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ABSTRACT 

Jatropha curcas, a promising biodiesel feedstock native to the American 

tropics, exhibits a facultative cross-pollination breeding system with adaptive 

mechanisms like geitonogamy. This paper explores the breeding methods and 

genetic improvement strategies for enhancing traits like seed yield and oil 

content. It emphasizes the importance of germplasm collection and 

systematic provenance trials to assess genetic variability. Core genetic 

improvement activities discussed include mass selection, recurrent selection, 

mutation breeding, heterosis breeding, and interspecific hybridization. 
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INTRODUCTION  

Jatropha curcas, a member of the Euphorbiaceae family, is a notable species of flowering plant 

native to the American tropics, with its origins likely traced to Mexico and Central America. Historically, 

it thrived in the tropical regions spanning from Mexico down to Argentina. Over time, Jatropha curcas 

has spread globally, establishing itself in tropical and subtropical regions worldwide, where it has become 

naturalized and, in some cases, invasive. 

The specific epithet "curcas" was bestowed upon this plant over 400 years ago by Portuguese 

physician Garcia de Orta. Known by various names in English—including physic nut, Barbados nut, 

poison nut, bubble bush, and purging nut—Jatropha curcas also goes by different names in Africa and 

parts of Asia, such as "castor oil plant" or "hedge castor oil plant." Despite these names, it's important to 

note that Jatropha curcas is distinct from the traditional castor oil plant (Ricinus communis), despite their 

similar associations with oil production. 

NATURE OF POLLINATION  

 The breeding system plays a critical role in determining the path of plant evolution and breeding. 

There are three main mechanisms in plant breeding systems: Geitonogamy, Xenogamy, and 

Apomixis. 
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 Despite the common occurrence of geitonogamy, the promotion of xenogamy remains a universally 

significant way of evolution in angiosperms. 

 Plants employ various adaptive strategies to ensure xenogamy, such as dioecism (separation between 

male and female plants), dichogamy (timing separation of male and female sexual functions), 

differences in floral structures (such as styles of different lengths), and self-incompatibility. 

 Breeding system studies indicated a 32.9% fruit setting rate under selfing and 89.7% under natural 

pollination in Jatropha. 

 This breeding system represents facultative cross-pollination. However, the fruit sets from artificial 

self-pollination, artificial cross-pollination, and natural cross-pollination were 87.93%, 86.66%, and 

76.42%, respectively, indicating that Jatropha curcas is self-compatible and tends to cross-pollinate. 

 The ability to self-pollinate through geitonogamy is considered adaptive for J. curcas colonization. 

Fifty percent of female flowers set fruit with a 53% fecundity rate, 32% apomixis rate, and a 2:3 seed-

ovule ratio, suggesting that fruit production can be enhanced by manipulating biological processes of 

pollination and growth. 

GERMPLASM COLLECTION 

 Characterization and availability are key factors for the success of any genetic improvement program, 

relying on the accessibility of genetic variability for desired traits. Genetic resources obtained through 

global exploration, introduction, characterization, and evaluation will form a strong foundation for 

developing elite varieties using various improvement methods. 

 Comprehensive efforts in the collection, characterization, and evaluation of germplasm for growth, 

morphology, seed characteristics, and yield traits are still in their early stages. The fact that Jatropha 

has adapted to a wide range of edaphic and ecological conditions suggests that a considerable amount 

of genetic variability exists, waiting to be exploited for potential realization. 

 Species and provenance trials provide fundamental information for further breeding and genetic 

improvement. Systematic provenance trials for physic nut have not been conducted to the necessary 

extent, and material from the center of origin has not been sufficiently screened. 

 The genetic background of physic nut grown in Africa and Asia remains unclear. Certain provenances 

may relatively differ from others when cultivated at different sites, due to genotype-environment 

(GxE) interactions. Priority should be given to assess intra- and inter-accessional variability in the 

available germplasm, select pure lines, and then multiply them. 
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 The existence of natural hybrid complexes is reported in the genus Jatropha, such as the J. curcas-

canascens complex in Mexico, J. integerrima–hastata complex in Cuba and the West Indian islands, 

and J. curcas–gossypifolia (J. tanjorensis) in India. 

SELECTION AND GENETIC IMPROVEMENT  

The core activities of genetic improvement programs are selection and breeding. J. curcas is an 

often cross-pollinated crop and hence following genetic improvement methods can be applied to exploit 

genetic variation in jatropha: (i) mass selection; (ii) recurrent selection; (iii) mutation breeding; (iv) 

heterosis breeding and (v) inter-specific hybridization. 

I. Mass selection  

 Mass selection is the simplest, easiest and oldest method of selection where individual superior plants 

are selected based on their phenotypic performance and bulk seed is used to produce the next 

generation for genetic improvement. 

 To make genetic gains by this technique, there must be a positive offspring-parent regression which in 

turn depends greatly upon the magnitude of the environmental effects in the parental population.  

 However, mass selection has a major drawback of lack of control of the pollen source, confusing 

effect of the environment and reduced population size leading to inbreeding depression. But these 

disadvantages can be taken care by de-tasselling/roughing of inferiors and crossing with of bulked 

pollens of superior plants. devised a paired comparison method for selecting plus phenotypes of J. 

curcas trees with due importance to seed and oil yields.  

II. Recurrent selection  

 Recurrent selection schemes were devised in relation to heterosis breeding and may be useful in 

improving specific combining ability in jatropha by overcome all deficiencies of mass selection.  

 The idea was to ensure the isolation of superior inbred from the populations subjected to recurrent 

selection for their ultimate utilization in the production of hybrid and synthetic varieties.  

 Theoretically, recurrent selection is a breeding procedure for increasing the frequency of desirable 

genes within a population while maintaining sufficient variability for continued selection.  

 Jatropha being a cross-pollinated plant, 15 open-pollinated varieties have been developed using mass 

selection and recurrent selection methods in India and are under testing in the National Trials. After 

obtaining the required data on seed yield, oil content and oil quality, disease and insect pest resistance, 

the best performing genotypes will be released as new varieties of jatropha by adopting the standard 

procedure. The importance of such considerations to tree breeding programs is obvious. 
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III. Mutation breeding  

 Mutation is a sudden heritable change in a character as a result of change in gene or chromosome. 

Mutations occur in natural populations at low rate and are generally recessive and random. Mutation 

in tree crops is considered attractive because of lacunae in conventional breeding like time 

consuming, unpredictable results, long juvenile phase, high heterozygosity and fear of loss of the 

unique genotype.  

 However, mutation breeding is not directed and long drawn but is one of the available options for 

genetic improvement of J. curcas with modest levels of variability.  

 Mutation breeding studies in J. curcas carried out in Thailand using fast neutrons and isolated dwarf 

or early flowering mutants from the M3 generation, but the potential productivity of these variants 

under intensive cultivation conditions was not proved. 

IV. Heterosis breeding  

 The exploitation of heterosis is a common objective in plant breeding Heterosis in tree growth is 

evident in many hybrids and perhaps best illustrated in studies of Eucalyptus and Populus. J. curcas 

as a facultative crosspollinated crop shows heterosis, particularly when inbred lines are used as parent.  

 Based on the earlier experience from other cross-fertilized crops, it appears that in jatropha 

application of heterosis breeding could justify hybrid variety production. 

 Seed and oil yield can be genetically enhanced through simple selection of superior germplasm and 

release as cultivars. In addition, hybrid cultivars could be bred to use the heterosis effect. Literature on 

jatropha improvement through heterosis are scarce. Inter-specific hybrids utilizing J. curcas as the 

female parent and J. integerrima as the male parent indicated that the F1 hybrids had a wide range of 

variation for vegetative, flowering and fruiting characters. 

V. Inter-specific hybridization 

 The early views that inter-specific hybridization would be a panacea for all tree improvement 

problems have largely been dispelled. 

 Heterosis in hybrids, far from being a common phenomenon, is rare. Probably the more promising, 

and most useful contribution of inter-specific hybridization is in transferring desirable genes from one 

species to another, e.g. Populus, Eucalyptus. As any forest tree, J. curcas breeding is a time-

consuming process due to perennially. Since, most of the Jatropha species are insensitive to 

photoperiod and bear flowers continuously, selection and generation advancement can be 

accomplished without much time lapse.  
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 Other added advantage is the propensity of J. curcas towards interspecific hybridization, supported by 

propagation both through seeds and vegetative propagule, which helps in rapid multiplication and 

acceleration of the breeding programs.  

 Usually breeding objectives in J. curcas depend on solving specific problems of cultivation and 

intended application of economic output (seed and oil). Components that contribute to physic nut seed 

and oil yield per hectare are: more number of pistillate flowers per inflorescence and subsequent 

number of capsules per shrub, 1000-seed weight, oil content of seeds (%) and plants per hectare.  

 As the maximum number of seeds per capsule is limited and the agronomic factor of planting density 

does not offer much flexibility for increasing yields, selection should focus on the other yield 

contributing components. 

CONCLUSIONS  

Jatropha curcas has expanded beyond its native range due to its adaptability and multiple uses. 

Realizing its full potential requires systematic germplasm evaluation, selection of superior genotypes, and 

application of genetic improvement techniques. Enhancing productivity through genetic enhancement and 

breeding programs is crucial for maximizing the economic and ecological benefits of Jatropha curcas. 
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