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ABSTRACT

The seeds and seedlings morphological differentiation is a challenge in the early stages of plant growth. This study 
aims to describe the physical and morphological characteristics of seeds and seedlings of Jatropha mollissima to delimit 
differences between other species from the same genus. The seeds were placed to germinate for morphological description 
and their physical characteristics were measured. The J. mollissima presented a 1000-seed weight of 332 g, 3,008 seeds 
per kilogram, 6.7% of moisture, 1.29 cm length, 0.84 cm width, and 0.66 cm thickness. We verified that the seeds are oval 
in shape; their colour is dark brown, greyish or mixed colour; they have visible raphe and hilum, and caruncle with beige 
coloration. The endosperm is oleaginous and involves the embryo with foliaceous and spatulate cotyledons. The embryo 
is axial, and the hypocotyl-radicle axis has a short cylindrical shape. Germination is epigeal and phanerocotyledonary; 
leaves have dimorphism and serrated margins with simple trichomes; and their apex is cuspidate or attenuated. Our 
research demonstrates that it is possible to differentiate J. mollissima from other species of the same genus through 
morphological characteristics. Therefore, this work contributes to the correct identification of the species, laboratory 
analysis, and field recognition. 
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The Euphorbiaceae family includes about 6,300 species 
distributed in 246 genera spread all over the world (Car-
neiro-Torres et al., 2017). This family presents the highest 
diversity of species distributed in tropical regions (Judd  
et al., 2009). The Jatropha genus is known for the com-
pounds it produces, mainly oil from the seeds, and colourful 
or white latex. It is important to mention that most of the 
Jatropha species found in Northeastern Brazil, especially 
in the Caatinga biome (Steppic Savannah or Dry Forest) 
(Brasil, 2019), has medicinal properties and is also used by 
the local population in the dry seasons as hedge, firewood, 

and animal fodder (Leal & Agra, 2005). In the Caatinga 
biome, there are 230 endemic species and 26 species which 
belong to this family and have been registered (Flora e 
Funga do Brasil, 2023).

Jatropha mollissima (Pohl) Baill. (Euphorbiaceae) is 
known as ‘pinhão-bravo’ and is classified as shrub-tree, 
bush, or small tree (Leal & Agra, 2005; Vasconcelos  
et al., 2014; Lima et al., 2015; INPI, 2021). The species 
presents latex with antiophidic properties, oil in seeds, 
and ornamental and medicinal potential. Such potential 
derives from the secondary compounds found in the leaves. 
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Besides, the species also presents potential for biodiesel 
production because of the oil contained in the seeds (Leal 
& Agra, 2005; Lima et al., 2015; Zegarra, 2015).

The region where the species occurs has low rainfall, 
high temperatures and evapotranspiration. Thus, the plants 
of semiarid areas such as this modify their morphological 
and physiological characteristics to adapt to these adverse 
conditions (Souza et al., 2015). Considering this scenario, 
it is essential to know the behaviour, distribution, and mor-
phology of the species (Cosmo et al., 2010). In addition, 
we can evaluate the effects of environmental factors on the 
phenotype (Souza & Cavalcanti, 2019), which is important 
to obtain a better knowledge of the autecology of native 
species.

The morphological description of J. mollissima is 
restricted to floral biology (Santos et al., 2005; Neves 
et al., 2010; Neves et al., 2011; Queiroz et al., 2013), or 
secondary compounds for pharmacological purposes as 
described (Ribeiro et al., 2014; Braquehais et al., 2016). 
Regarding the morphological description of the fruits, they 
are superficial with little to no specification in relation to 
the seeds and seedlings (Leal & Agra, 2005; Vasconcelos  
et al., 2014; Souza & Cavalcanti, 2019). In fact, the seed 
and seedlings characterization contribute to the evaluation 
of the germination test, commercialization, and identifica-
tion of the forest species in the field (Felix et al., 2021).

The scarcity of research related to the description of the 
species in its early stages becomes a hindrance to seeds and 
seedlings identification, limiting the dissemination of in-
formation about the ecology of the species. In the Brazilian 

semiarid region, there are 14 species of the Jatropha genus 
(Bigio et al., 2020), which can make it difficult to distin-
guish species by seeds or at a juvenile stage, since some 
of these species present morphological characteristics of 
seeds and seedlings very similar (Añez et al., 2005; Lyra 
et al., 2012).

This paper is important because it presents information 
that can assist in reaching correct identification and better 
results at laboratory and in the field regarding J. mollissi-
ma. In addition, this characterization helps us understand 
how this species has adapted itself so as to survive in 
semiarid regions. Therefore, our research aims to describe 
the physical and morphological characteristics of seeds and 
seedlings of J. mollissima to delimit differences between 
other species from the same genus.

MATERIAL AND METHODS
The fruits of Jatropha mollissima were collected from 

10 parent trees in May 2018, municipality of Floresta, State 
of Pernambuco, Brazil (08°36’04’’ S and 38°34’07’’ W, at 
316 m altitude). The number of seeds per kilogram was 
obtained from the measurement of the 1000-seed weight 
with eight samples of 100 seeds, and the seed moisture was 
determined by oven-drying method at 105 ± 3 °C for 24 h, 
with three samples of 4.5 ± 0.5 g (Brasil, 2009a). We ob-
tained a biometric characterization of J. mollissima seeds 
from the measurement of 100 seeds for length (Figure 1A), 
width (Figure 1B), and thickness (Figure 1C), with the aid 
of a calliper (0.01 mm). The results were presented in terms 
of mean, standard deviation, and coefficient of variation.

Figure 1: Measurement of length (A), width (B) and thickness (C) of Jatropha mollissima seeds indicated by white dashed lines.
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We described the species’ morphology from the visual 
observation of 50 seeds, with the aid of a stereoscopic mag-
nifying glass. For the internal evaluations, we sectioned 
the seeds in radial, transversal, and longitudinal sections. 
The internal structures were identified and described 
concerning the presence or absence of endosperm, the 
position of cotyledons, the position of embryo (cotyledons 
+ hypocotyl-radicle axis), as well as the shape and colour 
of these parts. The following external characteristics were 
evaluated: colour, texture, consistency, shape, hilum, and 
micropyle position. The description and determination 
of terms regarding morphological characteristics were 
described based on Barroso et al., (1999), Brasil (2009b), 
Gonçalves & Lorenzi (2011), and Souza et al., (2013).

For seedlings description, we selected 15 germinated 
seeds to evaluate their development until the primary leaf. 
We placed seeds to germinate in transparent acrylic boxes 
(gerbox®) using two sheets of paper towels as substrate 
(germitest®). After germination, the seeds were allocated 
in trays with a commercial substrate based on pine bark 
for growth monitoring, remaining in a BOD (Biochemical 
Oxygen Demand) incubator at 25 °C and under constant 
lighting.

The images were obtained with a Sony camera (Cy-
ber-shot Dsc-w630, 16.1 megapixels) and a Leica magni-
fying glass (model DM300) was used for the monitoring 

and description of the seeds and seedlings. The figures 
were edited in the software CorelDRAW Graphics Suite 
2020 – version 22.

RESULTS AND DISCUSSION
According to the Instructions for Analysis of Seeds of 

Forest Species (Brasil, 2013) and based on the results of 
the 1000-seed weight, the verified weight was 332 g, which 
corresponds to 3,008 seeds per kilogram. The seed lot of  
J. mollissima should have a maximum of 250 kg; the aver-
age sample should contain 1,000 seeds; the purity analysis 
should be performed with 800 seeds; and the germination 
test should be performed with 400 seeds. This information 
is important for marketing and evaluation of seed germi-
nation when the species is not listed in official documents.

The species in this study has specific characteristics that 
can be found in the Euphorbiaceae family and in the Jatro-
pha genus (Table 1). We could observe that J. mollissima is 
more rounded than other species, if compared, for instance, 
to Jatropha curcas L., and Jatropha elliptica is smaller.

Jatropha mollissima seed coat colour varies between 
black, brown, greyish, or mixed colour (Figure 2A-D). 
Seed shape is oval and estenospermic, with little variation. 
The coat is smooth and glossy, with a chartaceous consis-
tency. The seeds present linear raphe, which goes from 
the hilum to seed base, with the presence of a caruncle, 

Table 1: Comparation between biometrics and morphological characters of seeds and seedlings of Jatropha genus species

Jatropha mollissima

Width Length Thickness Colour Endosperm Germination Reference

0.84 cm 1.29 cm 0.66 cm Diverse White, embedded in the 
embryo, spatulated, axial

Epigeal-phanerocotyle-
donary type

Jatropha curcas

1.09 cm 1.75 cm 0.87 cm Dark brown - 
uniform

White, embedded in the 
embryo, spatulated, axial

Epigeal-phanerocotyle-
donary type

Pimenta et al. 
(2014)

Jatropha elliptica

0.43 cm 0.81 cm 0.37 cm Diverse White, embedded in the 
embryo, spatulated, axial

Epigeal-phanerocotyle-
donary type

Añez et al. 
(2005)

Jatropha ribifolia

3.82 cm 7.46 cm 0.04 cm Diverse White, embedded in the 
embryo, spatulated, axial hypogeal- cryptocotylar Lyra et al. 

(2012)

Jatropha peiranoi

0.46 cm 0.91 cm 0.35 cm Diverse Endosperm insert in a short 
and straight embryonic axis unspecified Paterlini et al. 

(2019)
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a structure derived from the external coat, which is beige. 
The hilum has an oval shape, with a raised surface, and it 
is at the intersection of the caruncle with the integument, in 
the apical position (Figure 2E). The micropyle is below the 
caruncle (Figure 2F).

These different seed colours influence animal attraction 
according to the location of parent trees. Seed coloration is 
an essential factor in species ecology because it is attractive 
for dispersing agents since primary dispersion is autochor-
ic, and secondary is zoochoric, with ants working with this 
dispersion, for example (Hernández-Nicolás et al., 2017). 
Darker coloration in more open environments will draw 
the attention of dispersers and predators more than lighter 
colours. Differences between the same genus species can 
be observed in seed colour. For instance, if compared to 
J. mollissima, J. curcas has darker brown coloration and 
it is more uniform. Differences concerning colour and size 
can also be observed between J. elliptica and J. peiranoi 

Lourteig & O’Donnell seeds (Añez et al., 2005; Pimenta 
et al., 2014; Paterlini et al., 2019). Differences between 
collecting sites can also interfere in seed size and species 
behaviour (Hernández-Nicolás et al., 2017), since changes 
in soil type or precipitation influence seed production. 
Another aspect that can attract dispersers and predators is 
the presence of caruncle, which is a succulent excrescence 
of the oil-rich tegument (Paterlini et al., 2019) and a type 
of aryl (Brasil, 2019b). Neves et al., (2011) say that J. mol-
lissima seeds can easily attract ants because they present a 
larger caruncle.

We observed in the internal morphology of J. mol-
lissima seeds (Figure 2F) a continuous, homogenous, 
oleaginous, yellowish-white, and thick endosperm, which 
is embedded in the embryo (cotyledons + hypocotyl-rad-
icle axis). It was not possible to identify the plumule at 
the seeds. The embryo is spatulated, foliaceous, axial, 
and erect. Cotyledons have leafy consistency, with visible 

Figure 2: Greyish (A), mixed (B), brown (C) and black (D) seeds, external morphology (E), internal structures in the radial longitudinal 
section (F) and detail of the embryo of Jatropha mollissima (G). Cru: caruncle; Ct: coat; Rap: raphe; H: hilum; Hr: hypocotyl-radicle 
axis; Co: cotyledons; En: endosperm; M: micropyle; Em: embryo.
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nervures, rounded shape, and yellowish-white coloration, 
similar to the endosperm. The hypocotyl-radicle axis has a 
short cylindrical shape (Figure 2G).

According to Barroso et al., (1999) and Zegarra (2015), 
it is typical of the family Euphorbiaceae to present abun-
dant endosperm and rich oilseed resources. The endosperm 
of J. mollissima is similar to others of the Jatropha genus  
(Table 1), which commonly has white colour, involving 
the embryo completely, axial, and sparse. Other authors 
observed these characteristics in seeds of J. elliptica,  
J. curcas, J. macrocarpa Griseb., J. peiranoi, and Gym-
nanthes klotzschiana Müll. Arg. (Añez et al., 2005; Cosmo 
et al., 2010; Loureiro et al., 2013; Pimenta et al., 2014; 
Vasconcelos et al., 2014; Tavecchio et al., 2018; Paterlini 
et al., 2019).

Seed germination occurs from the fifth day after sow-
ing, in the root protrusion (Figure 3). The radicle is emitted 
through the micropyle region, located below the caruncle, 
so it is possible to see the radicle going through the car-
uncle. In the present study, we observed the simultaneous 
emission of more than one radicle, which pointed out that it 
is not always possible to identify a differentiation between 
primary and secondary roots in the seedling phase.

The root system of Jatropha seedlings comprises the 
primary and secondary axial roots (Alves et al., 2008; Lyra 
et al., 2012; Silva et al., 2016). Brito et al. (2019), in a 
study with J. curcas, J. multifida L., J. podagrica Hook., 
and J. gossypiifolia L. seeds, observed four additional 
meristematic regions in the hypocotyl-radicle region, 
besides the apical meristem that will form the main root. 
Still according to the authors, they classified it as further 
radial primary roots, which was also observed by Soares 

et al. (2017). This conclusion leads us to believe that the 
Jatropha genus presents a differentiated pattern of germi-
nation concerning radicle protrusion. This behaviour can 
be understood as an adaptation of the species due to the 
region where it is located and as a way of improving root 
performance to absorb water, mainly, and nutrients that are 
in low availability in the soil.

An indication of the adaptivity of the species is the 
emission of more than one adventitious root, which allows 
the species to grow and develop in stressful environments, 
as observed in J. curcas (Brito et al., 2019). This root 
behaviour is classified as branched, where it is not possible 
to define the primary root, emphasizing that site conditions 
in which the species occurs and genetic characteristics are 
factors that have a considerable influence on root growth 
(Gonçalves & Mello, 2000).

The germination is epigeal and of the phanerocotyle-
donary type. Cotyledons are elevated above the substrate 
with hypocotyl growth and detached from the coat, 
completely expanded (Figure 4). The cotyledons are photo-
synthetic and persistent, providing nutrients to the seedling 
until the emission of the first leaves (indicated in figure 4 
by primary leaf), because even after the emission of the 
first leaves the seedling is still attached. In some seeds, 
we observed that cotyledons do not detach from the coat. 
However, they were not considered abnormal seedlings be-
cause the primary leaf emission occurred normally without 
harming the development of the seedling.

Jatropha mollissima follows the same pattern of 
germination seen in other species of the Euphorbiaceae 
family, as observed by Añez et al. (2005), Cosmo et al. 
(2010), Pimenta et al. (2014), Vasconcelos et al., (2014),  

Figure 3: Germination of Jatropha mollissima seeds. Cru: caruncle; Teg: coat; Hip: hypocotyl; Rd: radicle; Rp: secondary roots.
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Lima et al. (2015), Virgens et al. (2017), Tavecchio  
et al. (2018), Brito et al. (2019), and Souza & Cavalcanti 
(2019). We also observed that its roots are superficial in 
the early stages, indicating the species’ preference to shoot 
growth to the detriment of root growth. This behaviour can 
be explained due to the region in which the species occurs, 
since Caatinga soils are sandy and water infiltration occurs 
quickly, causing plants to have maximum water use capacity.

We observed that the species’ leaves present differ-
ent characteristics when young and mature. Initially, 
they have a simple, palmatilobate blade with five lobes  
(Figure 5A-D), culminated or attenuated apex, and a sag-
ittal base. Mature leaves have three to five lobes, although 
some leaves remain with five lobes and others with only 
three. In both young and mature leaves, we observed atten-
uated or acuminated apex. The margin is serrated, both on 
the young and mature leaves, with simple trichomes at the 
tips (Figure 5E-G). It is typical of the genus Jatropha to 
have palmatilobate blade leaves with three to seven lobes 
(Abdulrahaman et al., 2014). Leal & Agra (2005) and 
Sátiro & Roque (2008) described the number of leaf lobes, 
indicating that the leaves have five lobes and that this is 
one of the differences between the species of the Jatropha 

genus. The differences in the numbers of leaf lobes happen 
due to the plant’s age, as well as climatic factors.

Phenotypic plasticity is the ability of a species to present 
differences in its morphological or physiological charac-
teristic, depending on environmental conditions (Tucić  
et al., 2018; Fenollosa & Munné-Bosch, 2019; Laitinen & 
Nikoloski, 2019). These differentiations in leaf apex shape 
and number of lobes are characterized as phenotypic plas-
ticity, since different behaviours can be observed, both in 
the same individual and in different individuals. Differences 
between young and adult plants are noticeable. However, 
the scarcity of information makes it difficult to identify the 
species at its early stages in the field. For this reason, the 
diffusion of studies with indications about different phases 
of the plant is essential to help field work.

The scarcity of research related to the descriptions of the 
species at its early stages is one of the difficulties found in 
this study. The knowledge about morphological characteri-
zation at different growing stages is important for a better 
identification of this species in the field and for laboratory 
analysis. Specifically in J. mollissima, we can identify 
seedlings with emission of more than one root at the same 
time, for example.

Figure 4: Development of Jatropha mollissima seedlings. In detail primary leaf. Teg: Coat; Co: cotyledons; Hip: hypocotyl; R: roots; 
Fp: primary leaf.
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CONCLUSIONS
Our research demonstrates that it is possible to differ-

entiate J. mollissima from other species of the same genus 
through morphological characteristics. We also identified 
standard characteristics, such as the emission of more than 
one adventitious root, in another species from the same 
genus.

This study shows the deficit of information about 
species from Brazil’s semiarid region and how they could 
actually help identify species in the field and in the lab-
oratory. Therefore, this study contributes to the correct 
identification of the species, laboratory analysis, and field 
recognition.

REFERENCES
Abdulrahaman AA, Kolawole OS, Mustapha OT & Oladele FA (2014) 

Palynological and carpological features in four Jatropha species 
(Euphorbiaceae) as taxonomic characters. Nigerian Society of Experi-
mental Biolology, 14:38-42. 

Alves JMA, Silva AASS, Lopes GN, Smiderle J, Osxar & Uchôa CP 
(2008) Pinhão-manso: uma alternativa para produção de biodiesel na 
agricultura familiar da Amazônia brasileira. Agro@mbiente On-line, 
2:57-68.

Añez LMM, Coelho MFB, Albuquerque MCF & Dombroski J LD (2005) 
caracterização morfológica dos frutos, das sementes e do desenvolvi-
mento das plântulas de Jatropha elliptica Müll. Arg. (Euphorbiaceae). 
Revista Brasileira de Botânica, 28:563-568.

Barroso GM, Morim MP & Ichaso CLF (1999) Frutos e sementes: mor-
fologia aplicada à sistemática de dicotiledôneas. Viçosa, UFV. 443p.

Bigio NC, Secco RS & Moreira A (2020) Jatropha in flora do brasil 

2020. Reflora. Jardim Botânico do Rio de Janeiro. Available at: 
<https://floradobrasil2020.jbrj.gov.br/reflora/floradobrasil/FB17582>. 
Accessed on: April 27th, 2023.

Braquehais ID, Vasconcelos FR, Ribeiro ARC, Silva ARA, Franca 
MGA, Lima DR, Paiva CF, Guedes MIF & Magalhães FEA (2016) Es-
tudo preliminar toxicológico, antibacteriano e fitoquímico do extrato 
etanólico das folhas de Jatropha mollissima (Pohl) Baill. (pinhão-bra-
vo, Euphorbiaceae), coletada no município de Tauá, Ceará, Nordeste 
brasileiro. Revista Brasileira de Plantas Medicinais, 18:582-587.

Brasil (2019) Florestas do Brasil em resumo: 2019. Brasília, MAPA/
SFB. 207p.

Brasil (2009a) Glossário ilustrado de morfologia. Brasília, Mapa/ACS. 
406p. 

Brasil (2009b) Regra para análises de sementes. Brasília, Mapa/ACS. 
399p.

Brasil (2013) Instrução para análises de sementes de espécies florestais. 
Brasília, Mapa/ACS. 97p.

Brito CD, Loureiro MB, Ribeiro PR, Vasconcelos PCT, Moreno MLV, 
Fernandez LG, Hilhorst HWM, Van Lammeren A, Ligterink W & 
Castro RD (2019) Root architecture system of oilseed species from the 
Jatropha genus during seed development and germination. Industrial 
Crops Production, 139:111514. 

Carneiro-Torres DS, Silva OLM & Cordeiro I (2017) Flora da Bahia: 
Euphorbia (Euphorbiaceaee). Sitientibus Série Ciências Biológicas, 
17. DOI: 10.13102/scb2676.

Cosmo NL, Nogueira AC, Lima JGL & Kuniyoshi YS (2010) Morfo-
logia de fruto, semente e plântula de Sebastiania commersoniana, 
Euphorbiaceae. Revista Floresta 40:419-428.

Felix FC, Oliveira FN, Freitas NWN, Freitas RMO, Jilani IBH & Torres 
SB (2021) Seed characterization and germination morpho-physiology 
of Simira gardneriana (Rubiaceae). Journal of Seed Science, 43:2021. 

Fenollosa E & Munné-Bosch S (2019) Physiological plasticity of plants 
facing climate change. Annual Plant Reviews Online, 2:01-29.

Flora e Funga do Brasil (2023) Jardim Botânico do Rio de Janeiro. Avail-
able at: <http://floradobrasil.jbrj.gov.br/ >. Accessed on: July 24th, 2023.

Figure 5: Young and mature leaves with three lobes (A, C) and young and mature leaves with five lobes (B, D); sharp (E) and acuminate 
(F) apexes and serrated margin (G) of Jatropha mollissima leaves.



Rev. Ceres, Viçosa, v. 71, e71009, 2024

8 Letícia Siqueira Walter et al.

Gonçalves EG & Lorenzi H (2011) Morfologia vegetal: Organografia e 
dicionário ilustrado de morfologia das plantas vasculares. 2ª ed. São 
Paulo, Instituto Plantarum de Estudos da Flora. 512p.

Gonçalves JLM & Mello SLM (2000) O sistema radicular das árvores. 
In: Gonçalvez JLM & Benedetti V (Eds.) Nutrição e fertilização 
florestal. Piracicaba, IPEF. p.218-267.

Hernández-Nicolás NY, Córdova-Téllez L, Luna-Cavazos M, Rome-
ro-Manzanares A & Jiménez-Ramírez J (2017) Morphological vari-
ation related with environmental factors in endemic and threatened 
Jatropha species of Tehuacan-cuicatlan, Mexico. Genetic Resources 
and Crop Evolution, 64:557-568.

INPI - International Plant Names Index (2021) Royal Bototanic Gar-
den. Available at: <http://powo.science.kew.org/taxon/350345-1>. 
Accessed on: July 18th, 2021.

Judd WS, Campbell CS, Kellogg EA, Stevens PF & Donoghue MJ 
(2009) Sistemática vegetal - um enfoque filogenético. 3ª ed. Porto 
Alegre, Artmed. 631p.

Laitinen RAE & Nikoloski Z (2019) Genetic basis of plasticity in plants. 
Journal of Experimental Botany, 70:739-745. 

Leal CKA & Agra MDF (2005) Estudo farmacobotânico comparativo 
das folhas de Jatropha molissima (Pohl) Baill. e Jatropha ribifolia 
(Pohl) Baill. (Euphorbiaceae). Acta Farmaceutica Bonaerense, 24:05-
13.

Lima JO, Rios JB, Trevisan MTS & Gallão MI (2015) Morphological 
characterization of fruits and seeds of Jatropha mollisisma (Pohl) 
Baill. (Magnoliopsida: Euphorbiaceae). Brazilian Journal of Biolog-
ical Sciences, 2:263-69.

Loureiro MB, Teles CAS, Colares CCA, Araújo BRN, Fernandez LG 
& Castro D (2013) Caracterização morfoanatomica e fisiológica de 
sementes e plântulas de Jatropha curcas L. (Euphorbiaceae). Revista 
Árvore, 37:1093-1101.

Lyra DHL, Almeida AH, Brasileiro BP, Sant’ana MR & Amaral CLF 
(2012) Parâmetros genéticos de frutos, sementes e plântulas de 
Jatropha ribifolia (Pohl) Baill. (Euphorbiaceae). Revista Brasileira de 
Plantas Medicinais, 14:579-585.

Neves EL, Funch LS & Viana BF (2010) comportamento fenológico de 
três espécies de Jatropha (Euphorbiaceae) da caatinga, semi-árido do 
Brasil. Revista Brasileira de Botânica, 33:155-166.

Neves EL, Machado IC & Viana BF (2011) Sistemas de polinização e de 
reprodução de três espécies de Jatropha (Euphorbiaceae) na caatinga, 
semi-árido do Brasil. Revista Brasileira de Botânica, 34:553-563.

Paterlini P, Jaime GS, Aden C, Olivaro C, Gómez MI, Cruz K, Tonello U 
& Romero CM (2019) Seeds characterization of wild species Jatropha 
peiranoi endemic of arid areas of monte desert biome, Argentina. 
Industrial Crops Production, 141:111796.

Pimenta AC, Zuffellato-Ribas KC & Laviola BG (2014) Morfologia 
de frutos, sementes e plântulas de Jatropha curcas. Revista Floresta, 
44:73-80.

Queiroz MF, Fernandes PD, Dantas Neto J, Arriel NHC, Marinho FJL 
& Leite SF (2013) crescimento e fenologia de espécies de Jatropha 
durante a estação chuvosa. Revista Brasileira de Engenharia Agricola 
e Ambiental, 17:405-411.

Ribeiro ARC, Andrade FD, Medeiros MC, Camboim AS, Pereira Júnior 
FA, Athayde ACR, Rodrigues OG & Silva WW (2014) Estudo da 
atividade anti-helmíntica do extrato etanólico de Jatropha mollisisma 
(Pohl) Baill. (Euphorbiaceae) sob Haemonchus contortus em ovinos 
no semiárido paraibano. Pesquisa Veterinária Brasileira, 34:1051-
1055. 

Santos MJ, Machado IC & Lopes AV (2005) Biologia reprodutiva de 
duas espécies de Jatropha L. (Euphorbiaceae) em caatinga, Nordeste 
do Brasil. Revista Brasileira de Botânica, 28:361-373.

Sátiro LN & Roque N (2008) A família Euphorbiaceae nas caatingas 
arenosas do médio rio São Francisco, BA, Brasil. Acta Botânica 
Brasilica, 22:99-118.

Silva OLM, Cordeiro I & Caruzo MBR (2016) Seed morphology in 
euphorbia and its taxonomic applications: a case study in São Paulo, 

Brazil. Revista Brasileira de Botânica, 39:349-358.

Soares EL, Lima MLB, Nascimento JRS, Soares AA, Coutinho ÍAC & 
Campos FAP (2017) Seed development of Jatropha curcas L. (Eu-
phorbiaceaee): integrating anatomical, ultrastructural and molecular 
studies. Plant Cel Report, 36:1707-1716.

Souza DD & Cavalcante NB (2019) Biometria de frutos e sementes de 
Jatropha mollisisma (Pohl) Baill. (Euphorbiaceaee). Acta Biológica 
Catarinense, 6:115.

Souza LSB, Moura MSB, Sediyama GC & Silva TGF (2015) Balanço 
de energia e controle biofísico da evapotranspiração na caatinga em 
condições de seca intensa. Pesquisa Agropecuária Brasileira, 50:627-
636.

Souza VC, Flores TB & Lorenzi H (2013) Introdução à botânica: morfo-
logia. São Paulo, Instituto Plantarum de Estudos da Flora. 223p.

Tavecchio NEM, Vigliocco AE, Terenti OA, Wassner D, Reinoso HE, 
Pedranzani HE & Tavecchio M (2018) Jatropha curcas L. and J. 
macrocarpa Griseb: Seed morphology, viability, dormancy, germi-
nation, and growth of seedlings. American Journal of Plant Science, 
9:1835-1854. 

Tucić B, Budečević S, Jovanović SM, Vuleta A & Klingenberg CP 
(2018) Phenotypic plasticity in response to environmental heteroge-
neity contributes to fluctuating asymmetry in plants: first empirical 
evidence. Journal of Evololutionary Biology, 31:197-210. 

Vasconcelos GCL, Fernandes FS, Amador AM, Amador KAM & 
Arriel NHC (2014) Caracterização morfológica de Jatropha mollis-
sima (Pohl) Baill. Revista Verde de Agroecologia e Desenvolvimento. 
Sustentável, 9:263-268.

Virgens IO, de Castro RD, Loureiro MB & Fernandez LG (2017) Jatro-
pha curcas L.: Morphophysiological and chemical aspects. Brazilian 
Journal of Food Technology, 20:e2016030.

Zegarra RZ (2015) Las especies de la familia Euphorbiaceaee en la 
provincia de Tacna: estudio biosistemático. Ciencia & Desarrollo, 
19:44-48.


