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ABSTRACT – The occurrence of polyembryony was investigated in 75 woody species of the Cerrado in central

Brazil and the xerophilous Caatinga vegetation in northeastern Brazil. Fourteen species showed polyembryony,

a type of anomalous angiospermous reproduction. Polyembryony is reported for the first time for nine genera,

Astronium, Byrsonima, Cariniana, Copaifera, Hancornia, Magonia, Myracrodruon, Tabebuia, and Tapirira.

The positive correlation found between polyembryony, sexual reproduction, and apomictic processes suggests

that a number of angiospermous species may make regular use of multiple breeding systems.
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RESUMO – A ocorrência de poliembrionia foi investigada em 75 espécies lenhosas do Cerrado do Brasil central

e da Caatinga xerófila do nordeste brasileiro. Quatorze espécies apresentaram poliembrionia, uma modalidade de

reprodução anômala em angiospermas. Poliembrionia é relatada pela primeira vez para nove gêneros, Astronium,

Byrsonima, Cariniana, Copaifera, Hancornia, Magonia, Myracrodruon, Tabebuia e Tapirira. A correlação posi-

tiva encontrada entre poliembrionia, reprodução sexual e processos apomíticos sugere que parte das espécies de

angiospermas faça uso regular de sistemas de cruzamento múltiplos.
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Introduction

Flowering plants (angiosperms) reproduce

through sexual (amphimictic) and asexual

(apomictic) processes. Apomixis (asexual seed

development or agamospermy, with three main

mechanisms, apospory, diplospory, and adven-

titious embryony), polyspory (bispory and

tetraspory), and polyembryony (the formation

of more than one embryo per ovule) are the three

most common forms of angiospermous anoma-

lous reproduction (Carman 1997).

     A number of recent studies showed the ex-

istence of apomixis in shrubs and trees of

Cerrado (Oliveira et al. 1992; Saraiva et al.

1996; Goldenberg & Shepherd 1998), the

rutaceous treelet Galipea jasminiflora in the

state of São Paulo (Piedade & Ranga 1993), as

well as the melastomaceous tree Henriettea

succosa in a remnant of neotropical forest near

the city of Recife (Melo & Machado 1996).

Comparatively, research on polyembryony in

woody species from the Brazilian neotropics has

lagged behind. This study aims at documenting

polyembryony in neotropical Brazilian trees.

Material and methods

Polyembryony was observed in 75 species

belonging to 28 angiosperm families (Table 1).

Seeds were collected from different vegetation

forms of the Brazilian biomes Cerrado and

Caatinga in the states of Bahia, Goiás, Minas

Gerais, and Pernambuco. Germination tests

were conducted with four replications of 20 or

25 seeds, moistened towel paper, in a chamber

at 25°C incubation temperature. The experi-

ments took place from 1992 through 1999.

Polyembryony was counted positive when two

or more seedlings emerged from individually

germinated seeds. Specimen vouchers were de-

posited at the Embrapa Recursos Genéticos e

Biotecnologia herbarium (CEN) in Brasilia ( S

= leafless individuals with fruits only (voucher

not made). JAS=José Alves da Silva.

SPCS=Sebastião Pereira Cordovil Silva.

BW=Bruno M. T.. Walter. AAS=Aécio Amaral

dos Santos. GPS=Glocimar Pereira da Silva.

TBC=Taciana Barbosa Cavalcanti.

ACS=Anderson Cássio Sevilha ).

Results and Discussion

Polyembryony was recorded in 14 arboreal

species in 12 angiosperm families, i.e. close to

20 per cent of the species examined (Table 2).

     Seedlings from the same seed showed uni-

form development in Genipa americana,

Cariniana estrellensis, Hancornia speciosa,

Tabebuia ochracea, Copaifera langsdorffii, and

Acacia polyphylla. Seedlings from the other

polyembryonic species varied in development,

particularly in size (Figs. 1 and 2).

     Nine genera do not appear in Carman’s

(1997) comprehensive review on polyembryony

and apomixis. This study represents the first

record of polyembryony for the following an-

giosperm woody genera: Astronium, Byrsonima,

Cariniana, Copaifera, Hancornia, Magonia,

Myracrodruon, Tabebuia, and Tapirira.

     The association recorded for polyembryony,

gametophytic apomixis, and polyploidy (Mogie

1992; Asker & Jerling 1992; Carman 1997) sug-

gests that a number of angiosperm species may

make regular use of mixed mating systems to

perpetuate themselves. This hypothesis is con-

firmed for three of the 14 polyembryonic spe-

cies documented in this communication. These

species  tested positive in the field for functional

(autonomous) apomixis, through bagging ex-

periments, Astronium fraxinifolium (Allem

1991), Eriotheca pubescens (Oliveira et al.

1992), and Genipa americana (Crestana 1995).

The occurrence of polyembryony in

Commiphora lepthophloeos from Caatinga sug-

gests that this species may also be apomictic

since Commiphora whigtii, in India, has shown

both anomalies simultaneously (Gupta et al.

1996). It is widely believed that most if not all
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Fig. 1. Polyembryonic seedlings of woody angiospermous species of the Brazilian Cerrado and Caatinga. A, Copaifera

langsdorffii, 7-day old; B, Tapirira guianensis, 20-day old; C, Cariniana estrellensis, 7-day old; D, Genipa americana,

12-day old; E, Acacia polyphylla, 10-day old; F, Hancornia speciosa, 12-day old.



372 Salomão & Allem : Polyembriony in angiospermous trees.

Fig. 2. Polyembryonic seedlings of woody angiospermous species of the Brazilian Cerrado and Caatinga. A, Tabebuia

ochracea, 18-day old; B, Magonia pubescens, 20-day old; C, Eriotheca pubescens, far right seedlings 20-day old; D,

Astronium fraxinifolium, 12-day old; E, Commiphora lepthophloeos, 20-day old.
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apomicts are facultative sexuals (Asker &

Jerling 1992; Carman 1997).

     Apomictic speciation is suspected to occur

in a number of angiosperm groups (Urbanska-

Worytkiewicz 1974). Her thought has been

strenghtened by Carman’s (1997) double con-

clusion that an apomictic evolutionary trend

seems discernible in part of the angiosperms,

while apomixis may eventually act as the spring-

board toward the formation of new angiosperm

genera and species.

     As recently as 1979, examples of apomixis

in the tropics came principally from weeds or

from well-documented case-studies in

Andropogoneae and Paniceae (Connor 1979).

As late as 1992, comprehensive treatments on

apomixis (Mogie 1992; Asker & Jerling 1992)

showed virtually nothing on arboreal apomixis

in the tropics.

This showed that compilative efforts were

not being coordinated. Another example that

compilations may not be representative of the

real incidence of the phenomenon in an-

giosperms is from the Anacardiaceae, Naumova

(1993) lists in her review one genus, Carman

(1997) lists two, while Tisserat et al. (1979) list

three. Figures available for angiosperm apo-

mixis differ considerably in the larger treat-

ments. Khokhlov (1976) states that 80 families

and over 300 genera present apomixis. Tisserat

et al. (1979) updated the 37 families reported

by Nygren (1954) and indicated 59 families and

138 genera. Naumova (1993) only tabulated

adventitious embryony and registered 57 fami-

lies, 121 genera, and 250 species.

She regards instances of adventitious

embryony as de facto evidence that apomixis

simultaneously occurred in the species, since at

least one adventitious polyembryonic seedling

is asexual. By implication, all 250 species com-

piled by her are at least facultative apomicts.

A similar viewpoint was taken by Koltunow

(1993) who, following Asker & Jerling (1992),

stated that most plants with gametophytic apo-

mixis (apospory and diplospory) are polyploids,

while genera with adventitious embryony (a

third apomictic mechanism also known as

sporophytic apomixis) are ordinarily diploids.

The latest comprehensive treatment on anoma-

lous angiospermous reproduction (Carman

Table 2. Polyembryonic species of the Cerrado and Caatinga vegetations. Ce=Cerrado; Ca=Caatinga; T=tree; S=shrub;

D=dioecious; M=monoecious hermaphroditic; P=polyembryony; A=apomixis. * Polyembryony recorded in seed lot

from Caatinga.

Family                    Species                                        Biome   Habit       Sex    Anomaly    Seedlings   P (%)

Anacardiaceae Astronium fraxinifolium Ce,Ca T D P, A 2 to 4 4

Myracrodruon urundeuva* Ce,Ca T D P 2 2

Tapirira guianensis Ce T M P 2 2

Apocynaceae Hancornia speciosa Ce,Ca S/T M P 2 to 3 5

Bignoniaceae Tabebuia ochracea Ce S/T M P 2 to 4 3

Bombacaceae Eriotheca pubescens Ce T M P, A 2 to 6 3

Burseraceae Commiphora lepthophloeos* Ce,Ca S/T D P 2 2

Caesalpinaceae Copaifera langsdorffii Ce,Ca T M P 2 1

Lecythidaceae Cariniana estrellensis Ce T M P 2 1

Malpighiaceae Byrsonima basiloba Ce S M P 2 3

Mimosaceae Acacia polyphylla Ce,Ca T M P 2 2

Rhamnaceae Zizyphus joazeiro Ca T M P 2 2

Rubiaceae Genipa americana Ce,Ca T D P, A 2 3

Sapindaceae Magonia pubescens Ce,Ca S/T M P 2 to 3 3
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1997) tabulated reproductive data of 348 an-

giosperm families and obtained the following

results: 1) apomixis exists in 126 genera of 33

families; 2) adventitious embryony exists in 53

families; 3) polyembryony was the most com-

mon anomaly recorded, occurring in 255 gen-

era of 115 families and 4) at least one form of

anomalous reproduction was found in 506 gen-

era of 163 families (Table 3).

     The possibility that the occurrence of poly-

embryony may regularly indicate the simulta-

neous presence of apomixis in the species

(Hanna & Bashaw 1987; Carman 1997) is a

working hypothesis worth further investigation.

If true, figures for both angiospermous polyem-

bryony and apomixis are likely to increase.

     Carman (1997) recorded 33 apomictic fami-

lies. He regarded apomixis as composed of two

main mechanisms, apospory and diplospory.

Because he considered adventitious embryony

a form of polyembryony, he separately listed

53 distinct angiosperm families with this repro-

ductive anomaly. However, a number of authors

(e.g., Baker et al. 1983; Naumova 1993;

Koltunow 1993) regard adventitious embryony

as a third major process of apomixis. If this lat-

ter interpretation is used, Carman’s figures on

apomixis increase to 86 angiosperm families, a

figure remarkably similar to that held by

Khokhlov for angiosperms (Table 3). Moreover,

if this thinking holds, it means that a quarter of

all families of flowering plants contain apomic-

tic genera and species, i.e. 80-86 families out

of 348 tabulated. In addition, considering that

there exists 460 angiosperm families and that

reproductive data are missing for 112 of them

(Carman 1997), it is only appropriate to await

further studies of anomalous angiosperm repro-

duction before making a final conclusion.

     Future reviews will in all likelihood expand

the above figures. A randomly-chosen indica-

tion of this trend, there has been the recent re-

port of apomixis in five Boehmeria species

(Zang & Zhao 1996). This figure is significant

since it amounts to 10% of the species of the

genus. Forthcoming comprehensive reviews on

the angiosperms are expected to disclose more

apomictic families, genera and species. For ex-

ample, apomixis exists in the euphorbiaceous

herb Phyllanthus odontadenius (Bancilhon

1971), as well as in the herbaceous weedy spe-

cies P. amarus; however, the genus Phyllanthus

does not appear in any of the studies examined

in this text. Another example, Vochysia

tucanorum, a tree from Cerrado, is a facultative

apomict (Costa et al. 1992). That was the first

record of apomixis for the family Vochysiaceae,

which, likewise, is missing in all of the above

discussed treatments.
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Table 3. Apomixis in angiosperms.

Families Genera Reference

80 300 Khokhlov (1976)
59 138 Tisserat et al. (1979)

36 300 Hanna & Bashaw
(1987)
57 121 Naumova (1993)

33 126 Carman (1997)
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Table 1. Angiospermous species tested for the presence of polyembryony.

FAMILY SPECIES                                                      POLYEMBRYONY       VOUCHER

Anacardiaceae Astronium fraxinifolium Schott + JAS et al.366
Myracrodruon urundeuva Fr. All. + JAS et al.365
Schinopsis brasiliensis Engl. JAS et al.227
Tapirira guianensis Aubl. + S

Apocynaceae Aspidosperma discolor A. DC. S
Aspidosperma macrocarpum Mart. SPCS et al.684
Aspidosperma parvifolium A. DC. S
Hancornia speciosa Gomez + S

Bignoniaceae Cybistax anthisyphilitica (Mart.) Mart. ex DC. BW et al.3782
Jacaranda brasiliana (Lam.) Pers. BW et al.3802
Tabebuia aurea (Manso) Benth & Hook f. ex S. Moore BW et al.3926
Tabebuia impetiginosa (Mart. ex DC.) Standl. JAS et al.190
Tabebuia ochracea (Cham.) Standl. + BW et al.3927
Tabebuia serratifolia (Vahl.) Nicholson BW et al.3913
Zeyheiria sp. SPCS et al. 656

Bixaceae Bixa orellana L. BW et al. 4149
Bombacaceae Eriotheca pubescens Schott & Endl. + AAS et al. 313

Pseudobombax cf. longiflorum Mart. & Zucc. BW et al. 3865
Boraginaceae Cordia glabrata Mart. BW et al. 3891
Burseraceae Commiphora lepthophloeos (Mart.) Gillet + S
Caesalpinaceae Apuleia leiocarpa (Vog.) Macbr. AAS et al. 143

Bauhinia cf. longifolia (Bong.) Steud AAS et al. 355
Chamaecrista desvauxii (Colladon) Killip GPS et al. 3372
Copaifera langsdorffii  Desf. + BW et al. 3805
Hymenaea courbaril  L. BW et al. 3804
Peltogyne confertiflora (Hayne.) Benth. BW et al. 3832
Sclerolobium paniculatum Vog. SPCS et al. 773
Senna sp. TBC et al 1981

Chrysobalanaceae Licania sp. AAS et al. 399
Combretaceae Buchenavia tomentosa Eichl. SPC et al. 765

Terminalia actinophylla Mart. BW et al. 3395
Terminalia argentea Mart. & Zucc. BW et al. 3820

Ebenaceae Diospyros sericea A. DC. BW et al. 3500
Euphorbiaceae Mabea piriri Aubl. BW et al. 4181
Hippocrateaceae Salacia sp. S
Lecythidaceae Cariniana estrellensis (Raddi) Kuntze + AAS et al. 156
Lythraceae Lafoensia pacari St. Hil. SPCS et al. 686

Physocalymma scaberrimum Pohl. SPCS et al. 677
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Table 1. (Cont.)

Malpighiaceae Byrsonima basiloba A. Juss. + SPCS et al. 467
Mimosaceae Acacia polyphylla  A. DC. + ACS et al. 1828

Anadenanthera macrocarpa (Benth.) Brenan GPS et al. 3600
Dimorphandra mollis Benth. BW et al. 3780
Enterolobium contortisiliquum (Vell.) Morong. BW et al. 3830
Enterolobium gummiferum (Mart.) Macbr. BW et al. 4247
Inga cylindrica (Vell.) Mart. SPCS et al. 712
Inga ingoides (Rich.) Willd. BW et al. 4050
Mimosa sp. TBC et al. 1961
Plathymenia reticulata Benth. BW et al. 4221
Stryphnodendron polyphyllum Mart. BW et al. 4252

Monimiaceae Siparuna guianensis Albl. GPS et al. 3589
Myrtaceae Campomanesia adamantium M. Camb. AAS et al. 23

Eugenia dysenterica  DC. S
Papilionaceae Amburana cearensis (Fr. All.) A.C. Smith JAS et al. 275

Bowdichia virgilioides HBK SPCS et al. 767
Dipteryx alata Vog. BW et al. 4248
Machaerium acutifolium Vog. BW et al. 4178
Machaerium angustifolium Vog. BW et al. 3342
Ormosia fastigiata Tul. BW et al. 2700
Pterodon emarginatus Vog. BW et al. 3346

Polygonaceae Triplaris gardneriana Wedd. BW et al. 3900
Rhamnaceae Zizyphus joazeiro Mart. + S
Rubiaceae Genipa americana L. + S

Guettarda pohliana Muell. Arg. TBC et al. 1932
Palicourea rigida Kunth SPCS et al. 741
Tocoyena formosa (Cham. & Schlecht) K. SchumSPCS et al. 565

Sapindaceae Magonia pubescens Benth. + AAS et al. 343
Sapindus saponaria L. BW et al. 3915
Talisia  cf. esculenta (A.St.Hil.) Radlk. AAS et al. 41

Sterculiaceae Guazuma ulmifolia Lam. BW et al.3821
Helicteres corylifolia Nees & Mart. BW et al. 3911
Sterculia striata St. Hil. BW et al. 3907

Styracaceae Styrax camporum Pohl. S
Tiliaceae Apeiba tibourbou Aubl. GPS et al. 3553

FAMILY SPECIES                                                      POLYEMBRYONY       VOUCHER



378 Salomão & Allem : Polyembriony in angiospermous trees.


