Chapter 5
he Importance of Jatropha for Brazil
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nd Marcos Antonio Drumond

ntroduction

nthis chapter, we first present the Brazilian potential for biofuel production and the
ational Program for Production and Use of Biodicsel. We then review the raw
aterials currently used for biodiesel production in the country and their limitations.
tthe same time we present the characteristics that make some alternative oilseed
pecies interesting as sources of vegetable oil for biodiesel production, highlighting

thy physic nut (Jatropha curcas 1..) has been seen as one of the best alternatives,
ethaps the best one. We then effectively demonstrate the importance of physic nut
ot Brazil describing the dense research program funded by the Brazilian
overnment, which is currently underway to try to solve most of the challenges
lso reviewed) in making this crop effectively a biofuel crop.

razilian Potential for Biofuels Production

ossil [ucls currently supply most of the world’s energy, even though it represents a
nite resource (Vermerris 2008). Aiming at reducing the fossil fuels dependency,
ternative sources of energy have been pursued in the last few years. In view of the
urgent need (o develop new technologies that may cenable the widespread use of
environment friendly forms of energy, biofuels in general and biodiesel in particular
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(La Rovere et al. 201 1) are receiving considerable attention throughout the world
and especially in Brazil (Laviola et al. 2012b: Laviola and Dias 2008; Laviola et al.
2010; Rosado et al. 2010).

In this context, it must be emphasized that Brazil is a country with a huge poten-
tial for production not only of biofuels, but also of other derivatives from vegetable
oil. Such enormous capacity can potentially supply part of the national and inter-
national market demand on biofuels. The country possesses a privileged location in
the tropical region of the world with high incidence of solar cnergy and adequate
rainfall regime in most regions. Morcover, Brazil possesses a large amount of
available land making possible the adequate planning of the fand use in a sustain-
able basis, i.c., without compromising biome composition and structure. Current
estimates indicate that in Brazil there are near 90 million hectares of available
lands for agriculture expansion, without considering the 210 million hectares of
degraded pastures (BAP 2006), from which some level of technology can be recov-
ered and used for the production of food and biofuels. Nevertheless, there also
exists in the country more than 200 oilseed species with different potentialities and
different adaptation to the various natural occurring environmental conditions
(Beltriio 2005). Some of such species can be incorporated in production systems
and used for biofuel production and/or for other ends with higher aggregated value.
The Brazil’s challenge is, then, o take maximum advantage of its biodiversity, of
its regional potentialities o concomitantly enhance biofuel production and obtain
grcater social gains from the biodiesel production. This can be undoubtedly done by
applying technology (agricultural, processing, cte.) not only on traditional crops,
but also on undomesticated (1o be explored) oilseed species (Laviola and Alves
2011). To achieve such goal, the Brazilian Federal Government has recently
launched the National Program for Production and Use of Biodiesel (or in
Portuguese: Programa Nacional de Produgdo ¢ Uso de Biodiesel—PNPB).

The PNPB and Raw Materials Currently
Used for Biodiesel Production

In 2005. the Brazilian Federal Government launched the National Program for
Production and Use of Biodiesel grounded in the law n® 11.097 from January 13,
2005. The PNBP was claborated to equate fundamental questions to the country,
such as (i) reduction of foreign petroleum dependency, (i) generation of jobs and
income, (iii) social inclusion and reduction of pollutant emission and (iv) regional
disparitics in terms of development, by addressing social, strategic, economic and
environmental aspects of the biodiesel production chain. It is determined that
rescarch should seek the substitution of part of the fossil diesel with biodiesel.
It also established the need to diversify the sources of oilseeds used for biodiescl
production, since today, near 87% of the biodiesel produced in the country is pro-
duced from soybean oil (animal fat represents the second main source of fatty acids
for biodiesel production, followed by cotton). All other oilseed specics if grouped
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Fig. 5.1 Relative contributions of raw materials to the biodiesel matrix in Brazil (Source: Brazilian
National Agency of Petroleum, Natural Gas and Biofuels - March 201 1)

represent less than 1% of the biodiesel production chain (Fig. 5.1). The challenges
and strategics to be met by the Brazilian biodiesel program involve technical-
scientific bottlenecks in the raw material production, industrial processing and
integration with existing productive chains.

Aiming at gradual substitution of petroleum diesel by biodiesel, the PNPB estab-
hished as its initial goal to fix 2% (B2) as the minimum percentage of biodiesel
addition to the petroleum diesel in any part of the national territory by 2008 and as
5% (BS) by 2013. However, with the rapid expansion of soybean production and
industrial processing units, the government decided to anticipate its goals and
officially introduced BS by 2010. Nowadays, the capacity of biodiesel production s
2 times higher than the compulsory demand for biofuel, being then possible to
immediately regulate B10O when the plant oil offer will be sufficient to meet the
demand. However, to progress in the regulation of new mixtures, other questions
need to be weighted, such as the raw material availability and diversification.

Generally two distinct groups of species are recognized: (i) the traditional raw
materials, Tor which technological aspects of its production have already been
addressed and (11) the potential alternative raw materials, for which research is still
required. Oil extracted from specices like canola (oilseed rape; Brassica napus 1),
soybeans (Glveine max L), castor beans (Ricinus communis 1..) and sunflower
(Helianthus annuus 1..) have been traditionally used for biodiesel production
(Vermerris 2008: Yuan ct al. 2008). Current estimates indicate that 600 kg ha™' is the
actual oil productivity of these traditional species (Table 5.1). In Brazil, besides
being an oilseed species with low energetic productivity, soybean is the only crop
among those species considered to be traditional raw materials for biodiesel produc-
tion that totally meets the basic parameters of a program with the dimensions of the
PNPB (Laviola and Alves 2011). These parameters belong to the (i) technological
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Table 5.1 Main raw materials currently used for biodiesel production in Brazil, the oil content ig
seeds. seed and oil yield per hectare

Raw material Oil (% Seed yield (kg ha') Oil yield (kg ha'l)
Soybean I8 3.000 540
Cotton 20 1,900 360
Sunflower 42 1,500 630
Peanut 45 1.800 800
Oil palm 20 20,000 4,000
Castor beans . 47 1,500 705
Canola ) 40 1.300 500

Source: Laviola and Alves (201 1)

Table 5.2 Main potential raw materials for biodiesel production in Brazil. The yield is given in
percentage of oil in seeds, seed productivity and oil production per hectare

Raw material Oil (%) Seed or fruit yield (kg ha™") Oil yield (kg ha™)
Physic nut 35 4,500 1.500
Macaw palm 20 20,000 4,000
Inajd 20 17.500 3.500
Tucuma 20 12,000 2,400
Babagu! S 10,000 500

‘Mainly used for energy cogenceration. (Source: Laviola and Alves 2011)

domain—RBrazil is one of worldwide leaders in soybean rescarch and development
(what allowed for example its cultivation with minimum dependency on nitrogen
fertilization): (i) production scale—today less than 20% of the whole soybean
production is sufficient to supply the current demand of the PNPB (other oilseed
speeies such as cotton, sunflower and castor beans are not productive enough to
support B2):and (i) logistics—soybean is the only species among those considered
to be traditional raw materials for biodiesel production that can be grown and pro-
duced in all regions of the country and with a whole distribution system Lo drain the
production already installed. Even though all these characteristics contribute to
make soybean the main raw material in the context of the PNPB nowadays, it is
important to highlight that the continuous development of other oilsced species with
higher energetic productivity is nccessary. especially when considering questions
related to diversification and regionalization of raw materials. Actually, the energy
segment is oo much important 1o assume the risk of its dependency on only one or
few crop(s) in the long term. The importance of raw material diversification can be
casily understood from the larger potential productivity of many alternative Crops as
presented in Tables 5.1 and 5.2. Moreover, it is necessary (o remember that as much
as 40-60% ol biodiescl production costs are related to feedstock costs (BAP 2006).
Thus, mcreasing the average oil productivity should prove to be an effective approach
to increase the competitiveness of biodiesel when compared to gasoline and cthanol.
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Why Physic Nut? .

i

As mentioned above, physic nut has been considered as one of the best alternative

oilseed species. There are a number of reasons for that, such as its (1) hardiness, (i1) easy
propagation. (iii) drought tolerance, (iv) high oil content, (v) short life cycle, (vi) mpld*
growth, (vii) adaptation (o a wide range of agro-climatic conditions, (viii) lmshy/shrubhy
nature, and (ix) multiple uses of different plant parts (Achten et al. 2010). In addltmn.f
physic nut can be grown on wastelands or degraded lands provided pH, fertility dnd

water deficit correction; consequently. it does not compete for land with food crops. t
A single physic nut plant from non-elite material can currently produce as high as
2.5 kg of seeds (Drumond et al. 2009), with oil content varying between 30% and 40%
(Ginwal et al. 2004; Rao et al. 2008; Sunil et al. 2008). In such a scenario, a single plant
can produce 0.75-1.0 kg of oil. Since 1,250 plants can be cultivated in one hectare with
472 m spacing, physic nut has nowadays the potential to produce between 930 and
1,250 kg of oil per ha. Such estimate however will change radically as soon as its selec
tive breeding will be undertaken. Other desirable characteristics arc high oil quality.
(Figure 5.2), low cost of oil conversion into biodiesel either by chemical (Berchmans
and Hirata 2008) or biological transesterification (Modi et al. 2007) and satisfaction of
technical requirements of Brazilian, US and European standards for biodiesel. k
The popular claims concerning drought tolerance, low nutrient requirement, pest
and disease resistance increased the expectations on this species to unreachable
levels (Achten ct al. 2010) even though most ol‘ these claims are yet to be supported
by scientific evidence (Achten et al. 2010). The truth is that, besides the advanta-
geous characteristics mentioned above, phy.slc nut cultivation is challenging as itis
a quasi-undomesticated specics requiring substantial investment in rescarch and
development (R&D) (Fig. 5.2). We describe the main challenges that need o be
addressed in order to make physic nut a viable biofucl crop in the near future.

Challenges in Making Physic Nut a Viable Biofuel Crop

Physic nut can be considered as a quasi-undomesticated species because neither
clite cultivars nor defined production systems are yet available (Carels 2009).
In Brazil, current commercial plantations are in the initial phase of implantation and
less than 4 years old (Laviola ctal. 2010). In order to boost this installation processes,
basic knowledge on seed production techniques is paramount as well as information
on propagation systems, planting density, pruning systems, mineral nutrition and
fertilization and perhaps most important correct management practices (Fig. 5.2).
Along with such limitations, one has also to considerer the regulation on cultivar
and pesticides or fungicides registration, which is eventually not available.

Physic nut is also susceptible to a wide range of discases and pests. One of the
most important discases that currently affect physic nut plantations in Brazil is pow-
dery mildew caused by the fungus Oidium heveae B.A. Steinm (Ramakris and
Radhakri 1963). Mildew occurs on scedlings and on trees in the ficld. The main sign
of the infection is the presence of a whitish mycelium over the leaves and shoots
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Research, development and innovation — the Brazilian initiative

ig. 5.2 Physic nut potential and challenges. Clear boxes indicate the physic nut characteristics
at makes it a potential biofuel crop as well as those that currently hamper its wide adoption as a
lofuel crop. Arrows indicate the main research fields and their description (bottom) that are
icluded in the Embrapa’s network for physic nut research (Source: Durdes et al. 2011)

Ramakris and Radhakri 1963). Even though the infection can be mitigated with the
pplication of fungicides, the use of resistant plants is seen as a best strategy in the
nid to long-term. However, virtually nothing is known concerning genetics and
nolecular aspects of the physic nut-Oidium heveae interaction and dedicated stud-
¢s are necessary to obtain such information.

Another important aspect of physic nut is its toxicity. The most problematic
oxic components are probably a number of phorbol esters found in high concen-
rations mainly in the seeds (Devappa et al. 2010b, 2011; Goel ct al. 2007). As
horbol esters are compounds known to cause severe biological effects, includ-
ng inflammation and tumor promotion (Devappa et al. 2010b), removal of such
ompounds is imperative in order to make usc of the press cake, perhaps the physic
wt co-product with the highest potential as animal feed. Physic nut seeds also
ontain a trypsin inhibitor, lectins and phytates that are antinutritional factors limit-
ng the potential use of the press cake for animal feeding (Devappa et al. 2011;
soel et al. 2007). However, both trypsin inhibitor and lectins can be completely
lenatured and destroyed by exposure to elevated temperature as occurs before and/
i during the oil extraction process technology (Devappa et al. 2011). The addition
fsynthetic phytases might mitigate phytate problem. Alternatively, press cake can
e returned o soil and used as a crop fertilizer (Devappa et al. 2010a).
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Finally, fruit maturation is quitc uneven and discontinuous during the production
pertod (which last between 4 and 5 months in the Brazilian conditions). Because o
these characteristics, fruits must be harvested in four or five occasions, thus i mc.ruase“‘
ing the production cost. 1

Besides these technical and biological aspects of physic nut cultivation, there dr
other challenges, most of which are related (o lack of reliable statistics pertaining I&
crop production. Currently there is no conclusive information about sced and oil pro-
ductivity under commercial planting conditions also. In experimental evaluations, o
content was estimated (o vary between 20% and 40% (Ginwal et al. 2004; Rao u:ﬁ
2008; Sunil et al. 2008). However, sced yield and oil content are expected to be heayi iy
affected by (i) abiotic factors, such as nutrition, drought, management practices, (mﬁ
(i) biotic factors, such as pests, diseases, age. With regard to this last concern, it hs
been initially shown that the production stability occurs after the fourth or fifth yex
(Dias etal. 2007) and that plants can produce as high as 2.5 kg of seeds (Drumond Ltai%
2009). As this information is pivotal to determine the cconomic viability of the crop,
comprehensive investigations of genetic factors affecting yield are urgently needed,

Inagreement with previous considerations, it is evident that physic nut cultivation
15 not as viable as it could be because of the innumerous questions that must yet hﬁ
answered. However, we believe that a vibrant and focused research program may
successfully make physxg nut a viable feedstock for biodiesel production in wupf&“
of years. Below we review the Embrapa rescarch program on physic nut that i§
supposed to address all the concerns mentioned above.

The Embrapa Research Initiative

The Embrapa research initiative in physic nut was built on the idea that an lnlu,rauezcéj
program is necessary for making physic nut a viable biofuel crop in a short to mid-term
period. Fourteen arcas were identified as priority, i.c., selective ¢ breeding, seeds an
seedlings production, pruning, spacing, fuuh/dimn irrigation, weeds, pests, dls@“
cases, harvest, post-harvest, biodiescl, co-products, transversal studies and /<mmgg
An action plan named BRJIATOPHA (Research, Development and Innovation | "
physic nut for Biodiesel Production) was elaborated encompassing more than 12
research actions and 22 institutions (Fig. 5.3) and granted by FINEP (a me
agency for the promotion and financing of innovation through scientific and applied
research in private and public sectors). .
This integrated program effectively began in 2008 and was Jjustevaluated ‘hrougi;
an inquiry covering 39 research fields that cncompasses all the 14 major areas dis-
cussed above and identified as priority. Researchers were asked upon the curre
stage of development in each field based on their experience according to a 7cr0tﬁ
five scale: (0) Without knowledge, i.c., researcher does not have enough knowled ¢
to express his opinion, (1) No mt()lmdlmn ., there is no information or rbwarcﬁ
results available, (2) Common sense, i.c., lhuc is no information avax]abk but prac:
tices from other crops may be adopted, (3) Low knowledge, i.c., initial msearbﬁ
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. Embrapa Agroenergia

;. Embrope Cerrodos

. Embropa Recursos Ganéticos e Biotecnologio
. Universidade de Brasilia

. Embrapa Agropecudrio Qeste

. Embrapo Climo Temperado

. Embrapa Florestas

. Universidade Federal do Parané

. Embrapa Informética Agropecudrio

10. Embrapa Meio Ambiente %(:
11 Embrapo Agroindostria de Alimentos a4

12. Embropa Solos

13, Universidade Estadual do Norte Fluminense

4, Embrapo Gudo de Leite

15, Embropo Milho e Sorgo

16, Universidode Federal de Lavras

17, Empresa de Pesquisa Agropecudria de Minas Gerais (Epamig)
18. Embrapo Semidgride

19. Embrapa Algodao

26, Embrapa Meio Norte

21, Universidade Federal do Tocanting

22. Embropa Rondénia

e e B A

Do

fig. 5.3 The Embrapa’s network for physic nut research involves 22 institutions distributed across
he country and more than 130 research programs

esults does not support reccommendations for commercial applications, (4) Medium
mowledge, i.e., partial rescarch results support recommendations for commercial
pplications with restrictions, (5) Elevated knowledge, i.c., conclusive results
upporting recommendations for commercial applications.

The result of this inquiry (Fig. 5.4) indicated that, in the opinion of the rescarchers,
here are some fields, ¢.g.. seeds technology in which research has had tremendous
dvances since 2008 and in which some technology transfer actions can now be
mplemented. It also indicated that some research fields still require attention in
rder to reach a stage where technology transfer actions can begin, c.g., selective
reeding and cultivar development.

senetic Resources, Genomics and Selective Breeding

Jespite the lack of some basic and technical information, J. curcas is being dissemi-
ated in various Brazilian regions and recent analyses indicate that more than
0,000 ha of physic nut are alrcady planted (Rosado et al. 2010) even though no
lite (improved) cultivars are available (Carels 2009). As a result, much of the
escarch effort is concentrated on building resources that may allow the genetic
mprovement of the species (Achten et al. 2010; Divakara et al. 2010: Rosado et al.
010). In the perspective of future breeding efforts, Embrapa assembled and char-
clerized a germplasm bank (Fig. 5.5) with about 200 accessions (Laviola et al.
010; Rosado et al. 2010). This germplasm bank represents most of the genetic
ariability of the species in Brazil (Rosado et al. 2010). The initial characterization
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Agroepergia
Cerrados

Fig. 5.5 Physic nut germplasm bank established by Embrapa in Planaltina (Distrito Federal]
Brazil). The germplasm bank contains near 230 accessions and it is now being enriched with seeds
collected in the center of origin of the species (i.e.. Mexico)

of such bank, using phenotypic (Laviola et al. 2010) and 1 molccular data (Rma
et al. 2010), indicated that although limited, there is enough genetic varmbm(fé
available for breeding purposes (Laviola et al. 2012b). Sources of variability fo
Qidium spp. resistance, seed toxicity and rate of male/female flowers, for cxamplég
have been characterized in this bank. .
It seems that although limited, the genetic variability is sufficient to ensure e th
clevated genetic gains can be obtained with selective breeding for superior indivi |
als and families. It is important to note that genctic diversity estimation based ¢
neutral molecular markers not always mimic the genetic variability for the llaitsa
interest, since markers can be located in genes not directly involved in the ocnené
control of the trait, but also in non-coding regions. Therefore, we do believe that tﬁ
accessions represented in the Brazilian germplasm umsmuu, a population thal¢
be used as a starting material for breeding purposes. Of course, since the variabililf
is lmited, the addition of accessions collected at the centers of origin an@
diversification of the species is highly desirable and necessary to ensure ¢ that ;_,cneue
gains can still be obtained in the long term. |
Two main strategies are considered for increasing physic nut seed yield: the pk
management and the selection of superior genotypes (Openshaw 2000). Pallet a:
Sale (2006) observed an additive relationship between these factors due to iy
expression of superior genotypes in favorable environmental conditions. Based
these considerations, Embrapa initiated a breeding program (Table 5.3) with fh é
purpose to select materials of physic nut with high seed yield and/or oil prod uut)(sﬁ
by recurrent sclection. Genetic improvements for grain yield will rcly on mtf&;
population recurrent selection, manipulation of genetic variance and vcgddtm

=

i
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Fig. 5.6 Evaluation of a cloning methodology by mini-cutting (a) of physic nut to propagate elite.
genotypes (b, ¢, d) for the Embrapa’s breeding program

propagation of superior genotypes. Asexual propagation allows breeders to maxi-
mize the genetic variation that is transmitted to the next generation. Vegetative
propagation allows breeders to shorten the time required to release improved mate-
rials to the market by selecting superior genotypes in heterogeneous populations,
Since physic nut is an allogamous species, the use of clones may also be an alterna-
tive (0 generate more uniform plantations. In this context, the use of mini-cuttings
has been considered promising (Fig. 5.6). Field validations are still needed in order
to evaluate the development of the seedlings produced by this technology. :

In terms of breeding for seed production, it must be stressed that several trait
such as seed size, seed oil content, seed yield and plant branching seems to deter:
mine the final oil production in physic nut (Heller 1996). However, refined evalua-
tions of these oil yicld components showed that more than 90% of the oil yicldj
variability is related (o the seed yicld variability, indicating that biomass production
is the major determinant in oil production (Spinelli et al. 2010). In this context, it
should be mentioned that despite some optimistic prognosis of seed yields oveff
3 tha'!, only small seed yields (1 tha™ or less) have been reported in different envi-
ronmental conditions (Costa et al. 2010; Ginwal et al. 2004: Raiger et al. 2011),
indicating that much can potentially be gained with breeding efforts. The genetic
basis of physiological stress induced by water deficit or pests and diseases affecting
the production of physic nut are being investigated. .
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The intra-population recurrent sclection is expected to increase the frequency
of favorable alleles for traits of interest, including seed yield. An initial study of
he breeding potential of the Brazilian material suggested that three consecutive
neasurements are necessary to predict accurately and efficiently the true breeding
alue of an individual. Genetic correlations among the numerous traits of interest
vere also obtained providing starting points for indirect selection of the best indi-
tduals and to better design management practices (Laviola et al. 2012b).

However, as no elite cultivars are currently available and because breeding
xplmac 1es based on recurrent selection for elite genotypes are only in their initial
tages, rapid development and release of improved physic nut cultivars is highly
esirable. It is well known that the productivity is generally a polygenic trait, based
i quantitative gene expression, with low heritability and, thus, strongly affected
y environment factors. In Physic nut however, genetic studies were carried out to
ssess the variability and inheritance of this trait. These studies showed that both
ndividual heritability and heritability of progenics are elevated (~70%), providing
vidence that sclection for genotypes with higher yield is possible (Laviola et al.
010, 2012a). Different strategies have been used for the carly selection of superior
enotypes and Drumond et al. (2010) selected genotypes in irrigated conditions
with a yield of 2.12 kg plant™ 12 months after planting. With regard to other envi-
onments, Laviola et al. (2010) observed that seed yield ranged from 0 10 0.18 kg
lant' 12 months after planting in the semi-arid conditions of the Brazilian savannah.
ocha el al. (2011) observed a genetic progress of 99% when selective breeding
lm,ordmx to mass selection was applied to the ten more productive genotypes,
dhich corresponds to an estimated grain yield of 1.23 kg plant™ or 2.25 tha™.
wnother study conducted in Brazil (Laviola et al. 2012b) showed that (i) carly
election of physic nut is possible, (ii) it can promote high genetic gains on the
mtial stages of the breeding program. and (iii) genotypes with increased productivity
an be potentially selected and released as improved cultivars. Moreover, it showed
hat genetic improvement of physic nut can be performed by early recurrent selection
s an allernative (o the slower, but more accurate recurrent selection with three
nsecutive measurements (Laviola et al. 2012b).

~Inaddition o breeding methods, such as (i) assessment of the variation in wild
ources, or germplasm collections, (i) selection of superior or elite genotypes,
ili) recurrent selection of naturally breeding populations, the physic nut improvement
hould also benefit from the application of genomic breeding strategics, ¢.g., the use of
ccular markers (Gomes et al, 2010; Johnson et al. 2011 Liu et al. 201 1; Mastan et al.
J)P Jin marker assisted selection (MAS) (Grattapaglia and Kirst 2008) and genomic
clection (GS) (Gratta paglia and Resende 2011; Resende et al. 2012a, 2012b). The
z{;ona!u is that the physic nut small genome size (~400 Mb) is a favorable feature for
e use of such tools (Carvalho et al. 2008). In depth studies are needed 1o test the
fliciency in integrating genomic breeding tools in physic nut improvement. By adopt-
g the strategy 1o sequence and align ¢DNA from various physic nut individuals, a
uge SNP (Single Nucleotide Polymorphism) discovery initiative is currently under-
iy in Brazil (Gomes et al. 2010; Silva-Junior el al. 2011). Initial results indicated that
I!,}Gu\dm s0f SNPs were discovered and additional validation of such SNPs could prove
{i}bu icient (o build a chip, with hundreds to thousands genotypable SNPs. DArT
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Fig. 57 Occurrence of Qidium in physic nut fruits (a), “Green leafhopper” (Empoasca kraemeri) causing
severe defoliation in a physic nut plantation (Mato Grosso do Sul, Brazil) (b)

Fig. 5.8 Comparative growing vigor in non-toxic genotypes (a and b) and toxic genotype (¢),
12 months after planting. The toxic accessions are much more vigorous than the non-toxic
genotypes

(Diversity Array Technology) markers are also being developed in collaboration with
Diversity Arrays Technology Pty Ltd. Such resources (SNPs and DArTs chip) could
potentially be used to assist breeding efforts, either by MAS strategics (MARS—marker
assisted recurrent selection or GS—genomic selection) in the near future. Powdery
mildew resistance, pest resistance (Fig. 5.7) and non-toxicity (Fig. 5.8) are among the
traits that could be the initial targets for MAS, and productivity as well as oil content
among the traits that arc to be targeted by GS. It is interesting (o note that the develop-
ment of commercial non-toxic cultivars could contribute to aggregate value (o the press
cake that results of the oil extraction, also contributing to reduction of the environmental
passive (nowadays it is necessary (o detoxify the press cake). However, since genotypes
that do not produce phorbol esters are less vigorous and produce less oil than the toxic
cultivars (Fig. 5.8), it is probable that MAS will have to be implemented in backeross-
ing schemes. Itis also being considered (o cross non-toxic genotypes with high yielding
individuals followed by selection of high yielding and vigorous non-toxic plants.
Since Synthetic Genomics Inc. (SGI), Asiatic Centre for Genome Technology
(ACGT) and Kazusa DNA Research Institute have completed the physic nut
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genome project recently (Sato et al. 2010), the annotation of 95% of the physic
nut genes are available freely by online access (htp://www.kazusa.or.jp/jatropha/).
The genome information by Kazusa is expected to boost the discovery of new
molecular markers. As tissue culture protocols are available for regeneration of
physic nut genotypes (Jha et al. 2007), genetic transformation and gene transfer,
can perhaps be an aliernative to modily and, or introduce genes for important
traits, especially for those for which variability is rather limited.

Production Systems

One of the most popular claims about physic nut is that it tolerates low technologi-
cal level in its cropping conditions. However, in such conditions the fact is that its
productivity 1s low, making it economically unviable (Laviola and Dias 2008)
Although physic nutis indeed a species considered rustic and adaptable to different
environmental conditions, it is now clear that physic nut needs cultivation technolo-
vies (fertilizer application, pest and discase control, management practices, etc.) to
sustain cconomic levels of oil production.

Inorder to establish a production system, an important issuc that we arc consid-
ring is the plant phenology. All management practices depend upon this informa-
ion. Although the phenological phases are not rigid, the duration of cach phase is
ikely to be influenced by environmental conditions that occur in a specific region or
ear. Considering this, we have attempted to study the plant’s phenology in one of
he main Brazilian vegetation, the savannah (also known as cerrado). The results of
uch effort indicate that initial establishment of the plants is probably one of the
nost important phases as any stress that oceurs in this phase can compromise the
lants architecture and hence, the plants yield. It is now clear that, following the
ccond year, the phenological phases oceur in repeated cycles. During the raining
eriod, with the rise of the temperature and humidity, the plant’s vegetative growth
eaches its maximum, with the formation of new shoots and inflorescences. In the
razilian conditions, fruiting occurs on average 3 months after the start of the grow-
ng season, mostly in the terminal region of the shoots recently grown. In that
espect, itis noteworthy that the production of new inflorescences is highly depen-
lenton continuous vegetative growth, This indicates that in this period it is impor-
ant to manage the plants properly, i.c., by avoiding the occurrence of biotic and
biotic stresses soas to allow the plant to express all its potential.
\the end of the growing season, with the fall of temperature and humidity, the
cciduous stage begins. In this period physic nut loses its leaves and remains in rest
onditions until the beginning of the next vegetative growth phase.

As outlined above, the phenological data support perhaps all decisions on man-
gement practices 1o be performed. Aiming at providing the plants an ideal environ-
nent for the vegetative growth stadium, the control of invading seeds, pests and
iscases s imperative. According o Dias et al. (2007). a number of pests and dis-
ases from other plant species may affect physic nut. Currently there are no specific
esticides and fungicides recommended for the culture and because of that situation,
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Fig. 5.9 Pruning in physic nut. The formation pruning is o be performed 45 days after planting
(a-¢). The maintenance pruning is carried out when plants are 2 m high and is seen as a way to
standardize the plant’s architecture and production (d)

an integrated management approach is been pursued. Such an approach considers
the adoption of cultural, chemical and biological strategy concurrently to control the
undesirable biotic interactions. In that context, the development of cultivars with
cnhanced resistance/tolerance to such stresses is seen as one of the best approaches.
Initial results are encouraging in that respect, since resistant genotypes for many of
these stresses were already identified in the Brazilian germplasm bank (unpublished
data).

While trying to develop a production system devoted to physic nut cultivation,
it is important to determine the plant’s responses to mineral nutrition. Initial
results gathered among many Brazilian culture conditions indicate that physic nut
responds well to fertilizer applications and a correct balance of nutrients is
required to warrant plants with satisfactory fruit yield (Laviola and Dias 2008).
Thus, annual fertilization is necessary to supply enough amounts of nutrients to
support the plant’s vegetative growth and reproductive development.

Another issue that has been a matter of study in the context of the Embrapa
rescarch initiative on physic nut is the effect of pruning. Two types of pruning are
being tested. i.e., formation pruning and production pruning (Dias et al. 2007)
(Fig. 5.9). The objective of the formation pruning is to standardize the plants (in
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ig. 5,10 Mechanical harvesting systems in physic nut from front (a) and lateral (b) (photos taken
Bioauto Farm, Nova Mutum, Mato Grosso. Brazil)

rms of number of basal branches and height) and to favor the basal shoot
mification by breaking the apical dormancy (the apical meristem is actually
moved). On the other hand, the objective of production pruning is to renew the
oductive ramifications as well as (o reduce the plant size, which facilitates cultural
actices and fruit harvesting. Even though the effects of these techniques are still
ing evaluated, it seems to be very promising as it contributes to standardize fruit
oduction (unpublished data).

Considering fruit production, the most important aspect that is currently being
idied is the maturation process. In general, maturation is quite uneven during the
oduction period (which last between 4 and 5 months in the Brazilian conditions)
d progressive with a mix of immature and mature fruits on the same raceme.
cause of these characteristics, fruits must be harvested in four or five occasions,
rdening the production cost (discussed below). Two approaches are currently being
vestigated (o understand the determinants of maturation process in physic nut.
¢ firstis to gather genetic individuals that display fruit maturation concentrated in
continuous and short periods (as few as possible). Such approach depends on the
istence of genetic variability for this trait in the germplasm bank and on its inheri-
ce. The second approach relies on the application of an exogenous chemical that
linterfere with the plant physiology and allow the standardization of fruit matura-
n. Both approaches arc in initial stages and no conclusive results are yet
ilable.

Nowadays physic nut fruits are harvested manually. Mechanized (Fig. 5.10) and
ni-mechanized harvest systems are currently being developed in Brazil by taking
antage on the knowledge gathered with other perennial cultures, such as coffee,
example. Correct dimensioning of such systems however depends on the size of
genetic material to be harvested and on the plants density, which ultimately
ends on planting spacing. These issues are still being studied and correct dimen-
ning of the harvest systems will be possible. These mechanized and semi-mech-
zed systems arc expected to improve the harvest efficiency besides lowering
nificantly the costs of physic nut production.
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"he cake that results from pressing the physic nut seeds may potentially constitute
n excellent organic fertilizer since it is rich in nitrogen, phosphorous and potas-
um (Achten et al. 2008). Since the press cake is also rich in protein (43-639
lcpending on the method used for oil extraction), it could theoretically be use
long with the fruits shell as a high protein supplement in ruminant feeds, hows
ver, such use is currently impossible given the high toxicity level of the press
ake. As previously mentioned, a number of phorbol esters occur in high concens
rations in the sceds. Removal of phorbol esters during processing is achievabl

Rakshit et al. 2008), however the possible presence of toxic degradation prod-
icts from phorbol esters after treatment cannot be ruled out (Achten et al. 2010}
\iming at solving such a problem, we are currently focusing on two dil‘fcrcnt?
ct complementary approaches to completely remove phorbol esters from physic
ut sceds. .

The first approach relies on the identification of phorbol ester free genotypes in
ur germplasm bank. The current data indicate that as toxicity, in terms of phorbol
sters presence seems (o be expressed qualitatively (Sujatha et al. 2005) and may be.
cgulated by only one or a few genes (see Sato ct al. 2010; Gomes et al. 2010, fora
liscussion). It has also been suggested that the trait is subjected to maternal inheri-
ance, 1.¢., the phenotype of the maternal parent is passed on to the progeny. Such
node of inheritance was suggested carlier by Sujatha et al. (2005), however, it is
till to be proven in the next couple of years. In that respect, non-toxic genotypes are
ommon in the Mexican germplasm (Mastan et al. 2012) and we are now confirming
he genetic basis of such trait in our genetic material through the generation of large
cgregating populations and genetic mapping. The intention is to map the locus
loci) responsible for (non) toxicity with molecular markers that are currently in.
cvelopment to assist selective breeding for non-toxic genotypes. If the non-toxicity.
s indeed inherited from the mother to the progeny, this can have a profound effect.
n breeding programs worldwide, as the main traits subjected o improvement gen lf
rally does not follow such mode of inheritance. The incorporation of trait subjected
b maternal inheritance in the breeding programs will force breeders (o consider (hxsi
formation for cross designs. ,

The second approach relies on the application of the following treatments:
1) thermoplastic extrusion process associated with chemical additives, (ii) sol-
ent washing and (iii) biotransformation (by means of fungus, such as yeast).
‘he main focus here is to detoxify the press cake, either through the removal of
horbol esters or modification of phorbol ester molecules so that the new form
oses their toxic activity. The absence of phorbol esters guarantee that no soil
Gressel 2008), animal or human contamination occurs. Phorbol zero cultivars
vould add tremendous value to the culture especially for small farmers (the
1ajority of Brazilian physic nut growers), since it would allow the press cake
ceyeling through animal feed.
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Perspectives of Physic Nut Cultivation According
to Different Scenarios

The determination of the economic viability of physic nut cultivation is an important
dssue. Therefore. it is necessary to consider that physic nut cultivation can occur in
different scenarios: (i) large production systems with high technological level,
(i) small production systems with mid-technological level and (iii) small production
systems with low technological level associated or not with livestock or/and other
intercrops. such as oleaginous species, grasses or even food crops.

” Considering the first scenario. it is clear that improved genotypes are necessary.
Such improved genotypes must have large seed and oil productivity, since physic
it is the main product. The genotypes are also expected to be highly responsive Lo
improved environmental conditions, since fertilization and irrigation are likely to be
the default situation in this scenario. Genotypes highly tolerant to biotic and abiotic
tresses, such as the ability to grow in marginal areas are the ones that most likely
will support large physic nut plantations (in order to avoid food crop displacement).
Such improved genotypes are expected to be commercialized as mixed populations
Jof elite vegetative clones to maximize the genotypic potential of the individuals
whose features are optimized 1o growing conditions. Mechanization of both cultural
‘fi)mctiu's such as (i) weeds, pest and disease control and (i) fruit crops will be a
sine qua non condition, since the costs of manual operation of these services is 100
‘chptnm to make the business viable. All these operations are undoubtedly bound
(0 increase costs. However, with the use of elite individuals, fertilization, irrigation
ind mechanized practices, the marginal return of physic nut planting is expected to
“he maximized and the gains to be a function of the venture scale. Moreover, the
commercialization of co-products, such as press cake should generale extra profit
when non-toxic genotypes will be available and contribute to increasing the viabil-
Ly of physic nut plantation.

: ~ ltcan be argued that growing physic nut on an industrial scale with high inputs
(irigation, fertilizers, and pesticides) would lead to the failure of many principles of
sustainability of biofuel production and, thus, expose this new crop to negative pres-
sures from environmentalists that could claim other oilseed species eventually bet-
r matching their considerations. However, this concern can be ruled out, since
NBP stimulates planting of a diverse array of oilsced species and encourages the
versification of oilsced materials in order to fit local conditions to the most pos-
sihle extent. In addition, Brazil fortunately has a huge amount of land available for
agmui ure and in our opinion physic nut can be grown together with other oilseed
pecies without competing risks between food and fuel crops, since oilsced species
re thought Lo be regulated on a regional basis.

Keeping the sccond and the third scenarios in view, it is clear that genotypes
will have to be improved considering that adequate management practices will not
always be available. In this way, genotypes with robust features are desirable as
sich genotypes maintain their productivity potential even if the environmental
onditions are not at the optimum. In these last scenarios, the press cake will
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yrobably assume another level of importance, since it can be used to feed livestock
reated in the same farms. In order (o keep the implantation costs as low as possi-
le. improved genotypes will probably be commercialized by means of their seeds,
:nhanced sced and oil productivity will also be important, but another important
ssue could be to keep the wild type of continuous fruit maturation. This character-
stic is important for small farmers, since it minimizes the period without production
md ruit harvesting can rely on family labour, reducing the impact of its costs,
\ last issuc that needs to be considered is that, in such cases. profit can be both
fircct and indirect. Direct profit comes from de-commercialization of seed, oil or
ress cake while indirect profit comes from the use of the press cake as an organic
crtilizer or as [eed for livestock. Indirect profit can also be obtained by the valori-
cation of intercrops. In that respect, the intercrop production may indeed be an
mportant factor to make small production systems viable. In all cases, cconomic
studies are underway to determine the exact conditions needed to make physic nut
sultivation a viable business.

Conclusions

I'he report presents the importance of physic nut for the Brazilian economy consider-
ng its potentials, challenges and the concerns covered by the rescarch that is underway
n the country. We intentionally avoid focusing on the economic aspects of physic nut
sultivation because we believe that it can only be considered after the availability of
mproved cultivars and suitable production systems for the different Brazilian regions.
As discussed above, some more years will be necessary to develop such improved
sultivars and to determine suitable production systems even with worldwide initiative,

However, our cautious, but yet optimistic vision is that the Brazilian research net-
work may successfully contribute to make physic nut a viable feedstock for biodiesel
sroduction in the near future. The increasing demand for biodiesel and the potential
femand for jet fuel (biokerosene) in the near future is a guarantee that the biofuel
market will grow continuously in the upcoming years and also provides stimulus to
scale up physic nut research.
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