
  

 E-ISSN: 2583-5173                 Volume-5, Issue-3, August, 2026 

New Era Agriculture  
Magazine 

 

Re4 

 

 

Introduction: 

 Carrot (Daucus carota L.) is one of the 

most familiar root vegetables in the world, 

commonly recognized by its bright orange 

colour. However, the biological diversity of 

carrot extends far beyond orange roots. Carrot 

germplasm includes orange, purple, black, 

red, yellow and white roots, each 

representing different combinations of 

pigments, phytochemicals and genetic 

backgrounds. This diversity makes carrot an 

important crop not only for vegetable 

production but also for nutritional 

improvement,  functional foods and modern  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

plant breeding. The nutritional characteristics 

of carrot are strongly influenced by genotype. 

Studies have demonstrated variation among 

carrot cultivars in carotenoids, phenolic 

compounds, anthocyanins, vitamins and 

antioxidant capacity. Therefore, the colour of a 

carrot can provide an initial visual indication 

of underlying biochemical diversity, although 

colour alone cannot fully describe its 

nutritional composition. 

A Rainbow Beneath the Soil 

The familiar orange carrot is rich in 

carotenoids,  particularly  α-carotene  and   β- 
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Table 1. Colour diversity and major nutritional characteristics of carrot 

Root colour Major associated compounds Breeding/nutritional significance 

Orange α-carotene, β-carotene and other 

carotenoids 

Important source of provitamin-A 

carotenoids 

Purple/black Anthocyanins, phenolic 

compounds 

Potential source of antioxidant 

phytochemicals and natural colourants 

Red Carotenoids; lycopene in some 

genetic backgrounds 

Provides additional pigment and 

phytochemical diversity 

Yellow Xanthophylls and other 

carotenoids 

Useful source of diverse carotenoid 

profiles 

White Lower coloured-pigment 

concentration; other 

phytochemicals 

Valuable genetic material for studying 

pigment pathways 

Source: Synthesized from Arscott and Tanumihardjo (2010), Nicolle et al. (2004), and Iorizzo 

et al. (2020). 
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carotene. β-carotene is nutritionally important 

because it can be converted by the human 

body into vitamin A. Purple and black carrots, 

in contrast, are characterized by the 

accumulation of anthocyanins, while yellow 

carrots  possess    distinctive  carotenoid 

profiles.  Red    carrots  may  contain  different  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

combinations of carotenoids, including 

lycopene in particular genetic backgrounds. 

White carrots generally contain relatively low 

levels of coloured carotenoids.\Consequently, 

carrot colour represents more than an aesthetic 

trait—it reflects underlying biochemical and 

genetic variation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 leading  to  changes   in  odour  and  

freshness.  

 

 

Colour diversity and major nutritional characteristics of carrot 

 
Figure 1- Colour diversity and major nutritional characteristics of carrot 
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Genetic Diversity: The Raw Material of 

Breeding 

Genetic diversity is the foundation of 

crop improvement. In carrot, variation occurs 

for numerous economically and nutritionally 

important traits, including root colour, shape, 

length, diameter, weight, carotenoid 

concentration, anthocyanin content, 

maturity, flavour, disease response and 

environmental adaptation. The 

domestication history of carrot has involved 

selection for root characteristics and other 

desirable traits. Transcriptome-based research 

comparing cultivated and wild carrots 

identified thousands of single-nucleotide 

polymorphisms and genes showing evidence 

of selection, demonstrating the genetic 

complexity underlying carrot domestication.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For breeders, this diversity provides 

opportunities to combine favourable alleles 

from different genetic backgrounds rather than 

relying solely on existing commercial 

cultivars. 

Orange Carrot: A Natural Source of 

Provitamin A 

Orange carrots owe their characteristic 

colour primarily to the accumulation of 

carotenoids. Among these, β-carotene and α-

carotene are particularly important because 

they possess provitamin-A activity. Historical 

breeding efforts have successfully increased 

provitamin-A carotenoid concentrations in 

carrot. This demonstrates that nutritional 

composition can be treated as a breeding 

objective alongside yield, shape and market 

quality. The availability of the carrot genome 

 
Figure 1. Conceptual framework linking carrot colour and genetic diversity with nutritional 

traits and modern breeding strategies. The figure is an original synthesis based on published 

research 
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has further improved understanding of the 

molecular mechanisms controlling carotenoid 

accumulation. The chromosome-scale carrot 

genome identified gene families associated 

with pigment accumulation and provided an 

important foundation for genomics-assisted 

breeding. 

Purple and Black Carrots: The 

Anthocyanin Treasure 

Purple and black carrots are 

particularly valuable because their colour is 

associated with anthocyanin accumulation. 

Anthocyanins are water-soluble flavonoid 

pigments that contribute to the red, purple and 

blue colours of many plants. Research has 

shown considerable variation among purple 

carrot germplasm for both total anthocyanin 

concentration and pigment composition. 

The relative proportions of acylated and non-

acylated  anthocyanins  can  also  differ among  

 

 

 

 

 

 

 

 

 

 

 

genetic stocks. Such differences are important 

because pigment structure can influence 

stability and potential application as a natural 

food colourant. Importantly, anthocyanin 

pigmentation is genetically complex. 

Molecular studies have identified numerous 

loci and QTLs associated with anthocyanin 

accumulation in carrot. This information can 

assist breeders in developing cultivars with 

predictable pigment characteristics. 

Nutritional Quality Is Controlled by Both 

Genes and Environment 

Carrot nutritional quality is not 

determined by genetics alone. Genotype × 

environment interactions, mineral nutrition, 

maturity and production conditions can 

influence the concentration of bioactive 

compounds. For example, research evaluating 

different carrot cultivars demonstrated that 

both  genetic  background  and  mineral supply  

 

 

 

 

 

 

 

 

 

 

 

Table 2. Major breeding targets for next-generation carrot cultivars 

Target Important traits Potential breeding strategy 

Nutritional 

enhancement 

β-carotene, α-carotene, 

anthocyanins 

Germplasm screening and 

marker-assisted selection 

Root productivity Root weight, diameter, length and 

marketable yield 

Conventional selection and 

genomic selection 

Colour diversity Orange, purple, red, yellow and 

white 

Phenotypic selection and pigment 

profiling 

Functional-food 

potential 

Anthocyanins, carotenoids and 

phenolics 

Biochemical screening 

Climate resilience Heat, drought and disease 

tolerance 

Stress screening + molecular 

breeding 

Consumer 

acceptance 

Flavour, texture, shape and 

uniformity 

Multi-trait selection 
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influenced carotenoids, vitamin C, phenolic 

acids and antioxidant capacity. This indicates 

that nutritional improvement should integrate 

genotype selection with appropriate crop 

management. 

The Genome Is Changing Carrot Breeding 

The publication of a high-quality carrot 

genome assembly marked an important 

milestone in carrot genetics. Genome 

information has provided researchers with 

opportunities to investigate the genetic basis of 

pigmentation, root development, flavour, 

flowering and stress responses. 

Modern carrot improvement can now 

combine conventional breeding with: 

 Molecular markers 

 Quantitative trait locus (QTL) analysis 

 Genome-wide association studies 

 Transcriptomics 

 High-throughput phenotyping 

 Genomic selection 

 

 

 

 

 

 

 

 

 

 

 

 Candidate-gene analysis 

 Genome editing 

These technologies can shorten the 

path from identifying useful genetic variation 

to incorporating it into improved breeding 

populations. Reviews of carrot research 

indicate that genomics and high-throughput 

sequencing are increasingly contributing to 

nutritional studies, resistance breeding and 

cultivar development. 

From Germplasm to Functional Carrot 

The future of carrot breeding is likely 

to involve multi-trait improvement rather 

than selection for yield alone. A successful 

cultivar should ideally combine high 

productivity with nutritional quality, attractive 

appearance, desirable flavour, storage ability 

and adaptation to local environments. For 

example, a breeding programme could aim to 

develop an orange carrot with enhanced 

provitamin-A   carotenoids  while  maintaining  

 

 

 

 

 

 

 

 

 

 

 

Table 3. Conventional versus modern approaches in carrot improvement 

Feature Conventional breeding Modern breeding 

Selection basis Visible phenotype Phenotype + molecular information 

Nutritional traits Laboratory screening High-throughput biochemical and 

genomic screening 

Genetic information Limited Genome-wide information 

QTL identification Difficult and time-consuming Marker-based identification 

Selection efficiency Depends strongly on phenotype Can use markers linked with target 

traits 

Potential for 

precision 

Moderate Higher 

Major advantage Simple and established Efficient exploitation of complex 

genetic variation 
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good root shape and yield. Another 

programme could target purple carrots with 

high concentrations of stable anthocyanins for 

fresh consumption or natural food-colour 

applications. 

Such approaches transform carrot from 

a conventional vegetable into a potential 

functional-food crop. 

Conservation of Carrot Diversity: An 

Essential Investment 

Genetic improvement cannot progress 

without genetic resources. Wild relatives, 

traditional varieties, landraces and older 

cultivars may contain alleles that are absent or 

rare in modern commercial populations. 

Conservation of carrot germplasm therefore 

serves two purposes. First, it protects 

biodiversity for future generations. Second, it 

provides breeders with a reservoir of genetic 

variation for addressing emerging challenges 

such as climate stress, new diseases, 

changing consumer preferences and 

nutritional security. 

The study of carrot domestication has 

already demonstrated the value of comparing 

cultivated and wild genetic resources to 

understand the evolutionary changes that 

shaped the crop. 

What Lies Beyond Orange? 

The future of carrot is not simply about 

producing more roots—it is about producing 

better and more diverse roots. The 

combination of conventional breeding, 

nutritional profiling and molecular genetics 

offers an opportunity to develop cultivars 

tailored for specific nutritional and agricultural 

purposes. 

Imagine carrots bred specifically for: 

 High provitamin A → improved 

nutritional value 

 High anthocyanin → functional-food 

and natural-colour applications 

 High carotenoid diversity → broader 

phytochemical profiles 

 Climate resilience → stable 

production under environmental stress 

 Superior root quality → better 

consumer acceptance and market value 

This approach places nutrition and 

resilience alongside yield as central objectives 

of crop improvement. 

Conclusion 

Carrot is a striking example of how 

genetic diversity can translate into nutritional 

diversity. The familiar orange root represents 

only one part of the crop's biological spectrum. 

Purple, black, red, yellow and white carrots 

contain different combinations of pigments 

and phytochemicals, providing valuable 

resources for both nutrition and breeding. The 

integration of germplasm conservation, 

phenotypic evaluation, biochemical screening, 

genomics and molecular breeding can 

accelerate the development of carrots with 
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improved nutritional value, productivity and 

resilience. The carrot of the future may 

therefore be defined not by a single colour, but 

by a portfolio of traits designed to meet the 

nutritional and agricultural needs of a 

changing world. 

Beyond orange lies an entire spectrum 

of genetic possibilities—and that spectrum 

may hold the key to the next generation of 

nutritionally enhanced carrots. 
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