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Knowledge of the structure of floral species iseasisl to achieving appropriate pollination techugg

for the success ful breeding of controlled cros3ém goal of this work was to characterize theaflor
morphology of different accessions of physic ndiatopha curcasL.). Seventeen accessions were
evaluated for proportions of staminate and pisélilowers, average number of inflorescences per
accession, and size of flowers. Theurcasspecies is a monoecious plant, whose flowers anepgd in
inflorescences. The average number of inflorescepes accession varied from 1.6 for JCUFS-014 to
23.7 for JCUFS-017. The staminate and pistillatevfirs are pentamerous with actinomorphic symmetry
and green coloration. The physic nut plant presenterphological variation for floral structure, atgd

to the number of petals, sepals, floral glands,stathens, and also presented hermaphrodite flowers.
Keywords: Reproductive system; Euphorbiaceae; Ifsiracture

O conhecimento da estrutura floral de uma espéftiadamental para que o melhorista trabalhe tésnica
de polinizacdo adequadas visando a polinizacaorapamentos controlados. O objetivo desse trabalho
foi caracterizar a morfologia floral de acessopitddo-mansoJatropha curcad..). Foram avaliados 17
acessos de pinhdo-manso para proporcdo de flotemiradas e pistiladas, quantidade média de
inflorescéncia por acesso e comprimento das flabed. curcasé uma planta monodica, cujas flores
agrupam-se em inflorescéncias. A média de inflénesias por acesso variou de 1,6 para 0 acesso
JCUFS-014 a 23,7 para o JCUFS-017. As flores estaias e pistiladas sdo pentdmeras com simetria
actinomorfa, de coloracdo verde. O pinhdo-mansom@ planta mondica, que apresenta variagcao
morfoldgica na estrutura floral, relacionadas amexp de pétalas, sépalas, glandulas florais, estame

apresenta flores hermafroditas.
Palavras-chave: Sistema reprodutivo; Euphorbiaesirjtura floral

1. INTRODUCTION

The physic nut Jatropha curcad..) is an important species, providing raw materitdr
biodiesel production. It belongs to family Euphad®ae, occurs in many Latin American,
Asian and African regions, and is adapted to batpital and subtropical ecosystg8js

It is characterized as a shrub, with numerous doansed where leaves have fallen from the
stem. It reaches a height of 2-3 m under favourablgditions, and has alternate, lobed and
cordiform green leaves with a long pet{@ The plant is monoecious with a variable number
of flowers per inflorescence, with a higher numlmdr male than female flowers. Each
inflorescence remains on the plant for 13-19 dagme male flowers open in the first two days,
followed by rapid opening of female flowgrs 3.

Some species of the family Euphorbiaceae have hissaribed, due to its economic
importance. For example, morphological variation flowers of ethno-varieties DG-55 and
DG-65 of cassava have been the subject of studissribing hermaphrodite flowers and fewer
eggs per ovaftd]. Thus, descriptions of floral morphology allow teetunderstanding of the
physic nut, contributing to an understanding ofégroductive biologhi] and field production.

Knowledge of floral structure and reproductive bl in a crop is a basic requirement for
the development of better techniques suitable famaseulation and pollination. An
understanding of floral morphology is important whaessessing interactions between the pollen
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and stigma, flowers and pollinators, as well asréproductive success of vegetable spggjes
8] for fruit yield.

In the germplasm bankl. curcaspresents great genetic variability, allowing bresd®
select the accessions of greatest economic impartdtowever, to determine a suitable access
ionfora breeding programme, it is necessary to tstaded the particular characteristics of each
accession. The goal of this work was to charaaettze floral morphology of different
accessions of physic nulatropha curcad..).

2. MATERIALSAND METHODS

The experiment was performed with accessions o$iphyut held in the Active Germplasm
Bank of the Agricultural Engineering Departmenttla Federal University of Sergipe, in the
municipality of S&o Cristdévao, State of Sergipe°(%043"S and 37° 06' 10" W). We used 17
provenances from the states of Minas Gerais, G&ggirito Santo, Bahia and Sergipe (Table
1).

Floral structure was analyzed at the Laboratoryis$ue Culture and Plant Breeding, using
inflorescences collected and preserved in a soluifo70% alcohol for later analysis with a
stereoscopic microscope (Model Leica DM500). Theall morphology was determined from
analysis of 100 flowers of each accession, usingidfllate flowers, 10 buds and 80 staminate
flowers.

The evaluation was based on botanical descrigi@hsnumber of floral glands, type of
stigma and number of opening flowers, number anghgement of each flower in the whorls,
and position of ovary. Flower samples were cut itomgnally in Petri dishes in order to
determine the ovary’s position. The dissected natevas observed and photographed at a
magnification of five times.

The size of flowers was evaluated, taking the distafrom the bottom of the pedicel for
stigmata in pistillate flowers, or the anther iarsinate flowers, as a measure of height. The
proportion of staminate to pistillate flowers wastatmined every 15 days for 12 months, with
observation of four inflorescences per accessioor. the same period, the average of
inflorescences per accession was determined.

The results were tabulated, comparing data andesafalating to accessions with those
reported in the scientific literature. To determthe size of flowers, a completely randomized
design was used with 17 treatments and four répkcand the average values were compared
by Scott-Knott test at 5% of probability.

Exsiccates of accessions were deposited for taxmabmdentification in the Herbarium of
the Federal University of Sergipe.
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Table 1. Identificatiorand origin ofaccessions of physic nut (Jatropha curtgdsn the Active

Germplasr Bank of the UFS, Sao Cristévao - SE, UFS, 2011.

Accession Municipality/Stateof Codein the herbarium of the
origin UFS
JCUFS-001 Lavras-MG 1525¢
JCUFS-002 Lavras-MG 1525¢
JCUFS-003 Lavras-MG 1524¢
JCUFS-004 Lavras-MG 1525¢
JCUFS-005 Lavras-MG 1525
JCUFS-006 Lavras-MG 1524:
JCUFS-007 Lavras-MG 1525(
JCUFS-008 Lavras-MG 1524¢
JCUFS-009 Lavras-MG 1525¢
JCUFS-010 Rio Verde-GO 1525:
JCUFS-011 Rio Verde-GO 1525:
JCUFS-012 Lavras-MG 1525!
JCUFS-013 Rio Verde-GO 1526:
JCUFS-014 Alegre-ES 1525¢
JCUFS-015 Rio Verde-GO 1524¢
JCUFS-016 Lagarto-SE 1526!
JCUFS-017 Valente-BA 1526(

3. RESULTSAND DISCUSSION

Evaluation of the flower. of the physic nut enabled ue identify this species aa
monoecious plant, witetaminat and pistillate inflorescences (Figure 1)other specie of the
family Euphorbiaceaehas been reported the occurrence of other moncesipeciehas been
reported, such &sroton urucuran, which has flowers grouped inflorescence[11], similar to
the physic nut.

Figurel: Inflorescence afatrophe curcas L. With staminate flowers (a) amidtillate (b) in the same
inflorescence.UF, Sdo Cristévao- Se, 2011.

The average number dafflorescence per accession ranged from1BCUFS-014) to 23.7
(JCUFS-017). Variatiommongthe accessionwas observed as a result of ianalysis of the
proportion of staminate flowel in relation to the pistil (E/P) (Table 2Jhis variatior was
demonstrated ba proportion 011 pistillate to on estaminate flower for thecesion identified
asJCUFS-013compared to a ral ofonestaminateto36 pistillateowers for the JCUFS-006 and
JCUFS-002 accessionghis ratic (E/P) increased in the flowering seasdtel the falling of
leaves and early sprouting.



A. M. S. Pessoa et al., Scientia Plena 8, 0302012 4

A similar study carried out in the semi-arid regiof Pernambucano to evaluate the
agronomic performance of genotypes of physic n@ported average values of 12
inflorescences per pldiY]. In a study of the same species, reteda rati gtdminate flowers
to 105 pistillate flowers was reported in two tofldvers per inflorescen¢d. It was observed
that there are inflorescences in physic nut wigheater number of male flowers.

The accessions presented significant differences%atprobability for the size of flower
(Table 2). Flowers of greater length were found@UFS-005 (1.17cm), JCUFS-010 (1.12cm),
JCUFS-011 (1.08 cm), JCUFS-016 (1.13cm) and JCUFS(Q.06cm), followed by JCUFS-
002 (0.95cm), JCUFS-006 (0.89cm), JCUFS-007 (0.973@UFS-008 (0.99cm), JCUFS-009
(0.96cm), and JCUFS-015 (0.95cm).

Only two accessions showed low values of flowee:sCUFS-001 at 0.75 cm, and JCUFS-
013 at 0.86 cm. It is likely that large flowers eres the formation of large seeds: there are
however no studies concerning this particular i@tship for this species. The accessions
JCUFS-003, JCUFS-004, JCUFS-012 and JCUFS-014dligroduce enough flowers for size
to be evaluated.

This variation was also observed in physic nut tslan Minas Gerais, which produced
inflorescences with a ratio of 87 staminate flowr222 pistillate flowers e.g.138.5:772
This variation was possibly due to genetic and remwnental variables affecting conditions
where the plant materials were grown, and themiselationship between the proportion of
inflorescences for male and female flowers.

In this study, staminate flowers began to openteetiee pistillate flowers, and the number of
staminate flowers in an inflorescence was muchtgrahan pistillate flowers. Similar results
were found in other studies reporting the occumeen€ flowers of physic nut displaying
geitonogamy, for example, staminate flowers initigthe opening of the pistillate flowers.

Table 2: Code, origin, the average number of irdkmences per accession, average ratio of
staminate/pistillate flowers and size of flowerpbysic nut (Jatropha curcas L.). UFS, S&o Cristb&e,

2011.

Accession I nflor escences/plant Flower ratio E/P Size of flower (cm)
JCUFS-001 12.9 32:1 0.75¢c
JCUFS-002 9.9 36:1 1.01b
JCUFS-003 4.8 16:1 -
JCUFS-004 12.0 23:1 -
JCUFS-005 19.2 16:1 117 a
JCUFS-006 5.9 36:1 0.98b
JCUFS-007 7.3 26:1 0.97b
JCUFS-008 14.5 21:1 0.99b
JCUFS-009 14.6 29:1 0.96 b
JCUFS-010 11.0 21:1 112 a
JCUFS-011 8.2 20:1 1.08 a
JCUFS-012 4.8 22:1 -
JCUFS-013 6.0 11:1 0.86 c
JCUFS-014 1.6 17:1 -
JCUFS-015 17.0 33:1 0.95b
JCUFS-016 3.8 24:1 1.13a
JCUFS-017 23.7 19:1 1.06 a

Means followed by the same letter in columnsrextedifferent at 5%probability by Scott-Knott test

The staminate flowers are generally pentamerouge (fietals and five sepals) with
actinomorphic symmetry. The sepals are free, amgbrgrin colour. However, JCUFS-006
produced flowers with four sepals (Figure 2a). Tvasiation consequently also occurred for
petals and glands.

There are five free, green petals, with presencetite hair. The nectar glands are yellow
and white, in the bottom of open flowers at theebaisthe stamens (Figure 2b). The JCUFS-005
and JCUFS-017 accessions presented five whitd titaads in open flowers. The white colour
of floral glands indicates non-functionality.
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Ina study of individuals oEnidosculus juercifoluiEuphorbiaceae}he presenc of five free
sepals with white hairs aryéllow nectar glands was reporfé&d]: similar resultswere found in
this work.

The androeciuntonsists ¢ 10 heterodyne stamens, or stamens witferent sizs named
gamostemonecharacterized t a bundle of five large stamens and fismall free stamel.
Similar resultswere found il staminate flowers aod. curcas with the presence ten stamens
arranged in two bundles 6fe stamen[3].

The JCUFS-002 andiCUFS-009 accessions presented variation, witundle of three larg
stamens and three small frelamen (Figure 2c), and there was algariation in the numb: of
stamens in a bundleith four large and four free stam« (Figure 2d) forJCUFS-001, JCUFS-
002, JCUFS-005, JCUF®6,JCUFS-007, JCUFS-008, JCUFS-00€UFS-013 and JCUFS-
017. For JCUFS-002ye observethe occurrence of underdevelopgdmen. There are diteca
anthers with insertion of tHeeac at the bottom, and longitudinal dehisceriegre2e).

Figure 2.Different aspects fibral morphologyil staminate flowers of accessionslafrophz curcas L.
a) open flower with four sepalb) presence of flower nectar glana3 bundle of thre large stamens and
three small free stamend) bundle offour large stamens and four small free stamehanderdeveloped

stamens. UFS, Sao Cristévado-Se, 2011.

The pistillate flowers arg@pentamerous, with actinomorphic symmetand are green in
colour. There are fivgpetal: and sepals, which are similar to thosestdminate flowel. In
JCUFS-017the presence i flowers with six sepals was noted (Figu8a) The petals have
white hair, and whethe flowers ar fertilized, they wither and fallyith theremaining sepals
related to thenitial formatior of the fruit.

There are five yellownectar glanc, which are distributed in alisc shap structure,
surrounding theovary. In JCUF-017 there were four such glands, daege and three small,
and fused (Figure 3Db). ltne pistillate flowers ¢ J. mutabilisand J. mollissimi, the nectar is
disc-shapedpcated at the botto of the ovary, where the nectar accumuldtg&s

The gynoecium has threshort light green stigmas, forked withf@iaceou: surface. The
ovary is superior (Figure 3Jctrilocular, tricarpelar, with an egg in eadbcule (Figure 3d).
When fertilization does natccui, the ovary shrivels, becomes dark in caod fall.

We identified variancén numbers ohermaphrodite flowers: ongas foundfor the JCUFS-
009 accession and three the JCUFS-017 accession, with variationmfmber and sizof the
anthers (Figure 3e).
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Hermaphrodite flowers were not observecaccessions of physic ntrom the Germplasm
Bank in Mato Grosso do Suac].

Figure 3.Different aspects €éibral morpholog: in pistillate flowers of accessions ddtrophe curcas L.
a) open flower with six sepalb) dried flower petalsc) flower with four floralglands; d) flower with
superior ovarye€) trilocular ovary with an ovule in each locylf hermaphrodite flowers.UF, Sao
Cristovado-Se, 2011.

Authors studying plantbelondng to the Euphorbiaceae family emphadizat these species
presenta very primitivéoral morphology and hermaphroditism, ambnoeciou plants show
variability [14]. However, th sporadic occurrence of hermaphrodite floweesy indicate that
the process has not yet bezmmplete..

4. CONCLUSION

The physic nut plant immonoeciou, with morphological variatiom floral structur between
accessions for numbeof petal, sepals, floral glands, stamersd the presence
hermaphrodite flowers.

The JCUFS-009 an#iCUF<$-017 accessions presdmrmaphrodite flower

The JCUFS-005, JCUF&L0, JCUFS-011, JCUFS-016 and JCUFS-@Lgessions prese
large flowers.

There is a differencén number o stamens in Flowers of physic natcessior present
differences in the number of stame
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