
 

Agri Magazine 
(International E-Magazine for Agricultural Articles)  

Volume: 03, Issue: 05 (May, 2026) 

Available online at http://www.agrimagazine.in   

  
Agri Magazine, ISSN: 3048-8656 

 

 
 

Agri Magazine ISSN: 3048-8656 Page 142 

Unlocking Potential: Advanced Breeding Strategies for  

Minor Fruit Crops 
*
Deepak S Kore

1
, G S K Swamy

2
, Kulapati Hipparagi

3
, Prabhuling Guranna

4
, 

Shankarappa K S
5
, Abhishek

6 
and Jayashree Uagalt

7
 

1
SRF, ICAR, IIHR-CHES-Chettalli, Kodagu, India 

2
Ex- Dean, COH, Bengaluru, India 

3
Ex- Special Officer, COH, Almel, India 

4
Department of Biotechnology and Crop Improvement, COH, Bagalkot, India 

5
Department of Plant Pathology, COH, Bengaluru, India 

6
Department of Genetics and Plant Breeding 

7
Dept. of Horticulture and Allied Sciences, DSLD CHEFT, Devihosur-Haveri, India 

*
Corresponding Author’s email: deepaksujal.95@gmail.com

  

 

hile the global agricultural landscape has long been dominated by major commodity 

crops like wheat, corn and soybeans, a growing cadre of agronomists, horticulturists 

and plant breeders are turning their attention to lesser-known fruits that hold extraordinary 

potential. These minor or underutilized fruit crops including berries, stone fruits, tropical 

species and indigenous varieties represent not just a diversification opportunity for farmers, 

but a critical frontier in addressing food security, climate adaptation and nutritional diversity 

worldwide. Unlike their mainstream counterparts, minor fruits have received comparatively 

limited investment in breeding programs, leaving significant untapped genetic resources and 

improvement opportunities. This article explores the innovative strategies, challenges and 

future directions of breeding for minor fruit crops, examining how targeted genetic 

improvement can transform these overlooked species into economically viable and 

nutritionally valuable components of global food systems. 

Defining Minor Fruit Crops: Scope and Economic Significance 
Minor fruit crops encompass a diverse array of species that are produced in limited quantities 

globally, often confined to specific regions or cultural markets. These include amaranth, 

chikoos, jujubes, sea buckthorn, dragon fruits, passion fruits, rambutan and custard apples, 

among hundreds of others. According to the FAO and various agricultural research 

organizations, minor fruits occupy approximately 3-5% of global fruit production by volume, 

yet they frequently command premium prices in specialty markets, particularly in developed 

nations where consumer interest in exotic and nutrient-dense foods continues to expand. The 

economic potential extends beyond direct consumption; minor fruit crops serve as sources for 

nutraceuticals, functional foods and pharmaceutical compounds. For instance, sea buckthorn 

fruits contain exceptionally high levels of vitamins A, C and E, while jujubes have been used 

in traditional medicine for centuries with emerging scientific validation. Despite this promise, 

the lack of coordinated breeding efforts means most minor fruits remain genetically 

unimproved compared to wheat or apples, where decades of systematic selection have 

dramatically enhanced yields, disease resistance and consumer appeal. 

Current Challenges in Minor Fruit Breeding 
The breeding of minor fruit crops confronts a unique constellation of obstacles that 

distinguish them from mainstream commodity breeding. First, most minor fruits possess 

limited historical research infrastructure; breeding programs developed for wheat or maize 
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cannot be directly transferred to species with minimal published literature on genetics, 

phenotypic variation, or production protocols. Second, the genetic basis of many minor fruits 

remains poorly characterized. While major crops have had their genomes sequenced and 

annotated, many minor species lack even basic genomic resources. This gap makes it difficult 

to identify desirable alleles, understand linkage relationships, or apply marker-assisted 

selection (MAS) effectively. Third, the long juvenile period of many fruit crops some 

requiring 3-7 years to reach sexual maturity dramatically slows breeding cycles. Unlike 

cereals that can produce multiple generations annually, fruit breeders must wait years for 

phenotypic evaluation, making rapid genetic gain elusive. Fourth, global smallholder farmer 

communities who traditionally cultivate minor fruits often lack access to improved varieties, 

quality seed, or technical support, perpetuating reliance on landraces and local populations 

with limited productivity. Finally, the economic constraints facing minor fruit development 

mean that private seed companies invest minimally in breeding programs, leaving public 

institutions and NGOs to shoulder nearly all R&D responsibility a burden that strains budgets 

across the developing world. 

Genomic and Molecular Approaches: The New Frontier 

Recent advances in genomics, transcriptomics and phenotyping technologies are 

revolutionizing the possibility space for minor fruit breeding. Whole-genome sequencing, 

once prohibitively expensive, has become cost-effective enough to profile diverse accessions 

within minor fruit species, revealing hidden genetic diversity that traditional morphological 

surveys miss. For example, genomic studies of jujubes across Asia have identified unique 

allelic variants associated with sweetness, disease resistance and drought tolerance traits 

directly relevant to adapting these crops to climate-stressed regions. Genome-wide 

association studies (GWAS) enable researchers to pinpoint loci controlling traits of 

agronomic interest, accelerating the transition from random selection to informed breeding. 

Marker-assisted selection (MAS) and genomic selection (GS) reduce the time required to 

develop improved varieties; breeders can identify desirable genotypes at seedling stages, 

months before phenotypic expression would be apparent, effectively shortening breeding 

cycles. Additionally, high-throughput phenotyping platforms involving remote sensing, 

image analysis and automated trait measurements capture detailed data on thousands of plants 

simultaneously, providing the statistical power needed to detect quantitative trait loci (QTL) 

in species with historically smaller breeding populations. These technological convergences 

are democratizing access to sophisticated breeding tools previously accessible only to well-

funded programs focused on major crops. As sequencing costs continue their exponential 

decline, even modest breeding programs in resource-limited institutions can leverage 

genomic data to accelerate minor fruit improvement. 

Conventional and Advanced Breeding Methodologies 
Despite the excitement surrounding genomic tools, conventional breeding methodologies 

remain the backbone of minor fruit crop improvement. Systematic germplasm collection, 

evaluation and preservation form the essential foundation. Many botanical gardens, national 

genebanks and university collections maintain diverse accessions of minor fruits living 

libraries of genetic variation accumulated over millennia. Characterizing this diversity 

through comprehensive phenotypic description, nutritional analysis and disease/pest 

challenge provides the breeding population from which superior parents can be selected. 

Reciprocal crosses, backcrossing programs and polycross designs allow breeders to combine 

desirable traits from multiple parents into single genotypes. For polyploid species common 

among minor fruits, cytogenetic approaches that manipulate chromosome numbers can 

overcome sterility barriers and unlock hybrid vigor. Advanced techniques such as embryo 

rescue, tissue culture and micropropagation accelerate multiplication of elite genotypes and 

enable the establishment of disease-free foundation plants critical for crops like banana and 

citrus where viral pathogens devastate production. Gene editing via CRISPR-Cas9 and 

related technologies represents an emerging frontier, allowing precise modification of traits in 
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varieties with strong cultural significance or market presence. However, regulatory 

frameworks for gene-edited crops remain inconsistent globally, with acceptance varying 

dramatically by region, necessitating careful navigation of policy landscapes. The most 

effective breeding programs for minor fruits will likely employ an integrated approach, 

combining classical selection with genomic acceleration, advanced biotechnologies and 

participatory breeding involving local farming communities whose knowledge and 

preferences shape varietal choice. 

Case Studies: Breeding Success Stories in Minor Fruits 
Illustration of these principles comes from successful breeding programs. Dragon fruit 

(Hylocereus species) breeding in Vietnam and Thailand has generated varieties with extended 

shelf life, enhanced sweetness and improved disease resistance through systematic evaluation 

of local and introduced germplasm. The development of thornless cultivars reduced handling 

injuries, significantly improving marketability. Similarly, research on jujube varieties in 

China has capitalized on genomic tools to pyramid drought tolerance, salt resistance and high 

nutritional content traits increasingly vital as climate change intensifies environmental stress 

in production regions. African researchers have made remarkable progress with indigenous 

fruits like baobab and mango improved cultivars suited to semi-arid conditions, providing 

food security and livelihood diversification to rural communities. Participatory plant breeding 

models, where farmers collaborate directly with researchers in variety testing and selection, 

have proven particularly effective for minor fruits destined for smallholder production 

systems. These approaches ensure that improvements address farmer priorities yield stability, 

pest resistance, local flavor preferences rather than solely maximizing commercial metrics. 

The International Institute of Tropical Agriculture (IITA), the World Vegetable Center and 

numerous national programs have documented substantial yield increases (30-60%) achieved 

through deployment of improved varieties, alongside enhanced nutritional profiles and 

expanded growing seasons, demonstrating that systematic breeding of minor crops generates 

tangible, measurable benefits. 

Sustainability and Climate Adaptation 
In an era of climate change and environmental pressure, breeding for climate-resilient minor 

fruit varieties addresses urgent global needs. Many minor fruits evolved in marginal 

environments rocky terrain, water-limited regions, degraded soils and thus harbor genetic 

adaptation to stress conditions that could be selected, amplified and deployed in conventional 

crops. Sea buckthorn's ability to thrive on sandy, salty, or contaminated soils while stabilizing 

soil and accumulating biomass represents a model for ecosystem restoration alongside food 

production. Breeding for drought tolerance in semi-arid adapted species like jujube or baobab 

can sustain agricultural productivity as water availability declines. Enhanced disease and pest 

resistance developed through selective breeding reduces dependence on agrochemicals, 

lowering input costs and environmental impact particularly important for smallholders unable 

to afford expensive pest management packages. Minor fruits often require minimal external 

inputs compared to major commodities; their cultivation can be integrated into agroforestry, 

intercropping and land restoration initiatives, sequestering carbon while generating income. 

Breeding programs that emphasize these sustainability dimensions selecting for reduced input 

requirements, enhanced nutritional density and environmental resilience align horticultural 

improvement with broader sustainable development objectives and the UN's Sustainable 

Development Goals. The potential for minor fruits to contribute to climate adaptation, 

biodiversity conservation and livelihood resilience makes their genetic improvement not 

merely an agronomic curiosity but a strategic imperative for global food security in the 21st 

century. 

Institutional Frameworks and Collaborative Networks 
Scaling breeding efforts for minor fruits requires strengthened institutional and collaborative 

infrastructure. The Consultative Group on International Agricultural Research (CGIAR) 
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centers, regional research institutes and universities in tropical and subtropical regions 

collectively maintain vast genetic collections and technical expertise. Facilitating knowledge 

exchange through publications, workshop networks and digital platforms accelerates 

dissemination of breeding techniques and germplasm resources across geographic 

boundaries. International agreements governing plant genetic resources, particularly the 

International Treaty on Plant Genetic Resources for Food and Agriculture, establish benefit-

sharing mechanisms ensuring that countries providing valuable germplasm receive equitable 

compensation. Capacity building in genomic tools, breeding methodologies and business 

development within developing institutions is essential for sustainable progress. Public-

private partnerships can align profit incentives of seed companies with development goals; 

commercial partners provide capital and market access, while public institutions ensure 

equitable farmer access and focus on neglected crops. Farmer-led breeding networks, where 

communities maintain seed libraries and collectively evaluate varieties, tap local knowledge 

while generating demand-driven improvements. Investment from development banks, 

philanthropic foundations and governments in breeding infrastructure laboratories, 

germplasm facilities, training centers provides the financial bedrock upon which systematic 

improvement rests. Many nations, particularly in Asia and Africa, have recognized the 

strategic importance of minor fruits and initiated dedicated breeding programs, signaling 

policy momentum toward these previously neglected species. 

Conclusion 
The breeding of minor fruit crops represents a profound opportunity to enhance global food 

security, nutrition and environmental sustainability while generating prosperity for millions 

of smallholder farmers and rural communities. Historically overlooked in favor of commodity 

crops, these species embody vast genetic potential and ecological value waiting to be 

systematically unlocked through modern breeding. Convergent technological breakthroughs 

genomic tools, high-throughput phenotyping, rapid cycle evaluation have democratized 

access to sophisticated breeding approaches, enabling even resource-limited institutions to 

generate meaningful improvements. Successful case studies across dragon fruit, jujube, sea 

buckthorn and African indigenous species demonstrate the tangible benefits of investment in 

variety development. Looking forward, intensified support financial, institutional and 

political for minor fruit breeding will yield compounding returns. Improved varieties reaching 

smallholders will stabilize yields, reduce production risk and enhance economic resilience; 

nutritionally enhanced crops will address micronutrient deficiencies affecting billions 

worldwide; climate-adapted varieties will enable agriculture to persist and thrive amid 

environmental change; and restored agrobiodiversity will sustain ecosystem services upon 

which all agriculture depends. The future of global food systems may well depend not 

primarily on further optimizing a handful of dominant crops, but on systematically improving 

the thousands of nutritious, resilient species that have sustained human communities for 

generations. The technology exists, the need is evident and the time to invest seriously in 

minor fruit breeding is now. 
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