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ABSTRACT
Keywords: Jatropha germplasm accessions need an assessment of their traits to evaluate the nature and magnitude
Biodiesel of the genetic variability among accessions. The objective of this research was to evaluate the phenotypic
Genetic gain behavior of 130 Jatropha curcas L. (Jatropha) accessions and the genetic variability of selected Jatropha
Genetic parameters  accessions. The selected variables were assessed between 2008-2014 based on the number of fruits per
Heritability tree (FP), the number of seeds per fruit (SpF), weight of 100 dry seeds (100SW), seed length (SL), seed width
Jatropha curcas (SW), smallest deviation standard as regular seed production (RP), highest deviation standard as irregular

seed production (IP), seed oil content (Qil), seed production in g per tree (SP). Correspondence Analysis
techniques were also applied in selected elite Jatropha accessions. The genotypic and phenotypic correlation
coefficient between seed length, seed width, 100-seed weight and oil content for selected Jatropha accessions
were applied. Variance, genotypic and phenotypic coefficients of variation, heritability (broad-sense) and
genetic advance were calculated for several Jatropha phenotypic characteristics. CP041, CP052, CP037,
CP054, CP060, CP122, CP118, CP120, CP121 INIAP Jatropha accessions were selected basically for SP
and FP. A high statistically significant correlation (genotypic and phenotypic) between seed length — seed
width was obtained from the chosen Jatropha accessions. Genetic association in the characteristics of growth
and production highlighted the low phenotypic diversity in the Jatropha Portoviejo Research Station (EEP)
of the National Institute for Agricultural and Cattle Ranching Research (INIAP) germplasm bank. There is
an urgent need to improve the germplasm resource by obtaining new accessions, mainly from countries
considered as centers of origin of the species.

RESUMEN
Palabras clave:  Losbancos de germoplasma de Jatropha necesitan una evaluacion de sus rasgos para evaluar la naturaleza
Biocombustible y la magnitud de la variabilidad genética entre accesiones. El objetivo de esta investigacion fue evaluar el
Ventaja genética comportamiento fenotipico de 130 accesiones de Jatropha curcas L. (Jatropha) y luego analizar la variabilidad
Parametros genéticos genética de las accesiones seleccionadas. La primera evaluacion fue entre 2008-2014 con base en el nimero
Heredabilidad de frutos por arbol (FP), nimero de semillas por fruto (SpF), peso de 100 semillas secas (100SW), longitud
Jatropha curcas de semilla (SL), ancho de semilla (SW), menor desviacion estandar para la produccion de semilla regular

(RP), mayor desviacién estandar para produccion de semilla irregular (IP), contenido de aceite de semillas
(Qil), produccion de semilla en g por arbol (SP) y se aplicaron técnicas de analisis de correspondencia para la
seleccion de las accesiones de Jatropha élite. Coeficiente de correlacion genotipica-fenotipica entre longitud
-ancho de semilla, peso de 100 semillas y contenido de aceite para accesiones seleccionadas de Jatropha.
Se calculd la varianza, el coeficiente de variacidn genotipico y fenotipico, heredabilidad (sentido amplio) y
ventaja genética para algunas caracteristicas fenotipicas. Las accesiones INIAP CP041, CP052, CP037,
CPO054, CP060, CP122, CP118, CP120, CP121 fueron seleccionadas basicamente por su SP y FP. Se
obtuvo una alta correlacién estadisticamente significativa (genotipica y fenotipica) entre el ancho y longitud
de la semilla de las accesiones de Jatropha seleccionadas. La asociacion genética entre las caracteristicas
de crecimiento y produccion resalto la baja diversidad fenotipica del banco de germoplasma de Jatropha
EEP- INIAP. Existe la urgente necesidad de mejorar el recurso de germoplasma mediante la obtencién de
nuevas accesiones principalmente, en paises donde que se consideran centros de origen de la especie.
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atropha (Jatropha curcas L.) has not yet

capturedthe necessary interestin its systematic

improvement forbetter plantationyields (Montes

et al, 2014). Jatropha enhanced varieties
with desirable characteristics under suitable growing
conditions are not available, which contributes to risk
for the future of their sustainable production (Rao et al.,
2017). Jatropha genetic resources could be enhanced
through a global exploration, where the introduction of
genetic materials, characterization and evaluation could
provide essential information for the development of
elite varieties through various methods (Morris et al.,
2013). The key to a conventional breeding program
lies in the availability of genetic variations of a specific
desirable characteristic (Varshney et al., 2013). Rosado
et al. (2010) found accessions from Asia, Africa and
South America with low genetic diversity of Jatropha,
while accessions with high genetic variability were found
in Guatemala and Chiapas, Mexico.

Currently, elite Jatropha germplasm in the world is not
available. Materials that combine several desirable traits
are needed to establish large-scale plantations to ensure
their economic viability (Singh et al., 2016). Therefore,
there is almost no germplasm exchange. Only local
materials are used, but these are not interchanged
between regions (Rade-Loor et al., 2017). The growth
of trees is determined by the influence of their genetic
composition, the environment and the interaction
between them. This interaction must be evaluated in
breeding programs to measure plantation improvement
in multiple environments. For breeders, it is vital to
identify Jatropha materials, where this interaction
does not occur. It ensures consistency among cultivar
performances within a regional environment. Hence,
selection based on a single environment will always be
inferior to that based on multiple environments (Senger
et al., 2016). According to Basha and Sujatha (2007),
identification of promising lines within a germplasm
bank of Jatropha may require a study covering typically
a period of 5 to 10 years.

Several studies on Jatropha genetic diversity have
been carried out to determine the genetic variation in
populations (de Azevedo et al, 2017). In Ecuador,
the National Institute of Agricultural Research (INIAP),
within the Portoviejo Experimental Station (EEP),

carried out an extensive national collection to establish
a conservation and evaluation program for Jatropha
accessions in 2008. The purpose of this germplasm
bank was to test accessions, which included the
analyses of genetic variability, broad-sense heritability
and genetic advantage to establish clonal seed orchards
to cover the Jatropha elite materials needed under the
local tropical dry forest conditions (Cafiadas-Lopez et
al., 2017). The information obtained will serve to form
a collection of genotypes with desirable characteristics
for future use in a genetic improvement program of
this species for biodiesel production in Ecuador. The
objectives of the present investigation were to evaluate
the phenotypic behaviors of 130 Jatropha accessions
and to characterize the accessions based on genetic
variability of the selected accessions.

MATERIALS AND METHODS

The study was conducted at the Portoviejo Research
Station (EEP), which belongs to the National Institute for
Agriculturaland Cattle Ranching Research (INIAP) (0°6'S,
80°23'W), Lodana Sector, Canton Portoviejo, Province
of Manabi, Ecuador. The EEP is located at 47 masl, with
a mean annual temperature of 26.3 °C, mean annual
precipitation of 809.6 mm, mean relative humidity of 83%
and mean number of sunshine hours of 1,159.3 h year"
(Canadas-Lépez et al., 2018a; Canadas-Lépez et al.,
2018b). The research area is ecologically classified as a
tropical dry forest (Canadas, 1983).

The collection of germplasm consists of 91% of materials
from Ecuador (Figure 1), 5% from Brazil and 4% from
Peru. After the establishment of the germplasm bank
in 2008, the materials brought from abroad were not
properly adapted to local conditions.

A total of 130 Jatropha accessions remained in the field.
Plus-tree criteria were followed for selection according
to Cornelius (1994). The selection was conducted in
order to highlight phenotypic characteristics of interest
such as the number of fruits per tree (FP), the number of
seeds per fruit (SpF), weight of 100 dry seeds (100SW),
seed length in cm (SL), seed width in cm (SW), lower
standard deviations as regular seed production (RP),
high standard deviation as an indicator of irregular seed
production (IP), oil content of seeds in percentage (Oil)
and seed production in g per tree (SP). The seeds of
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Figure 1. Origin of collected Jatropha accessions of the EEP-INIAP germplasm bank, Manabi.

all Jatropha accessions were separated, cleaned and
stored in cotton bags under environmental conditions to
establish seed characteristics. The seed lots were dried
in a hot air oven at 60 °C until seeds reached a constant
weight and a humidity of 8%. Five samples were taken
from each seed batch, and 100 randomly selected
undamaged seeds (total 500 were measured in length
and width). The Soxhelt method was applied to estimate
the oil content of 200 seeds with three replications for
each seed lots (Canadas-Ldpez et al., 2018). Once the
collection was assembled, germplasm cuttings from
plus-tree selection planted in 2008 with three replications
totaling 12 plants per batch with a spacing of 2x2 m and
a germplasm bank was established in EEP-INIAP.

In 2014, Jatropha germplasm was evaluated according
to the above indicated variables. Techniques of
correspondence analysis were applied. The analysis
of cross-tabular data in form of numerical frequencies
was particularly helpful since it shows an elegant but
straightforward graphical display, which permits a rapid
interpretation and understanding of the data (Bortz and
Schuster, 2011). A primary indicator of analysis results
was the inertia that can be interpreted as the weighted
average of squared %’ distances between the average
of the observed variables and the Jatropha accessions
of different provenance regions. For this purpose, the
software Statistica version 13.3 was applied.

During June 2015 and August 2016, Jatropha accessions

described under the above criteria were sown in a system
2x2 m with three replications. Four Jatropha trees were
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selected from 18 month old, for each replication of each
accession and data was recorded with the following
morphological characteristics:

— Height of plants (cm): it was measured from soil level
to the apex and results were reported as average.

— Number of branches per plant: The number of
branches growing from the main stem in different
positions of the nodes, including basal branches
were counted.

- Number of bunches per plant: Expressed as average
number of flower bunches per plant.

— Number of fruits per plant: The average number of
fruits per plant.

— Number of seeds per fruit: Seed average found within
the Jatropha fruit.

- Weight of 100 seeds: All batches of seeds were dried
under similar temperatures and humidity conditions
until reaching a constant weight. Three samples
were taken from each batch of seeds and 100 were
randomly selected to measure their weight.

— Seed yields: The weights of the seeds were
established with a precision balance. After removing
the pulp from the yellow fruits, the extracted seeds
were dried in a convection oven at 60 °C for two days.

Analysis of variance and mean comparison were
carried out with Statistica Software, version 13.3. Both
genotypic and phenotypic correlation coefficients were
calculated according to Johnson et al. (1955). Variability,
genetic advance as a mean percentage, phenotypic and
genotypic variance, phenotypic variation coefficient




(PCV) and genotypic variation coefficient (GCV) were
calculated for seed oil content (Yoshida et al., 2007).
Accession heritability was estimated by dividing the
variance of the measurements into components between
accessions and within accessions. For the genotypic
variance, the difference between and within the selected
accessions was calculated. In addition, the variance
within accessions has been defined as phenotypic
variance. Subsequently, the genotypic variance was
divided by the phenotypic variance to obtain the broad-
sense heritability. Genetic advance (%) was estimated
as the difference between the genotypic mean of the
accessions and the genotypic mean of the population.

RESULTS AND DISCUSSION

Phenotypic behavior of 130 Ecuadorian Jatropha
accessions - evaluation 2008-2014

Figure 2 shows the first two dimensions from the
correspondence analysis of the 130 Jatropha accessions
and their nine variables. A very large proportion (96.2%)

of the inertia is displayed along the first dimension. SP
and FP were the main contributors to this dimension.
These variables are opposed by a cluster of the
variables SL, SW, SpF and 100SW. The second axis
explains only 2.1% of the inertia. In this case, the main
contributors were regular seed production (RP) and oil
content (Qil). These were primarily opposed to IP and a
lower extent, to the variables mentioned above that form
a cluster. The accessions located close to the variables
SP and FP were CP041, CP052, CP037, CP054,
CP060, CP122, CP118, CP120, and CP121.

The highest production of seed and fruits from the 130
tested accessions of Jafropha are shown in Table 1,
which are characteristics of 9 elite Jatropha accessions.
The oil content, another important production factor, was
opposite to the factors SP and FP. The values of the oil
content of the nine highlighted accessions were indeed
inconsistent and vary around the overall average of all
tested accessions.
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Figure 2. Dimensions 1 and 2 of the correspondence analyses of 130 Jafropha accessions, highlighting ten relevant variables. Number of
fruits per tree (FP), number of seeds per fruit (SpF), 100-seed weight (100SW), seed length (SL), seed width (SW), regular seed production
(RP), irregular seed production (IP), oil content (Qil) and seed production (SP).

In Ecuador, under tropical dry conditions, Cafiadas-Lopez
et al. (2017) established for three Jatropha accessions
a production of 0.70-0.75 t ha' year” for a 7-year-old
plantation. The height of the Jatropha dry seed production

variation was influenced by a factor unrelated to the water
availability in the soil. At the same time, Cafadas-L6pez et
al. (2018) observed a production of 316.46 g tree”' year
(791.15 t ha year") for the Jatropha accession CP041
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Table 1. The Jatropha accessions with the highest seed production and the number of fruits, and summary statistics of 9 accessions and

130 accessions tested.

Elite Seed Number of  Seed
Jatropha production fruits length
Accessions (9) (mm)

CP0O41 730.73 147.97 18.28
CP052 652.26 110.60 18.38
CP037 588.33 138.16 18.41
CP054 404.89 132.78 17.35
CP060 356.10 119.57 19.30
CP122 180.54 85.97 17.33
CP118 180.43 85.92 17.77
CP120 159.12 75.77 18.24
CP121 157.96 75.22 18.36
130 access.

Average 153.23 72.96 18.09
Maximum 730.73 347.97 20.60
Minimum 0.00 0.00 16.00
Standard error + 12.31 0.58 0.07

of an eight-year-old. It would mean that Jatropha’s
productivity could be lower than 1000 kg ha' year'
under dryland conditions in Ecuador (Cafiadas-Lépez
et al, 2020). These productions registered in Ecuador
were below the production variability ranges reported by
Openshaw (2000) between 0.4 to 12 t ha' year. Thus,
Jatropha breeding programs are an important task in
improving the dry seed production on marginal lands.

Yong et al. (2010) under the effects of four fertilizers in
Sigapour observed an average number of fruits per plant
of 81 (240 g (T240) of Osmocote® Plus). Joshi et al. (2011)
registered 33 fruits per tree and a fruit yield per plant of
27 in 2009. These trees were sprayed with Ethrel (growth
regulator) 150 ppm in the year 2008. Mohapatra and Panda
(2010) registered for 18 Jatropha accession from India,
an average of 77 fruits per tree. Comparable results were
observed for the 130 Ecuadorian Jafropha accessions under
dry forest conditions with an average of 75 fruits per tree.

Jatropha has a three-locular ovary and generally the fruit
has three seeds (Divakara et al., 2010). In some Mexican
Jatropha genotypes, four seeds per fruit are found under
normal growth conditions (Makkar and Becker, 2009). For
Jatropha accessions coming from six different countries,
Nietsche et al. (2014) reported ranges between 2.63 to
2.96 seeds per fruit. In the present research, the number
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Seed Seed number 100-seed .
width per fruit weight ol ?oo/l;tent
(mm) (9) °
10.96 2.80 78.60 51.51
10.88 2.50 75.66 46.77
11.51 2.80 80.70 31.95
10.90 2.80 79.15 50.01
11.25 2.80 68.00 24.94
10.94 2.67 69.70 43.95
11.13 2.80 73.40 36.63
11.21 2.80 77.50 34.03
11.32 2.90 74.80 36.68
10.93 2.20 72.80 33.66
12.45 3.00 87.77 55.81
9.20 2.00 53.40 20.15
0.04 0.01 0.58 0.62

of seeds per fruit was established with an average of 2.20
seeds per tree and was lower to the other authors.

The average of 130 Jatropha accessions was 36.68%
(0.62) of ail content for the Jatropha accessions in Ecuador
under dry forest conditions. Carels (2009) mentioned that
35% of oil seed content could be seen as a good Jatropha
accession. Superior oil contents were found by Martinez-Diaz
etal. (2017) with a Jatropha oil seed variation from 42.35%
to 55.39% for different Mexican Jatropha populations. In
Colombia, the percentage of Jatropha oil seed content
varied between 37.2% and 40.1% (Montenegro et al.,, 2014).

Ginwal et al. (2005) established that in India the 100-seed
weights were highly variable and these were under strong
genetic control in comparison to environmental influence.
Wani et al. (2012) found the 100-seed weight between 49 to
69 ginthe Andhra Pradesh State, India. While for Malaysian
Jatropha accessions, Shabanimofrad et al. (2013) registered
weights from 44 to 77 g. The 100-seed weight of this study
was 74.49 g, which is in the range of the other reports.

Nietsche et al. (2014) reported a seed length of 18.43 mm
and 18.56 mm seed width for 15 Jatropha accessions and
argued that a lower availability of water periods influences
in seed characteristics such as seed shape. Under dry
conditions, the cell turgor pressure is influenced to increase




cell expansion and carbohydrate accumulation. In the present
investigation, it was possible to observe greater lengths
(18.93 mm) and narrower widths (10.93 mm) of Jatropha
seeds, although the seed ellipsoid shape prevailed.

Genetic association in growth and production
characteristics of nine elite Jatropha selected
accessions, evaluations in 2015 and 2016

There is a strong correlation (genotypic and phenotypic)
between seed length and width. In contrast, there is no
significant relationship (genotypic and phenotypic) between
the seed width and 100-seed weight, nor between 100-
seed weight and oil content (Table 2). The morphology
characterization of seeds from Ecuadorian Jatropha

accessions at EEP is the first step to determine the population’s
genetic variability. However, biotic and abiotic factors
influence on the seed size (Valdés-Rodriguez et al., 2018).

The degree of correlation coefficient at genotype level
was greater than its corresponding phenotypic coefficient
correlations for seed width and seed length parameters
(Table 2). This trend was congruent with those obtained by
Valdés-Rodriguez et al. (2018) in Mexico. Nevertheless,
the oil seed content was not related to any other variables
analyzed. These results were in contrast with those found
by Rao et al. (2008), who argued that the seed weight
could be considered as an important trait for the early
selection of seed sources.

Table 2. The correlation coefficient between seed length, seed width, 100-seed weight and oil content for nine selected Jatropha accessions,

EEP-INIAP, Manabi-Ecuador.

- Genotypic/ Seed length Seed width 100-seed weight
Characteristics Phenotypic (mm) (mm) )
Seed width (mm) Genotypic 0.398 ***
Phenotypic 0.354 ***
. Genotypic 0.267 ns 0.282 ns
100-seed weight (g) Phenotypic 0.285 ns 0.292 ns
. o Genotypic 0.195ns 0.195ns 0.259 ns
Ol content (%) Phenotypic 0.197 ns 0.197 ns 0.260 ns

“** P<0.001; ns: not significant statistically

Genetic association in the characteristics of growth and
production of nine elite Jatropha selected accessions
The maximum variation was observed for the Jatrophatree
height followed by dry seed production and the number
of fruit tree” (Table 3). At the same time, the minimum
variance was detected in seed length, seed width, the
weight of 100-seed weight, oil content, and the number of
seeds per tree. The phenotypic variation coefficient was
similar to the genotypic variation coefficient. The lowest
genotypic variance was recorded for the seed number fruit !
(8.41-10.30) and seed weight (9.81-13.87). Broad-sense
heritability of seed length was 88%, 100-seed weight
was 86% and of oil content 80% (Table 3). The genetic
advance ranged from 3.81% (oil content) to 19.09%
(seed length) for the nine tested Jatropha accessions.

A close correspondence was observed between the
genotypic and phenotypic variance coefficient for all

Jatropha accessions studied. Since the variation
depends on the unit's magnitude measuring of the
traits, the coefficient of variation is independent
of its unit of measure. It is useful for comparing
populations (Martin and Montes, 2015). For dry seed
production, tree height and the FP of the Ecuadorian
Jatropha accessions, a high genotypic and phenotypic
coefficient of variation was found. These data can
be compared with the results obtained by Rao et al.
(2008) for production (54.90-55.26) and tree height
(26.71-28.43). This fact indicates that the selection can
be applied to the traits to isolate a more promising line.
The same results were reported by Martin and Montes
(2015). Nevertheless, the high PCV and GCV for the
studied morphological characters of the Jatropha
tree indicated that environmental influences on the
expression of these traits were minor (Tefera et al.,
2003).
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Table 3. Genetic variable estimations for seed and oil traits in INIAP Jatropha accessions, EEP-INIAP, Manabi-Ecuador.

Variables
Variables Range
Genotypic  Phenotypic
SP 153.23-730.73 93.3 135
FP 72.96-147.97 25.8 36.77
SL 1.11-2.06 0.07 0.08
SW 0.92-1.19 0.01 0.02
SpF 2.50-2.90 0.02 0.03
100SW 64.43-84.85 2.3 2.67
Qil 20.13-56.32 0.87 1.09
Tree height  165.04-300.00 113.3 161.52

. i G

Genotypic  Phenotypic % advance
53.63 64.86 68 4.19
48.94 59.73 70 7.11
19 20.31 88 19.09
9.81 13.87 50 13.46
8.41 10.30 67 7
17.51 18.87 86 2.83
15.92 17.82 80 3.81
76.93 91.86 70 7.78

SP: seed production; FP: fruits per tree; SL: seed length; SW: seed width; SpF: seed per fruit; 100SW: 100-dried seeds.

Seed length, 100-seed weight and oil content showed a
moderate coefficient of genetic and phenotypic variability.
According to Patil (2010), this reasonable variation could
be improved by exhaustive selection. The characteristics of
seed length and 100-seed weight displayed a low coefficient
of variance, indicating the need of other resources with
high variability of these characteristics.

However, characters that exhibit maximum heritability
and high genetic advances as a mean could be used as
a powerful selection tool. Such traits are controlled by the
additive genes and are less influenced by the environment
(Ahsan et al., 2015). For all Jatropha characteristics, a high
broad-sense heritability was observed in the present study.
In observed populations, the variation is due to both genetic
and environmental factors, because genetic variability
is the only inheritable from generation to generation.
Heritability alone does not give a clear idea about the
expected genetic gain in the succeeding generation and
therefore, it should be considered as a whole with the
genetic advances (Alves et al., 2013).

Hence, the combination of high broad-sense heritability and
high genetic advantage will provide a clear basis on the
reliability of that particular trait in the selection of Jatropha
varieties (Hernandez-Velasco et al., 2016; Ortiz-Olivas et
al., 2017) It was not observed in the present investigation
on the elite EEP-INIAP Jatropha accessions.

CONCLUSION

In an environment of global warming and food security
problems due to human population growth, priority should
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be given to plants that are not edible, but that can be used
for the production for biodiesel. Jatropha's potential as
an organic biodiesel raw material in promoting socio-
economic development and meeting energy demands
as the “Jatropha for Galapagos” Project does, which
needs superior Jatropha materials. However, the results
of this study highlight the low phenotypic diversity of
the physically dry seed variability within the Jatropha
EEP-INIAP germplasm bank under tropical dry forest
conditions. It could be because 72% of the material
collected comes from the Manabi Province. The Jatropha
vegetative propagation form, mostly diffused in Manabi, is
by stakes, which could have caused the lack of variability,
reflecting a common descendant. There is an urgent need
to improve the germplasm resource by obtaining new
accessions, mainly from countries considered as centers
of origin of the species to promote the genetic diversity
necessary to develop a genetic improvement program for
the Jatropha plantations.

ACKNOWLEDGMENTS

The authors thank the Director of the Portoviejo
Experimental Research Station (EEP) of the National
Institute of Agricultural Research (INIAP) period 2015-2016
and INIAP General Director for the Jatropha data release
and the updating of the information. They also thank
Michael Anthony McLaughlin and Marcelino de Souza
Lima for the editing and review.

REFERENCES

Ahsan MZ, Majidano MS, Bhutto H, Soomro AW, Panhwar FH,
Channa AR and Sial KB. 2015. Genetic variability, coefficient of
variance, heritability and genetic advance of some Gossypium hirsutum




9280

L. accessions. Journal of Agricultural Science 7(2): 147. doi: 10.5539/
jas.v7n2p147

Alves MF, Barroso PAV, Ciampi AY, Hoffmann LV, Azevedo
VCR and Cavalcante U. 2013. Diversity and genetic structure among
subpopulations of Gossypium mustelinum (Malvaceae). Genetics and
Molecular Research 12(1): 597-609. doi: 10.4238/2013.February.27.9

Basha SD and Sujatha M. 2007. Inter and intra-population variability
of Jatropha curcas (L.) characterized by RAPD and ISSR markers and
development of population-specific SCAR markers. Euphytica 156(3):
375-386. doi: 10.1007/510681-007-9387-5

Bortz J and Schuster C. 2011. Statistik fir Human-und
Sozialwissenschaftler: Limitierte Sonderausgabe. Seventh edition.
Springer-Verlag. Berlin, Heildelberg, New York. pp. 80-120. [In German].

Cafadas-Lopez A, Rade-Loor D, Siegmund-Schultze M, Zambrano-
Cedefio X, Vargas-Hernandez J and Wehenkel C. 2020. Pruning and
fertilization effects on Jatropha yields under smallholder’s conditions
in a Tropical Dry Forest from Ecuador. Revista Facultad Nacional
de Agronomia Medellin 73(1): 9089-9097. doi: 10.15446/rfnam.
v73n1.79059

Cafnadas-Lopez A, Andrade-Candell J, Dominguez-Andrade, JM,
Molina-Hidrovo C, Schnabel-Delgado O, Vargas-Hernandez JJ and
Wehenkel C. 2018a. Growth and yield models for teak planted as living
fences in coastal Ecuador. Forests 9(2): 55. doi: 10.3390/f9020055

Cafnadas-Lépez A, Rade-Loor D, Siegmund-Schultze M, Iriarte-
Vera M, Dominguez JM, Vargas-Hernandez J and Wehenkel C.
2018b. Productivity and Oil Content in Relation to Jatropha Fruit
Ripening under Tropical Dry-Forest Conditions. Forests 9(10): 611.
doi: 10.3390/f9100611

Cafadas-Lopez A, Rade-Loor D, Dominguez-Andrade JM, Vargas-
Hernandez JJ, Molina-Hidrovo C, Macias-Loor C and Wehenkel C.
2017. Variation in seed production of Jatropha curcas L. accessions
under tropical dry forest conditions in Ecuador. New Forests 48(6):
785-799. doi: 10.1007/s11056-017-9597-1.

Cafadas L. 1983. El mapa ecologico y bioclimatico del Ecuador.
Editores Asociados Cia. Ltd. Quito, Ecuador. pp. 50-120.

Carels N. 2009. Jatropha curcas: a review. Advances in Botanical
Research 50: 39-86. doi: 10.1016/S0065-2296(08)00802-1

Cornelius J. 1994. The effectiveness of plus-tree selection for yield.
Forest Ecology and Management 67(1-3): 23-34. doi: 10.1016/0378-
1127(94)90004-3

de Azevedo Peixoto L, Laviola BG, Alves AA, Rosado TB and
Bhering LL. 2017. Breeding Jatropha curcas by genomic selection: a
pilot assessment of the accuracy of predictive models. PLoS One 12:
0173368. doi: 10.1371/journal.pone.0173368

Divakara BN, Upadhyaya HD, Wani SP and Gowda CL. 2010.
Biology and genetic improvement of Jatropha curcas L.: a review.
Applied Energy 87(3): 732-742. doi: 10.1016/j.apenergy.2009.07.013

Ginwal HS, Phartyal SS, Rawat PS and Srivastava RL. 2005. Seed
source variation in morphology, germination and seedling growth of
Jatropha curcas Linn. in central India. Silvae Genetica 54(1-6): 76-80.
doi: 10.1515/sg-2005-0012

Hernandez-Velasco J, Herandez-Diaz JC, Fladung M, Cahadas-
Lopez A, Prieto-Ruiz and JA, Wehenkel, C. 2017. Spatial genetic
structure in four Pinus species in the Sierra Madre Occidental, Durango,
Mexico. Canadian Journal of Forest Research 47(1): 73-80. doi:
10.1139/cjfr-2016-0154

Johnson HW, Robinson HF and Comstock RE. 1955. Genotypic

and phenotypic correlations in soybeans and their implications in
selection. Agronomy Journal 47(10): 477-483. doi: 10.2134/agronj19
55.00021962004700100008x

Joshi G, Shukla A and Shukla A. 2011. Synergistic response of auxin
and ethylene on physiology of Jatropha curcas L. Brazilian Journal of
Plant Physiology 23(1): 66-77. doi: 10.1590/S1677-04202011000100009

Makkar HP and Becker K. 2009. Jatropha curcas, a promising
crop for the generation of biodiesel and value-added coproducts.
European Journal of Lipid Science and Technology 111(8): 773-787.
doi: 10.1002/ejlt.200800244

Martinez-Diaz Y, Gonzalez-Rodriguez A, Rico-Ponce HR, Rocha-
Ramirez V, Ovando-Medina | and Espinosa-Garcia FJ. 2017. Fatty
acid diversity is not associated with neutral genetic diversity in native
populations of the biodiesel plant Jatropha curcas L. Chemistry &
Biodiversity 14(1): €1600188. doi: 10.1002/cbdv.201600188

Martin M and Montes JM. 2015. Quantitative genetic parameters
of agronomic and quality traits in a global germplasm collection reveal
excellent breeding perspectives for Jatropha curcas L. GCB Bioenergy
7(6): 1335-1343. doi: 10.1111/gcbb.12227

Mohapatra S and Panda PK. 2010. Genetic variability on growth,
phenological and seed characteristics of Jatropha curcas L. Notulae
Scientia Biologicae 2(2): 127-132. doi: 10.15835/nsb224592

Montenegro R, Magnitskiy S, Henao T and Martha C. 2014. Effect
of nitrogen and potassium fertilization on the production and quality of
oil in Jatropha curcas L. under the dry and warm climate conditions
of Colombia. Agronomia Colombiana 32(2): 255-265. doi: 10.15446/
agron.colomb.v32n2.43265

Montes JM, Technow F, Martin M and Becker K. 2014. Genetic
diversity in Jatropha curcas L. assessed with SSR and SNP markers.
Diversity 6 (3): 551-566. doi: 10.3390/d6030551

Morris GP, Ramu P, Deshpande SP, Hash CT, Shah T, Upadhyaya
HD, Riera-Lizarazy O, Brown P, Acharya ChB, Mitchell ShE, Harriman
J, Glaubitz J, Bukler ES and Kresovich S. 2013. Population genomic
and genome-wide association studies of agroclimatic traits in sorghum.
Proceedings of the National Academy of Science 110(2): 453-458. doi:
10.1073/pnas.1215985110

Nietsche S, Vendrame WA, Crane JH and Pereira MCT. 2014.
Assessment of reproductive characteristics of Jatropha curcas L. in
south Florida. GCB Bioenergy 6(4): 351-359. doi: 10.1111/gcbb.12051

Openshaw K. 2000. A review of Jatropha curcas: an oil plant of
unfulfilled promise. Biomass and Bioenergy 19(1): 1-15. doi: 10.1016/
S0961-9534(00)00019-2

Ortiz-Olivas ME, Hernandez-Diaz JC, Fladung M, Cafadas-L6pez
A, Prieto-Ruiz, JA and Wehenkel, C. 2017. Spatial Genetic Structure
within and among Seed Stands of Pinus engelmannii Carr. and Pinus
leiophylla Schiede ex Schltdl. & Cham, in Durango, Mexico. Forests
8(1): 22. doi:10.3390/f8010022

Patil HE. 2010. Variability and correlation analysis by using various
quantitative traits in released Bt cotton hybrids. Journal of Cotton
Research and Development 24(2):141-144.

Rao GR, Korwar GR, Shanker AK and Ramakrishna YS. 2008.
Genetic associations, variability and diversity in seed characters, growth,
reproductive phenology and yield in Jatropha curcas (L.) accessions.
Trees 22(5): 697-709. doi: 10.1007/s00468-008-0229-4

Rao GR, Prabhakar M, Sathi Reddy P and Sharath Kumar
P. 2017. Jatropha curcas (L.) seed yields as impacted by
pruning intensity and intercropping. Biofuels 8(3): 383-390. doi:

Rev. Fac. Nac. Agron. Medellin 73(3): 9273-9281. 2020



10.1080/17597269.2016.1231958

Rade-Loor D, Cafadas-Lopez A and Zambrano C. 2017.
Silvopastoral system economical and financial feasibility with Jatropha
curcas L. in Manabi, Ecuador. MVZ Cordoba 22(3): 6241-6255. doi:
10.21897/rmvz.1129

Rosado TB, Laviola BG, Faria DA, Pappas MR, Bhering LL, Quirino
B and Grattapaglia D. 2010. Molecular markers reveal limited genetic
diversity in a large germplasm collection of the biofuel crop Jatropha
curcas L. in Brazil. Crop Science 50(6): 2372-2382. doi: 10.2135/
cropsci2010.02.0112

Singh S, Prakash A, Chakraborty NR, Wheeler C, Agarwal PK
and Ghosh A. 2016. Trait selection by path and principal component
analysis in Jatropha curcas for enhanced oil yield. Industrial Crops and
Products 86: 173-179. doi: 10.1016/j.indcrop.2016.03.047

Senger E, Martin M, Dongmeza E and Montes JM. 2016. Genetic
variation and genotype by environment in Jatropha curcasL. germplasm
evaluated in different environments of Cameroon. Biomass and
Bioenergy 91: 10-16. doi: 10.1016/j.biombioe.2016.04.017

Shabanimofrad M, Rafii MY, Wahab PM, Biabani AR and Latif
MA. 2013. Phenotypic, genotypic and genetic divergence found in 48
newly collected Malaysian accessions of Jatropha curcas L. Industrial
Crops and Products 42: 543-551. doi: 10.1016/j.indcrop.2012.06.023

Tefera H, Assefa K, Hundera F, Kefyalew T and Teferra T. 2003.
Heritability and genetic advance in recombinant inbred lines of tef
(Eragrostis tef). Euphytica 131(1): 91-96. doi: 10.1023/A:1023009720870

Valdés-Rodriguez OA, Pérez-Véazquez A, Palacios-Wassenaar

OM and Sanchez-Sanchez O. 2018. Seed diversity in Native Mexican
Jatropha curcas L. and their environmental conditions. Tropical and
Subtropical Agroecosystems 21(3): 521-537.

Varshney RK, Song C, Saxena RK, Azam S, Yu S, Sharpe AG,
Cannon S, Baek J, Rosen BD, Tar'an B, Millan T, Zhang X, Ramsay
LD, Iwata A, Wang Y, Nelson W, Farmer AD, Gaur PM, Soderlund
C, Penmetsa RV, Xu Ch, Bharti AK, He W, Winter P, Zhao SH, Hane
JK, Carrasquilla-Garcia N, Condie JA, Upadhyaya HD, Luo M-Ch,
Thudi M, Gowda CLL, Singh NP, Lichtenzveig J, Gali KK, Rubio J,
Nadarajan N, Dolezel J, Bansal KC, Xu X, Edward D, Zhang G, Kahl
F, Gil J, Singh KB, Datta SW, Jackson SA, Wang J and Cook DR.
2013. Draft genome sequence of chickpea (Cicer arietinum) provides a
resource for trait improvement. Nature Biotechnology 31(3): 240-246.
doi: 10.1038/nbt.2491

Wani SP, Chander G, Sahrawat KL, Rao CS, Raghvendra G,
Susanna P and Pavani M. 2012. Carbon sequestration and land
rehabilitation through Jatropha curcas (L.) plantation in degraded
lands. Agriculture, Ecosystems & Environment 161:112-120. doi:
10.1016/j.agee.2012.07.028

Yong JWH, Ng YF, Tan SN and Chew AYL. 2010. Effect of
fertilizer application on photosynthesis and oil yield of Jatropha curcas
L. Photosynthetica 48(2): 208-218. doi: 10.1007/s11099-010-0026-3

Yoshida H, Horie T, Katsura K and Shiraiwa T. 2007. A model
explaining genotypic and environmental variation in leaf area
development of rice based on biomass growth and leaf N accumulation.
Field Crops Research 102(3): 228-238. doi: 10.1016/j.fcr.2007.04.006

Rev. Fac. Nac. Agron. Medellin 73(3): 9273-9281. 2020







