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Abstract

Jatropha curcas L. (Euphorbiaceae), known as physic nut, is an oil seed species suitable as feedstock for 
biodiesel production, among other possible industrial applications. It is also considered tolerant to water 
restriction and is thus suitable for cultivation in semi-arid regions. However, the lack of uniformity in 
fructification and seed maturation hinders the harvest and processing of fruits and seeds and the yields 
from both oil and seed, as well as obtaining seed lots with good physiological quality as propagule. 
Thus, the aim of this study was to characterise the physiological profile during the development and 
maturation of J. curcas seeds and to identify the best time to harvest the fruits and seeds based on 
morphological and physiological aspects. Fruit and seed development was monitored and the fruits 
were harvested at the end of the maturation phase. Then, they were visually classified in six distinct 
stages of maturation based on the size and colour of the exocarp, whereas the seeds were classified into 
13 distinct stages based on the appearance of the fruit and colour of the tegument. The overall analysis 
of the parameters indicated that the best harvest time was when the fruits were brown and dry and the 
seeds presented maximum dry matter accumulation, lower moisture content, the highest germination 
and vigour, higher lipid content and stable length and width dimensions. Whereas these parameters are 
related to physiological maturation in J. curcas seeds.
Key words: Physic nut, dry weight, germination, physiological maturity, oil content

Resumo

Jatropha curcas L. (Euphorbiaceae) conhecida como pinhão manso, possui sementes oleaginosas 
adequadas como matéria-prima para a produção de biodiesel, dentre outras aplicações industriais. É 
uma espécie tolerante à restrição hídrica e por isso apropriada ao cultivo em regiões semiáridas. As 
irregularidades na frutificação e maturação dificultam a colheita e o processamento de frutos e sementes, 
o rendimento em sementes e óleo, assim como a obtenção de lotes de sementes com boa qualidade 
fisiológica para fins de propágulo. O objetivo deste trabalho consistiu em caracterizar o perfil fisiológico 
durante a maturação de sementes de pinhão manso e identificar a melhor época de colheita baseando-
se em aspectos morfológicos e fisiológicos. O desenvolvimento dos frutos e sementes foi monitorado 
no campo e, ao final da safra, os frutos foram colhidos numa única etapa e classificados visualmente 
em seis estádios distintos de desenvolvimento e maturação, conforme coloração do exocarpo. As 
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sementes foram classificadas em treze estádios baseando-se no aspecto do fruto e na coloração da testa. 
Os parâmetros analisados indicam que a melhor época de colheita é quando os frutos estão secos e 
com coloração marrom, e as sementes apresentaram máximo acúmulo de matéria seca, menor teor de 
umidade, maior germinação e vigor, maior teor de lipídeos e dimensões estabilizadas em comprimento 
e largura, parâmetros estes relacionados com o ponto de maturidade fisiológica para as sementes de 
pinhão manso.
Palavras-chave: Pinhão manso, massa seca, germinação, maturidade fisiológica, teor de óleo

Introduction

The life cycle of higher plants include seed 
development, followed by germination and post-
germination development. These steps are marked 
by specific physiological events related to changes 
in moisture content, fresh weight, dry weight, 
and distinct patterns of gene expression, as well 
as the establishment of the fundamental plant 
architecture, such as histogenesis, organogenesis 
and morphogenesis (BEWLEY; BLACK, 1994; 
TAIZ; ZEIGER, 2009).

Seed embryogenesis is characterised by rapid and 
successive cell divisions and histodifferentiation. 
In this process, a single cell is transformed into a 
multicellular body. The phase of seed maturation, on 
the other hand, is associated with reserve deposition 
and cell expansion. In orthodox seeds, there is a 
drying or desiccation phase characterised by a rapid 
decline of fresh weight, making these seeds tolerant 
to desiccation (BEWLEY; BLACK, 1994). 

The maximum seed quality, expressed by 
germination and vigour, is also associated with 
maximum accumulation of dry weight during 
development (physiological maturity). This point 
marks suspension of metabolite transport from the 
phloem to the seed, and in some cases, specific 
changes occur in the tissues that attach the seed to the 
mother plant (EGLI, 1998; CASTRO; HILHORST, 
2004).

Jatropha curcas L. occurs naturally in the semi-
arid northeastern part of Brazil and countries of the 
equatorial Americas. However, although the species 
has not been fully domesticated yet, it already 
stands out for the potential of its oleaginous seeds, 
as well as for its apparent hardiness and tolerance 

to conditions of abiotic stress, and maybe even to 
conditions of biotic stress (SATURNINO et al., 
2005). At present, this culture is considered to be 
yet another option for agriculture in the Brazilian 
northeast, as it constitutes a viable crop for obtaining 
oil as raw material for the manufacture of biodiesel, 
with a minimum yield of two tons of seeds per 
hectare (DRUMMOND et al., 2008). J. curcas seeds 
have a high oil content of about 55%, and are rich 
in high quality fatty acids. Their use for biodiesel 
production may contribute to reducing the emission 
of greenhouse gases through partial substitution of 
fossil fuels (OPENSHAW, 2000; JONGSCHAAP et 
al., 2007).

The life cycle of the species varies according 
to the type of reproduction, which can be sexual or 
vegetative. In general, plants grown from seeds are 
more resistant and have greater longevity, reaching 
a productive age after four years, while those from 
stakes have a shorter and less vigorous root system, 
and although production begins after 10 months, it 
only reaches fullness after two years. When obtained 
from seeds and in good production condition, the 
longevity of J. curcas can be 30-40 years, and may 
even reach up to 50 years (CORTESÃO, 1956; 
PEIXOTO, 1973; ACHTEN et al., 2010).

The interaction of environmental and intrinsic 
factors affects the maturation of seeds and fruits 
and involves significant changes in the biochemical 
composition, the amount of dry matter, moisture 
content, size, germination and vigour of the seeds 
(DELOUCHE, 1980; DE RON et al., 2004). The 
association of morphological and physiological 
markers is a reliable way to identify the different 
stages of development (MICHELANGELI et al., 
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2013). The maximum quality of a seed depends 
on the current maturity stage of the embryo and 
endosperm, and can occur before or after the 
physiological maturity point (CARVALHO; 
NAKAGAWA, 2000; DIAS, 2001). 

Taking into consideration the fact that the seed 
is the end (or initial) product, and the carrier of the 
genetic characteristics of the plant, its physiological 
features as a propagule, and its biochemical 
characteristics as an end product, this study aims 
to characterise the formation process of J. curcas 
seeds through the analysis of physiological and 
biochemical changes, as well as morphological 
aspects, during the ripening of the seed.

Material and Methods

The biological material used in this work was 
produced in the experimental field of the Company 
for Agricultural Development of Bahia (EBDA), 
located in the municipality of Alagoinhas in the 
state of Bahia (latitude 12º 08’-12º10’ S, longitude 
and 38 26 ‘- 38 30’ W). The tests were conducted 
at the Laboratory for Biochemistry, Biotechnology 
and Bioproducts (LBBB) of the Federal University 
of Bahia (UFBA). Initially, flowering, as well 
as fruit and seed development, was monitored 
through weekly visits to the field. To this end, the 
inflorescences containing female flower buds were 
marked with coloured tape and identified with 
paper labels, prior to the occurrence of anthesis. 
The resulting fruits were monitored during their 
development and were collected manually at once 
during the last step of monitoring in the field. At 
that moment, they presented different stages of 
maturation, and were thus classified based on 
size and colour. After the harvest, the seeds were 
extracted from the fruits and were classified based 
on the colouring of the testa, which was reserved for 
conducting the tests.

The morphometric analyses were performed by 
measuring fruits and seeds at different stages of 
development. Measurements were taken using a 

digital calliper (Jomarca) with an accuracy of 0.01 
mm. The fruits were measured by length (distance 
from stalk to opposite side) and width (median 
region). For seeds, the following dimensions were 
analysed: length (measured from apex to hilum/
caruncle to the opposite side), width and thickness 
(median region). To this end, four replications of 25 
fruits/seeds were used, with the results expressed in 
millimetres.

To determine the moisture content, four 
repetitions were used of approximately 5g of seeds, 
previously cut in four parts with a blade. The 
method used involved oven drying at 105 ± 3°C for 
24h. The results are expressed in percentage of seed 
weight. Dry matter accumulation was evaluated by 
weighing the tissue after drying at 105 ± 3°C for 
24h. Each repetition was weighed separately on an 
analytical scale (0.0001 g), with the results expressed 
in grams, according to the recommendations of the 
Rules for Seed Analysis (BRASIL, 2009).

For the germination test, seeds were initially 
sterilised in a solution containing 0.125% of active 
chlorine plus Tween 20 (one drop of Tween 20 per 
100 ml of solution), before being constantly stirred 
for 10 minutes and then washed with distilled water 
five times. The test was set up with seeds placed 
within a roll of three sheets of “germitest” type paper 
(28 x 38 cm) moistened with distilled water at a rate 
of three times the weight of the dry paper. Each roll 
was packed in a plastic bag to prevent drying of 
the substrate and possible contamination, and was 
then incubated in a germinator chamber (Eletrolab, 
Mod. EL202) at 25°C and continuous darkness 
until germination, i.e. 2 mm radicle protrusion. 
Daily evaluations were performed for 12 days until 
the completion of the test. Germination tests were 
conducted in a completely randomised design, 
using eight repetitions of 25 seeds (totalling 200 
seeds) for each of the different stages of maturation. 
The parameters evaluated were: percentage of 
germination (G), time to 50% of total germination 
(T50), uniformity of germination (U8416), area under 
the curve (AUC) and mean germination time 
(MGT).
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Total lipid extraction was performed with the 
Soxhlet procedure using 10 g of seeds (dry weight) 
and 300 ml of hexane P.A. as an extraction solvent, 
with six to eight reflux cycles per hour. This stage 
lasted for eight hours, on average, and three replicates 
were conducted for each sample. The samples were 
previously oven dried, using the same procedure as 
was used for the determination of moisture content, 
and were then packed in filter paper cartridges for 
oil extraction. The quantification of total lipids was 
based on the weight of the samples (dry seeds) before 
and after lipid extraction, as calculated according 
to the formula described below, where data are 
expressed as percentages. Due to an insufficient 
amount of seeds in the early stages of development, 
lipid extraction was carried out only from the stage 
denominated “Green-E” in this study. 

Where:

mae = Weight of dry sample before extraction with 
solvent (g)

mpe = Weight of dry sample after extraction with 
solvent (g)

The results obtained in the germination test were 
analysed using the “GERMINATOR” software 
package (JOOSEN et al., 2010). The data were 
submitted to the Shapiro-Wilk normality test, and 
to compare means, we used the Student’s t-test at 
5% probability. In the other trials, the data were 

analysed with the statistical programme SISVAR 
(FERREIRA, 2000) and means were compared by a 
Tukey test at 5% probability.

Results and Discussion

The fruits of J. curcas were classified into six 
different stages of development based on their 
external morphological appearance, according to 
the colour of the exocarp (Figure 1), namely: green 
(exocarp predominantly green), green-yellowish 
(exocarp with pigmentation in transition from green 
to yellow), yellow (exocarp predominantly yellow), 
yellow-brownish (exocarp with yellow pigmentation 
in transition to brownish colour), brown-yellow 
(brown exocarp with residual yellow pigmentation) 
and brown-dry (exocarp predominantly brown, dry 
and starting dehiscence). 

J. curcas fruits were also visually classified 
according to six maturation stages using the 
Munsell colour chart: green, beginning of yellow 
pigmentation, predominantly yellow, beginning 
of brown pigmentation, ripe, and dry beginning 
dehiscence (DRANSKI et al., 2010). Other authors 
found only four stages (PESSOA et al., 2012; 
SANTOS et al., 2012), including green, yellow, 
yellow with brown and dry. Silva et al. (2012) used 
five-stage rating, including yellow-green. Catzín-
Yupit et al. (2014) verified a number of external 
morphological changes as indicators of physiological 
maturity for J. curcas fruits during development, 
coinciding with the exocarp turning yellow.

Figure 1. Classification of the fruits of J. curcas in different stages of maturation based on the colour of the exocarp. 
Bar = 1 cm.

Figure 1. Classification of the fruits of J. curcas in different stages of maturation based on the 
colour of the exocarp. Bar = 1 cm. 
 
 

 
 

 

The seeds were classified according to 13 different maturation stages: green (divided into A, B, C, 

D, E, F, G, H), yellow-green, yellow, yellow-brownish, brown-yellowish, and brown-dry. As the seeds reach 

the green stage, the J. curcas fruits maintained the same external morphological appearance (green and large) 

for about four weeks. However, the seeds found within these fruits showed different stages of development. 

They were visually divided into eight classes according to the colour and appearance of the testa (exotesta 

and endotesta), A, B, C, D, E, F, G and H (Figure 2). Thus, it was not possible to identify the different stages 

of seed development based only on the colour and size of the green fruit. 

Seeds from green-yellowish, yellow, yellow-brownish, brown-yellowish and brown-dry fruits were 

classified using the same naming used for the fruit containing them, and showed testa colours similar to the 

seeds classified as green-H found in green fruits (Figure 3). The seeds found in dry fruits had stiff, rather dry 

and hard testa and were classified as brown-dry. The caruncle, on the other hand, was whitish at all stages, 

except for the brown-dry stage. 

Gradual changes in the colour of the seed testa were observed throughout the seed’s development. 

Initially, the testa showed a translucent clear or whitish coloration, later turning to orange with darker 

coloration at the extremities (hilum and opposite side), which developed to a total blackening. At the final 

stage, they were black and shiny. In the green-A stage, the embryo had two small rudimentary cotyledons 

representative of a torpedo stage. In B to D-green seeds, embryos were in growing cotyledonary stages with 

a longitudinally elongating embryonic axis and growing cotyledons, whereas it was possible to distinguish 

the radicle/hypocotyl and cotyledons (Figure 2). 

At 25 DAA (days after anthesis), corresponding to stage green-E, Catzín-Yupit et al. (2014), found 

that the seed testa began to gain a rigid consistency and, at 35 DAA seeds presented a completely solid 

consistency, corresponding to stages green-E and green-yellowish in the present study. However, seeds with 

such aspects were observed in the present study only in the green-D and green-H stages, i.e. in earlier stages 

than described by those authors. Several authors who studied the maturation of J. Curcas seeds made no 

distinction between the seeds from green fruits (KAUSHIK, 2003; DRANSKI et al., 2010; PESSOA et al., 

2012; SANTOS et al., 2012; SILVA et al., 2012). Rubio et al. (2013), on the other hand, classified these 

seeds according to only two stages, light and dark green. However, from the findings of the present study, it 

has become evident that there is a wide variation of maturation stages among seeds extracted from green 
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The seeds were classified according to 13 different 
maturation stages: green (divided into A, B, C, D, 
E, F, G, H), yellow-green, yellow, yellow-brownish, 
brown-yellowish, and brown-dry. As the seeds 
reach the green stage, the J. curcas fruits maintained 
the same external morphological appearance (green 
and large) for about four weeks. However, the seeds 
found within these fruits showed different stages of 
development. They were visually divided into eight 
classes according to the colour and appearance of 
the testa (exotesta and endotesta), A, B, C, D, E, 
F, G and H (Figure 2). Thus, it was not possible to 
identify the different stages of seed development 
based only on the colour and size of the green fruit.

Seeds from green-yellowish, yellow, yellow-
brownish, brown-yellowish and brown-dry fruits 
were classified using the same naming used for the 
fruit containing them, and showed testa colours 
similar to the seeds classified as green-H found in 
green fruits (Figure 3). The seeds found in dry fruits 
had stiff, rather dry and hard testa and were classified 
as brown-dry. The caruncle, on the other hand, was 
whitish at all stages, except for the brown-dry stage.

Gradual changes in the colour of the seed testa 
were observed throughout the seed’s development. 
Initially, the testa showed a translucent clear 
or whitish coloration, later turning to orange 
with darker coloration at the extremities (hilum 
and opposite side), which developed to a total 
blackening. At the final stage, they were black and 
shiny. In the green-A stage, the embryo had two 
small rudimentary cotyledons representative of a 
torpedo stage. In B to D-green seeds, embryos were 
in growing cotyledonary stages with a longitudinally 
elongating embryonic axis and growing cotyledons, 
whereas it was possible to distinguish the radicle/
hypocotyl and cotyledons (Figure 2).

At 25 DAA (days after anthesis), corresponding 
to stage green-E, Catzín-Yupit et al. (2014), found 
that the seed testa began to gain a rigid consistency 
and, at 35 DAA seeds presented a completely solid 
consistency, corresponding to stages green-E and 
green-yellowish in the present study. However, 
seeds with such aspects were observed in the present 
study only in the green-D and green-H stages, i.e. 
in earlier stages than described by those authors. 
Several authors who studied the maturation of J. 
Curcas seeds made no distinction between the seeds 
from green fruits (KAUSHIK, 2003; DRANSKI 
et al., 2010; PESSOA et al., 2012; SANTOS et al., 
2012; SILVA et al., 2012). Rubio et al. (2013), on the 
other hand, classified these seeds according to only 
two stages, light and dark green. However, from the 
findings of the present study, it has become evident 
that there is a wide variation of maturation stages 
among seeds extracted from green fruits, hence the 
importance of this classification.

According to Silva et al. (2011), the fruits 
remain green until 55 DAA and the changes from 
the final green to the dark brown stage occur in 
about 10 days, showing a rapid maturation phase. 
Changes in exocarp colour can be explained by 
physicochemical changes, among them chlorophyll 
degradation and the formation of other pigments 
that alter fruit colour (RAVEN et al., 2007).

The physiological maturity of seeds is usually 
accompanied by visible changes in external aspects, 
such as the fruit colour and the colour of the seeds 
themselves (SOUZA; LIMA, 1985; FIGLIOLIA, 
1995). Thus, the colour of fruits and seeds can 
also be considered an important parameter in 
determining physiological maturity (CORVELLO 
et al., 1999; FOWLER; MARTINS, 2001). Harvest 
should occur during the proper stage of maturity, 
as immature fruits are of poor quality, present high 
water loss rates, and are therefore more susceptible 
to physiological disorders (AZZOLINI et al., 2004).
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Figure 2. Seeds of J. curcas in eight different stages of development found in fruits with green exocarp; A – completely 
translucent clear testa and embryo in the torpedo stage; B – predominantly orange-coloured exotesta and embryo in 
the young cotyledonary stage; C – Orange-coloured exotesta and endotesta with dark extremities and embryo in 
the intermediate cotyledonary stage; D – yellowish exotesta and completely dark endotesta and embryo in the final 
cotyledonary stage; E – exotesta that has a clear middle section, is slightly darker at the extremities and has completely 
dark endotesta; F – exotesta that has a light middle section, is strongly dark at the extremities, and the endotesta is 
completely dark; G – exotesta that has a narrow clear central stripe, is strongly dark at the extremities and the endotesta 
is completely dark; H – dark and fully formed testa. Arrows indicate the testa (exotesta plus endotesta) of the seeds.

fruits, hence the importance of this classification. 
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Studies with several species have related the 
physical characteristics (size, weight and moisture) 
and the morphological ones (colouring of fruits 
and seed testa) to different stages of maturation 
(LIN, 1988; LAGO et al., 1994; DIAS et al., 2001; 
FANAN et al., 2009; DRANSKI et al., 2010). The 
monitoring of these physical and physiological 
changes that occur during the development of 
fruits and seeds allows for the identification of a 
mature seed in the field, illustrating the moment 
it stops receiving nutrients from the mother plant, 
reaches physiological maturity and may therefore 
be harvested (SILVEIRA et al., 2002).

Over the maturation period, a significant 
reduction in the dimensions of the fruits of J. curcas 

was verified, beginning after the green-yellowish 
stage. Maximum values for the morphometric 
variables were observed in fruits with green-
yellowish colouring and minimum values were 
observed in the brown-dry ones. Length and width 
varied from 30,8 to 27,2 mm and from 26,6 to 21,4 
mm, respectively. Green fruits presented lower 
mean values for length and width than did the other 
stages (Table 1). Unevenness in the developmental 
stages of the seeds found in these fruits, associated 
with the values for dry mass, moisture content, 
germination percentage and total lipid levels 
(Tables 2-5), indicates that the seeds and fruits are 
still growing at this stage as a result of the seed 
maturation processes (BEWLEY; BLACK, 2004).

Table 1. Morphometric variables (length and width) of the fruits of J. curcas in different stages of development and 
maturation.

Developmental stage Length (mm) Width (mm)
Green 29,47 ab  25,88 ab
Green-yellowish 30,76 a 26,63 a
Yellow 30,42 a  26,00 ab
Yellow-brownish 29,25 ab  24,86 b
Brown-yellowish 28,26 bc  23,12 c
Brown-dry 27,24 c  21,44 d
Mean value 29,23 24,66
VC (%) 2,54 2,30

Mean values followed by the same letter in the column do not differ by 5% Tukey test.

The larger size of the green-yellowish J. curcas 
fruits has been reported (DRANSKI et al., 2010), as 
well as the decrease of the morphometric variables 
during the final stages of maturation (SANTOS et 
al., 2012). The fruit size reduction over the various 
assessed stages can be related to variations in 
moisture content (Table 3), which occur naturally 
during the maturation process of orthodox seeds 
as a result of dry matter accumulation (BEWLEY; 
BLACK, 2004). Water is the medium in which 
the nutrients are removed from the ground and 

transported to the photosynthetic organs of the plants, 
where they are transformed into photoassimilates 
and are then moved to the developing tissues, such 
as the fruits and seeds (TAIZ; ZEIGER, 2009). 
Thus, an initial increase in the dimensions of the 
seeds and fruits is common during the development 
process and is observed in various species, such 
as the Bixa orellana (AMARAL et al., 2001), 
Tamarindus indica (GURJÃO et al., 2006) and 
Apuleia leiocarpa (LOUREIRO et al., 2004). 
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Table 2. Morphometric variables (length, width, thickness) of J. curcas seeds at different stages of development and 
maturation.

Developmental stage Morphometric variables (mm)
Length Width Thickness

Green-C 20,18 a 11,36 a 9,23 a
Green-D 18,86 fg 11,16 abc 8,35 cde
Green-E 18,78 fg 10,94 cd 8,23 e
Green-F 19,10 ef 10,94 cd 8,30 cde
Green-G 19,68 ef 11,00 bcd 8,48 bcd
Green-H 19,94 ab 11,09 bcd 8,53 bc
Green-yellowish 19,19 ef 10,97 cd 8,28 de
Yellow 20,12 a 11,23 ab 8,63 b
Yellow-brownish 19,49 bcd 11,08 bcd 8,49 bcd
Brown-yellowish 19,52 ab 10,92 d 8,60 b
Brown-dry 18,60 g 10,86 d 8,49 bcd
Mean value 19,41 11,05 8,51
VC (%) 0,88 0,89 1,08

Mean values followed by the same letter in the column do not differ by 5% Tukey test. 

Table 3. Moisture content (%) and dry mass (g) of J. curcas seeds at different stages of development and maturation.

Developmental stage Moisture content (%) Dry mass (g)
Green-C 80,56 a 0,91 h
Green-D 70,69 b 1,38 g
Green-E 65,92 c 1,60 fg
Green-F 62,35 cd 1,83 ef
Green-G 58,76 d 2.07 de
Green-H 53,90 e 2,32 cd
Green-yellowish 50,27 ef 2,60 bc
Yellow 46,63 fg 2,48 bc
Yellow-brownish 45,49 g 2,77 b
Brown-yellowish 43,28 g 2,69 b
Brown-dry 16,13 h 4,12 a
Mean value 54,00 2,25
VC (%) 3,36 5,58

Mean values followed by the same letter in the column do not differ by 5% Tukey test. 

Regarding the analyses of the morphometric 
dimensions, J. curcas seeds showed a decrease in 
length during the final stage of maturation (brown-
dry). Significant variations in width and thickness 
were observed only between the first and the last 
two evaluated stages. Seeds in stages green-C and 
yellow had the largest length dimensions, while the 
dry ones had the smallest. Between the initial stage 
(green-C) and the final one (brown-dry), the seeds 

showed a mean variation from 20,2 to 18,6 mm in 
length, 11,4 to 10,9 mm in width, and 9,2 to 8,5 mm 
in thickness (Table 2).

During the transitions from the green-yellowish 
to yellow and the yellow-brownish to brown-
yellowish stages, no significant change in dry weight 
occurred (Table 3). Silva et al. (2012) found the 
same pattern for J. curcas seeds at different stages 
of maturation. However, Dranski et al. (2010) and 
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Silva et al. (2011) found higher mean values for dry 
matter in fruits with brown colouring, suggesting 
the start of the disconnection of the fruit from the 
mother plant and beginning deterioration.

In this study, the seeds showed a significant 
decrease in moisture content from the initial stages 
until the end of development and maturation, 
ranging from 80,7% in seeds classified as green-C 
and extracted from green fruits, to 16,1% in brown-
dry seeds (Table 3). A large variation in moisture 
content was observed in seeds found in green fruits, 
with a difference of 26,7% between the green-C and 
green-H stages. Furthermore, there was a substantial 
decline of about 27,2% in the moisture content of 
seeds from brown-yellowish to brown-dry.

In several studies regarding J. curcas seed 
maturation, moisture content values were similar to 
the ones verified in this study. In seeds from green 
and from brown-dry fruits, moisture contents of 
88,8% and 10,74%, respectively, were recorded 
(PESSOA et al., 2012). Rubio et al. (2013) found 
11.06% humidity for dry fruit, as well. Silva et 
al. (2011) reported a decrease of 23,2% from the 
penultimate (brown-yellowish) to the final stage 
(brown-dry), indicating this step as the end of the 
seed ripening process for this species.

The high moisture content found in early 
seed maturation is essential for the transport of 
photosynthesised products that are used as an energy 
source for metabolism by the developing seeds, and 
subsequently are stored as reserves to be used at 
the time of germination (CORVELLO et al., 1999; 
SANTOS et al., 2012). Xu et al. (2011) also verified 
an exponential increase in fresh weight during the 
early stages of J. curcas seed development and 
a stop in growth during the last stages, thereby 
initiating the process of desiccation with increased 
accumulation of lipids and other nutrients as a 
reserve. Therefore, some physical criteria assessed 
as a whole, such as morphometry, moisture content 
and dry matter, indicate the physiological maturity 
of this species’ seeds (CROOKSTON; HILL, 1978).

Seeds extracted from the green fruits of the 
green-C to green-E stages did not germinate, and 
germination in the green-F stage was less than 
1%. This was due to the immaturity of the embryo 
during these stages, as seen in Figure 2. A maximum 
germination percentage of 86% was recorded for 
seeds extracted from green-yellowish fruits. From 
this stage onwards, there was a significant decrease 
in germination to 77% and 61% in yellow-brownish 
and brown-dry stages, respectively (Table 4). These 
stages correspond to the final period of desiccation, 
and the decrease in germination may be related to 
the acquisition of primary dormancy (HILHORST, 
1995; BASKIN; BASKIN, 2004). J. curcas 
requires a postharvest period in order to improve 
germination (JØKER; JEPSEN, 2003). However, 
its germinability is inhibited simply by the presence 
of the endosperm, suggesting that this structure 
causes some degree of dormancy where the storage 
time appears to reduce this effect while regaining 
germinability (PAIVA NETO et al., 2014).

For the variables time to 50% of total germination 
(T50) and mean germination time (GMT), the 
brown-dry seeds had the best performance (less 
time), while seeds in the green-G stadium showed 
the worst performance (longest time), with the most 
elevated mean values. In the other stages, these 
variables remained constant (Table 4).

Germination was more uniform (U8416) in the 
green-H stage, while the lowest uniformity was 
found in both stages that had brownish colouring. 
The overall germinability, as measured by the 
area under the curve parameter (AUC), gradually 
increased over the maturation process, peaking 
from the yellow stage onwards and showing no 
significant differences until the brown-dry stage 
(Table 4). The decrease in AUC at this stage may 
also have resulted from the acquisition of dormancy, 
whereas seeds that are harvested later may suffer a 
decrease in physiological quality, as characterised by 
accelerated deterioration and reduced germination 
(MARCOS FILHO, 2005).
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Table 4. Percentage of germination (G), time to 50% of total germination (T50), mean germination time (MGT), 
uniformity of germination (U8416) and area under the curve (AUC) of J. curcas seeds at different stages of development 
and maturation.

Developmental 
stage

Variables
G (%) T50 (h) TMG (h) U8416 (h) AUC

Green-G 47 d 176,3 c 172,9 c 79,6 ab 0,1 d
Green-H 85 ab 151,2 b 151,1 b 67,4 a 0,5 c
Green-yellowish 86 a 153,0 b 133,6 abc 89,1 abc 1,3 b
Yellow 81 ab 137,6 b 134,6 a 106,4 bc 3,3 a
Yellow-brownish 77 b 142,0 b 138,6 ab 105,2 c 2,7 a
Brown-yellowish 62 cd 141,4 b 136,3 ab 114,7 c 3,4 a
Brown-dry 61 c 120,4 a 106,9 a 96,9 bc 4,7 a
Mean value  71  146,0  139,1  94,2  2,3
VC (%)  20,9  11,7  14,3  17,6  74,1

Mean values followed by the same letter in the column do not differ by 5% Tukey test. 

Immature J. curcas seeds extracted from 
green fruits did not germinate and the maximum 
germination rate was observed only in dry seeds 
(DRANSKI et al., 2010; PESSOA et al., 2012). 
Other authors found the highest germination 
rates and germination speed in fruits with brown 
colour (SILVA et al., 2011, 2012). Kaushik (2003), 
however, observed the maximum percentage of 
germination in seeds extracted from yellow fruits.

The identification of the appropriate stage of 
maturity for seed collection at the proper time is 
of the utmost importance, especially for crops 

with uneven fructification and maturation, like in 
J. curcas. Different criteria, such as size, colour, 
moisture and lipid content, as well as germination 
aspects, have been used to establish the physiological 
maturity point of oil seed species and have proven to 
be efficient. Significant differences in the total lipid 
content could be observed during the development 
of J. curcas seeds (Table 5), with a 14% increase 
in these values when comparing the initial stages 
to the final ones. The highest percentages of total 
lipids were found in seeds from fruits with brown-
yellow colouring (26,11%) and those from dry fruits 
(23,28%).

Table 5. Total lipid content (%) in J. curcas seeds at different stages of development and maturation.

Developmental stage Total lipid content (%)
Green-E 9,27 e
Green-F 17,84 bcd
Green-G 17,78 bcd
Green-H 21,17 abc
Green-yellowish 11,88 be
Yellow 23,10 ab
Yellow-brownish 14,88 cde
Brown-yellowish 26,11 a
Brown-dry 23,28 ab
Mean value 18,44
VC (%) 7,08

Mean values followed by the same letter in the column do not differ by 5% Tukey test. 
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Variations in the percentages of lipids and other 
reserves are characteristic of the maturation process, 
because these values are translated in variations of 
fresh and dry weight of the seeds, which was verified 
in this study when assessing the moisture content 
and dry matter (Table 3). In this species, Santos et 
al. (2012) also found the maximum lipid content in 
J. curcas seeds from brown-yellowish and brown 
fruits, at 26,21 and 25,34%, respectively. Annarao 
et al. (2008) found that the oil content was low 
in the initial stages and higher in the later stages, 
increasing from 0,3 to 24,9% (characterized by the 
authors as stages I-VI). They also found a small 
decrease in the percentage of oil in mature seeds, or 
stage VII (24,4%), when compared to the preceding 
stages. Porwal et al. (2014) also reported a decrease 
in the percentage of lipids in mature seeds (32%) 
compared to seeds extracted from green fruit (33%) 
and seeds from brown and yellow fruits (34%).

The maximum content of lipids found in this 
study may be considered relatively low when 
compared to data reported in the literature. Lipid 
content in J. curcas seeds was reported to be as high 
as 40% (SOUZA et al., 2009), while the highest 
levels of total lipids in J. curcas seeds cultivated 
in the state of Maranhão was about 31,6%. In this 
case, the calculation was based on the wet weight 
(PENHA et al., 2007).

According to Santos et al. (2012), the 
accumulation, as well as the composition, of lipids 
stored in seeds depends on genetic factors and field 
conditions during maturation. According to Teixeira 
(1987), these differences may vary depending on 
location and cultural practices. Teixeira recorded 
variations from 23% to 34% in the total lipid 
content for J. curcas seeds. Changes in the hydric 
regime during the period of maturation may also 
explain the variations found in the total lipid content 
between seeds from different accessions, since they 
directly interfere in biomass accumulation. From 
another angle, data published in the literature show 
that higher total lipid content values are achieved 
with the extraction of albumen lipids, as reported by 

Penha et al. (2007), with values of 31,62% in whole 
seeds and 66% in the albumen.

From these results, it can be concluded that in 
the green fruits of J. curcas, it is not possible to 
establish the stage of development of the seeds 
based solely on the colour of the exocarp, making it 
necessary to perform morphophysiological analyses 
as a whole. The parameters that best determined the 
physiological maturation of the seeds of this species 
were: smaller dimensions in length and width, 
maximum dry matter accumulation, lower moisture 
content, and higher lipid content. Therefore, seeds 
reached physiological maturity when they were 
brown coloured and the fruit was dry, indicating that 
this stage was the best period for harvesting.
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