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The aim of this study was to estimate the repeatability coefficient of grain production in Jatropha, the
minimum number of measurements needed to reliably predict the genetic value of selected families, and
to determine the cumulative genetic gains when considering the selection of the best families based on
different number of measurements. The experiment was conducted with 175 accessions (half-siblings
progenies derived from selected plants in the field) that compose part of a germplasm collection. Such
bank was established in a randomized block design with two blocks. In each block a given accession was
represented in a 5 plant/plot scheme (half-siblings). For the analysis, yield data obtained in the years
of 2009-2012 were considered. The results of this study indicate that the repeatability coefficient of
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Quantitative genetics grain production in Jatropha is low (0.37), but comparable to other perennial species, and that to achieve
Crop energy reliabilities of 70 and 80% in the prediction of breeding values of selected families, 4 and 7 years of
Biodiesel evaluation, respectively, are needed. The results of this study also indicate that the efficiency of early

selection seems to be small in Jatropha since the coincidence rate of selected genotypes at early age (1 or
2 years of evaluation) and genotypes selected in adult age (4 years assessment) is small (17-23%). Finally,
taking into account the repeatability coefficients and coefficients of determination, in a hypothetical
period of 21 years (which is equivalent to three selection cycles using seven consecutive measurements
- R?=80%), this paper demonstrates that higher cumulative genetic gains can be obtained (159% over
108%) by relaxing the degree of certainty in predicting the best families (R? =65% instead of R? = 80%),
since it makes possible to perform a greater number of selection cycles in the same period (7 cycles
instead of 4).

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Physic nut (Jatropha curcas L.) is a non-edible, subtropical multi-
purpose crop that produces oil bearing seeds, which can be used
for a wide variety of bio-based materials including biodiesel, biojet
fuel and specialty chemicals. Because of its numerous economic
and sustainable attributes, it has attracted the interests of the
research and energy sectors (Durdes et al., 2011; Dias et al., 2012
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#4919). Several governmental incentive agencies worldwide have
made a growing volume of resources available for research and
development of the species (Dias et al., 2012). Moreover, several
corporations, from the energy sector, are now promoting Jatropha
as one of the most viable feedstocks for large-scale production of
sustainable plant oil and as one of the most promising oil plant
species for biodiesel and bio-kerosene (jet-fuel) production. As con-
sequence of these efforts, large corporations have invested a great
deal in its wide scale planting (Dias et al., 2012). For instance,
China and India solely, have already more than 2.5 million hectares
planted with Jatropha (Fairless, 2007), despite the fact that most of
the genetic variability of the species is concentrated in the Cen-
tral and South Americas (i.e. Mexico, Colombia, Guatemala and
Brazil). In these regions Jatropha has also attracted attention. In
Brazil for instance, Jatropha has been considered for some years
now (Laviola et al., 2010b) as a major alternative species that can
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complement soybeans as a source of vegetable oil for production
of biodiesel and bio-kerosene. In addition to good yield (Drumond
et al., 2010) and oil quality favorable to the production of biofu-
els (Freitas et al., 2011), its wide adaptability to different regions of
Brazil and its longevity has attracted the interest of various research
groups (Durdes et al.,, 2011). Currently there are at least 20,000 ha
planted with Jatropha in the country, and with the interest of the
private sectors this area is expected to rapidly increase.

However, despite its potential, the species is still under domesti-
cation, and there are no cultivars, nor validated production systems
for different producing regions worldwide. Therefore, research and
development initiatives led both by the public and private sectors
have focused mainly on breeding (Durdes et al., 2011; Laviola and
Alves, 2011). Several studies have been conducted to determine
physic nut genetic variability and breeding potential (Abdelgadir
et al.,, 2012; Bhering et al., 2012a,b; Gurgel et al., 2011; Laviola
et al,, 2011, 2012c; Mastan et al., 2012; Pandey et al., 2012; Rocha
et al., 2012b; Rosado et al., 2010; Silva-Junior et al., 2011). Most
of these studies indicated that there are good prospects for the
species’ breeding in given the opportunity to select superior materi-
als, although the genetic basis of material on the Active Germplasm
Bank of Embrapa is small (Rosado et al., 2010). However, little is
known about the repeatability of target traits (e.g. grain produc-
tion in ages over 3 years, since studies on the subject consider only
two years - Laviola et al. (2012c). In breeding of perennial plants,
not only the determination of variability, but also the repeatabil-
ity estimates of target traits are important for designing a breeding
program, since the repeatability coefficient measures the ability
of organisms in repeating the character expression over several
periods of time. This allows verifying whether the superiority of
some genotypes is maintained over the years, or whether it was due
to some transient environmental condition. High values of repeat-
ability indicate thatitis possible to predict the actual breeding value
of the individual based on few sequential measurements. From a
practical standpoint, this parameter presents crucial importance in
predicting genetic and genotypic values and in the inference about
the increase of selective efficiency by using an established number
of measurements per individual, which allow the determination of
the number of crops to be adopted in a breeding program (Resende,
2002).

The repeatability can vary depending on the nature of the trait,
on the genetic properties of the population, and on the environ-
mental conditions under which individuals are maintained (Cruz
et al., 2004). Moreover, there are different methods for obtain-
ing repeatability coefficient estimates. These methods have been
used in several perennial species, with different applications and
particularities. The method of analysis of variance, for example, is
indicated in order to evaluate p genotypes in n repeated measures,
considering the properties and constraints of an evaluation using
the least-squares method (Cruz et al., 2004). On the other hand,
methods based on principal components are considered the most
appropriate in situations when the evaluated genotypes present
cyclical behavior in relation to the trait studied, and when they do
not meet the assumptions of variance homogeneity and random
distribution of residues (Abeywardena, 1972; Rutledge, 1974). On
the other hand, the method of structural analysis (Mansour, 1981)
is also differentiated since it requires few assumptions, and differs
itself from the method of principal components only by conceptual
issues (Cruz et al., 2004).

Based on the aforesaid, the aim of this study was: (i) to deter-
mine the repeatability coefficient of grain production in Jatropha
(considering evaluations over four consecutive years); (ii) to estab-
lish, based on the coefficients of repeatability and determination,
the minimum number of measurements needed to predict with
predetermined reliability the genetic value of the selected fam-
ilies; (iii) to verify the coincidence in the selection of the best

families carried out in different years; and finally (iv) to deter-
mine the cumulative genetic gain when considering the selection
of the best families based on different measurement numbers (i.e.
with different degrees of certainty in predicting the best families).
These results, together with those previously published, can help
to establish strategies for Jatropha breeding that enables the rapid
development of more productive varieties/cultivars.

2. Materials and methods
2.1. Plant material, experimental design and evaluation

The experiment was conducted with 175 Jatropha accessions
(half-siblings progenies derived from selected plants in the field)
from the germplasm bank of Embrapa Agroenergy, which is
installed in the experimental area of Embrapa Cerrados, Planaltina,
DF, Brazil (lat. 15°35’30” S, long. 47°42'30” W, and 1007 m alt. asl).
The region presents a tropical climate with dry winter and rainy
summer. The average temperature is 22 °C and the mean relative
humidity is 73%. The total annual rainfall is about 1000 mm. The
predominant soil in the location was classified as Oxisol with high
clay content. The germplasm bank was established in 2008 in a
randomized block design with two blocks. In each block a given
accession is represented in a 5 plant/plot scheme (half-siblings).
The plots were arranged in rows, spaced 4 m apart, and each plant
was placed 2 m apart from the next plant in the row. In order to
determine the repeatability coefficient, the data obtained for dry
grains production, in four agricultural years were considered. Data
was collected between January to June of 2009, 2010, 2011 and
2012. The plant management was performed according to the lat-
est research results (Anitha and Varaprasad, 2012; Karanam and
Bhavanasi, 2012; Laviola et al., 2012a; Resende et al., 2012a,b).

2.2. Estimates of repeatability coefficients

Data were subjected to analysis of variance and the genetic
parameters estimated considering half-sib families, information
within the plot and specific environmental conditions in Brazil
(cerrado conditions - tropical climate with dry winter and rainy
summer). To obtain the estimate of the repeatability coefficient,
data were previously classified within each measurement, accord-
ing to Cruz (2006b). The calculation of the repeatability coefficient
was then performed by the following methods: (i) analysis of vari-
ance, in which the repeatability coefficient is estimated by the
results of analysis of variance; (ii) principal components, based
on the covariance matrix by applying the matrices of variance
and phenotypic covariances; (iii) principal components, based on
the correlation matrix, in which the estimator of repeatability is
obtained based on the assumption that the repeatability coefficient
is given by the correlation between each pair of measurements
evaluated in different genotypes; and (iv) the structural analysis
based on correlation matrix, in which the parametric correlation
matrix between the genotypes is considered, in each pair of eval-
uation, with repeatability coefficient estimator based on structural
analysis. For details about the methods, see Cruz (2006a).

2.3. Selection gain and coincidence of selected families

In addition to the estimation of repeatability, a selection inten-
sity of 10% was applied aiming to estimate the coefficient of
coincidence in the selection of the 17 best genotypes (mass selec-
tion) between years of evaluation. A dispersion graph was also
generated for genotypes behavior between the first two years (P13)
and in the last two years of evaluation (P34) in order to visualize
the individual and overall performance of the genotypes over the
first four years (and to identify families with increased phenotypic
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Table 1

Analysis of variance of grain yield (gplant~') generated after the evaluation of 175
Jatropha accessions during four consecutive agricultural years, demonstrating the
existence of genetic variability that can be exploited by the breeding programs.

Table 3

Repeatability coefficients (r) and coefficients of determination (R?) for grain yield
obtained by different statistical methods, after the evaluation of 175 Jatropha acces-
sions evaluated during four consecutive agricultural years.

NY DF MS Method r R? (%)
Blocks 1 1,599,740.50 ANOVA/structural - COV 0.37 70.18
Genotypes (G) 174 56,548.69 Principal components — COV 0.37 70.25
Years (Y) 3 49,038,970.32 Principal components - COR 0.37 70.25
GxY 522 32,718.10° Structural - COR 0.37 70.18
Residue 696 18,381.64 COV, method of covariance; COR, method of correlations.

Total 1399

SV, source of variation; DF, degrees of freedom; MS, mean square.
" Significant at 1% probability.

stability over the four years). All analyses were performed using
the GENES software (Cruz, 2006a).

3. Results and discussion

3.1. Variability, heritability and coefficient of experimental
variation for grain production

The fact that this work was based on a four-year evaluation
(2009-2012) makes it one of the most complete studies ever made
in the culture of Jatropha to date, even though it address specific
environmental conditions in Brazil. In this context, it is important
mentioning that the results obtained by ANOVA indicate the exist-
ence of genetic variability that can be exploited by the breeding
program, assuming a 1% level of probability for grain production
between the 175 genotypes evaluated (Table 1). This is extremely
relevant, since it confirms previous studies carried out while the
plants were at early ages. Such studies (Bhering et al., 2012b, 2013;
Laviolaetal.,2010a,b,2012b,c) had already demonstrated the exist-
ence of genetic variability for grain production, and the prospect of
selection gain for grain production in the same population, even
with a limited genetic base (Rosado et al., 2010). It can be argued
that not only grain production is an important trait in this crop,
and that other traits should be evaluated, but given the fact that
improved cultivars have not been developed yet, this trait certainly
is the most important in evaluations. This is corroborated by the
fact that research results published so far, indicate the existence
of a loose connection between the yield components with oil pro-
duction (Bhering et al., 2012b, 2013; Laviola et al., 2010b, 2011,
2012b,c; Rocha et al., 2012a; Spinelli et al., 2010). Thus, one should
focus directly on breeding for grain production to increase the oil
productivity per hectare.

Moreover, with respect to grain yield, it can be observed in
Table 2 that in general there is an upward trend in the population’s
average over the years, mainly between the third and fourth har-
vest. This trend is also accompanied by a downward trend in the
experimental coefficient of variation over the years. Such trends
must be related (i) to the fact that in the early stages of growth,
plants are more sensitive to environmental variations and (ii) to
the fact that young perennial plants often have their metabolism
toward vegetative rather than reproductive growth (Larcher, 2004).

Table 2

Mean (g plant~1), broad-sense heritability (h?) and coefficient of variation (CV%) for
grainyield of 175 Jatropha accessions evaluated during four consecutive agricultural
years.

Agricultural year (plants age) Mean (gplant=') h? CV (%)
2009 (1 yr) 11.32 0.69 76.43
2010 (2 yr) 175.94 0.62 3223
2011 (3 yr) 329.73 0.31 33.57
2012 (4yr) 874.35 0.54 27.54

The heritability, in its broad-sense, also showed a downward trend
over the years. However, it must be considered that the coeffi-
cient of heritability estimated on young perennial plants are often
inflated by genotype x year interactions (Resende et al., 2001). In
fact, when analyzing the effect of genotype x year interactions it
is noticed that it was also significant at 1% level of probability
(Table 1), indicating the existence of genotypes with different per-
formance over the years in terms of grain production. This fact was
expected, since the significant interaction between genotypes and
years is recurrent in evaluation of perennial plants, and it is com-
monly caused by the effect of the environment on trait expression
(Resende, 2002). Thus, these results indicate that it is necessary
that evaluations are carried out over many years until the grain
production is stable, since Jatropha is a perennial species. In this
context, this is one of the first studies to bring the results of careful
evaluation of Jatropha plants older than 36 months.

3.2. Repeatability coefficient and minimum number of
measurements

From the data collected in four years of evaluation (2009-2012)
and based on different biometric methods, the coefficients of
repeatability and determination were determined (Table 3). As
mentioned before, the repeatability coefficient measures the ability
of organisms to repeat the expression of a trait over several periods
of time, whereas the coefficient of determination (R?) measures
the degree of certainty in predicting the real value of an individual.
It was observed that, regardless of the method, the repeatability
coefficient (r) did not vary, indicating that the adoption of one or
another strategy does not affect the estimate. This result is interest-
ing, since in some cases the option for either method can improve
the efficiency of breeding programs. For example, Bhering et al.
(2013), when comparing different selection methods in Jatropha,
verified that the combined selection is more suited than other
methods for rapid improvement of this species.

Inrelation to the estimated value of the repeatability coefficient,
this value is considered low, especially when comparing it with
the values found for this same population (when only two evalua-
tions were considered) (Laviola et al., 2012c). Nevertheless, when
comparing the value obtained with the repeatability coefficient
for production in other perennial species, it is observed that it is in
fact somewhat similar. This is because the genotype stabilization
did not occur until the fourth harvest year. According to Cruz et al.
(2004), grain production is a complex trait and it is determined by
different gene pools, and it is possible that different gene pools are
expressed at different stages, and even within a given group, some
genes may be more or less expressed, according to the develop-
mental stage of the genotypes. Thus, when a repeatability study is
conducted in genotypes which are not stabilized yet, low repeat-
ability may be found, which does not mean that the solution for the
problem is the increase in the number of repetitions. In some cases,
the absence of evaluation in early stages, in which there is no full
manifestation of the genetic potential of the material studied, may
increase the estimate of repeatability. In this study, as it is shown
in Table 2, the coefficient of environmental variation in the first
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Fig. 1. Graphic analysis of the minimum number of measurements required to reach
a determined degree of certainty in the selection of the best genotypes of Jatropha
for grain production according to different methods (analysis of variance, principal
components based on the covariance matrix, principal components based on the
correlation matrix and structural analysis).

season was quite evident, which may have contributed to reduce
the repeatability coefficient of grain production. In relation to the
study of Laviola et al. (2012c), in which high repeatability was
verified, the lower range of variation of the mean and CV may have
contributed to the result. Thus, in future studies, the exclusion of
the first season and the others belonging to periods in which there is
no genotypic stabilization may be a more appropriate way for esti-
mating the coefficient of repeatability and predicting with greater
accuracy the genetic value of Jatropha families and individuals.

In relation to the estimated coefficient of determination, it is
observed that except for minor decimal variations, the result was
essentially the same, regardless of the methodology used (Table 3).
It is noteworthy that the value found allows good reliability in the
prediction and selection of genotypes. The evolution of the mini-
mum number of measurements related to the degree of certainty
(R?) in the selection of the best genotypes (prediction of the actual
value) is shown in Fig. 1. According to this result, the use of four
repeated measurements leads to a coefficient of determination
of 70%, whereas seven sequential measurements are required to
achieve an accuracy of 80%. These results are consistent with those
published for other perennial species such as oil palm and euca-
lypts (Chia et al., 2009) and also with those published by Laviola
et al. (2012c), which showed that at least four measurements were
necessary for achieving reasonable selective accuracies based on
the evaluation of young plants.

3.3. Coincidence in the selection of the best families in different
years

As there is the possibility of selecting the best families based
on different numbers of evaluations, it is important to know if the
breeder will be selecting the same genetic material while doing
the selection based on different strategies. In order to explain this
issue, the top 17 genotypes (selected considering a selection inten-
sity of 10%) selected for each year were compared (Table 4) using
the coefficient of coincidence. In order to compute the coefficient
of coincidence in the selection of the 17 best genotypes, different
combinations were considered: year x year, year x selection based
on the averages of four years (M), and selection based on the mean
of the first two years (P13 ) x selection based on the mean of the last
two years (P34) (Table 5).

In general, plants which stand out in one of the years are not
the same plants that present best performance in the following

Table 4

Selected sets of Jatropha genotypes based on grain yield (g plant~') considering the
information of each year individually, the four years average (P1234) and the mean
of the first two years (P;,) and of the last two years (Ps4).

Years Selected Jatropha individuals

1 617475126463 33210122143 102 12323173103

2 617417331172 10183 35140256276 1583347 123 165
3 4638151717617289348212221947

4 317223315973102 1632515594 139154111 157 8129
P1234 31722338115949425611557310213930512

P13 617417331172 101 83 35 140 33 62 81 25 76 123 158 47
P34 3172243315981739415565 25102 154 139 30

Pi234, mean of four years; Py2, mean of the first two years; P34, mean of the last two
years of evaluation.

year (Table 4). This behavior tends to limit the selection of plants
in the juvenile phase, based on the evaluation of one or a few
years, since the plant which has better yield potential is the one
that maintains its superior performance after stabilizing its pro-
ductivity (Cavalcante et al., 2012; Cruz et al., 2004; Resende, 2002).
This observation is corroborated by the estimated coefficient of
coincidence. The coincidence of selected genotypes is low in all
combinations year x year, indicating that there is a low mainte-
nance of productive stability of genotypes in the first four years
(Table 5).

The magnitude of the coefficient of coincidence between geno-
types selected in the first and last year permits the evaluation of the
efficiency of early selection. In year x year comparisons, it would be
interesting to find high coefficient of coincidence among genotypes
selected in early ages (1 or 2 years of evaluation) and those selected
atthe last year of evaluation (representing adulthood), as this might
allow early selection of superior families/individuals. However, the
coincidence of these comparisons was low (Table 5), which demon-
strates that the selection based on a single season and at ages equal
or less than 3 years does not reflect the production at older ages.
These results confirm the low repeatability coefficient found in the
4 initial seasons (Table 3). In juvenile phase, perennial plants may
present great variation among genotypes for (re)production, since
in this period the majority of expressed genes are associated with
the formation of vegetative organs and present greater stability
at older ages (Larcher, 2004). The comparison among the geno-
types selected in the 4th year (A4) and the genotypes selected using
information from all years (Table 5) presented the highest coeffi-
cient of coincidence (70.59%). This result is typical of perennials,
whose annual grain production is still on an upward trend, being
the last harvest the most important in the selection of the best
families.

Table 5

Coefficient of coincidence in the selection for the 17 best accessions for grain yield
(gplant~!) considering the combination of two consecutive years (A x A_), the com-
bination of individual years with the mean of the four consecutive years (A- x M) and
the average of the first two with the average of the last two years (P; x Ps4).

Measurements Coincidence (n) Coincidence (%)

A1 x Ay 6 35.29
Ai x Az 2 11.76
A1 x Ay 4 23.53
Ay x A3 2 11.76
Ay x Ag 3 17.64
Az x Ay 3 17.64
A xM 6 35.29
Ay xM 4 23.53
Az xM 5 29.41
As xM 12 70.59
P13 x P34 4 23.53

An, year; M, mean of four years; P;,, mean of the first two years of evaluation; P4,
mean of the last two years of evaluation.
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Fig. 2. Dispersion of the performance of the 175 Jatropha genotypes over the first and the last two years of cultivation. X axis - (P12) and y axis - (Ps4).

The dispersion of the performance ratio of the 175 genotypes in
the first two years (P;2) and in the last two years (Ps4) is also an
interesting evaluation for identifying individual and overall per-
formance of genotypes over the first four years (Fig. 2). In this
graph, genotypes are plotted, on the x axis, according to produc-
tion (g plant=1) in the first two years; and according to production
(g plant~1)in the last two years, on the y axis. Thus, in quadrant two
(QII), genotypes that showed above-average performance in the
first and last two years are presented. Therefore, families observed
in this quadrant are those that presented greater phenotypic sta-
bility over the four years. Examples are genotypes 33, 81 and 25,
with average yield, in g plant~!, of 159.38, 155.48 and 154.98 (first
and second year); and 905.60, 885.06 and 835.36 (third and fourth
year), respectively. In quadrant I (QI), the genotypes that showed
low average yield in the first and second year are shown; never-
theless, they stood out for their high average yield in the third and
fourth year. Genotype 7 is highlighted due to its low yield in the first
two years, but it was the genetic material that presented the highest
average in this quadrant. Yields shown during fourth year are those
that contribute most to the selection of superior genotypes. Thus,
the selection of genotypes in QI becomes quite interesting, since
even though the genotypes presented below-average performance
in the first two years they presented highest yields. Finally, in quad-
rant Il and IV, the low yield families are presented (below-average
production), in the evaluations of the yield in the years P;; and P34.
A large number of materials compose these quadrants and a high
concentration and overlap of genotypes is observed in quadrant III.
These genotypes should be discarded in the process of breeding for
grain production, since they contribute little to the development of
productive cultivars.

3.4. Cumulative genetic gain considering different strategies
according to the number of measurements

Provided that 3 additional measurements would be necessary
to achieve 80% accuracy, besides the four measurements necessary

for 70% accuracy (Table 6), it is important to assess whether a 10%
increase in selection efficiency justifies an increase of 75% of the
time to conclude the selection cycle (7 vs. 4 years). In order to
make this comparison, the genetic gain was calculated by applying
pressure of 10%. Such gain was later adjusted considering different
selection efficiency (which corresponds to R? - 65, 70 and 80%).
To make this comparison more realistic, it was considered that
with the narrowing of the genetic base after a selection cycle,
the selection gain in advanced generations would be decreased
by 5%. Table 6 shows a projection of expected genetic gains in a
Jatropha breeding program after 21 years of breeding. Table 6 also
shows that, depending on the accuracy adopted by the breeder,
within a predetermined period of 21 years, from 3 up to 7 selection
cycles for grain production can be performed. Furthermore, higher
cumulative genetic gains can be obtained by relaxing the level
of certainty in the prediction of best families, since the total gain

Table 6

Simulation indicating the genetic gains expected for Jatropha grain yield (g plant=1)
in successive selective cycles, the number of selection cycles possible to be per-
formed in a predetermined hypothetical period of 21 years of breeding and
accumulated genetic gain for Jatropha in relation to the adoption of different
coefficients of determination by the breeder.

Selective cycle Expected gain (%) Adjusted gain®
R?=65%" R? =70%¢ R? =80%¢
1 50 325 35.0 40.0
2 45 29.2 31.5 36.0
3 40 26.0 28.0 32.0
4 35 22.7 24.5
5 30 19.5 21.0
6 25 16.2
7 20 13.0
Accumulated gain (%) 159.2 140.0 108.0

2 Adjusted gain R? =Gain x R2.
b 3 years of evaluation/cycle.
¢ 4 years of evaluation/cycle.
d 7 years of evaluation/cycle.
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provided by the strategy using 65% of certainty is 47% higher than
that provided by adopting a strategy with 80% of accuracy. Through
these comparisons, the adoption of three or four measurements
in time (yield evaluations), despite having lower coefficients of
determination, may allow greater accumulated genetic gains
over several selection cycles. It can be argued that carrying out
7 selection cycles in 21 years, instead of just three, may lead to
rapid depletion of genetic variability. This is a relevant concern
indeed. However, as well discussed by Bhering et al. (2013) (when
comparing the expected gains using different selection strategies),
considering the growing demand for improved varieties of Jat-
ropha in Brazil and abroad, there is a trend to the first strategy,
since Jatropha breeding programs have to respond quickly to this
demand by developing more productive varieties. Considering
that the genetic basis of Jatropha in Brazil is already considered
to be limited (Rosado et al., 2010), the addition of new sources of
variability will be imperative in short/medium term, regardless
of 7 or 3 selection cycles, since breeders should not wait until the
genetic basis is exhausted to then seek for a solution.

4. Conclusions

In general, the results of this study allow us to conclude that:
(i) the repeatability coefficient of grain production in Jatropha is
low, but it is comparable to other perennial species, such as oil
palm and eucalypts, (ii) based on the repeatability coefficient, 4 and
7 are the minimum number of measurements required to predict
the genetic value of the selected families with reliabilities of 70 and
80%, respectively, in the evaluated environmental conditions, (iii)
the coincidence in the selection of the best families carried out in
different years is low; therefore, the efficiency of early selection
is small, and (v) greater cumulative genetic gains can be obtained
by relaxing the degree of certainty in the prediction of the best
families.

Acknowledgements

The authors acknowledge FINEP for supporting the project
“Research, Development and Innovation in Jatropha for Biodiesel
Production (BRJATROPHA)”, and CNPq, FUNARBE, CAPES and
FAPEMIG for providing scholarships for students, and for research
support. The authors thank the staff of Embrapa Agroenergy Julio
Cesar Marana, Laise Teixeira da Costa and Genivaldo Jose Fonseca
for the dedication in conducting of management and evaluation
work of the germplasm bank.

References

Abdelgadir, H.A., Johnson, S.D., Van Staden, J., 2012. Pollen viability, pollen ger-
mination and pollen tube growth in the biofuel seed crop Jatropha curcas
(Euphorbiaceae). S. Afr. J. Bot. 79, 132-139.

Abeywardena, V., 1972. An application of principal component analysis in genetics.
J. Genet. 61, 27-51.

Anitha, K., Varaprasad, K.S.,2012. Phytosanitary aspects of Jatropha framing in Brazil.
In: Carels, N., Sujatha, M., Bahadur, B. (Eds.), Jatropha, Challenges For a New
Energy Crop. Springer, New York, pp. 175-218.

Bhering, L.L., Barrera, C.F., Ortega, D., Laviola, B.G., Alves, A.A., Rosado, T.B., Cruz,
C.D., 2012a. Differential response of Jatropha genotypes to different selection
methods indicates that combined selection is more suited than other methods
for rapid improvement of the species. Ind. Crop Prod. 41, 260-265.

Bhering, L.L., Barrera, C.F., Ortega, D., Laviola, B.G., Alves, A.A., Rosado, T.B., Cruz, C.D.,
2013. Differential response of Jatropha genotypes to different selection methods
indicates that combined selection is more suited than other methods for rapid
improvement of the species. Ind. Crop Prod. 41, 260-265.

Bhering, L.L.,, Laviola, B.G., Salgado, C.C.,, Sanchez, C.F.B., Rosado, T.B., Alves, AA.,
2012b. Genetic gains in physic nut using selection indexes. Pesq. Agropec. Bras.
47,402-408.

Cavalcante, M., Lira, M.A., Santos, M.V.F,, Pita, E.B.AF., Ferreira, R.L.C., Tabosa, ].N.,
2012. Coeficiente de repetibilidade e parametros genéticos em capim-elefante.
Pesq. Agropec. Bras. 47, 569-575.

Chia, G.S., Lopes, R., Cunha, R.N.V,, Rocha, R.N.C,, Lopes, M.T.G., 2009. Repeatability
for bunch production in interspecific hybrids between Caiaué and African oil
palm. Acta Amazonica 39, 249-254.

Cruz, C.D., 2006a. Programa Genes: Biometria. Editora UFV, Vicosa, MG.

Cruz, C.D., 2006b. Programa Genes: Estatistica Experimental. Editora UFV, Vicosa,
MG.

Cruz, C.D., Regazzi, AJ., Carneiro, P.C.S., 2004. Modelos biométricos aplicado ao mel-
horamento genético, 3rd ed. UFV, Vicosa.

Dias, L.A.S. Missio, RF., Dias, D.CED., 2012. Antiquity, botany, ori-
gin and domestication of Jatropha curcas (Euphorbiaceae), a plant
species with potential for biodiesel production. Genet. Mol. Res. 11,
2719-2728.

Drumond, M.A., Santos, CAF., de Oliveira, V.R.,, Martins, J.C., dos Anjos, ].B.,
Evangelista, M.R.V., 2010. Agronomic performance of different genotypes of
physic nut in the semi-arid zone of Pernambuco state. Cienc. Rural 40,
44-47.

Duraes, F.0.M,, Laviola, B.G., Alves, A.A., 2011. Potential and challenges in making
physic nut (Jatropha curcas L.) a viable biofuel crop: the Brazilian perspective.
Persp. Agric. Vet. Sci. Nutr. Nat. Resour. 6, 8.

Fairless, D., 2007. Biofuel: the little shrub that could - maybe. Nat. Biotechnol. 449,
652-655.

Freitas, R.G., Missio, R.F., Matos, F.S., Resende, M.D.V., Dias, L.A.S., 2011. Genetic eval-
uation of Jatropha curcas: an important oilseed for biodiesel production. Genet.
Mol. Res. 10, 1490-1498.

Gurgel, F.D., Laviola, B.G., da Silva, D.M., Kobayashi, A.K., Rosado, T.B., 2011. Pheno-
logy and biometry of physic nut in the Brazilian Savannah. Cienc. Agrotec. 35,
1122-1131.

Karanam, K.R., Bhavanasi, ]J.K., 2012. Cultivation technology for Jatropha curcas. In:
Carels, N., Sujatha, M., Bahadur, B. (Eds.), Jatropha, Challenges for a New Energy
Crop. Springer, New York, pp. 165-174.

Larcher, W., 2004. Ecofisiologia Vegetal. Rima, Sdo Carlos.

Laviola, B.G., Alonso, A.A., Rocha, r.b., Drumond, M.A., 2012a. The impor-
tance of Jatropha for Brazil. In: Carels, N., Sujatha, B., Bahadur, B.
(Eds.), Jatropha, Challenges for a New Energy Crop. Springer, New York,
pp. 71-94.

Laviola, B.G., Alves, A.A., 2011. Matérias-primas oleaginosas para biorrefinarias.
In: Vaz, ].S. (Ed.), Biorrefinarias: cenarios e perpectivas. Embrapa Agroenergia,
Brasilia, pp. 29-43.

Laviola, B.G., Alves, AA,, Gurgel, F.D., Rosado, T.B., Costa, R.D., Rocha, R.B., 2012b.
Estimate of genetic parameters and predicted gains with early selection of physic
nut families. Cienc. Agrotec. 36, 163-170.

Laviola, B.G., Alves, A.A., Gurgel, F.D., Rosado, T.B., Rocha, R.B., Albrecht, ].C., 2012c.
Estimates of genetic parameters for physic nut traits based in the germplasm
two years evaluation. Cienc. Rural 42, 429-435.

Laviola, B.G., Bhering, L.L., Mendonca, S., Rosado, T.B., Albrecht, J.C., 2011. Morpho-
agronomic characterization of the germplasm bank of Jatropha young stage.
Biosci. J. 27,371-379.

Laviola, B.G., Rosado, T.B. Bhering, L.L. Kobayashi, A.K, de Resende,
M.D.V,, 2010a. Genetic parameters and variability in physic nut acces-
sions during early developmental stages. Pesq. Agropec. Bras. 45,
1117-1123.

Laviola, B.G., Rosado, T.B., Bhering, L.L., Kobayashi, AK. Resende, M.D.V.,
2010b. Genetic parameters and variability in physic nut acces-
sions during early developmental stages. Pesq. Agropec. Bras. 45,
1117-1123.

Mansour, H., 1981. Estimator of repeatability. Theor. Appl. Genet. 60,
151-156.

Mastan, S.G., Sudheer, P.D.V.N,, Rahman, H., Reddy, M.P., Chikara, J., 2012. Develop-
ment of SCAR marker specific to non-toxic Jatropha curcas L. and designing a
novel multiplexing PCR along with nrDNA ITS primers to circumvent the false
negative detection. Mol. Biotechnol. 50, 57-61.

Pandey, V.C,, Singh, K., Singh, J.S., Kumar, A., Singh, B., Singh, R.P., 2012. Jatropha
curcas: a potential biofuel plant for sustainable environmental development.
Renew. Sust. Energ. Rev. 16, 2870-2883.

Resende, ].C.F., Gongalves, N.P., Dias, M.S.C., Albuquerque, C.J.B., Morais, D.L.B.,2012a.
Phytosanitary aspects of Jatropha farming in Brazil. In: Carels, N., Sujatha, M.,
Bahadur, B. (Eds.), Jatropha, Challenges for a New Crop. Springer, New York,
pp. 219-238.

Resende, ].C.F,, Silva, ].T.S., Simdo, F.R., Pimentel, R.M.A., Morais, D.L.B., 2012b. Phy-
totechnical aspects of Jatropha farming in Brazil. In: Carels, N., Sujatha, m.,
Bahadur, B. (Eds.), Jatropha, Challenges for a New Energy Crop. Springer, New
York, pp. 239-262.

Resende, M.D.V., 2002. Genética biométrica e estatistica no melhoramento de plan-
tas. Embrapa, Brasilia.

Resende, M.D.V., Furlani-Janior, E., Moraes, M.L.T., Fazuoli, L.C., 2001. Esti-
mativas de parametros genéticos e predicdo de valores genotipicos no
melhoramento do cafeeiro pelo procedimento Reml/Blup. Bragantia 60,
185-193.

Rocha, R.B., Ramalho, A.R., Teixeira, A.L,, Laviola, B.G., da Silva, F.C.G., Militao, ]J.,
2012a. Selection efficiency for increasing physic nut oil content. Pesq. Agropec.
Bras. 47, 44-50.

Rocha, R.B., Ramalho, A.R,, Teixeira, A.L., Laviola, B.G., da Silva, F.C.G., Militao, J.S.L.T.,
2012b. Selection efficiency for increasing physic nut oil content. Pesq. Agropec.
Bras. 47, 44-50.

Rosado, T.B., Laviola, B.G., Faria, D.A., Pappas, M.R,, Bhering, L.L., Quirino, B., Grat-
tapaglia, D., 2010. Molecular markers reveal limited genetic diversity in a large


http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0005
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0010
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0015
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0020
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0025
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0030
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0035
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0040
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0045
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0050
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0055
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0060
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0065
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0070
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0075
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0080
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0090
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0095
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0100
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0100
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0100
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0100
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0100
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0105
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0110
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0115
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0120
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0130
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0135
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0140
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0145
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0150
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0155
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190

76 B.G. Laviola et al. / Industrial Crops and Products 51 (2013) 70-76

germplasm collection of the biofuel crop Jatropha curcas L. in Brazil. Crop Sci. 50, biofuel plant Jatropha curcas based on whole-transcriptome Illumina resequen-
2372-2382. cing. BMC Proc. 5, P57.
Rutledge, J.J., 1974. A scaling which removes bias of Abaywardenas’s estimator of Spinelli, V.M., Rocha, R.B., Ramalho, A.R., Marcolan, A.L, Vieira Janior, J.R., Fer-
repeatability. ]. Genet. 61, 247-250. nandes, C.F., Militdo, J.S.L.T., Dias, L.A.S., 2010. Primary and secondary yield
Silva-Junior, O., Rosado, T., Laviola, B., Pappas, M., Pappas, G., Grattapaglia, D., components of the oil in physic nut (Jatropha curcas L.). Cienc. Rural 40,

2011. Genome-wide SNP discovery from a pooled sample of accessions of the 1752-1758.


http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00433-0/sbref0205

	Estimates of repeatability coefficients and selection gains in Jatropha indicate that higher cumulative genetic gains can ...
	1 Introduction
	2 Materials and methods
	2.1 Plant material, experimental design and evaluation
	2.2 Estimates of repeatability coefficients
	2.3 Selection gain and coincidence of selected families

	3 Results and discussion
	3.1 Variability, heritability and coefficient of experimental variation for grain production
	3.2 Repeatability coefficient and minimum number of measurements
	3.3 Coincidence in the selection of the best families in different years
	3.4 Cumulative genetic gain considering different strategies according to the number of measurements

	4 Conclusions
	Acknowledgements
	References


