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         Introduction 

 The prospects associated with  Jatropha curcas  L. (hereafter referred to as Jatropha) 
as a species for biodiesel production have been extensively reported in the literature; 
however, to date no scienti fi cally valid recommendation for its farming is available 
for this crop. 

 Investigations on propagation techniques, crop fertilization, irrigation, plantation 
spacing, pruning, growth regulators and mechanical harvesting are on-going, and 
basic trends are already de fi ned. However, of fi cial recommendations from govern-
ment references are necessary to warrant faithful production systems capable of pro-
viding acceptable returns on investments to farmers and sustainable oil production. 

 The  Empresa de Pesquisa Agropecuária de Minas Gerais  (EPAMIG), which can 
be translated in English as the Agricultural Research Company of Minas Gerais, 
was incorporated as a public company in 1974. It is the main institution for the 
implementation of agricultural research in the state of Minas Gerais (Brazil) and 
functions to provide solutions for agriculture through technological research and 
development. It also offers specialized services and technical training compatible 
with customer needs and, more generally, aims to improve the quality of life. 

 Among the  fi ve regional units that Epamig maintains in the state of Minas Gerais, 
Minas Epamig North has  fi ve farms, four in the North of Minas Gerais and one in a 
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region called Vale do Jequitinhonha. Most of Epamig’s experiments on Jatropha 
were carried out on one farm ( Fazenda Experimental Gorutuba ) in North Minas 
Gerais (Nova Porteirinha). The farm lies at a latitude of 15°03 ¢  South, a longitude of 
44°01 ¢  West and at an altitude of 452 m. The predominant soil in this region is a red-
yellow  latosol  in  fl at terrain, but  neosol  is also found. Latosol is a type of soil in an 
advanced stage of weathering, which is highly evolved as a result of signi fi cant 
changes in its constitutive materials. These soils are de fi cient in minerals, less resis-
tant to weathering and have low cation exchange capacities. They are generally 
strongly acidic with low base saturation, well drained and very deep. Neosols include 
a thin layer of minerals or organic materials and did not experience signi fi cant 
changes due to the low intensity of pedogenic processes. The soils of North of Minas 
Gerais are typically sandier, with low levels of exchangeable aluminum, phosphorus 
(P) and organic matter (~0.5%) and are typically of the  dry forest  biome. 

 Dry forest is characterized by forest vegetation with a predominance of deciduous 
trees that shed their leaves during the dry season. It is a transition zone between 
 Caatinga  and  Cerrado , with characteristics of the  Atlantic Forest  biome because of 
its diversity in deciduous trees. 

 Caatinga (from Tupi: caa (kill) + tinga (white) = white forest) is the only exclusively 
Brazilian biome, which means that most of its biological heritage cannot be found 
anywhere else on the planet earth. Its name is derived from the whitish landscape 
presented by the vegetation during the dry season, when most plants shed their leaves 
and the trunks become dry and whitish. The Caatinga occupies an area of approxi-
mately 800,000 km², about 10% of the country, comprising contiguous parts of the 
states of Maranhão, Piaui, Ceara, Rio Grande do Norte, Paraiba, Pernambuco, Alagoas, 
Sergipe, Bahia (Northeast Brazil) and the northern part of Minas Gerais. The botani-
cal heritage includes 2,000–3,000 native plant species with xerophytic species in the 
understory associated with calcareous outcrops. 

 The Cerrado is the second largest Brazilian biome, extending over an area of 
2,045,064 km² in eight states (Central Brazil: Minas Gerais, Goiás, Tocantins, Bahia, 
Maranhao, Mato Grosso, Mato Grosso do Sul, Piauí and the District Federal). The 
landscape has a high biodiversity, although less so than the Atlantic Forest. The veg-
etation is similar to the savanna, with grasses, shrubs and sparse trees. The average 
annual temperature is 25°C, eventually reaching 40°C in the spring. The minimum 
registered temperature can reach values close to 10°C or less. 

 Rainfalls are unevenly distributed between the months of November and March 
and account for an average of 750 mm annually. The drought normally extends 
from April to late October and is characterized by a sharp drop in the relative 
humidity. Strong winds occur between May and August. Even if growth is reduced 
to minimum rates during the dry season, leaf loss is not observed in 1-year-old 
plants. The phenomenon of leaf loss during the dry season in northern Minas 
Gerais is observed only from the second year of the plant. In northern Minas Gerais, 
Jatropha remains leafy from November to June (8 months, Fig.  12.1a ), sheds its 
leaves during the resting period (winter) from July to September (3 months, 
Fig.  12.1b ) and sprouts again in October (1 month, Fig.  12.1c ).  
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 Depending on regional climatic conditions, the phenology of Jatropha changes 
according to the time of the year. In the Southeast region of the country, the rainy 
season is concentrated from October to March. In the northern region of Minas Gerais, 
especially where Jatropha is planted on a commercial scale for seed production, the 
rainy season is unevenly distributed in this period (October to March), with peaks 
between November and December followed by a dry period in January and February 
and scattered showers in March. 

 By contrast, in the  Zona da Mata  (a name for a geographic sub-region with speci fi c 
socio-economic features) in the state of Alagoas in Northeast Brazil, the rainy season 
is between April and August (70% of total annual rainfall happens in this period), 
and the dry season occurs from September to February (Souza et al.  2005  ) . Under the 
conditions of Viçosa, which is included in the  Zona da Mata  of Minas Gerais, Matos 
 (  2010  )  concluded that leaf senescence in Jatropha is due to two factors: a decrease in 
minimum temperature and an increase in the difference between the maximum and 
minimum temperatures. Interstingly, leaf senescence was not found to be related to 
water stress or nitrogen de fi ciency. The rate of leaf fall increased as the minimum air 
temperature decreased in the period from January to June. 

 The leaf fall occurred without any signi fi cant relationship to the maximum tem-
perature or soil moisture, which remained near  fi eld capacity. The sharp leaf fall in 
this region occurred when the minimum temperature was below 10°C and the dif-
ference between the maximum and minimum temperatures was higher than 20°C. 

 Corroborating the description of Matos  (  2010  )  and Oliveira et al.  (  2011  )  from 
Rio Grande do Sul (southern Brazil), the number of chilling hours directly in fl uences 
the budding,  fl owering and fruiting of Jatropha. The climatic differences observed 
during the experiment were correlated with differences in the phenology of Jatropha 
over 2 years. In the  fi rst year of the experiment, the occurrence of only 160 chilling 
h guaranteed that fruiting began in November and December, while the incidence of 
331 h of cold delayed the onset of fruiting until January of the second year. 

 After dormancy, the lush production of leaves and in fl orescences begins with the 
 fi rst rains that usually occur in mid-October. Thus, the fruit onset of Jatropha in the 

  Fig. 12.1    Vegetative cycle of Jatropha in northern Minas Gerais. Vegetative phase (Leafy) from 
November to June ( a ); without leaves during resting period (winter) from July to September ( b ); 
and vegetative phase sprouting again in October ( c )       
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northern region of Minas Gerais generally begins in November with a main  fl owering 
peak in December-January and a secondary one in March-April. In Alagoas, the 
period from  fl owering to fruit maturity is 65 days on average (Santos et al.  2010  ) , 
while it lasts from 43 to 61 days in India (Rao et al.  2008  ) . This period gives a win-
dow of fruit harvest in northern Minas Gerais that begins in March (3 months after 
 fl owering) and can extend to June-July. 

 Due to its ability to thrive in a semi-arid climate, Jatropha is well adapted to this 
region, which lacks good agricultural options in terms of biofuels and agriculture in 
general. In the early 1980s, some researchers from EPAMIG became interested in 
Jatropha and started planting trials on various experimental farms in the state of 
Minas Gerais. They collected data that are stored in the company archives. This 
information is of signi fi cant importance for the continuation of current projects on 
Jatropha, which were resumed in mid-2004 after having been slowed at the end of 
the 1980s. Issues relevant to ecological conditions for cultivation, physiological 
aspects, selective breeding, vegetative propagation, seed quality, soil features, fertil-
ization, weed and irrigation management were carefully addressed. Characterization 
of harmful arthropods (pests), diseases, harvest, post-harvest and use of co-products 
of oil extraction for animal feeding are also being pursued. 

 Under the following, we present the important observations on Jatropha farming 
that we have made over the past several decades.  

   Propagation 

 The longevity of pro fi table production of Jatropha is estimated to be between 20 and 
30 years (Dias et al.  2007  ) . Because Jatropha is a dioecious plant that is generally 
out-crossing and entomophilous, large variation of pollen spread between individu-
als is generally observed and may affect the regularity of seed production. In addition 
to seed propagation, Jatropha can also be propagated asexually by cuttings, grafting 
or in vitro culture. The rainy season is the best planting period in the  fi eld. Plants 
originating from seeds  fl ower 9 months after their transplantation in the  fi eld, whereas 
plants reproduced through cuttings generally start to  fl ower after 6 months in the  fi eld 
(Saturnino et al.  2005  ) . In general, plants grown from seeds develop a taproot and 
four lateral roots, and they are economically productive in the fourth year in the  fi eld. 
Plants from cuttings have a less vigorous root system without a taproot, but they 
exhibit slightly earlier production. 

 Seed multiplication is recommended because of the better root system (Severino 
et al.  2006  ) . Indeed, multiplication of Jatropha in Brazil has occurred traditionally 
by collecting seeds from individual plants growing in hedges, gardens and dwell-
ing neighborhoods (Saturnino et al.  2005  ) . Currently, specialized nurseries are per-
forming this work of seed multiplication on commercial substrates. Seedlings 
produced in containers of 120 ml are taller, with larger and more abundant leaves 
than those produced in 50 ml tubes; thus, 120 ml containers are the best for seedling 
production (Avelar et al.  2005  ) . 
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 Vegetative cloning allows the multiplication of individuals without affecting their 
genetic structure, which is advantageous to increase the population of elite genotypes 
(Saturnino et al.  2005  ) . Multiplication through cuttings is most widespread (Lima et al. 
 2010 ; Smiderle and Kroets  2008 ; Vasquez et al.  2010  ) . A possible compromise that has 
yet to be tested is to carry out Jatropha multiplication in vitro by somatic embryogen-
esis, which should give it a better and uniform rooting system in the  fi eld than classical 
micropropagation by shoot multiplication. Somatic embryogenesis is reported in 
Jatropha (Cai et al.  2011 ; Jha et al.  2007 ; Nunes et al.  2008  )  and could be a desirable 
character of a commercial cultivar if the rooting quality is con fi rmed in the  fi eld. 

 A more pragmatic solution is to produce seedlings from bare roots. This sys-
tem is among the most cost effective and warrants a better rooting system (Siles 
et al.  1997  ) . According to this technique, seeds are germinated in high density on 
a ~50 cm deep sand layer. Seedlings develop a robust pivoting root system and an 
etiolated aerial part because of the high density. Seedlings are brought to the  fi eld 
in bundles without support, thus reducing costs and improving the planting 
operations. 

 The planting of cuttings (clones) is only recommended for replacing plants that 
are not productive or are attacked by pests or diseases. The stakes for this purpose 
should be cut from woody branches from plants that have been free of pests and 
diseases for 1 year. The major limitation for the propagation of cuttings is the large 
volume of material to be used in commercial  fi elds, as well as the need to know the 
characteristics of the trees providing the cuttings, emphasizing productivity, health 
and precocity. 

 Grafting is an alternative method for propagation of Jatropha. This technique is 
not used commercially; however, good results have been achieved in experimental 
 fi elds at EPAMIG by grafting shoots of  J. curcas  onto two wild species, i.e.,  Jatropha 
pohliana  Mull. Arg. and  J. gossypiifolia L.  Cleft (Fig.  12.2 ). Following this method, 
a  fi xation rate of about 90% is to be expected; it is more effective than the simple 
 English  graft and is the recommended technique for Jatropha (Marques et al.  2007  ) . 
According to Marques et al.  (  2008  ) , seedlings of  J. pohliana  obtained from mature 
seeds without caruncles yield the best rootstocks due to the higher germination rate. 
Similar results were obtained by grafting  J. curcas  on  J. molissima  Mull. Arg. 
(Anjos et al.  2007  ) .  J. molissima  is native from Northeast Brazil and therefore is 
well adapted to the climate and soil conditions of Caatinga (its area of origin), mak-
ing it an ideal rootstock for Jatropha.  

 Jatropha’s productivity is in fl uenced by spacing. Optimization of the plant 
arrangement has been investigated by several research institutions in Brazil. Eight 
spacing schemes (3 × 1, 3 × 2, 3 × 3, 4 × 1, 4 × 2, 4 × 3, 4 × 4 and 4 × 5 m) were evalu-
ated for Jatropha planting. Silva et al.  (  2011  )  recommended spacings of 4 × 4 and 
4 × 5 m in the region of Anastasius (Mato Grosso do Sul, Brazil). 

 The best spacing and planting arrangements for Jatropha are currently under 
investigation, and these parameters should vary according to the region of cultiva-
tion, size of the plant, soil fertility and exploitation system, such as consortium 
plantation. When intercropped with other cultures, the suggested spacing for 
Jatropha ranges from 2 × 2 m up to 2 × 8 m (Demartini et al.  2009  ) .  
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   Fertilizer Application 

 Jatropha is preferably cultivated in well-structured and deep soil so that the root sys-
tem can reach the deeper layers and explore the soil as much as possible, ensuring 
better absorption of water and nutrients, especially when water is scarce. It can grow 
in poor sandy soils and clay soils of low fertility. However, productivity of the spe-
cies is better when it is grown in well-drained, deep, and airy soils with medium to 
high fertility. At EPAMIG, we have observed that the initial development of Jatropha 
plants grown in clay soils is better than when grown in sandy soil (Fig.  12.3 ).  

 Very shallow clay soils with constant humidity, little air and poor drainage should 
be avoided (Arruda et al.  2004  ) . The root growth of Jatropha has been shown to 
decrease linearly with the compression rate of the top layer of  quartz-sand dystrophic 
neosol , which means that the plant is sensitive to compacted soil (Abreu et al.  2006  ) . 

 In addition, Jatropha should not be planted in soils where the electrical conduc-
tivity (EC) is elevated or where the irrigation water has a high salt content 
(Vale et al.  2006  ) . We observed a reduction of plantlet height from 19.7 to 13.3 cm 
using water with EC values of 0.06 dS. m −1  and 4.2 dS. m −1 , respectively. 

  Fig. 12.2    Grafts of  J. curcas  
(graft) on  J. pohliana  
(rootstock) (Photo courtesy: 
MS Carvalho Dias)       
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 Jatropha adapts to low-fertility soils; however, application of nitrogen (N), phos-
phorus (P), potassium (K), calcium (Ca) and magnesium (Mg) provides signi fi cant 
increases in production. A favorable level of soil fertility is necessary for the plants 
to express their yield potential. According to Silva et al.  (  2009  ) , the macronutrients 
that most affect (by more than 85%) the production of total dry matter are Ca, Mg 
and K. The series of the relative importance of macronutrients is Ca > Mg > K > N > P > S. 
P and S are less important macronutrients because their omissions result in the 
smallest reductions of dry matter production of the macronutrients. In the green-
house, Kurihara et al.  (  2006  )  observed a highly signi fi cant response towards P input, 
especially in soils with low available P. In research conducted at EPAMIG in 
Northern Minas Gerais, Moura Neto et al.  (  2007  )  found that the relationship 
(Fig.  12.4 ) of (1) plantlet height (Fig.  12.4a ), (2) stem diameter (Fig.  12.4b ), (3) 
number of leaves (Fig.  12.4c ), and (4) weight of roots (Fig.  12.4d ), stems (Fig.  12.4e ) 
and leaves (Fig.  12.4f ) to P input follows a quadratic function (ax2 + bx + c = 0). 
Compared to the control without P, these parameters increased under P fertilization 
by 59% (height), 31% (diameter), 205% (leaf number), 59% (root weight), 87% 
(stem weight) and 223% (leaf weight). These authors also concluded that P is 
extremely important for the early development of Jatropha plants, as observed from 
the effects of increasing doses of P on seedling development (Fig.  12.5 ).   

 In sandy soil under controlled conditions, a maximum seed production of 
1,538 kg. ha −1 . year −1  was obtained with 21-month-old plants fertilized with an 
application of 240 and 400 kg. ha −1 . year −1  of N and P 

2
 O 

5
 , respectively (Silva et al. 

 2007a  ) . Maximum seed production (2,137 kg. ha −1 . year −1 ) after 33 months, esti-
mated with the equation  = 1,390 +2.24 * N + 2.11 * P 

2
 O 

5
  – 0.0053* (P 

2
 O 

5
 ) 2  

(R 2  = 0.70), was obtained with the application of 240 and 192 kg. ha −1 . year −1  of N 
and P 

2
 O 

5
 , respectively (Fig.  12.6 ). The seed yield increased with age and stabilized 

between the  fi fth and sixth year, but increasing doses of N and P 
2
 O 

5
  did not result in 

signi fi cant effects on the oil content of the seeds (Table  12.1 ).   
 As described above, N occupies the fourth place in the ranking of macronutrient 

importance in Jatropha (Silva et al.  2009  ) , in contrast with castor beans for which N 
is the most limiting nutrient (Lavres et al.  2005  ) . N is the nutrient that most promotes 

  Fig. 12.3    Jatropha grown in clay soil ( a ) and sandy soil ( b ) in Northern Minas Gerais       
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plant vegetative development in the presence of water. Inter-cropping with Fabaceae 
legume species is a way to partially supply the N that is needed for Jatropha devel-
opment. According to Saturnino et al.  (  2005  ) , Jatropha is highly productive when 
grown in areas that receive large amounts of organic manure. 

 The mass of dry matter produced by Jatropha grown on  yellow-red latosol  with 
medium texture supplemented with four doses of N and  fi ve doses of K was found 
to increase with N following a quadratic function, but to decrease with K (Silva 
et al.  2007b  ) , suggesting that Jatropha does not require a large amount of K for its 
initial development. Thus, the native content of K in soils (87 mg dm −3 ) is suf fi cient 
for the plant demand, as was con fi rmed by the fact that K application during the  fi rst 

  Fig. 12.4    Plant height ( a ), stem diameter ( b ), number of leaves per plant ( c ), root weight ( d ), 
stem weight ( e ) and leaf weight ( f ) of Jatropha as a function of P input (Moura Neto et al.  2007  ) . 
The t-test was signi fi cant at probability levels of 1% and 5%       
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  Fig. 12.5    Response of Jatropha seedlings to increasing P input       

  Fig. 12.6    Seed yield of 33-month-old plants as a function of nitrogen and phosphorus application 
in sandy soils with high availability of phosphorus       
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5 months do not signi fi cantly affect vegetative development (Oliveira et al.  2007  ) . 
K is expected to be essential at the stages of seed formation and maturation, as K is 
present in large amounts in mature seeds (CETEC  1983  ) . The absence of K at this 
stage could be a bottleneck for seed production. 

 Omission of Fe, Cu, Zn, Mn and B led to reductions of the total dry matter by 
84%, 69%, 43%, 31% and 17%, respectively. The importance of micronutrients fol-
lows the series Fe > Cu > Mn ~ Zn > B. In Jatropha, the largest micronutrient require-
ment is for Fe, similar to the requirement of castor beans (Lange et al.  2005  ) . 

 The diagnosis of the nutritional status of plants is an important tool for the proper 
use of fertilizers; its main objective is to identify nutrients that limit plant growth, 
plant development and crop yield. 

 There is a well-de fi ned relationship between nutrient content in tissues, plant 
growth and crop production (Martinez et al.  1999  ) . This relationship is character-
ized by a curve that can be divided into  fi ve regions. The  fi rst and second are 
called regions of  disability . In these regions, an increase in nutrient supply is fol-
lowed by an increase in their content in plant tissues, which results in an increased 
plant growth and yield. In the third region, called the region of  adequacy , an 
increase in the nutrient supply and in the nutrient content in plant tissues is not 
accompanied by a signi fi cant increase in plant growth and yield. In the fourth 
region, called the  luxury absorption  region, the increase in the supply of nutrients 
and their content in tissues is not accompanied by any increase in plant growth or 
yield, which means that the addition of nutrients does not result in any bene fi t for 

   Table 12.1    Seed oil content of Jatropha under different doses of 
N and P 

2
 O 

5
  application   

 Rates of N and P 
2
 O 

5
  (kg ha −1  year −1 ) 

 Oil content (%)  N  P 2 O 5  

  0   0  34.8 
  0  100  35.0 
  0  200  34.0 
  0  400  35.0 
  60   0  34.8 
  60  100  35.4 
  60  200  34.0 
  60  400  33.0 
 120   0  35.2 
 120  100  34.2 
 120  200  35.1 
 120  400  33.1 
 240   0  35.2 
 240  100  33.0 
 240  200  34.7 
 240  400  32.5 
 Mean  34.3 
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plant growth or yield, i.e., it is wasted. The  fi fth region is called the  toxic  region 
and is characterized by a decline in the plant growth or yield with an increase in 
the nutrient supply and tissue content. 

 Studies on Jatropha nutrition are still at an infancy. With the goal of identifying 
the leaf indicators of nutritional status in Jatropha, we found a signi fi cant correlation 
of N and P in the limbo of the  fi fth leaf with the doses of N and P applied to the soil; 
by contrast, only a small correlation was observed between these variables in the 
leaf petiole. For this correlation to be achieved, the  fi fth leaf must be (1) counted 
only among the fully formed leaves, (2) from a branch in the median part of the 
plant and (3) with an in fl orescence (Fig.  12.7 ). The nutrient levels found in the 
limbo of the  fi fth leaf of a highly productive plant are presented in Table  12.2 .   

 Roots exhibit poor development when the soil acidity is below pH 4.5. Limestone 
should be added at a depth of 20–30 cm approximately 2 months before planting to 
reduce the acidity of the soil. Correction of the free aluminum content by liming has 
a positive effect on the development of Jatropha. In a sample of  red clayey latosol , 
the addition of 55% limestone to correct for acidity was needed to obtain maximum 
production (12 g) of the dry mass of Jatropha seedlings. In  sandy neosol , the maximum 
dry mass production (24 g) of seedlings was reached by adding 60% limestone 

  Fig. 12.7    Fifth leaf position on a branch with in fl orescence       

   Table 12.2    Levels of nutrients in the limbo of the  fi fth leaf collected on a  fl owering branch in the 
middle part of a Jatropha plant   

 N  P  K  Ca  Mg  S  B  Cu  Fe  Mn  Zn 
 dag kg −1   mg kg −1  

 2.93  0.29  2.28  2.11  1.14  0.22  39.7  5.1  139  163  19.2 
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(Kurihara et al.  2006  ) . In typical  ortic sandy neosol , 55% limestone provided further 
development of seedlings grown in a greenhouse (Tanure  2006  ) . Several green-
house surveys have shown that the Jatropha plants develop better when Ca is applied. 
It is known that Ca stimulates the development of pivoting roots, ensuring better 
water absorption and formation of secondary roots. These factors are critical for 
better plant use of soil fertility and for adaptation to stress, particularly under water 
de fi cit conditions. Calcium is one of the most important nutrients for root growth 
because it stimulates water and nutrient uptake by roots. Upon application of 
combinations of Ca and Mg doses in Jatropha seedlings grown in soil samples with 
low fertility, Pacheco et al.  (  2006  )  found a larger stimulating effect of Ca compared 
to Mg on seedling development, which indicates that Ca is much more important 
than Mg to support early seedling growth (Fig.  12.8 ).  

 However, the omission of Mg resulted in a decrease in dry matter production 
statistically equal to that of Ca, showing the importance of Mg as a liming factor of 
Jatropha development and explaining the bene fi t of using lime with a higher mag-
nesium content (Silva et al.  2009  ) . 

 According to the results above, it is possible to suggest preliminary fertilizing 
recommendations for Jatropha cultivation (Tables  12.3 ,  12.4  and  12.5 ) in the 
semi-arid region of Montes Claros (North of Minas Gerais, Brazil).    

 Post-planting fertilization is performed in accordance with the projection of the 
plant canopy. Soil sample analysis must be carried out in the region prior to fertilizer 
application to calculate the correct dose. Soil analyses must be carried out once a 
year to assess the evolution of soil fertility. In addition to soil analyses, nutrient 
analyses of the  fi fth leaves are also recommended to check which nutrient(s) may be 
a limiting factor for optimized fruit production. Leaf analysis is an important tool for 
determining if a fertilization program is in agreement with production simulations.  

  Fig. 12.8    Response of Jatropha to increasing Ca doses corresponding to 0.08 and 1.6 times the 
lime required to neutralize the pH (Source: Pacheco et al.  2006  )        
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   Table 12.3    Scheme of fertilization at the stage of Jatropha seedling or cutting plantation   

 Time  Availability of P 1   Availability of K 1   Dose of N 
 Low  Medium  High  Low  Medium  High 
 P 

2
 O 

5
   K 

2
 O 

 Kg ha −1  
 Planting  150  100  60  20  10  0  0 
 Days 
 30  15  10  5  15 
 60  15  10  5  15 

 90  15  10  5  15 

   1 Use the criteria for interpretation of each region. On soils low in zinc (Zn), it is recommended to 
apply 25 g of zinc sulphate per plant in the rainy period  

   Table 12.4    Jatropha fertilization in the  fi rst year of plantation   

 Time  Availability of P 1   Availability of K 1   Dose of N 

 Low  Medium  High  Low  Medium  High 
 P 

2
 O 

5
   K 

2
 O 

 Kg ha −1  
 Months a  
 November  –  –  –  30  20  15  20 
 January  –  –  –  30  20  15  20 
 Feb/March  –  –  –  30  20  15  20 

   a Refers to the months of rain, which may vary among regions. On soils low in zinc (Zn), it is rec-
ommended to apply 25 g of zinc sulphate per plant in the rainy period  

   Table 12.5    Jatropha fertilization in the second year of plantation   

 Time  Availability of P 1   Availability of K 1   Dose of N 
 Low  Medium  High  Low  Medium  High 
 P 

2
 O 

5
   K 

2
 O 

 Kg ha −1  
 Months a  
 November  100  60  30  40  30  20  30 
 January  40  30  20  30 
 Feb/March  40  30  20  30 

   a Refers to the months of rain, which may vary among regions. On soils low in zinc (Zn), it is rec-
ommended to apply 25 g of zinc sulphate per plant in the rainy period  

   Irrigation 

 In an eco-physiology study of water and gas exchange, Lima Filho et al.  (  2007  )  
measured the water potential, gas exchange, stomatal conductance, photosyn-
thesis and transpiration of leaves exposed to sun in 18-month-old plants spaced 
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2.0 × 2.0 m in irrigated and non-irrigated plots, following a completely randomized 
design. The water potentials of the irrigated and non-irrigated plants were −0.57 
and −0.95 MPa, respectively, at 5:00 am (before sunrise) and −1.4 and −1.7 MPa 
after sunrise when evapotranspiration is increased. Photosynthesis was much 
more impaired than evapotranspiration within the levels of water potential and 
stomatal conductance observed. The parameters of leaf temperature (Tf), photo-
synthesis, water pressure, stomatal conductance (gs) and transpiration (E) mea-
sured at 8:00 am, 10:00 am, 12:00 pm, 2:00 pm and 6:00 pm showed that 
Jatropha presented the typical behavior of a woody plant under warm climates 
and a rainy season. The values of gs were higher in the early morning (between 
1.0 and 1.5 mol m −2  s −1 ) and then fell to values approximately 0.7–0.9 mol m −2  s −1  
between 12:00 am and 2:00 pm depending on the temperature of the largest leaf. 
The stomata were closed between 12:00 pm and 4:00 pm; however, photosyn-
thesis reached its highest values during this time interval (between 8 and 
9 mmol m −2  s −1 ), certainly as a result of the higher air evaporative demand 
(Araújo et al.  2007  ) . 

 Although the cultivation of Jatropha has been described as drought tolerant to 
water shortages, we observed a positive effect of an arti fi cial water supply to the crop 
in periods when it is subjected to water stress. This positive contribution of water to 
Jatropha development and production has also been observed in regions where rain-
falls are higher and evenly distributed. However, successful irrigation of this species 
requires a rational system together with other necessary agricultural inputs. 

 Irrigation of Jatropha can be performed using several methods and systems; there 
is not a system more suitable than the others, but rather advantages and drawbacks 
for each of the system. Thus, in situ experiments can be used to learn about the most 
appropriate irrigation system. Appropriate irrigation methods for Jatropha are (1) 
localized irrigation (micro-sprinkling systems and drip), (2) overhead irrigation (cen-
tral pivot and conventional sprinkling with restrictions) and (3) surface irrigation. 

 In the localized irrigation methods, water is applied directly to each plant above 
the root system. In overhead irrigation, water is applied above the plants, resembling 
natural rain. By contrast, surface irrigation refers to irrigation methods where water 
is moved from the soil surface to the plants. Linear and central pivot are considered 
as automated overhead irrigation systems. In linear irrigation, an automated sprin-
kler moves in a straight line. In central pivot irrigation, automated sprinklers moves 
in a circle around a central point or pivot. 

 According to Costa et al.  (  2008  ) , the root system is an important parameter to be 
considered for crop irrigation. In addition to providing plant support, it is the main 
organ responsible for the absorption of water and soil nutrients. As described above, 
Jatropha plantations derived from seeds exhibit larger vegetative development and 
fruit production than plantations derived from cuttings, which has been attributed to 
better root development from effective use of irrigation water. On average, Jatropha 
cuttings develop  fi ve roots, a central and four peripheral roots, indicating good soil 
use when the appropriate growth conditions are provided. 

 In farming under irrigation, plant spacing is normally managed according to the 
plant characteristics. Physical restriction may also occur, depending on the irrigation 
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system used. In experimental areas of irrigated Jatropha, the most widely used spacings 
have been 4 × 2 and 5 × 2 m when mechanical harvesting was applied. The spacing is 
related to the tree size and irrigation system. For example, “central pivot” or “linear” 
systems can be dif fi cult to apply or require pruning. According to Saturnino et al. 
 (  2005  ) , Jatropha sheds leaves during the dry season or the cold period. The plant 
remains dormant until the beginning of next rainy season, and the end of dormancy is 
marked by new sprouts developing at the tips of branches. However, the periodic leaf 
loss typical of non-irrigated plantations was not observed under irrigation in Northern 
Minas Gerais. These results indicate the adaptation potential of Jatropha and an oppor-
tunity for further irrigation management strategies. For example, an irrigation pause 
during certain periods could enable nutrient accumulation, among other bene fi ts. 

 In northern Minas Gerais, it appears that Jatropha is able to produce and develop 
under non-irrigated conditions, with only water from the poorly distributed precipi-
tation (rainfall concentrated between the months of November and February) of 
approximately 1,200 mm. However, preliminary results show positive effects of 
irrigation including (1) better plant development, (2) increased precocity of produc-
tion, (3) maximized harvest period, and (4) increased yield. Although tolerant to 
periods of water shortage, Jatropha needs a proper and constant water supply to 
achieve its yield potential. 

 Under irrigation, Jatropha’s production starts earlier and is greater. Drummond 
et al.  (  1984  )  reported that in an experimental Jatropha area in Janaúba (northern 
Minas Gerais), 18-month-old plants under surface irrigation produced 2,500 kg of 
seeds per hectare at an oil rate of 38% of seed weight. In another region, the seed 
yield conducted under non-irrigated  yellow-red latosol  at Felixlândia Cerrado 
(Central region of Minas Gerais) only reached 500 kg ha −1 . Thus, although adapted 
to dry regions and having a thick stem able to store enough water to survive in dry 
regimes, Jatropha is far less productive under non-irrigated conditions. Jatropha is 
productive in warm climates with more abundant and regular rainfalls, such as 
Zona da Mata (Minas Gerais). In irrigated and fertile areas, Jatropha can start 
producing soon in the second planting year, reaching 2 t ha −1  in the third year 
(unpublished data). 

 In NNE Minas Agro Florestal Ltda. (Janaúba),  fl owering initiation took place 7 
months after crop planting under  drip irrigation  with a volume of 15 l per plant per 
week, given in three irrigation events over the course of the week. 

 MSEA  (  2008  )  and Reyadh  (  1999  )  reported that 5,000 ha of Jatropha were 
planted with 3 × 3 m spacing (1,260 seedlings per hectare) in sandy soils of the 
desert in the Luxor region (Egypt) under irrigation with ef fl uent water from sewage 
treatment (EC 1.04 and pH 7.47). The plants did not receive any organic or mineral 
fertilization other than the nutrients contained naturally in the irrigation water from 
the ef fl uents of sewage treatment. The production began 18 months after seedling 
transplantation and reached an average yield of 3–4 kg per plant 2 years after plant-
ing. The oldest and largest plants produced between 12 and 18 kg per plant. These 
reports not only indicated the feasibility of fertirrigation on Jatropha plantations, 
but also the possibility of using waste water for a productive activity that neither 
harms human health nor pollutes the environment. 



254 J.C.F. de Resende et al.

 In an area on the experimental farm of EPAMIG in Jaíba (northern Minas Gerais), 
nitrogen and potassium were successfully applied to a Jatropha plantation using 
localized irrigation systems (drip and micro-sprinkling). 

 To determine the yield potential of Jatropha in semiarid conditions, Drummond 
et al.  (  2007  )  compared Jatropha’s productivity under dry and irrigated conditions in an 
experimental  fi eld (9°09 ¢  S, 40°22 ¢  W at an altitude of 365.5 m) of Embrapa (ENT-
Petrolina, Petrolina, Pernambuco, Brazil). In this region, the average annual rainfall 
ranges from 400 to 500 mm and is concentrated in February to April. The average 
temperature is 26.4°C, the average evaporation is 7.4 mm d −1 , the average day length 
is 7.3 h d −1  and the annual average relative humidity is 61.8%. Nine rows of 23 plants 
spaced 2.0 × 2.0 m with surface irrigation were planted at the beginning of the rainy 
season. The area was divided into two parts of four rows, separated by a central row. 
The plants of all rows were grown under non-irrigated conditions until 4 months after 
planting. After this period, four rows were irrigated each week. Nine months after 
planting, 63 plants from both of the four dry rows and the four irrigated rows were 
assessed individually for (1) plant height, (2) stem diameter, (3) branch number at one 
meter and (4) numbers and weights of fruits and seeds. The results obtained for these 
parameters showed that Jatropha’s performance 4 months after planting was far supe-
rior when complemented with irrigation compared to the control plants grown with 
rain precipitation. The average seed productivity under irrigation was 871 kg ha −1 , i.e., 
which is 3.5 times larger than the control (246 kg ha −1 ). 

 In a comparison of vegetative development under dry and irrigated conditions in 
the region of Vale do Jequitinhonha, plants were spaced 2 × 2 m, and one irrigated 
row was separated from the other by a non-irrigated row. Irrigation was performed 
by dripping. Ninety-six plants, including 48 from dry rows and 48 from irrigated 
rows, were evaluated after 5 months for plant height and stem diameter. As expected, 
plants under irrigation exhibited better development in terms of both plant height 
and stem diameter (Evaristo and Moreira  2008  ) . 

 An average production of 63.72 and 83.02 g of seeds under non-irrigated and 
irrigated conditions, respectively, was reported in 9-month-old plants by Coletti 
et al.  (  2008  ) . By contrast, Drumond et al.  (  2008  )  found that 12-month-old 
Jatropha planted in a scheme of three rows containing 21 plants spaced 2 × 2 m 
produced an average of 50 (330 kg ha −1 ) and 210 (1,156 kg ha −1 ) fruits per plant 
under dry and irrigated (drip) conditions, respectively. More recently, Drumond 
et al.  (  2010  )  reported average seed yields ranging between 2,853 and 3,542 kg ha −1  
in 12-month-old genotypes under irrigation. However, investigations of Jatropha’s 
productivity are not generally based on  fi eld realities. Experiments based on 
small sample sizes may give unreliable results because of statistical inconstancies. 
Other important parameters were not considered by these investigators, such as 
the genotype interaction of this undomesticated species with the edapho-climatic 
conditions of the environment. However, irrigation and fertirrigation are tech-
nologies that have great potential for the cultivation of Jatropha. To be successful, 
they must be adapted to farming techniques that still need to be optimized for 
this crop. 
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 Frigo et al.  (  2008  )  analyzed the expenses of different energy sources (renewable 
and non-renewable) of a Jatropha agro-ecosystem under drip irrigation to evaluate its 
long-term sustainability based on energy balance and use of non-renewable resources. 
Data from primary (collected in the  fi eld through oral reports) and secondary sources 
(data from bibliographies of the area), as well as manual or mechanical operations 
such as land cleanup, pruning, rowing, mechanical, digging, seedlings plantations, 
insecticide application, fungicide manual application, manual weeding, irrigation 
and harvesting, were used to calculate an energy balance of 2,141.66 MJ ha −1 . Thus, 
for each kg of Jatropha fruit produced (i.e., a gross energy of 12.80 MJ), 4.62 MJ are 
from non-renewable energy sources, which, in the case of this study, corresponds to 
fossil fuel sources (fuel, grease and lubricants). Because the energy ef fi ciency is 2.77 
for every kg of fruit produced (12.80 MJ), an additional 35.56 MJ of non-renewable 
energy sources is needed. Finally, the culture ef fi ciency of irrigated Jatropha is 
0.36%, meaning that for every 12.80 MJ produced (kg of fruits), 35.67 MJ of fossil 
fuels are needed as energy input. Thus, due to the heavy use of non-renewable energy 
in the irrigation process, Jatropha under irrigation is an untenable agro-ecosystem in 
the long run. Jatropha can be used to convert solar energy into oil with lower energy 
input than the energy effectively released in the oil after its extraction. However, this 
study only looked at the  fi rst year of cultivation, which is insuf fi cient to draw conclu-
sions about the energy ratio over the 20 years of a Jatropha perennial plantation. 
Nonetheless, this study may serve as a reference for future analyses needed to iden-
tify in which agro-system Jatropha may become sustainable as a member of the 
energy matrix. There is an imperative need for economic investigations on the 
 fi nancial viability of irrigation of Jatropha before making any recommendation on its 
use, especially when referring to small- and medium-sized producers who have few 
resources to invest in such a productive process.  

   Fruit Harvesting 

 The fruits of Jatropha are considered mature when they reach a yellow coloration 
and are generally harvested by hand. The fruits at this stage of development are at 
the peak of oil accumulation in seeds and get detached easily from stalks. 
Fructi fi cation occurs in bunches, but maturation is not uniform, and  fl owering occurs 
continuously as long as there is heat and moisture. Thus, continuous harvesting is 
needed throughout the maturation period. 

 An alternative faster and easier method is to shake plants at half their height to 
allow fruits to fall, which can then be easily collected on a canvas extended on the 
soil (Saturnino et al.  2005  ) . The drawback of this method is that some fruits do not 
tear off and others are pulled out when falling on the ground, which also may lead 
to contamination and the need to collect the fallen fruit. 

 Farmers and the scienti fi c community believe that the implementation of a 
mechanical harvesting system for Jatropha would be a critical step to improve crop 
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feasibility. Today, equipment used in other crops, such as coffee, is being tested for 
adaption to Jatropha. 

 A semi-mechanized system with lateral vibrating  fi ngers is being tested at the 
Federal University of Viçosa (Minas Gerais). This type of equipment is widely used in 
the cultivation of coffee. The performance of the prototype has been considered to be 
excellent when tested on Jatropha (Dias et al.  2007  ) . Ideally, a harvester should cause 
minimal plant damage and fruit loss. However, tests conducted in the  fi eld in Janaúba 
(Minas Gerais) using this equipment caused extensive damage to branches and plants. 

 A self-propelled harvester designed for coffee was also tested on Jatropha by 
Biojan Ltda in Janaúba. This harvester uses a system to drag and shake branches 
(Fig.  12.9 ). Fruits are collected by mugs as they fall, led by elevators and dispensed 
into a cart. According to Biojan, the results are promising because the fruit harvest 
yield was very good. An evaluation performed shortly after harvesting revealed the 
occurrence of damage to the trunks, branches, loss of leaves and eventually partial 
loss of in fl orescences. In addition, many immature fruits were collected together 
with the mature ones. However, despite all the above constraints, the plant recovery 
was quickly veri fi ed, even if the equipment was used throughout the year.  

 In order for a mechanical harvesting system to be viable, a series of technological 
advances must be achieved. For example, pruning is a viable alternative to reduce the 
crown size for mechanical harvesting (Silva et al.  2012  ) . Pruning at 80 cm in the pri-
mary branch with thinning below 60 cm and promotion of three secondary branches 

  Fig. 12.9    Jatropha mechanical harvesting system in Northern Minas Gerais, Brazil (Source: 
Biojan Ltd). Views are taken from the lateral (a), front (b) and rear (c)       
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gave the best results for mechanical fruit harvesting. Dwarf cultivars or those with 
different architectures should be developed in conjunction with the harvester to allow 
for better circulation of the equipment over plantation lines. Such dwarf cultivars 
should present similar  fl ower numbers despite their small size, good/proli fi c  fl owering 
and fructi fi cation in discrete periods of the year and greater fruit uniformity within the 
same cluster. Knowledge of plant physiology for inducing synchronous  fl owering and 
maturation under irrigation control, pruning and/or plant regulators are needed. 
Pruning is a viable alternative to reduce the canopy size for adaptation to mechanical 
harvesting; however, this method requires human power, which inevitably increases 
costs. Biophysical analyses of branch, fruit and stem resistance should be carried out 
to measure the average force needed to collect mature fruits without breaking new 
in fl orescences, productive branches and damaging immature fruits.  

   Conclusions 

 Jatropha is an oilseed crop with good potential for biodiesel production; it is hardy, 
tolerant to drought, widespread through tropical to sub-tropical climates and some 
temperate regions. However, under inadequate conditions of light, air temperature, 
relative humidity, rainfall, soil fertility and moisture, this species does not reach the 
expected productivity. Production costs should be considered based on the speci fi c 
environment where Jatropha is grown. Damages caused by biotic and abiotic factors 
also need to be assessed. 

 Research on the fertilization of Jatropha is still at an early stage in Brazil. To exploit 
this crop on a large scale, additional information is needed to warrant sustainability of 
its commercial cultivation. 

 The information available on the physiology of Jatropha is very meagre. The limited 
information on the vegetative and reproductive growth in various environments and 
cropping systems came from observations made in the early stages of plant life without 
reference to the physiological mechanisms that explain these processes. Investigations 
on gas exchange and water balance are lacking. Moreover, there is no information on 
hormonal relationships, nitrogen metabolism, assimilate partitioning, and root physiol-
ogy, among other things. Molecular biology is in the early stages of applications for 
understanding the mechanisms of regulation of gene expression in response to environ-
mental stresses. 

 Irrigation is a technology that holds great potential for cultivation of Jatropha. 
However, to be successful, it must be adapted to other cultural treatments, performed 
using good-quality equipment, and maintained periodically to ensure proper perfor-
mance in the long run. An economic survey is needed to verify the  fi nancial viability 
of irrigation in the cultivation of Jatropha to understand the conditions under which 
it is recommended. 

 Because  fl owering and fruit development is asynchronous in Jatropha, fruit har-
vesting is one of the main challenges to be overcome for the viability of the culture 
as an industrial crop. In the present stage of crop development, the process simply 
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needs to be suf fi ciently ef fi cient to be economically viable, i.e., there must be a 
positive balance between fruit crop and crop costs; the higher the harvesting fre-
quency, the lower the fruit loss, but the higher the crop cost. On the other hand, if 
the harvest occurs only once, losses can be so high that they may challenge Jatropha’s 
sustainability. Postharvest steps leading to biodiesel production will be subject to 
both losses in quantity and quality of oil, which can only be prevented by using 
several agronomic and industrial technologies. High-quality seeds are needed for 
storage and industrial processing to ensure good yield and quality of biodiesel.      
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