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Jatropha curcas, an ingenious source for providing biodiesel is becoming a god given crop to
sustain the energy requirements in the years to come. Biodiesel, an alternative diesel fuel, is
made from renewable biological sources such as vegetable oil and animal fats. Though many non
edible oilseeds are available, Jatropha curcas L. is recognized as the most potential species for
biodiesel production since its seed contains high oil (30 to 38%) and could be grown under
different land use situations. India is fifth in the world in terms of fossil fuel consumption which
amounts to 40 million tones of diesel and hence there is imperative need for identifying and
utilizing plant species that are capable of yielding biodiesel. Centre of excellence in biofuels at
TNAU concentrates on the breeding, agronomic and systematic evaluation of seed/ hybrid clones
for oil yield maximization. An earnest attempt is made to summarize available information on
Jatropha genetics, cytogenetics, genetic variability, heritability, genetic advance, association of
traits and molecular approaches, interspecific hybridization programmes and prospects of tissue
culture, mutation and transgenic breeding for further crop improvement to provide
comprehensive understanding on complete exploitation of Jatropha.
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INTRODUCTION Current status of energy

Energy explicitly drives everything in the Universe. Energy is the major
and significant component in economic development of any nation. The
demand for oil as an energy source for both human and vehicles is
increasing but the production is not commiserating with that resulting in a
mismatch between demand and supply of both edible and non-edible oils
(Paramathma et al., 2006a). In recent times, efforts are being made to
explore plant based resources as a substitute for fossil fuels which are
renewable and environmentally safe. The source for biofuels is the
forests which is the storehouse of more than 100 tree borne oilseeds.
Amongst them, Jatropha curcas, an excellent shrub having natural
spread across the globe, is one of the promising biofuel crops ideally
suitable for growing in the wastelands of the country (Paramathma et al.,
2006b). Greater potential exists in India for bringing millions of hectares
of wasteland under extensive plantation of Jatropha, virtually converting
unproductive lands into green oil fields. The oil from Jatropha curcas can
be used as bio diesel which can be blended upto 20 per cent as targeted
by 2020 in India.

Energy demand in India is increasing at the rate of 6% annually
compared to 2% for developed countries. Current import of petroleum
crude is about 70% of the energy requirement. Vegetable oils, fats and
their derivatives have been proposed as an
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alternate renewable and eco-friendly energy source. The bio-diesel
production from vegetable oils during 2004—-2005 was estimated 2.36
million tonnes globally. Of this, EU countries accounted for about 82%
and USA about 6% (Divakara et al., 2010). Shortage of edible oil for
human consumption in developing countries does not favour its use for
bio-diesel production. India consumes approximately 40 million tonnes
of diesel and ranked fifth in the world after the US, China, Russia and
Japan in terms of fossil fuel consumption.

Ideal plant for diesel

The total number of oil-bearing species range from 100 to 300 and of
them, 63 belonging to 30 plant families hold promise for bio-diesel
production (Sunita et al., 2005 and Krawczyk, 1996). Many developed
countries are using edible oil-seed crops such as soybean, rapeseed,
groundnut, coconut, palm oil and sunflower for production of bio-diesel.
As India imports more than 40% of its edible oil requirement, it has to
necessarily depend on non-edible oils for biodiesel. Hence various non-
edible tree-borne oil crops such as neem, mahua, jatropha and
pongamia and paradise tree, available in the country are of great value to
the Indian researchers in particular (Paramathma et al., 2005). In India,
more than 100 species of forest plants — Tree Borne Oilseeds (TBOs)
have been identified as a source of fatty oils with an estimated potential
of 11.3 lakh tonnes. Among the many oil yielding species, Jatropha
(Jatropha curcas L.), an exotic non-edible oilseed bearing shrub and
traditionally grown hedge plant (Heller, 1996) is widely considered as a
potential feed stock crop for bio-diesel production because of its shorter
gestation period, smaller canopy suitable for high-density planting and
convenient seed collection, higher seed oil content and wide adaptability
compared to most other non-edible oilseed yielding species (Martin and
Mayeux, 1985; Openshaw, 2000 ; Basha and Sujatha, 2007). Varied
agroclimatic condition along with vulnerable situation in may of the
dryland fields that are presently with oilseeds annual could marginally
yield up to Jatropha in near future provided its productivity is essentially
felt. Siphoning the full potential of Jatropha curcas for further crop
improvement is essential. Several factors such as technical, social,
economical and institutional constraints interfere in the way of unveiling
Jatropha curcas. Understanding its biology, bio ecology, plant and floral
morphology, cytological and variability studies could guide in dissecting
the genetic behaviour of the species. Since, many of under utilized
species of Jatropha have the potential value to broaden the genetic
base, an attempt is made to review available literature about Jatropha
from various journals, articles, reports, conference and research
proceedings to comprehend an extensive array of information and for
easy its availability.

BOTANICAL DESCRIPTION OF JATROPHA
Origin

Jatropha is commonly known as physic nut (English), Ratanjot or
Jangaliarandi (Hindi) and Kadalamanakku or Kattamanakku (Tamil). The
word Jatropha is derived from the Greek words ‘Jatros’ means ‘Doctor’
and ‘trophe’ means ‘Nutrition. It is a morphologically diverse genus
comprising of 176 species and it is generally grown as live fence in
almost all parts of India (Fairless, 2007). Though Jatropha sp. are not
really cultivated for any direct consumption, one of its acclimatized
species namely Jatropha curcas is found throughout the tropics and is
native to Mexico and Central America. J. curcas was probably distributed
by Portuguese seafarers via the Cape Verde Islands and Guinea Bissau
to other countries in Africa and Asia (Heller, 1992). It is known by nearly
200 different names, indicating its availability in various countries. In

India, 12 species have been recorded so far and they showed wide
variation for vegetative, floral characters and oil content (Paramathma et
al., 2004). J. podagrica is a multipurpose shrub commonly found in
Africa, Asia and Latin America (Olapeju et al., 2007). J. tanjorensis Ellis &
Saroja, reported to be native to India appears in only few districts of
Tamil Nadu and is generally grown as a hedge plant originating as
natural inter-specific hybrid between J. curcas L. and J . gossypifolia L.
(Sujatha, 1999). J. multifida found naturally in Mexico is a popular
landscape plant in South Florida (Yotam et al., 2000). J. gossypifolia also
called as bellyache bush is a major weed in Australia (Taofeeq et al.,
2005). J. integerrima, J. multifida, and J. podagrica are important
ornamental plants, whereas, J. curcas, J. glandulifera have medicinal
value (Ramchandani and Jolly, 1988).

Plant morphology of Jatropha sp.

The Jatropha plant is a small tree or large shrub which can reach a
height up to 6 meters. The branches contain latex. Normally, five roots
are formed from seeds, one central (tap root) and four peripheral.
Cuttings, when planted, do not form a tap root. The plant is monoecious
and flowers are unisexual. Pollination is generally by insects. The leaves
are smooth, 4-6 lobed and 10-15cm in length and 5-8 cm in width. The
genus Jatropha exhibits wide and marked variation for both
morphological and floral characters and species are distinguishable by
the key characters such as plant habit, leaf shape, hairiness, colour of
young leaf, height of plant etc. J. villosa var. villosa, J. villosa var.
ramnadensis and J.glandulifera have highly branching and rhizomatous
roots. Hence, these species have the capacity to withstand the prolonged
drought (Paramathma et al., 2007). Three species viz., J. curcas, J.
multifida and J. tanjorensis have tree like habit with 5-7 branches while
the rest of species are profuse branching types. The species such as J.
villosa var. villosa, J. villosa var. ramnadensis and J.glandulifera have 5-6
branches in general. J. podagrica, J.integerrima and J.multifida species
are of ornamental value (Airy Shaw, 1972). J.podagrica was nearly
distinct without branches and gout stem. Gout is a special feature of
water storing capacity at the base of the stem (Sunil et al., 2008).

Floral morphology of Jatropha sp.

The extent of variation in respect of floral traits was also critically
investigated in the study. The role of reproductive efficiency is on a
comparative basis among the taxa studied. The striking differences
perhaps are in the number of anthers in each flower, being 8 or 10. In J.
integerrima, J.curcas with ten anthers and the rest of species with eight
anthers (Prakash et al., 2007). The capsule also varies distinctly among
the species. J. curcas and J. multifida have non-dehiscent capsules with
yellow colour (Singh, 1970). J. multifida has very big size capsule than
other species. Cytological and molecular studies in this species would
help in transferring the region goveming the bigger capsule size to
Jatropha curcas species. Other species are with brown colour capsules
and dehiscent in nature.

Female to male flowers ratio

An interesting and important feature in flowers is the relative abundance
of male flowers in relation to the number of female flowers. The ratio of
female to male flowers ranges from 1:13 to 1:29 (Raju and Ezradanam,
2002 and Tewari, 2007) and decreases with the age of the plant
(Prakash et al., 2007). Ratio of female to male flowers ranged from 1: 6
(J. glandulifera) to 1: 20 (J. multifida) which is the highest ratio among all
the species studied (Fig 1). Female to male ratio ranged from 1:6 to 1: 10
in J. villosa var. villosa and J. villosa var. ramnadensis species have
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Table 1. Cytological observations of the different species

S. Species No. of Bivalents Total 2n Time of Pollen References
No. during Metaphase | number flower bud fertility per
fixation cent
1 Jatropha villosa 10! 20 7.10 AM 85.50 Sasikala and Paramathma, 2010;
var villosa Sasikala et al, 2009
2 Jatropha villosa 10"and disjunction of 20 7.10 AM 86.12 Sasikala and Paramathma, 2010;
var ramnadensis chromosomes in Sasikala et al, 2009
anaphase |
3 Jatropha multifida 111(7 ring and 4 rod 22 7.30 AM 93.52 Sasikala and Paramathma, 2010;
bivalents) Dehgan, 1984
4 Jatropha podagrica 10 22 8.00 AM 88.69 Sasikala and Paramathma, 2010;
Sarkar, 1989;
Krishnappa and Rashme, 1980
5. Jatropha i 22 7.30 AM 90.58 Sasikala and Paramathma, 2010;
maheswarii Kothari et al, 1980
6.  Jatropha i 22 7.00 AM 96.81 Sasikala and Paramathma, 2010;
glandulifera Navaneetham et al, 1983
7.  Jatropha 10 22 8.30 AM 90.82 Trivedi and Trivedi, 1982;
gossypifolia Gill et al, 1981; and Krishnappa and
Rashme, 1980.
8  Jatropha No proper counting of - 6.30 AM 0.16 Sasikala and Paramathma, 2010;
tanjorensis chromosomes and Prabakaran and
sporads of unequal size Sujatha, 1999
9  Jatropha 111 (6 ring and 5 rod 22 7.30 AM 93.11 Sasikala and Paramathma, 2010;
integerrima bivalents) Soontornchainasaeng and Jenjittikul,
2003
10  Jatropha curcas 111(7 ring and 4 rod 22 6.30 AM 92.10 Sasikala and Paramathma, 2010;
bivalents) Soontornchainasaeng and Jenjittikul,

2003

more number of female flowers per inflorescence. Bhattacharya (2005)
suggested that this particular character could be utilized for further
breeding purpose to increase the number of female flower composition in
the commercially cultivated Jafropha species.
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Figure 1. Ratio of male flowers to one female flower in Jatropha

species

The flowers are unisexual and hence much of the energy is needed for
the production and maintenance of male flowers, an aspect that need to
the avoided in selecting efficient germplasm for capsule and seed yield.
Being capable of having vegetatively reproduction an assured approach
in Jatropha, the poor reproductive efficiency may not be of immediate
significance. However, number of inflorescence produced per plant will
decide ultimate number of female flowers and progeny size. A critical
estimation of pollen production ability or potential need to the made in
future studies (Qing et al., 2007).

CYTOGENETIC STUDIES IN JATROPHA
Fertility status of Jatropha species

The fertility status of different species of the genus Jatropha such as J.
integerrima, J. curcas, J. multifida, J. podagrica, J. gossypifolia and J.
glandulifera are fertiles. J. integerrima Rosea was partially sterile and J.
tanjorensis is a fully sterile species in the genus Jatropha (Sujatha and
Prabakaran (1997). Chromosome counts in the hybrid of J. curcas and J.
integerrima were made from young leaves (Baldwin, 1939). According to
the report, young leaves of hybrid had a chromosome number of 2n=22.
Prabakaran and Sujatha (1999) indicated that Jatropha tanjorensis (Ellis
and Saroja) is found abundantly in Tanjore, Pudukottai, Trichirapalli and
Ramnad districts of Tamil Nadu. Meiotic studies revealed abnormal
divisions with formation of tri and uni valents at metaphase | and an
unequal anaphase separation leading to the formation of laggards and
sporads of unequal size.

Ploidy status

Cytological studies such as chromosome numbers, their pairing
behaviour in prophase | of meiosis and their morphological characters
throw light on the genetic behaviour of the species. Jatropha is a highly
cross pollinated genus. Crossing between the species present in the
genus Jatropha is a potential breeding tool to transfer of agronomically
important character from underutilized species to cultivated species.
(Carvalho et al., 2008). The course of meiosis was studied upto tetrads
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stage and formation of the bivalents in all species such as J. multifida, J.
podagrica, J. villosa var. villosa, J. villosa var. ramnadensis, J.
maheswarii, J. glandulifera, J. integerrima and J. curcas were observed.
The bivalent formation and regular equal separation of chromosomes
indicated that the species investigated are essentially diploids. However
distinct differences were noticed in respect of number of bivalents at
metaphase |. All the species including hybrid studied had 11 bivalents
and thus 2n =22 and x=11 (Soontornchainaksaeng & Jenijittikul, 2003).
But in J. villosa var. villosa and J. villosa var. ramnadensis, they showed
only 10 bivalents and hence, their 2n number is 20 with haploid number
of x=10 (Table 1). The existence of diploid number of 2n=22 and 2n=20
in Jatropha is of significance bringing out the fact that two kind of
diploids, in which eight species with 2n=22 and two species have 2n=20
(Sasikala et al., 2010). This study helped to conclude the occurrence of
two kinds of haploid chromosome number of n =10 and n =11. It can be
postulated that n =10 has arisen from the basic chromosome number of
x =5 and the n =11 in turn evolved from dibasic chromosome numbers of
x =5 and x= 6, thereby indicating that the present day diploid species
with 2n=20 (n=10) and 2n=22 (n=11) are secondary diploid species. It is
yet another cytological evolutionary step to understand i.e. to how the
basic chromosome numbers of x=5 and 6 have evolved. It may be either
by increase in number from x=5 to x=6 or by decrease of chromosome
numbers and x=5 resulting from x=6. In the karyotype evolution, it is
known that basic (x) chromosome numbers evolve as a result of addition
or loss of chromosomes by structural rearrangements. The study of
chromosome association in the F1s of 2n:20 x 2n:22 species alone can
be the critical step to get precise understanding of the existence of
genome homeology, genetical similarities and probable basic
chromosome number and scope to generate recombinants.

GENETIC VARIABILITY, HERITABILITY AND GENETIC ADVANCE
Genetic variability

Trees harbour greater variability and hence intensive studies on variation
within a species are necessary for tree improvement. The major job of a
tree breeder is to recognize the variability, isolate it and pack it in a
desired individual (Zobel and Talbert, 1984). For any tree improvement
programme to be successful, studies on variation are of prime
importance. Such studies are lacking in Jatropha (Antonovics, 1971;
Nienstaedt, 1975; Elridge et al., 1993). The best gains are made for
characteristics that have a wide range of variability and are strongly
under genetic control (Zobel, 1971; Lacaze, 1978; Zobel and van
Buijtenen, 1989). Studies on variability do not indicate the extent of
heritable portion of variation in the population. The variation is expressed
by estimates of genetic parameters, each of which is a numerical
quantity which specifies a population in respect to some characteristics
(Allard, 1960). Hence, quantification of the extent of existing variability is
the preamble for initiating any tree breeding programme. Traditionally,
morphological observations and progeny tests have been used as
descriptors of genetic diversity; however, they failed to reveal the exact
taxonomic relationships because most of the morphological characters
are plastic and influenced by environmental factors (Heller, 1996).
Production of new ornamental Jatropha hybrids through interspecific
hybridization (Sujatha and Prabakaran, 2003) is successful between two
economically important species of Jatropha, viz., J. curcas and J.
integerrima.  The interspecific  hybrids  exhibited morphological
intermediary for various vegetative characteristics but produced flowers
with three distinct colours. Backcrossing of the F1 hybrids resulted
variation in flower colour ranging from dark pink through green to white
thereby enhancing the ornamental value of the genus. The genetic
variability on plant characters such as early maturity, 100 seed weight

and number of branches have improved by irradiating the plant with
gamma rays (lta Dwimahaya and Ishak, 2004, Ginwal et al., (2004).
Variations in growth traits were observed at nursery stage viz., shoot
length, root length, dry weight and vigour index. This was found evident
among seed sources of J. curcas (Kumar et al., 2004). The assessment
of variability in Jatropha curcas L. germplasm was carried out from four
ecogeographic zones of India and it was observed that the variability
present in the plant height, collar thickness, number of fruits per cluster
and oil content contributed to yield superior lines and also observed that
the oil content of 162 accessions ranged from 22% to 42% (Sunil et al.,
2007 and Gohil and Pandya (2008)). The germplasm accessions of
Jatropha curcas L. were studied for the presence of wider variability for
both hundred seed weight and oil content by Mukta et al. (2009), Kaushik
et al. (2007), Wani et al. (2006) and Rao et al. (2008). Sixteen Jatropha
curcas genotypes collected from four states grown and studied for 12
characters showed significant differences in most component traits and
seed yield, excepting primary branches/plant, fruits/bunch and seeds/fruit
(Das et al., 2010). Significant variation was found among types collected
from zones and among different provenances within zones for all traits of
seed & seedlings (Ghosh et al., 2011 and Parthiban et al., 2011).

Heritability and Genetic advance

The proportion of total variation which is heritable is termed as broad
sense heritability (Lush, 1937). Heritability estimate has an important
place in the tree breeding as it provides an index of the relative strength
of inheritance against the environment. As estimation of heritability helps
in assessing the heritable portion of variation and would help in selection
(Zobel, 1971), it is worthwhile to determine the heritable components.
However, detailed studies are either insufficient or lacking in Jatropha
and its related species in these areas. For manipulating the quantitative
characters, the tree breeder must have an understanding on the nature,
magnitude and inter-relationship of heritable and non-heritable variations
which could help in exploiting that relationship.

ASSOCIATION OF MORPHOMETRIC TRAITS

For any tree improvement programme, it is essential to understand the
magnitude and type of association between growth and its component
characters. In the integrated structure of plant, path coefficient analysis
delineates the direct influence of one variable upon another and permits
the separation of correlation coefficients into components of direct and
indirect effects (Wright, 1921). Knowledge on association among
components of economic important traits can help in proving the
information for efficient selection. Besides, the genetic interaction studies
in this crop are inevitable for the improvement of this crop (Paramathma,
2020).

Correlation between quantitative traits

Correlation analysis was carried out among oil yield and its component
characters. Significant correlation for growth characters were observed in
Jatropha curcas L. collected from various locations of Central India
(Ginwal et al., 2004). It was also observed that growth traits viz., plant
height, collar diameter, leaf area and field survival were found to have
significant inter-correlation with each other. Significant correlation
between seed characters and germination was observed in Jatropha
curcas L. (Ginwal et al., 2005, Rao et al., 2008 and Prasanthi et al.,
2009). These studies indicated that seed kernel weight, seed oil content
and kernel oil content were highly significant and had positive correlation
with whole seed weight. Ranwah et al. (2009) suggested that the kernel
content and the ratio of male to female flowers showed negative
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correlation with oil content and he also reported that hundred seed
weight registered positive correlation with oil content. The plant height
and number of branches were found to be positively correlated with yield
but the male to female flower ratio does not (Rao, 2009).

Path coefficient analysis

The path co-efficient analysis, which apportions the correlation co-
efficient into direct and indirect effects and measures the relative
importance of the causal factors involved (Dewey and Lu, 1959) is more
useful. Path coefficient analysis is being extensively utilized for
understanding the complex traits in breeding programmes (Frakes et al.,
1961; Ramanujam and Rai, 1963; Paroda et al., 1975; Tewari and
Singhania, 1984) in different crop plants. If the correlation between
dependent and independent character is due to the direct effect it reflects
the true relationship between them and thus selection can be practiced
for such characters in order to improve the dependent trait. If the
correlation is due to indirect effect through another component trait, then
the selection has to be done for the latter trait. Hence a thorough study
on the static dynamic relationship between various traits to be
investigated would finally reflects on the dependent characters (Sekar,
2003, Ashok Kumar et al., 1998 and Nesamani, 2005) that would help in
improving selection.

MOLECULAR APPROACHES FOR CROP IMPROVEMENT

Molecular markers based on differences in DNA sequence between
individuals generally detect more polymorphism than morphological and
protein based markers (Botstein et al., 1980; Tanksley et al., 1989) as
their availability is fairly high compared to the latter. DNA markers provide
an opportunity to characterize genotypes and to measure genetic
relationships more precisely than other markers (Soller and Beckmann,
1983). Because of their heritable nature, they were found to act as
versatile tools in the fields like taxonomy, physiology, embryology, genetic
engineering etc. Major applications of these DNA markers in the field of
genetics and plant breeding are in (i) diversity analysis and phylogenetic
studies (i) mapping genes and (iii) marker assisted selection (MAS).
Genomics-based breeding strategy is one of the ways for J. curcas
improvement. However, the molecular genetic map of J. curcas is not yet
available and very limited information is available with respect to
molecular markers (Wen et al., 2010). A large number of polymorphic
markers are required to measure genetic relationships and genetic
diversity in a reliable manner. Molecular genetic markers would aid the
long term objective of identifying diverse parental lines to generate
segregating populations for tagging important traits such as gene(s) for
high content of specific fatty acids like oleic, linolenic, etc. (Gupta et al.,
2008). Single marker analysis albeit not completely reliable can be used
to detect the association between the marker classes and phenotypic
traits. The identification of gene loci governing important traits can be
useful in marker-assisted selection. The threat of genetic erosion led to a
significant interest in the assessment of genetic diversity in germplasm
collections (Manifesto et al., 2001).

Molecular diversity analysis in Jatropha curcas L.

Bakliwal et al. (2007) reported broad genetic diversity among the
Jatropha cultivars of Arawali hills using RAPD analysis with 19 primers.
DNA finger printing studies using AFLP / RAPD reveal significant
differences among the Jatropha germplasm as reported by Reddy et al.
(2007). With AFLP 8-10 per cent polymorphism and with RAPD, 14-16
per cent was found among the 20 elite accessions studied. The genetic
diversity studies in 12 Jatropha species based on RAPD analysis carried

out using 26 random primers resulted in 18 reproducible bands
accounting for 80.2% polymorphism. The primer OPA 4, OPF 11 and
OPD 14 generated 100% polymorphism. UPGMA cluster analysis
indicated three distinct clusters of different species of Jatropha. (Ganesh
Ram et al., 2007). The assessment of genetic diversity was carried out
among the accessions of Jatropha curcas L using two Single Primer
Amplification Reaction methods (SPAR). The UPGMA tree analysis
showed the separation of several accessions clearly. (Shirish Ranade et
al., 2007). The genetic relationships of 58 J. curcas accessions were
assessed based on Simple Sequence Repeat (SSR) and Amplified
Fragment Length Polymorphism (AFLP) analyses. Seventeen
microsatellite markers were developed using the FIASCO
(Fast Isolation by AFLP of Sequences Containing repeats) protocol; only
one SSR primer was polymorphic with two alleles as reported by Qi Bao
et al. (2008). The extent of genetic variability and phylogenetic
relationship among Jatropha curcas L, J. glandulifera, J. gossypifolia, J.
integerrima, J. multifida, J. podagrica and
J. tanjorensis were investigated using RAPD and AFLP markers. The
percentage of loci that are polymorphic among the species was found to
be 97.74% RAPD and 97.25% AFLP. The mean percentage of
polymorphism (PP) was found to be 68.48 for RAPD and 71.33 for AFLP.
The phylogram generated with RAPD and AFLP data showed maximum
similarity. Both RAPD and AFLP techniques were found to be
comparable in deducting divergence of Jatropha species. (Sudheer
Pamidiamarri et al., 2008). Genetic diversity and genetic relationships
among germplasm collection of Jatropha curcas L. was assessed using
Random Amplified Polymorphic DNA (RAPD) technique by Kumar et al.
(2009). Out of 55 decamer primers tested, 26 primers produced good
amplification products. A total of 6,011 amplification products were
scored from which only 1,859 bands (30.92 per cent) were found to be
polymorphic. UPGMA cluster analysis revealed clear genetic difference
among J. curcas germplasm

BREEDING PROGRAMMES

Hybridization broadly refers to any cross mating of two genetically
different individuals that leads to hybrid progeny (Rieger et al., 1968).
The production of a hybrid between camation (Dianthus caryophyilus)
and sweet William (Dianthus babratus) by Thomas Fairchild in 1717 was
the first authentic record of distant hybridization for crop improvement.
The use of hybrids is very common for agricultural crops and in forestry;
hybrid trees have long been known (Tanaka, 1882).

Interspecific hybridization

Interspecific hybridization is an important and significant part of
successful tree improvement programmes. Interspecific hybridization
followed by backcross breeding is an important method to transgress the
desirable genome to the cultivar with varieties to have more seed yield
and oil content. Such backcross breeding is limited in the genus
Jatropha.

Jatropha curcas x Jatropha integerrima

Sujatha and Prabakaran (2003) reported that interspecific hybridization
was successful between two economically important species of Jatropha,
viz., Jatropha curcas and Jatropha integerrima. The interspecific hybrids
exhibited morphological intermediary for  various vegetative
characteristics but produced flowers with three distinct colours.
Backcrossing of the F1 hybrids resulted in a number of flower colours
varying from dark pink through green to white enhancing the ornamental
value of the genus. Extensive trials on interspecific hybridization were
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conducted to study the phylogenetic affinities in Jatropha. The study
revealed that all hybrids from the cross between J. curcas and J.
integerimma were more vigorous than the parental species. The study
further concluded that in all those crosses that were successful, J. curcas
was used as the maternal parent (Dehgan, 1984). An attempt has been
made earlier by Earlene et al. (1970) and a vigorous interspecific self-
sterile hybrid has been obtained from cross pollinations between two
tropical woody species of Jatropha, Jatropha curcas and J. integerrima.
Successful backcrossing with J. integerrima exhibited segregation for
leaf characters.

Jatropha curcas x Jatropha tanjorensis

Interspecific hybrids of Jatropha are available in India through natural
hybridization as well as artificial hybridization. A new species of Jatropha
identified by the Botanical Survey of India viz., Jatropha tanjorensis (Ellis
and Saroja, 1961) was proved to be an interspecific hybrid between
Jatropha curcas and J. gossypifolia (Sujata & Prabakaran, 1997).
Jatropha plantation through F1 hybrids can be carried out either through
macro or micro propogation because these hybrids are from open
pollinated interspecific origin. It is difficult to produce large quantity of
vegetative propagules in a shorter time due to urgency of establishing
2.0-11.20 million ha of Jatropha before 2017 (Planning commission,
2003). But the plantation of seed origin can cover the required area in
time.

FUTURE PROSPECTS

Success in plant breeding primarily depends on the nature and
magnitude of variation present in the population. The conservation of the
crop (Paramathma et al., 2020), assessment of heritable and non-
heritable components in the total variability observed is of immense value
for selecting suitable breeding programmes. Such studies are still in
infancy stage in Jatropha. Genetic improvement through conventional
breeding approaches is under progressed in many of centers. If these
conventional approaches are assisted by molecular breeding, it will
reduce the time and increase the efficiency of breeding programme and
by pass the risk of maintenance of too much population. Karyotyping and
sequencing studies will give exact picture on the potentiality of Jatropha.
Emphasis should be given to do tissue culturing to develop somoclonal
variants and doubled haploids. Mutation studies will help to develop toxic
free Jotropha types for extensive cultivation. Genetic transformation and
gene transfer studies can aid for improving available form to as ideal
form.

CONCLUSION

Recent wave of interest to grow Jatropha indicates many reasons
particularly in the forthcoming context of the energy challenge in both
developed and developing countries. The rapid depletion of fossil fuel
reserves and high prices has prompted a search for alternative fuels in
the world. Among the most tree borne ocilseeds namely Karanja, Neem,
Jojoba, Jatropha curcas L.is prominent one because of its wider
distribution with considerable genetic variation, high oil content, and its
suitability to grow in all kinds of soil. In order to meet out the energy
challenge, it is better if the variation present in Jatropha is exploited
through conventional, molecular breeding approaches and its
combination. Inter and intraspecific hybridization between Jatropha
related genera and germplasm lines followed by selection of elite
genotypes with respect to oil content, resistance to pest and diseases
and which could overcome stress can help in achieving progress in

Jatropha breeding. Transgenic breeding can also create variation
required for further crop improvement.
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