has a recent history and can be considered only a semi-domesticated or a pre-domesticated crop, due to the substantial absence of breeding and “crop improvement” within the cultivated accessions, i.e., the absence of real “cultivars”. Even if the caper is the subject of intense trade between producing countries and importing countries (mainly the USA and the UK) it can also be, therefore, included among the “orphan crops”, since it has certainly received, so far, less attention in terms of research, mainly with respect to the selection of well-adapted, valuable and easy-to-propagate candidate cultivars. For the improvement and modernization of the caper culture it is, therefore, essential that research concentrates efforts on genetic improvement programs, starting from the valorization of the vast genetic potential existing within the germplasm, both in nature and under cultivation.



The ideotype should include high productivity of a large number of deep green, rounded, easy-to-pick flower buds; tender shoots needing heavy pruning with rapid regrowth; soft, light green, oval-shaped caper berries with few seeds; short internodes; good resistance to pests and diseases; spineless or with a scarce number of spines; and, ultimately, easy vegetative propagation.



Unfortunately, the drastic decline suffered by the caper industry—which decreased in Spain, for instance, from over 7500 hectares in 1984 to 550 in 2008 and to 483 hectares in 2018—suggests an equally drastic drop in interest in research investments for caper in the near future. On the other hand, imports from North Africa, and other countries where labor is cheaper, but where caper is mainly harvested in the wild, will most likely increase the risk of genetic erosion to unsustainable levels. To try to counter this trend, the improvement of current conventional and innovative propagation techniques can play an essential role both in the conservation of genetic resources and in varietal crop cross-breeding. At the same time, decisive is the inversion of the tendency to cultivation abandonment, potentially driven by a renewed agronomic research interest.



However, on the basis of the state of the art discussed in the present review, it is conclusively possible to assert that the caper, as a crop, must no longer be reputed as a difficult-to-propagate crop sensu stricto, given the most modern and appropriate technologies available and, above all, once a range of proven reliable cultivars are made available.
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Figure 1. Traditional caper orchard on the island of Pantelleria, where sloped lands in ancient times were managed in order to obtain comfortable terraces. 
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Figure 2. Intensive caper orchard on the island of Salina. 
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Figure 3. Experiments in seed propagation carried out in Spain at CITA by using seed of capers from Ballobar (Aragon, Spain). 
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Figure 4. Vegetative propagation by rooting during experiments at the University of Palermo, Italy. 
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Figure 5. In vitro propagation carried out at the University of Palermo. Experiments on proliferation (a) and on the initial phase of ex vitro acclimatization (b). 
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