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Abstract
During the last century, plant breeding of crops and ornamentals has become an important business. Mendel’s principles of inheri-
tance of traits laid the foundation of today’s modern genetics. Although intra- and interspecific cross breeding, chromosome dou-
bling and mutation breeding still form the cornerstone of ornamental plant breeding, the speed of plant breeding has significantly 
increased since Mendel’s time. New genomic tools now offer possibilities for advanced precision breeding and selection towards 
more difficult to assess or quantitative traits. Today’s ornamental plant breeding is a complicated exercise, characterized by new 
and rapidly-changing challenges. Partnerships between industry and research will be essential to implement available technologies 
in minor crops.
Keywords: interspecific hybridization, polyploidization, molecular markers, genomics, CRISPR/Cas, mutation breeding, Ri-tech-
nology.

Resumo
Melhoramento de plantas ornamentais: entrando em uma nova era?

No último século, o melhoramento de plantas de culturas e de ornamentais tornou-se um negócio importante. Os princípios de he-
rança de características de Mendel lançaram as bases da genética moderna de hoje. Embora os cruzamentos intra e interespecífico, 
a duplicação de cromossomos e o cruzamento de mutações ainda constituam a base do melhoramento de plantas ornamentais, a ve-
locidade do melhoramento de plantas aumentou significativamente desde a época de Mendel. Novas ferramentas genômicas agora 
oferecem possibilidades para precisão avançada de melhoramento e seleção para características mais difíceis de serem acessadas 
ou características quantitativas. Atualmente, o melhoramento de plantas ornamentais é um complicado exercício, caracterizado 
por novos e rápidos desafios. Parcerias entre indústria e pesquisa serão essenciais para implementar as tecnologias disponíveis em 
culturas menores.
Palavras-chave: hibridização interespecífica, poliploidização, marcadores moleculares, genômica, CRISPR/Cas, melhoramento 
de mutações, tecnologia Ri.

Introduction

Breeding and selection of many of the currently popular 
ornamental plants in Europe started in the 17th and 18th 
century when plant hunters, botanists or adventurers 
brought new plants from Asia and the Americas. One of the 
first descriptions of an artificial hybrid carnation dates to 
1717 (Leapman, 2001) but most of the first developments 
in ornamentals were based on selection of natural mutations 
or selections from spontaneously generated seedling 
populations. Mendel’s discovery of how traits are passed 
from one generation to the next started a new era of plant 
breeding activities. Plant breeding based on cross-breeding 

and subsequent selection of seedlings combining desired 
characteristics of both parents was also gradually applied to 
ornamentals. Starting in mid-1800s it became an industrial 
activity in private companies, resulting today in the rich 
diversity of ornamental species and cultivars.  

Long et al. (2018) use extrapolations to estimate that as 
many as 85,000 to 99,000 species of ornamental plants now 
exist worldwide. These numbers include the wild relatives 
of cultivated plants. It demonstrates the huge potential of 
natural variations and germplasm as well as the necessity 
to conserve genetic resources of ornamental plants for 
breeding and future development. In recent decades legal 
systems as The Convention on Biological Diversity (CBD), 
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the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES) and the Nagoya 
Protocol were established to govern the conservation and 
sustainable use of plants. These systems will have an 
impact on how genetic resources can be accessed and used 
by breeders. Equitable benefit-sharing will stimulate the 
improvement of conservation of ornamental plants and will 
conserve important genetic variation for future demands 
and challenges. 

In this review paper on ornamental plant breeding, 
we focus briefly on the most commonly used breeding 
methods, namely intra- and interspecific cross breeding, 
chromosome doubling and mutation breeding. We describe 
the possibilities that new developments in genetic and 
molecular tools can offer for ornamental breeders and 
present some challenges that breeders will face in a quickly 
changing world.    

Intra- and interspecific hybridization

Selection of novel phenotypes in progenies from 
controlled intraspecific crosses or even in open pollination 
seedling populations has been, and still is, a successful 
approach in many ornamental crops. The majority of 
ornamental species have high levels of heterozygosity, 
which generates enough variation in F1 populations to 
allow for selection of new valuable cultivars. However, 
in crops with a long breeding history, such as rose or 
chrysanthemum, the gene pool has narrowed due to the 
tendency of commercial breeding to build on recently 
released varieties. The restricted genetic variation in 
crossing parents makes it difficult to achieve truly 
innovative breakthroughs. New crossing combinations 
between different species (interspecific hybridization) in 
ornamental crops is therefore the most appropriate tool 
to increase variation and represents an excellent way to 
introduce new interesting genes into a breeding gene pool 
(Van Huylenbroeck et al., 2020). In many of the most 
popular ornamental crops, interspecific hybridization 
forms the foundation of the present assortment. In rose, 
only about 8 to 15 species contributed to the original 
germplasm of the modern cultivars (Leus et al., 2018). 
Chrysanthemum emerged from natural hybridizations 
between different wild species, leading to a wide-range 
cultigen complex (Spaargaren and van Geest, 2018). 
Completely new characteristics can be expected when 
breeding distant species, including non-domesticated 
species. A good example is lily, where over the last 50 years 
a range of techniques to overcome crossing barriers has 
successfully been used to create a completely new range 
of flower characteristics. This has led to a significant shift 
in the produced assortment (Van Tuyl et al., 2018). Other 
examples are described in Marantaceae (Van Huylenbroeck 
et al, 2018) Asclepias sp. (Lewis et al., 2021), Pavonia 
(Yue and Ruter, 2021), and many other crops. Asexual 
propagation makes it possible to propagate new types 
arising from interspecific hybridization even if they are 
sterile. 

Interspecific hybridizations have drawbacks as well, 
including a lower success rate, higher investment costs and 
require a longer time to commercialization, as backcrosses 
are often required before obtaining the final product. 
Successful interspecific or in extensa intergeneric crossing 
within a specific genus involves a number of hurdles 
(Eeckhaut et al., 2006). First, knowledge of the genetic 
relationship between the different species in the available 
genepool can help to predict the hybrid production rate. 
Existing taxonomic classification of species and taxa 
is useful to a degree, but the gold standard is genomic 
techniques, used either in combination or not with data on 
chromosome numbers and chromosome size. More and 
more studies are highlighting the importance of these data 
as an important indicator to predict crossing efficiency 
in breeding programs as has been shown for example in 
Geranium (Akbarzadeh et al., 2021), Helleborus (Meiners 
and Winkelmann, 2012) or Hydrangea (Granados-Mendoza 
et al. 2013). This does apply to all crosses, however: factors 
such as genetic distance, ploidy level and genome size did 
not hamper interspecific crosses in Sarcococca (Denaeghel 
et al., 2017). Breeding barriers are not limited to genetic 
distance either. In nature spatial distribution of species 
or differences in flowering period form either physical 
or season-dependent barriers which prevent interspecific 
crosses to take place.  In a breeding program, some of these 
issues can be resolved by growing plants under controlled 
environmental conditions or by storing pollen. Other 
prezygotic barriers inhibit pollen germination or growth 
through the style. A number of tools including cut-style 
pollination, intrastylar pollination, use of mentor pollen or 
hormones, and in vitro pollination are available to resolve 
pollen-pistil incongruities. Many of these technologies 
have been applied in lily (Van Tuyl et al, 2018) and in other 
crops, but in genera with small individual flowers, some of 
these techniques are very challenging, and require highly 
skilled personnel. 

Many interspecific crosses show problems after 
fertilization (postzygotic barriers), such as lack of 
endosperm development, embryo abortion, albinisms or 
reduced growth vigor. Embryo rescue, ovary culture or 
ovule culture protocols are proven techniques to address 
these challenges.

 Fertility problems can also occur in the generated F1 
hybrids, limiting further use of these plants in breeding. 
In such cases, chromosome doubling can restore fertility. 
When sexual crossing fails completely, protoplast fusion 
is the last resort, although it has succeeded in only a few 
ornamentals. 

Chromosome doubling

Chromosome doubling or polyploidy still plays an 
important role in breeding of ornamentals. In natural 
populations, spontaneous chromosome doubling is 
frequently observed. Under stressful growing conditions 
such as high altitude or in the Far North, there is a higher 
percentage of plants with altered chromosome numbers. 
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Changes in ploidy levels not only create physiological 
changes that help plants to survive harsh growing 
conditions, they also frequently create morphological 
alterations. Natural polyploids arise from auto-polyploids, 
and in cases of interspecific hybridization, allo-polyploidy 
can occur. Historically, the naturally-occurring plants 
that had the most attractive features (= bigger flowers or 
leaves, darker leaf color, etc.) were selected by breeders 
and collectors who did not know the chromosome number 
of their selection. This explains why many of the current 
popular ornamentals as rose (tetraploid) or chrysanthemum 
(hexaploid) are polyploids. 

In nature, new polyploids arise via the spontaneous 
occurrence of male or female gametes that possess the 
somatic chromosome number (or higher). This process is 
named gametic or meiotic polyploidization. The utilization 
of the so-called unreduced gametes has great potential for 
plant breeding. However, in most plants species unreduced 
gametes are only infrequently produced. In some cases, 
higher production is observed when flowers are formed 
under temperature stress or by treatment with chemicals or 
N2O (Eeckhaut et al.,2018). Especially after interspecific 
hybridization, unreduced gamete production can help 
overcome fertility problems. Furthermore, this technique 
also yields a single-step procedure when breeding for 
triploid progenies. 

The 20th-century discovery of the chromosome 
doubling effect of colchicine opened new horizons for 
ploidy breeding, and mitotic polyploidization became an 
important tool for plant breeders. Today, a number of other 
less toxic chemicals can be used to block mitotic division 
and create polyploids (Dhooghe et al., 2011). Induced 
mitotic polyploidization is a relatively easy and cheap 
way to generate new cultivars with phenotypic changes 
such as larger flowers, increased leaf thickness, increased 
width/length ratio of the leaves, more intense green color 
of the leaves, or more compact growth. This technology is 
therefore interesting to use, even in ornamental species that 
have not yet been intensively bred. 

Mutation breeding/somaclonal variation

Genetic mutations are the primary source of genetic 
variability. In nature, new alleles arise continuously, 
some of which may enable the plant to evolve by coping 
more successfully with new environmental conditions. 
Spontaneously occurring mutations still form an important 
source of new variations, especially for ornamental crops 
without dedicated breeding activities. In many woody 
ornamentals, new introductions originate from mutations 
or bud/branch sports (Van Laere et al., 2018), such as 
variegated leaf forms or dwarf growing cultivars. Mutations 
in a number of popular genera of greenhouse grown plants, 
especially foliage plants, are the main driver to transform a 
wild species into a cultivated ornamental. Some examples 
can be found in genera such as Aglaonema, Marantha, 
Monstera, Ficus, Hedera, and so on. One special group 
of variegations, namely leaves with white or yellow cell 
lineages, are the result of plastid mutations. 

In some ornamentals, i.e. chrysanthemum, orchids, 
carnation, induced mutation (either in vivo or in vitro) 
is used routinely to create new variations. Especially in 
chrysanthemum, this technology is used frequently and 
successfully to quickly generate new color variants. The 
success of induced mutation in ornamentals has two main 
reasons: (1) the main goals are easily-detected esthetic 
characteristics (color, plant habit, variegation patterns); 
and (2) most ornamentals have a high mutation frequency 
because they are heterozygous. Mutations can be stimulated 
using either chemical (i.e. EMS) or physical (X-rays, 
gamma, ion beam) techniques. Efficiency is largely 
dependent on different factors such as genotype, explant 
type, duration of treatment etc. In combination with tissue 
culture, mutants can be generated quickly and with great 
stability. Currently in some Asian countries as Malaysia, 
Japan, South-Korea still extensive research is being done 
to develop mutation technology for creating new varieties 
in ornamentals (Ibrahim et al., 2018). 

In micropropagated plants, variations in plant habit, 
leaf morphology, flower color, flower shape and leaf 
variegation sometimes occur without the use of chemical 
or physical mutagens. These so-called somaclonal variants 
are the results of the genetic and epigenetic diversity that 
occurs during micropropagation. These variations arise 
due to various stress factors such as wounding, exposure 
to sterilizing agents, use of undifferentiated cells and callus 
cultures, high concentrations of plant hormones, presence 
of sugars, long-term culture cycles, light conditions and 
hyperhydricity. The exploitation of in vitro-generated 
somaclonal variation has been used in the routine breeding 
of different commercial crops as reviewed by Krishna et al. 
(2016). In Rhododendron simsii leaf explants increase the 
frequency of flower color bud sporting, which can be used 
to generate a color series (Samyn et al., 2002). 

In some cases, somaclonal variation via cell cultures can 
be exploited for the selection of genotypes that are resistant 
to either biotic or abiotic stresses (salinity resistance, low 
temperature tolerance). Selection towards fungal resistance 
can be obtained by applying fungal toxins or culture filtrates 
as selective agents, as documented in carnation and other 
ornamentals (Thakur et al., 2002).

Undifferentiated cells like protoplasts or calli seem to 
be particularly prone to somaclonal variation. The potential 
of protoplasts as explant type has been demonstrated 
in Dianthus (Shiba and Mii, 2005) and Cyclamen 
(Winkelmann et al., 2008). In addition to morphological 
changes, altered ploidy levels have also been observed. 
Within protoplast regenerants of chrysanthemum, different 
types of somaclonal variation include changes in flower 
number and flower size, a reduction in plant height and 
altered flowering induction time and flower types and 
colors (Eeckhaut et al, 2020). 

Marker assisted breeding and genomics technology
Since Mendel’s great discovery, plant breeders have 

pursued better cultivars and faster breeding, resulting in the 
development of new tools throughout history. Molecular 
markers and application of marker assisted selection (MAS) 
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are part of that toolbox. Molecular markers are the DNA 
sequence that are tightly linked and inherit together with 
the genomic region of interest. These markers can be used 
in breeding to select the individuals containing the genomic 
region of interest with high precision. Simple sequence 
repeat (SSRs) and single nucleotide polymorphisms (SNPs) 
are the most used molecular markers in the present context 
because of their higher frequency and wider distribution 
across plant genomes. Although MAS do not lead directly to 
new cultivars or increased genetic diversity, they do greatly 
increase the efficiency of plant breeding by retaining the 
plants containing the trait of interest. Molecular markers 
have been reported for a wide range of ornamental crops 
and for numerous traits with a focus on qualitative traits, 
oligogenic traits and some quantitative traits with known 
loci. In ornamental crops, MAS has been particularly 
important to increase host disease resistance for bacterial, 
fungal and viral pathogens. Floral traits such as double 
flowers, flower color and flower longevity have also been 
selected using MAS (Smulders et al., 2012). MAS can be 
helpful for complex traits controlled by multiple loci or 
regions such as productivity and flowering time, as well as 
traits that are difficult to assess. MAS is effective in cultivar 
development when using germplasm that shares the same 
genetic resources. Besides conducting progeny selection, 
parental selection is also possible using markers. In crops 
with established marker information, parental selection can 
offer increased efficiency in cultivar development process, 
especially for qualitative traits.  

Despite the advantages of molecular markers, within 
ornamental breeding they are only used routinely for 
cultivar development in economically important crops 
such as rose, carnation, chrysanthemum, petunia, and lily 
(Onozaki et al., 2004; Von Malek et al., 2000; Su et al., 
2019; Tychonievich et al., 2011; Van Tuyl et al., 2018). 
High levels of heterozygosity, different genetic resources 
controlling the traits, involvement of inter- and intra-
specific crosses and genome complexities across the world 
all limit the usefulness of molecular markers across wider 
germplasms in ornamental species. In addition, floral traits 
can be assessed relatively easily using visual phenotypic 
methods and hence do not require molecular markers when 
visual phenotyping is the most effective method. 

The use of molecular markers depends on the 
availability of genetic and genomic resources. Next 
generation sequencing and analysis of big data has 
increased the availability and affordability of reference 
genomes, linkage maps, SSRs and SNPs for non-model 
crops. Reference genomes have helped in the identification 
of genes that control certain traits and the development of 
molecular markers associated with the genes. Availability 
of long-read sequencing and analyses technology have 
made sequencing of polyploid species with larger genome 
sizes easier. A significant number of ornamental crops are 
polyploid. Now, markers and their associated genes can 
be more accurately identified in the specific chromosome 
and deployed in the breeding program. Genome reduction 
techniques like transcriptome sequencing and genotyping 
by sequencing have facilitated identification of genes and 

SNPs and SSRs in multiple ornamental crops like gerbera, 
hydrangea, impatiens, caladium, and others (Bhattarai 
et al., 2020, Wu et al., 2021; Bhattarai et al., 2018; Cao 
et al., 2017). Techniques like genome resequencing help 
to compare genomic regions of the individuals across 
the species and identify the markers applicable in the 
respective germplasm at the global level. These techniques 
can resolve large QTL regions to candidate genes for which 
specific markers can be developed. 

As SNPs become the choice of marker, SNP array 
technologies like the Axiom and Infinium array have 
been developed for horticultural crops to genotype plant 
samples. These techniques are used to genotype large 
number of individuals and identify a large number of SNPs 
to construct high-density genetic or physical maps and to 
develop markers for trait identification. With the increase in 
genome resolution and marker-trait association, arrays with 
a few thousand SNPs are becoming increasingly common in 
agronomic and horticultural crops. These arrays have been 
developed for rose and chrysanthemum (van Geest et al., 
2017; Koning-Boucoiran et al., 2016). If these arrays would 
be developed in other ornamental crops, they could be used 
for gene or QTL identification, quality checks (retaining 
true to type) plants, protecting plant variety, and studying 
population structure in the germplasm. In ornamental crops 
without readily available genomic resources, genome 
reduction techniques can be used by relying on reference 
genomes of the closely related species in the same family 
and with similar ploidy and genome complexity based on 
synteny, especially for identification of a candidate gene or 
genomic region. 

CRISPR genome editing technology

Application of clustered regularly interspaced short 
palindromic repeats (CRISPR) is one of the most rapidly 
emerging gene-editing technologies in crop improvement in 
recent years. It is a low-cost, widely applicable, simple and 
highly efficient technique. CRISPR can precisely modify 
the genome sequence in an organism to achieve the desired 
phenotype. A complex of single guide RNA (sgRNA) 
and Cas9 protein is formed in which sgRNA directs the 
complex to the specific target site adjacent to protospacer-
adjacent motif (PAM) and Cas9 proteins creates a double 
strand cleavage at the targeted site (Jinek et al., 2012). 
Repair of the cleaved site(s) occurs by two methods: Non-
homologous end joining (NHEJ) and homology-directed 
repair (HDR) (Symington and Gautier, 2011). NHEJ, 
which helps to create small insertions or deletions, can 
also be used when inserting donor sequences and could be 
used to stack multiple genes and perform gene functional 
analysis (Lieber, 2010). Mutations created by CRISPR-
Cas in plants have been demonstrated to stably transmit 
changes to subsequent generations following classic 
Mendelian genetics (Feng et al., 2014). Multiple sites in the 
genome can be edited using one nuclease enzyme and site 
specific sgRNAs (Salsman et al., 2016). In contrast, HDR 
can be used to create precise mutations or insert/delete 
desired sequences at the targeted site using homology-
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based sequences. This biotechnological technique makes it 
possible to both create genetic diversity and speed up the 
breeding process using rapid trait modification or transfer 
(Chen et al., 2019). With the possibility of multiplexing, 
CRISPR can insert multiple traits into the target individual. 
If the genome is sequenced and protospacer adjacent motif 
(PAM) sequence is available, CRISPR technology can be 
applied to either mutate the existing gene or deploy the 
gene in the targeted region in the genome. 

In the past, biotechnological tools like mutagenesis 
breeding and genetic transformation have been used in 
ornamental breeding to pursue novel traits like flower 
color or disease resistance (Shibata, 2008; Van de Wiel 
et al. 2017). However, in these cases it was difficult to 
predict flower color prior to mutagenesis, as the treatment 
generates random mutations. CRISPR-Cas9 system, the 
most popular CRISPR-Cas system at present, has been 
successfully used in ornamental plants to engineer flower 
color modifications from purple violet to pale purplish pink 
by targeting specific genes, the flavanone 3′-hydroxylase 
(F3H)A and F3HB coding genes, in Petunia (Yu et al., 
2021). In Japanese morning glory, I. nil, CRISPR-Cas9 
was used to target an anthocyanin biosynthesis enzyme 
encoding gene, dihydroflavonol-4-reductase-B (DFR-B), 
thus generating loss of function mutants that resulted in 
white flowers. Flower longevity is another important trait 
in the floral industry. Delayed petal senescence in I. nil 
has been achieved by knocking out the EPHEMERAL1 
locus (Shibuya et al., 2018). The gene that inhibits the 
deposition of carotenoids in I. nil petals, carotenoid 
cleavage dioxygenase 4 (CCD4), was knocked out using 
CRISPR-Cas9, resulting pale yellow petals in the mutated 
lines instead of white petals (Watanabe et al., 2018). 
CRISPR-Cas9 based gene knock outs have been used in 
multiple crops to develop a male sterile maternal line in 
rice (Zhou et al., 2016). This technique could be used in 
invasive ornamental plants to develop sterile cultivars, thus 
checking their spread in order to protect native flora. Male 
sterility could also be beneficial in flowers on which pollen 
production is not desired by consumers, e.g. in cut gerberas 
(Deng and Bhattarai, 2018). 

CRISPR-Cas plays a significant role in advancing 
precision breeding techniques and has opened plethora 
of avenues for altering and developing plant phenotypes 
or desirable traits. Currently, however, application of 
CRISPR-Cas9 in ornamental plants has been limited to 
a few crops, because genome sequences of ornamental 
species need to be available and functionally annotated 
before this system can be applied. Given the high 
heterozygosity and outcrossing nature of ornamental crops, 
the challenge of implementing the CRISPR-Cas9 system 
in numerous ornamental crops is not trivial. Despite the 
increasing affordability of sequencing, the minor economic 
significance of most ornamental crops hinders development 
of reference genomes for these species. Despite the 
availability of the reference genome, optimization of the 
plant transformation system has been a limiting factor in 
several crops including rose (Fang et al., 2021). The plant 
transformation system protocol must be optimized per 

plant species. This creates a major bottleneck for some 
ornamental crops, as tissue culture and plant transformation 
have never been performed on many of them. Although the 
list is likely to increase rapidly, only a handful of ornamental 
crops like petunia, morning glory, chrysanthemum, orchids 
to name a few have successfully undergone genome editing 
(Zhang et al., 2016; Kishi-Kobashi et al., 2017; Kui et al., 
2017; Watanabe et al., 2017). The optimization of the plant 
transformation system and availability of plant genome 
sequences will drive development and application of 
CRISPR-Cas9 in ornamental crops. 

Ri technology, a valuable tool 
to create compact growth

Genetically modified flowers have been created in 
crops including Dianthus, rose and chrysanthemum. Most 
of the targeted traits were flower color or enhanced vase 
life. However, there are strict regulatory procedures for 
the release of genetically modified plants which differ 
according to country or region.  The significant cost of 
regulatory compliance hampers the potential commercial 
return of GMO plants, leading to a nearly complete lack 
of commercialization of GMO ornamentals. An interesting 
alternative transformation strategy only uses wild type 
strains of Rhizobium rhizogenes. This group of pathogenic 
bacteria carry a root-inducing (Ri) plasmid and thus cause 
the so-called crazy root disease in many dicotyledonous 
plant species. Co-cultivation of the bacteria and plants 
under lab conditions results in natural transformation. 
Regenerated Ri phenotype plants are considered as non 
GMO and can thus be commercialized without regulatory 
constraints. (Desmet et al., 2020a). 

These Ri phenotypes can express morphological 
alterations in leaves, flowers, flowering time and root 
growth, as well as the most interesting trait: growth habit. 
Compact growing phenotypes are frequently observed 
after Ri transformation, which makes this technology an 
interesting alternative approach to obtain more compact 
growing plants. In many ornamental crops, compact 
growth is an important economic factor. In current practice, 
compactness is usually obtained through the application of 
chemical plant growth regulators. This approach is under 
pressure as many toxic chemical products are now being 
banned. Alternative methods include alterations in light 
quantity or quality, temperature differences between night/
day, water gift, and fertilization, but these are less robust 
and are more difficult to manage. Genetically compact 
growing cultivars are clearly preferable. Ri technology 
delivers pre-breeding material which is subsequently used 
in conventional cross breeding programs. Efficient tissue 
culture protocols for transformation and regeneration 
ensure the creation of many Ri lines in a specific genus. 
Successful use of the technology has been demonstrated 
in Kalanchoe blossfeldiana (Christensen et al, 2008), 
among others. In Osteospermum fruticosum the combined 
decrease in internode length and plant height with increased 
branching resulted in very attractive compact and bushy 
plants (Desmet et al., 2021). Although the Ri phenotype 
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was inherited in next generations, a non-Mendelian 
inheritance was observed in Sinningia (Desmet et al., 
2020b). These observations reveal that the Ri phenotype is 
a complex trait influenced by the genetic background of the 
Ri line. For accurate application in breeding programs it is 
essential to get better insights in the exact segregation ratio 
and its accompanying phenotype. In the future, thorough 
genetic identification of lines from unique transformation 
events will facilitate the implementation of this technology 
on a larger scale in combination with conventional and 
molecular plant breeding. 

Sustainable ornamental horticulture:  
the breeder’s challenge

The traditional breeding goal has been to develop 
cultivars with improved esthetic traits such as floral 
attributes (color, shape, perfume, enhanced vase life), leaf 
characteristics, or plant habit. In cut flowers, increased 
productivity (stems per m²) is another important goal. 
Growing environmental awareness is leading to a shift in 
legislation, which in turn will drive growers and breeders 
to pay much more attention to sustainable production. New 
breeding goals include enhanced disease and pest resistance 
and increased tolerance against abiotic stresses. This is a 
big challenge and is expected to become an increasingly 
important breeding target (Winkelmann et al, 2020). 

In Europe, the publication of the European Green 
Deal (document 52019DC0640, COM (2019) 640 final) 
presents a roadmap towards a sustainable economy, 
including concrete targets that affect horticulture directly. 
These include a reduction by 50% of the use and risk of 
pesticides and a reduction by at least 20% of the use of 
fertilizers by 2030. It is clear that these targets will lead 
to further bans on chemical pesticides and plant growth 
regulators. Naturally-occurring disease and pest resistance 
will therefore become an important selection criteria for 
growers to decide which cultivars they will produce in their 
nurseries. Reduced fertilizer application may also have 
an impact in ornamental plant production. Nutrient use 
efficiency has traditionally only been a target in agricultural 
crops but will likely also become an issue in ornamentals.

Climate change requires selection for outdoor plants that 
can withstand a broader range of environmental conditions. 
Cultivars with better drought tolerance, i.e. plants that 
require less water input and can withstand more extreme 
weather conditions, are needed for application in gardens 
and public green. The traditional assortment of garden 
plants in more southern latitudes is now becoming popular 
in more northern areas, thus cultivars with enhanced cold 
tolerance or that can tolerate big temperature shifts in 
spring are desired. In the greenhouse, cold tolerance or 
selection towards chilling tolerant plants will also become 
more important in a context of increasing heating costs and 
stricter laws regarding greenhouse gas emissions. 

Meeting all of these medium-long term targets will be 
a tremendous challenge, one that will require adequate 
selection methods and bio-assays in minor crops, combined 

with molecular genetics and related technologies. This will 
only become possible if industry and research collaborate, 
as most breeding programs are performed by small-scale 
breeding companies that lack the knowledge and financial 
resources to achieve these goals on their own. Appropriate 
IP protection, via plant breeders rights or plant patents, 
should ensure appropriate return on investments.

Conclusions

Ornamental plant breeding has become an important 
industrial activity. The most common methods of creating 
new, more attractive cultivars from wild plant species are 
cross breeding, interspecific hybridization and chromosome 
doubling. Newer breeding tools such as molecular tools 
and the possibilities for targeted mutagenesis offer great 
opportunities for improvements in ornamentals, especially 
for the more difficult selections for non-esthetic traits. Today, 
breeding of ornamental plants has become a complicated 
exercise requiring far more flexibility than the traditional 
medium-long term targets. Using the latest technologies and 
making huge investments are not always the best response 
to today’s dynamic world, where short-term global changes 
require innovative and flexible responses. Indeed, often the 
passionate “traditional” breeders and even amateur plant 
lovers are producing the most innovative outcomes in minor 
crops. This apparent contradiction can only be overcome 
by more intensive collaboration by the different actors in 
industry and research.
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