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ide hybridization, the crossing of plants belonging to different species or genera, is a 

powerful tool in plant breeding for transferring desirable genes such as resistance to 

biotic and abiotic stresses, quality traits and cytoplasmic male sterility from wild relatives 

into cultivated species. Despite its immense potential, wide crosses are frequently hindered 

by pre-fertilization and post-fertilization barriers that reduce crossability and lead to hybrid 

inviability, weakness or sterility. Over the decades, breeders have developed several 

techniques including embryo rescue, in vitro fertilization, mentor pollen technique, bridge 

crosses, use of growth hormones, somatic hybridization and chromosome doubling to 

overcome these barriers. Wide hybridization also forms the foundation of pre-breeding 

programmes, which aim to transfer useful variability from unadapted or wild germplasm into 

breeder-friendly genetic backgrounds before it is used in mainstream cultivar development. 

This review discusses the importance, barriers, techniques for overcoming barriers, utilisation 

and the pivotal role of wide hybridization in pre-breeding, along with the authors' perspective 

on future directions in this field. 
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Introduction 
The genetic base of most cultivated crops has narrowed considerably due to intensive 

selection, domestication and the repeated use of a limited number of elite parents in breeding 

programmes. This genetic erosion has made modern cultivars increasingly vulnerable to new 

races of pathogens, insect biotypes and changing climatic conditions. Wild relatives and 

related species, in contrast, harbour a rich reservoir of genetic variability that has evolved 

under natural selection pressures over millions of years, including genes for disease and pest 

resistance, tolerance to drought, salinity and extreme temperatures, and traits governing 

quality and yield stability. 

 Wide hybridization refers to crosses made between species within the same genus 

(interspecific hybridization) or between different genera (intergeneric hybridization) that 

would not normally interbreed under natural conditions. It is distinguished from hybridization 

within a species by the greater genetic divergence between the parents, which is both its 

strength, since it allows access to novel variability, and its challenge, since divergence brings 

incompatibility barriers. Classical examples include Triticale (wheat × rye), the transfer of 

leaf rust resistance from Aegilops species into wheat, and the introgression of bacterial blight 

resistance from Oryza rufipogon into cultivated rice. This review synthesises current 

knowledge on the importance, barriers and techniques of wide hybridization and examines its 

central role in pre-breeding for crop improvement. 
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Importance of Wide Hybridization 
 Broadening the genetic base: Wide crosses introduce novel alleles absent in the cultivated 

gene pool, counteracting genetic vulnerability caused by narrow breeding. 

 Transfer of resistance genes: Many genes for resistance to rusts, blasts, wilts, viruses and 

insect pests have been successfully transferred from wild species, for example, resistance 

to grassy stunt virus from Oryza nivara into rice. 

 Development of new cytoplasms: Wide crosses have provided novel sources of 

Cytoplasmic male sterility used in hybrid seed production, such as in pearl millet and 

sunflower. 

 Creation of new crop species: Wide hybridization followed by chromosome doubling has 

produced entirely new crops such as Triticale and Raphanobrassica. 

 Improvement of quality and stress tolerance: Traits such as oil quality in Brassica, fibre 

quality in cotton and salinity tolerance in tomato have been enhanced through 

interspecific introgression. 

 Cytogenetic and evolutionary studies: Wide hybrids assist in understanding genome 

relationships, chromosome pairing behaviour and the evolutionary origin of polyploid 

crop species. 

Barriers to Wide Hybridization 
Barriers restricting successful wide hybridization are broadly classified into pre-fertilization 

and post-fertilization barriers. 

(a) Pre-fertilization barriers 

 Ecological or geographical isolation: Differences in habitat or geographic distribution 

prevent natural contact between potential parents. 

 Temporal isolation: Differences in flowering time or season restrict pollen availability at 

the time of stigma receptivity. 

 Mechanical or structural barriers: Differences in floral morphology prevent effective 

pollen transfer between species. 

 Pollen-pistil incompatibility: Failure of pollen germination on a foreign stigma, or 

inhibition of pollen tube growth within the style, due to physiological or biochemical 

incompatibility. 

 Pollen tube growth rate: Slow-growing alien pollen tubes may fail to reach the ovule 

before the flower senesces. 

(b) Post-fertilization barriers 

 Embryo abortion: Abnormal development or collapse of the hybrid embryo due to 

endosperm failure, a phenomenon common in many interspecific crosses. 

 Endosperm breakdown: Disharmony in the ratio of maternal to paternal genomes in the 

endosperm (violation of the 2:1 ratio) leads to poor nourishment of the embryo. 

 Hybrid inviability: The hybrid seedling is weak or fails to survive to maturity because of 

genomic incompatibility. 

 Hybrid sterility: Surviving hybrids fail to produce viable gametes due to poor 

chromosome pairing (lack of homology) between parental genomes at meiosis. 

 Hybrid breakdown: F1 hybrids appear normal, but the F2 or later generations show 

reduced vigour and fertility due to the breakdown of favourable gene combinations. 

Techniques for Overcoming Barriers 
 Alteration of ploidy level: Doubling the chromosome number of one or both parents using 

colchicine before crossing can improve chromosome pairing and crossability. 

 Use of bridge species: A third species that is cross-compatible with both parents is used 

as an intermediate 'genetic bridge' to enable indirect gene transfer, as used in transferring 

genes among Nicotiana species. 

 Reciprocal crosses: Using each parent alternately as male and female can sometimes 

overcome unilateral incompatibility. Application of growth hormones: Auxins, 



Keerthivarman and Sarulatha (2026) Agri Articles, 06(04): 30-33 (JULY-AUG, 2026)     

Agri Articles ISSN: 2582-9882 Page 32 

gibberellins and cytokinins applied to the pollinated pistil or developing ovary help 

sustain pollen tube growth and prevent premature embryo or fruit abortion. 

 Mentor pollen technique: Irradiated or otherwise inactivated compatible pollen is mixed 

with the incompatible alien pollen to stimulate pollen tube growth and fertilization. 

 In vitro pollination and fertilization: Pollination performed directly on excised ovules or 

ovaries in culture medium bypasses stigmatic and stylar incompatibility barriers. 

 Embryo, ovule and ovary rescue: Immature hybrid embryos that would otherwise abort 

are excised and cultured on nutrient media to rescue viable hybrid plants; this is one of 

the most widely used techniques in wide hybridization. 

 Somatic hybridization: Protoplast fusion between somatic cells of sexually incompatible 

species, followed by regeneration, circumvents both pre- and post-fertilization barriers 

entirely. 

 Grafting technique: Grafting the style of the female parent onto a compatible stock, or 

stub pollination, can facilitate pollen tube growth in otherwise incompatible 

combinations. 

 Use of chemical and physical treatments: Treatments such as heat, cold or chemical 

mutagens applied to the stigma can modify pistil physiology to permit fertilization. 

 Chromosome doubling of the hybrid: Colchicine treatment of sterile F1 hybrids restores 

fertility by producing amphidiploids with paired homologous chromosomes, as classically 

demonstrated in Raphanobrassica. 

 Utilisation of Wide Hybridization 

 Development of disease- and pest-resistant cultivars, for example, leaf and stem rust 

resistance in wheat from Aegilops and Secale species. 

 Production of hybrid crops with novel cytoplasmic male sterility systems for commercial 

hybrid seed production. Synthesis of new allopolyploid crop species such as Triticale, 

Triticum durum-based synthetic hexaploid wheat, and Raphanobrassica. 

 Introgression of abiotic stress tolerance, including drought and salinity tolerance genes 

from wild rice and wild tomato species into cultivated types. 

 Improvement of quality traits, such as fibre strength in cotton from Gossypium species 

and oil quality in oilseed Brassica. Generation of monosomic and alien addition or 

substitution lines used for gene mapping and chromosome engineering. 

 Role of Wide Hybridization in Pre-Breeding 

Pre-breeding, also known as germplasm enhancement, is the set of activities that identify 

useful traits and genes from unadapted or wild germplasm and transfer them into an 

intermediate, breeder-friendly genetic background before use in mainstream cultivar 

development. Wide hybridization is the principal tool that makes pre-breeding possible, since 

most useful variability for biotic and abiotic stress resistance resides in wild and weedy 

relatives that are otherwise incompatible with elite cultivars. 

 Trait discovery: Screening of wild germplasm collections to identify accessions carrying 

genes of interest for use as donor parents. 

 Wide crossing: Hybridization of the wild donor with an adapted or elite recipient line to 

initiate gene transfer. 

 Backcrossing and selection: Repeated backcrossing of the hybrid to the elite recurrent 

parent, combined with selection, to recover the recurrent parent genome while retaining 

the target gene, reducing linkage drag. 

 Development of intermediate populations: Creation of introgression lines, chromosome 

segment substitution lines and pre-bred lines that are agronomically usable and readily 

deployed by plant breeders. 

 Bridging the gap between gene banks and breeding programmes: Pre-breeding converts 

otherwise unusable exotic variability preserved in gene banks into a form directly 

accessible to applied breeding, thereby safeguarding long-term genetic gain. 
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Authors' Perspective 
In the authors' view, wide hybridization remains one of the most valuable yet underutilised 

tools available to plant breeders, particularly in the context of climate change, where wild 

relatives represent a largely untapped source of resilience genes. While embryo rescue and 

marker-assisted backcrossing have considerably improved the efficiency of alien gene 

transfer, the process is still time-consuming and requires close integration of cytogenetics, 

tissue culture and molecular biology. The authors believe that combining wide hybridization 

with genomic selection, high-throughput phenotyping and gene-editing-assisted introgression 

could substantially shorten the pre-breeding pipeline. There is also a need for stronger 

institutional linkages between gene banks, cytogenetics laboratories and applied breeding 

programmes so that pre-bred materials move more efficiently from wild germplasm to 

farmer-usable varieties. Greater investment in systematic pre-breeding, rather than reliance 

on chance introgressions, is essential to secure future food security. 

Conclusion 
Wide hybridization continues to be an indispensable strategy for broadening the genetic base 

of crop plants and introgressing valuable genes from wild and related species that are 

otherwise inaccessible through conventional breeding. Although pre- and post-fertilization 

barriers substantially limit the success of such crosses, techniques including embryo rescue, 

in vitro fertilization, mentor pollen application, bridge crosses, hormone treatment and 

somatic hybridization have enabled breeders to overcome these constraints and realise 

successful hybrids. When integrated within a structured pre-breeding framework, wide 

hybridization serves as the crucial link between the vast untapped variability conserved in 

gene banks and the elite, high-yielding cultivars grown by farmers. Continued refinement of 

these techniques, coupled with modern genomic tools, will further enhance the efficiency, 

precision and speed of alien gene introgression in future crop improvement programmes. 
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