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Diversity between Jatropha curcas L. accessions 
based on oil traits and X-ray digital images 
analysis from it seeds
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Abstract: Jatropha curcas L. is a species with high potential for the biodiesel 
production. Therefore, the oil yield and quality from it seeds should be known. 
This study aimed to estimate the correlation between morphological traits, yield 
and oil quality evaluated in the seeds, to know the genetic diversity between J. 
curcas accessions and it behavior regarding to three harvest seasons. For this 
purpose, X-ray digital images from seeds of 18 accessions were obtained, and 
the seeds analyzed for external and internal morphological aspects. The same 
seeds were analyzed for oil yield and quality. In general, the results concerning 
diversity indicated a narrow genetic base. More rounded and very long seeds 
had lower oil yield. Larger seeds presented higher oil yield only when their 
internal cavity was filled by their endosperm. Most of the accessions showed 
variation regarding the size of the endosperm, yield and oil quality between 
harvest seasons.
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INTRODUCTION

Jatropha curcas L. belongs to the Euphorbiaceae family, and its genus 
comprises about 500 species. The specie is diploid with 2n = 2x = 22 chromosomes 
(Dahmer et al. 2009). The probable origin center of Jatropha species is Central 
America (Fairless 2007, Dias et al. 2012), but it is widely occurring in several parts 
of the globe, such as South America, Africa and Asia. In Brazil, its occurrence 
extends from north to south.

Nowadays, J. curcas crop stands out as an important source of raw material 
for biodiesel production. According to Akbar et al. (2009) the oil of the species has 
appropriate physic-chemical characteristics to be used for biodiesel production. 
Also, according to Maina (2014), its transesterified oil has characteristics suitable 
for use in diesel engines, resulting in carbon lower emissions and improved 
engine performance.

In Brazil, breeding programs of the species have generally not prioritized the 
selection of genotypes containing seeds with high yield and oil quality. Fairless 
(2007) and Achten et al. (2010) argue that J. curcas is an undomesticated species. 
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The selection is made basically based on the grains yield. Aspects related to the genetic potential for traits related to 
the seeds themselves are still little explored in the existing germplasm, according to Rocha et al. (2012) and Kaushik et 
al. (2007). Although the J. curcas yield components are extensively studied (Rao et al. 2008, Spinelli et al. 2010, Reis et 
al. 2015), higher yields and oil quality will be achieved when detailed seed studies were implemented.

In this sense, high-quality phenotyping becomes essential in the detailed study of external and internal aspects of 
the seeds of the species. Researches on this subject are practically non-existent for the J. curcas. Obtaining X-rays from 
the seeds together with subsequent digital analysis of the images can be powerful tools in the search for a high-quality 
phenotype. The X-ray allows the seed to be viewed externally and internally in a thorough manner without destroying 
it, which enables additional evaluations such as, for example, the extraction and analysis of the oil in the same seeds. 
This strategy will undoubtedly lead to more consistent information on the subject. Studies of this nature will allow in 
the future to know the ideotype for seeds that exhibit high yield and oil quality in plants with high productive potential.

Initially the present work aimed to know the genetic diversity between accessions of J. curcas as the characteristics 
related to oil content and quality and seed morphology, with the latter estimated from the digital analysis of X-ray 
images. In relation to the same variables, we also sought to know the correlation between them and the behavior of 
each accession during three distinct periods of seed harvest. With all this information, the final objective was to discuss 
an ideotype for the J. curcas seeds, which at the same time added high yield potential and oil quality in these seeds.

MATERIAL AND METHODS

Location and germplasm studied
The research was carried out at the Universidade Federal Rural do Rio de Janeiro (UFRRJ), campus of Seropédica (lat 

22º 45’ S, long 43º 41’ W and alt 26 m asl), RJ, Brazil. The procedures related to analyses of oil content and fatty acid 
composition were carried out at Laboratory of Oils and Fats of EmbrapaTecnologia de Alimentos (Rio de Janeiro, RJ, Brazil). 
The seeds were collected from 18 accessions belonging to the J. curcas germplasm Collection of the Departamento de 
Produção Vegetal at UFRRJ (Reis et al. 2015), planted randomly in spacing 3.0 x 2.0 m.

Seed harvest, X-ray images and digital analysis
The seeds were harvested from each accession, in three distinct seasons: in the first and second fortnight of January, 

and first half of February of of 2013. The seeds were immediately identified according to accession and distinct harvest 
seasons. Then, they were organized by genotype on a sheet of cardboard paper. Each genotype was organized by the 
three harvests, the first harvest in the upper portion, the second harvest in the middle portion and the third harvest 
in the lower portion. Each harvest was organized with three rows of 10 seeds, totaling 90 seeds by genotype. After 
assembly, the 18 sheets of cardboard paper were taken to the Hospital Veterinário of the UFRRJ, where they were, one 
at a time, radiographed, revealed on X-ray slides and coupled in negatoscope, which corresponded to one genotype and 
their three harvests. X-ray images were digitized by Canon Rebel’s EOS T5i 18.0 Megapixel digital camera and processed 
and analyzed digitally by ImageJ Program, version 1.48v (Rasband 2002). Figure 1 illustrates the sequence used in image 

Figure 1. Sequence indicating the steps used in processing and digital analysis of the Jatropha curcas seeds X-ray images by ImageJ 
program. X-ray image containing seeds from three harvest seasons, highlighting the third harvest (A). Seed area of the third harvest 
(above) and result processing (below) (B). Seed endosperm area of the third harvest (above)and result processing (below)(C).
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processing and area analysis. After images processing, the scale in centimeters was defined by a bar of know size in the 
X-ray images, which made it possible to calculate the pixels number per centimeter in each analyzed image. We used 
the tools “Measure” and “Analyze Particles” to analyze the digital images.

Oil content and fatty acid composition of X-ray seeds 
These analyses were performed using the same X-ray seeds. The oil content was determined according to the official 

method of AOCS (2010). The seeds collected from J. curcas fruits were dried in an air-circulating oven at 60 °C. Afterwards, 
the seeds were grinded and the oil was extracted for 16 hours in Soxhlet apparatus using petroleum ether (30-60°C) 
as solvent. For fatty acid composition analysis of J. curcas seeds oil, the methyl esters of fatty acids were prepared 
according to Hartman and Lago (1973) in triplicate from each sample and injected once into the chromatograph. Gas 
chromatography was performed in an Agilent 6890 equipment (Agilent Technologies, CA) fitted with a cianopropylsiloxane 
capillary column (60 m x 0.32 mm x 0.25 mm, Quadrex, Woodbridge, CT). Initial column temperature was set to 100 °C 
and held for 3 min, increased to 150 °C at 50 °Cmin-1, further increased to 180 °C at 1 °Cmin-1 and finally increased to 200 
°C at 25 °Cmin-1 and held for 10 minutes. Carrier gas used was hydrogen, at 1.4 mLmin-1 (measured at 100 °C). Injection 
of 1.0 mL of a 2% dichloromethane solution of the sample was done into an injector operating at 250 °C and split mode 
(1:50). FID detector was kept at 280 °C. Results were expressed as weight percent (area normalization). Identification 
of Fatty acid methyl esters was based on comparison of retention times with those of Nu-chek standards 62, 79 and 87.

Studied traits
The morphological traits measured by digital analysis were: seed length(SL) and width (SW), length/width seed ratio 

(SLW), seed area (SA, in cm2), endosperm area (EA, in cm2), endosperm percentage in the total seed area (EP), seed 
perimeter (SP, in cm), and seed circularity (SC, scaled from 0 to 1). SA, EA and EP were measured by harvesting within 
each of the 18 accessions. The mean seed weight (MSW), seed bark weight (BW) and endosperm weight (EW) were 
measured on a digital scale with a precision of 0.01g. The Oil content of dry matter (OC), saturated(SFA) monounsaturated 
(MFA) and polyunsaturated fatty acids (PFA) were obtained from the oil extracted of radiographed seeds. The OC was 
estimated by accession, in each of the three harvests, and the traits SFA, MFA and PFA were measured by accession 
independent of the harvest season.

Data statistical analysis
Initially, all data were submitted to descriptive statistical analysis. The averages, minimum and maximum values, 

standard deviations and variation coefficients were obtained. Pearson’s correlation coefficients were also estimated 
among all variables and organized in a Heatmap. Then the data were staggered and submitted to analysis of the principal 
components (Dias 1998), aiming to determine the relative importance of each analyzed variable, according to Jolliffe 
(1972). After this procedure the data matrix was redone, excluding the variables of lesser relative importance. With this 
new data matrix, genetic diversity was estimated based on two different methodologies, namely: clustering by Tocher 
optimization and hierarchy by UPGMA (Unweighted pair-group method using an arithmetic average). The data were 
normalized by division of the value observed by the standard deviation of the corresponding variable. The matrices 
used in Tocher and UPGMA were obtained via Euclidean distance. The consistency of the cluster analyzes was estimated 
through cophenetic correlation (Dias 1998). The optimal number of clusters in the UPGMA dendrogram was defined 
according to Kelley et al. (1996). In order to investigate the stability of accessions regarding seed size and endosperm 
between harvests, we compared two-way means by the t-test for the variables SA, EA and EP of each of the three harvests, 
independent of accessions and within each accession. In this case, the average of each harvest was obtained from three 
replicates, in which they corresponded to each of the three seed lines within each harvest. These can be visualized on 
the X-ray slides of Figures 1, that is, the upper, middle and lower portions (harvest seasons) are formed by three seed 
lines (replicates). All statistical analyzes were performed in Program R, version 3.1.2 (R Development Core Team 2014).

RESULTS AND DISCUSSION

Among all the variables analyzed here, the seed circularity (SC) showed the highest coefficient of variation (CV = 
15.61%) (Table 1). Circularity values indicate that the closer to 1.0, the more seeds resemble a perfect circle. The mean 
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SC was estimated at 0.58, and the minimum and maximum values, respectively, were 0.42 and 0.73. Mean seed length 
(SL) was estimated at 1.81 cm. The lowest seed had 1.71 cm, and the largest, 1.91 cm (Table 1). Reis et al. (2015) and 
Freitas et al. (2016) found lengths of seeds very close to those found in the present study, with values   varying between 
1.68 and 1.94 cm, and an average of 1.80 cm. Already Kaushik et al. (2007) found seeds with shorter length, with a 
minimum of 1.60 and a maximum of 1.76 cm. The mean seed width (SW) analyzed was 1.02 cm, with a variation of 0.92 
to 1.09 cm. Values   of length and width, respectively, between 1.78 and 1.85 cm and 0.80 and 0.86 cm were reported 
by Santoso (2011) in genotypes from Indonesia. Therefore, seed size smaller than the present work. Rao et al. (2008) 
found variation between 1.55 and 1.87 cm for length and between 1.77 and 2.25 cm for width. Mean seed weight (MSW) 
showed zero correlation with seed length (SL) and practically null to width (SW) (Figure 2). The length/width ratio (SLW) 
showed negative correlation of the order of -0.20 with the seed area (SA). Larger seeds area (SA) tended to be wider 
than long, but not necessarily circular.

Table 1. Descriptive statistics of traits related to seed morphology, oil content and composition from 18 Jatropha curcas accessions

Traits1 Mean Minimum Maximum Standard deviation CV (%)
SC 0.58 0.42 0.73 0.09 15.61
SL 1.81 1.71 1.91 0.04 2.46
SW 1.02 0.92 1.09 0.04 4.09
SLW 1.77 1.69 2.09 0.10 5.69
EA 1.00 0.82 1.18 0.09 8.83
SA 1.38 1.23 1.62 0.11 7.88
EP 72.55 64.44 86.68 5.38 7.42
MSW 0.74 0.68 0.82 0.04 5.55
EW 0.45 0.39 0.50 0.03 6.49
BW 0.28 0.25 0.34 0.02 8.65
SP 5.19 4.38 5.95 0.46 8.85
OC 38.70 33.08 43.89 3.15 8.15
MFA 45.34 37.98 48.08 2.87 6.32
PFA 33.91 30.07 41.19 2.95 8.71
SFA 20.63 20.01 22.91 0.63 3.06
SC = Seed circularity; SL = Seed length; SW= Seed width; SLW = Seed length/width ratio; EA = Endosperm area (cm2); SA = Seed area (cm2); EP = Endosperm percentage in 
the total seed area; MSW = Mean Seed weight (g); EW = Endosperm weight (g); BW = Seed bark weight (g); SP = Seed perimeter; OC = Oil content of dry matter (%); MFA 
= Monounsaturated fatty acids (%); PFA = Polyunsaturated fatty acids (%); SFA = Saturated fatty acids (%).

Figure 2. Heatmap based on estimated Pearson´s correlation coefficients between variables related to seed morphology, oil content 
and composition from 18 Jatropha curcas accessions. Heatmap with more gray to high correlations.
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Although the endosperm area (EA) increased with the seed area (SA), the endosperm percentage (EP)occupied in 
the total seed area did not follow the same trend. The correlation between SA and EA was 0.60, and SA and EP, -0.32 
(Figure 2). The mean number of EP was 72.55%, with a minimum value of 64.44 and a maximum of 86.68% (Table 1).

In the present work, on average, 60.81% of the seed weight (MSW) was determined by endosperm weight (EW). This 
result is in agreement with those reported by Ferrari et al. (2009) and Makkar et al. (1998), where 59.1% and 61.6%, 
respectively, of the seed weight was due to the endosperm. The mean seed weight (MSW) was estimated at 0.74 g, 
with seeds ranging from 0.68 to 0.82 g (Table 1). Seed bark weight (BW) exerted a reasonable influence on MSW, with 
a correlation estimated at 0.67 (Figure 2). Kaushik et al. (2007) estimated in 0.52 the correlation between weight and 
thickness of the bark of the seed. The correlations between MSW and endosperm area (EA) and seed area (SA) were 
estimated at 0.38 and 0.35, respectively (Figure 2), while for MSW and the seed perimeter (SP) the correlation was -0.10. 
In view of the above, it is noticed that the increase of MSW does not always result, or proportionally, in the increase of 
the endosperm and the seed area. The seed endosperm weigh (EW) showed a correlation of 0.31 with the endosperm 
area (EA), an estimate lower than expected (Figure 2).

The seed oil content (OC) was estimated at 38.7%, with a minimum and maximum value of 33.08 and 43.89%, 
respectively (Table 1). The correlation between seed weight (MSW) and OC was practically null (r = 0.02) (Figure 2). 
Kaushik et al. (2007) found a low correlation of 0.23, also confirmed by Reis et al. (2015), between the same variables. 
However, Freitas et al. (2016) found that oil content was positively and significantly correlated (0.41) with 100-seed 
weight. The endosperm area (EA) and the endosperm percentage in the total seed area (EP) were shown to be more 
efficient to estimating the OC than the MSW. The correlation between OC and EA was estimated at 0.45, and of OC with 
EP at 0.58 (Figure 2). Larger and heavier seeds, respectively, expressed by SA and MSW, did not translate into increased 
of OC. It is also observed that there was a negative correlation (r = -0.46) between OC and seed circularity (SC). OC had 
a low correlation (r = 0.24) with seed length (SL) (Figure 2). Already Kaushik et al. (2007) found a negative correlation 
between seed oil content and seed length.

The correlations between OC with monounsaturated (MFA), polyunsaturated (PFA) and saturated (SFA) fatty acids 
were estimated at -0.40, 0.44 and -0.20, respectively (Figure 2). MFA showed high and negative correlation (r = -0.71) 
with seed length (SL). With the seed width (SW), MFA presented a correlation of 0.57. It is worth mentioning that the PFA 
concentration tends to increase in longer seeds. The correlation between PFA and MFA was estimated at -0.98 (Figure 
2). According to Akbar et al. (2009), the ideal vegetable oil for synthesis of biodiesel must contain reduced saturation 
and low polinsaturation, that is, be rich in monounsaturated fatty acid. MFA average was 45.34% (37.98 to 48.08%), that 
the PFA average was 33.91% (30,07 to 41,19%), and that the SFA average was estimated at 20.63% (20.01 to 22.91%) 
(Table 1). Similar reports were found by Makkar et al. (1998), Kaushik et al. (2007) and Akbar et al. (2009).

It was observed that PFA, SFA, OC, MSW, SP, EA, LW and SL were the ones that contributed least to diversity, according 
to the criteria proposed by Jolliffe (1972). In turn, MFA, EW, BW, SC, EP, SA and SW were the most important to the 
diversity study. However, the dry matter oil content (OC), reported as one of the most important variables for the culture 
(Spinelli et al.  2010, Reis et al. 2015), was included in the diversity analysis through clustering by Tocher and UPGMA, 
together with those most relevant variables.

Tocher analysis indicated the formation of three groups. The first group contained 83.33% of the accesses studied: 
1, 2, 4, 5, 6, 7, 8, 10, 12, 13, 14, 15, 16, 17 and 18. Accesses 3 and 11 were allocated in a second group and the access 
9 separated alone in a third group. The cophenetic correlation was estimated in 70.0%.

According to methodology proposed by Kelley et al. (1996), the formation of six cluster in the UPGMA dendrogram 
was observed (Figure 3). Cluster I contained 44.44% of accessions (2, 4, 10, 12, 15, 16, 17 and 18), cluster II accounted 
for 27.77% of accessions (1, 5, 6, 7 and 8), cluster III presented only accessions 13 and 14 and the remaining three 
clusters were formed by a single accession each (3, 9 and 11). The cophenetic correlation coefficient was estimated in 
78.8%. Despite the formation of six statistically distinct clusters, it is noticed that almost all accessions (72.21%) were 
allocated in only two clusters (I and II). The accessions of cluster II were closer than those of cluster I (Figure 3). The 
largest group presented, in general, low values of EP and OC, and higher values for SA (Figure 2), corroborating the same 
trends previously presented by correlation estimates.
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Based on the results found in the diversity analysis, it can be inferred that the genetic base of the accessions for the 
variables studied here is narrow. The formation of large clusters containing most of the accessions evidences the fact. 
Regardless of the methodology, the following accessions were dispersed or clustered together: 1, 5, 6, 7 and 8; 4, 12, 
15 and 17; 10 and 16; and 13 and 14. Accessions 3 and 11 were the farthest away from all the others.

Among all variables analyzed here, no statistical differences were observed between the general averages of each 
harvest. It was observed that generally with the passing of the harvest time, the seed area (SA) and endosperm area 
(EA) increase, and the endosperm percentage in the total seed area (EP). The correlation between SA and EP (r=-0.32) 
(Figure 2), already mentioned, corroborate with the observed result.

Table 2 shows that OC presented lower mean in the third harvest (37.44%). As already shown, increasing seed size 
does not really translate into increased oil yield. The highest averages for OC occurred in the second harvest, which 
occurred at the end of January 2013.

When the approach of the SA, EA and EP variables changes from harvest average to accesions, as a rule, it was 
observed that the general pattern presented above was not followed. For example, concerning to accession 2, the 
seeds endosperm area (EA) at the first harvest was statistically higher than the second and third harvests (Table 2). 
Regarding to accession 2 in the third harvest, the results of a larger seeds and a smaller endosperm demonstrated the 
reduction of the seeds area occupied by endosperm (EP). Moreover, there was a reduction in oil production (OC) (Table 
2), corroborating with the correlation estimates between EP and OC, previously presented (Figure 2).

Accession 18 showed increase of the endosperm percentage in the total seed area (EP) from 63.76% in the first harvest 
to 73.86% in the third harvest (Table 2). In order for the accession to present this expressive increase, the endosperm 
area (EA) also increased from 0.87 in the second harvest to 1.09 cm2 in the third harvest. In accession 8 the reduction 
of seed area (SA) and endosperm area (EA) was observed in the second harvest (Table 2). As the behavior of SA and EA 
were similar, the variable EP remained statistically unchanged during the harvests.

Tabela 2.  Average of variables related to the seed morphology (SA, EA and EP) and oil content (OC) from 18 Jatropha curcas acces-
sions, measured in three harvest seasons

Accessions
SA* EA EP OC***

Harvests
1** 2 3 1 2 3 1 2 3 1 2 3

01 1.21b 1.20b 1.53a 0.99a 0.94a 0.97a 81.57a 79.30a 63.57b 38.00 40.02 36.57
02 1.52b 1.47b 1.83a 1.10a 1.01b 0.94b 72.55a 69.00b 51.42c 37.63 43.86 22.98
03 1.53a 1.30b 1.52a 1.03b 0.89c 1.11a 67.43b 68.21b 73.07a 39.42 37.93 44.20
04 1.49c 1.63b 1.73a 1.08b 1.14b 1.33a 72.77b 69.67b 77.26a 38.24 39.03 38.94
05 1.36b 1.30c 1.66a 0.78c 1.04b 1.59a 56.91c 80.87b 95.47a 33.69 44.70 43.75
06 1.24b 1.27b 1.56a 0.95b 0.95b 1.19a 76.52a 74.54a 75.92a 41.07 43.24 46.17
07 1.28b 1.27b 1.34a 1.13a 1.03b 0.93c 88.48a 81.21b 69.54c 38.73 41.55 38.40
08 1.48a 1.23c 1.40b 1.11a 0.94c 1.05b 75.44a 76.64a 74.90a 38.01 43.45 39.80
09 1.23b 1.22b 1.48a 0.90b 0.77c 1.27a 72.52b 63.01c 85.57a 40.40 46.55 44.72
10 1.35b 1.40b 1.60a 0.99b 0.99b 1.14a 73.41a 70.50a 71.43a 37.97 38.49 38.34
11 1.19c 1.29b 1.34a 1.00c 1.11b 1.21a 83.84b 85.74b 90.07a 40.90 42.77 42.73
12 1.20c 1.35b 1.43a 0.89b 1.03a 0.87b 74.74a 76.26a 61.16b 34.78 40.86 25.82
13 1.26a 1.16b 1.28a 0.99a 0.87b 0.85b 79.02a 75.01b 66.53c 38.68 39.60 32.60
14 1.22a 1.25a 1.26a 0.91a 0.82b 0.66c 75.15a 65.62b 52.21c 36.75 36.61 25.88
15 1.24b 1.26b 1.43a 0.89b 0.78c 0.98a 71.31a 62.09c 68.03b 39.94 38.30 40.96
16 1.46a 1.50a 1.32b 1.07a 1.08a 0.82b 72.69a 71.78a 61.87b 38.09 39.52 29.16
17 1.36b 1.34b 1.51a 0.91b 0.91b 1.06a 67.05b 67.54bc 70.88ac 38.09 43.58 40.31
18 1.37b 1.41b 1.47a 0.87c 0.96b 1.09a 63.76b 68.42b 73.86a 30.53 36.89 40.39
Means 1.32a 1.32a 1.47a 0.98a 0.96a 1.07a 74.02a 72.94a 72.14a 37.86 40.87 37.44
* SA = Seed area (cm2); EA = Endosperm area (cm2); EP = Endosperm percentage in the total seed area; OC = Oil content of dry matter (%); ** 1, 2 and 3: first, second and 
third harvests, respectively, first and second fortnight of January and first half of February; The SA, EA and EP means was compared two-way means by the t-test. ***The 
statistical comparison of Oil content means was not performed.
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No doubt, accession 14 showed the greatest difficulties in the endosperm formation, mainly in the third harvest seeds. 
It can be seen (Table 2) that EA reduced from 0.91 to 0.66 cm2. However, because there was no reduction in the seed 
area (SA), the occupation of endosperm in the total seed area (EP) had the largest drop among the evaluated accession, 
estimated at 52.21% only (Table 2). In accession 14, about 6.67% of the seeds in the third crop were completely empty 
(data not shown).

Based on the internal and external morphological characteristics of seeds, yield and oil quality, there is a narrow 
genetic base among the studied accessions, despite the existence of contrasting individuals. Reis et al. (2015) also 
reported low variation for oil content in jatropha seeds. In the present case, the low variability can be explained by 
having prioritized external visual aspects of the seed in the breeding program. The accessions studied here presented on 
average large seeds when compared to data available in the literature (Rao et al. 2008, Santoso 2011, Reis et al. 2015). It 
was observed that the endosperm does not increase proportionally with the increase of the seed area. Therefore, some 
genotypes will exhibit large seeds, however, with the internal cavity partially occupied by the endosperm. In addition 
to the endosperm area, the weight of the seed also does not increase proportionally with the area of   the seed. In the 
present study, a correlation estimated was much lower than what was expected between the weight and endosperm 
area. Possibly, the X-ray captured image of the endosperm stops only showing high-density regions (lighter areas), as 
well as the image processing itself (Figure 1). Perhaps this fact was decisive in obtaining a superior correlation between 
oil content and area and percentage of the endosperm in the seed. Part of the weight of the seed was due to the weight 
of the seed bark since the correlation between weight and seed bark was relatively high.

Kaushik et al. (2007) reported that long seeds tend to reduce oil. In the present work, it was observed that seeds less 
rounded, but not excessively long, tend to present higher oil content. Longer seeds also tend to reduce the concentration 
of monounsaturated fatty acids and increase that of polyunsaturated fatty acids in the oil, that is, they point to a reduction 
in the quality of this oil, considering the requirements for biodiesel synthesis, which is the main application of jatropha 
oil. According to Kumari et al. (2013) higher concentrations of monounsaturated fatty acids in jatropha oil result in 
a more stable oil after the refining process used in the preparation of biodiesel. Moser (2009) argues that relatively 
polyunsaturated oils are more subject to self-oxidation.

Another fact very relevant to the genetic improvement of J. curcas was the confirmation that the seed morphology, 
as well as the oil content and its composition in fatty acids, varied for the same accession during the harvest period. The 
selection of accessions that add stability to the endosperm and seed area during the harvest period, together with a 
good yield and oil quality, should now be one of the priorities in the breeding programs. The high heterozygosity in most 

Figure 3. Heatmap organized using UPGMA clustering estimated from the Euclidean distance between 18 Jatropha curcas accessions 
(axis Y) calculated based on the variables related to seed morphology, yield and oil quality (axis X). 
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Brazilian accessions may have been the main cause of the reported variation. Liu et al. (2009) reported the production 
of proteins in the embryo and endosperm of stress-related J. curcas seeds, such as heat shock 70 kDa and 18.5 kDa class 
I heat shock. The latter responds to stress caused by high temperatures.

It is known that the genotypes selection process should involve other variables of equal importance to those worked 
here, such as plants with architecture that favor the production of fruits and grains, precocity in the production, uniformity 
of maturation of the fruits in the cluster and increase of the seeds/grains number. However, when it is desired to achieve 
higher yield and oil quality in the seed, it is recommended the selection of accessions that present large, not too long and 
less rounded seeds, containing internal cavity filled by the endosperm, and which are stable to these variables during 
the harvest season. High-quality phenotyping in this case can be a powerful tool for achieving better results, especially 
when endosperm stability monitoring is involved.
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