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Amazonian Fruits, Seeds & Seedlings

For complete forest inventories and studies of forest 
demography the correct identification of seedlings has 
always been a problem. Even the most experienced field 
botanist or field assistant is often unable to identify 
accurately the seedlings on the forest floor. Therefore a 
guide to seedlings of anywhere is to be welcomed. The 
various guides for identification of South American trees 
without flowers and fruit, such as Gentry (1993) and 
Ribeiro et al. (1999) have been extremely useful. A guide 
to the propagules and seedlings will be of great use to 
all of us involved with the study of Amazonian plants.  
Seedling and juvenile leaves are often very different from 
the adult leaves and so it is important to document this 
variation. This is an extremely thorough and well-illustrated 
work that is full of useful information. The format with 
many illustrations, a glossary and much introductory 
information will make this guide easy to use. Seedlings 
have much taxonomic information as well and this is often 
overlooked and so this book will be of use to taxonomists 
as well as ecologists. It is good that this is not just a 
guide to seedlings, but also to the characteristics of fruits 
and seeds. These are often available where seedlings are 
studied. I really like the useful indices by fruit colour and 
by seed colour. 

                                       

The only pity is that only fifty species are treated here. It 
is good news that this volume will be followed by further 
volumes to treat more species. The species selected here 
are well chosen since they are common in Central Amazonia 
and give a good overview of the variation in seedling 
morphology. To compile all the information presented here 
involved a lot of meticulous work both in germinating and 
growing the seedlings and in observing and recording all 
the data as well as preparing the abundant illustrations. The 
authors are to be congratulated on preparing a book that 
should be on the desk of all researchers involved in work on 
Amazonian plants.

                                                                                                             
Dr. Ghillean Prance
Royal Botanic Gardens, Kew
United Kingdom
2008

Preface for the Portuguese version containing only fifty 
species.

Preface
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Preface

The Amazon rainforest is undoubtedly one the world’s 
most fascinating and enigmatic places. It is home to 
an overwhelming diversity of plants and animals, many 
of which are still unknown to science. If we want to 
preserve and protect this vast and vital ecosystem, we 
need to understand the dynamics of the forest, its species 
composition and how this changes over time. In view of the 
ever progressing deforestation and ever more pronounced 
climate change, such knowledge was never more important. 
Fundamental parameters directing forest dynamics and 
demography are seed dispersal, germination, successful 
recruitment and regeneration. Both starting point and 
main challenge for researchers in this area is the correct 
identification of fruits, seeds and seedlings as they are 
found on the forest floor. Tools to overcome this first and 
crucial hurdle are hitherto almost non-existent which is why 
this book is so important. The Guide presents botanists, 
forest ecologists and anyone else interested in the Amazon 
rainforest with an outstanding tool to learn about the 
various types of fruits, seeds and seedlings of the most 
commonly encountered Amazonian tree species. Across 
disciplines, zoologists should also take this book, as the 
vast majority of plants in tropical rainforests anywhere in 
the world rely on animals for the dispersal of their seeds. 
Defaunation can therefore cause the breakdown of a species’ 
seed dispersal, which in the long term, has been shown 
to lead to extinction. For this simple, direct but often 
overlooked reason, the loss seed-dispersing animals has an 

immediate effect on forest dynamics. 
In every respect, the Guide to Amazonian Fruit, Seeds 
& Seedlings impresses with outstanding quality. The 
illustrations, photographs and drawings, are truly 
excellent. The text, meticulously researched and full 
of interesting details, is not only well written but also 
scientifically accurate. Being a morphologist myself, I 
am most impressed with the authors’ deep understanding 
of plant morphology and the correct application of 
morphological terminology and definitions. Facing 
an estimated 78,800 flowering plant species in the 
Neotropics, this guide can inevitably only cover part of 
the enormous diversity of the Amazon rainforest. This 
Volume gives detailed descriptions and illustrations for 75 
tree species. Yet, even with its seemingly limited scope, 
the Guide to Amazonian Fruit, Seeds & Seedlings opens 
up an entirely new view into the life of plants in the 
Amazon rainforest. It is therefore a major contribution to 
tropical botany. Congratulations to the authors on this fine 
achievement! I sincerely hope that there are many more 
volumes to follow.

Dr. Wolfgang Stuppy
Botanic Garden
Ruhr-University Bochum, Germany
2019



6

Amazonian Fruits, Seeds & Seedlings

Table of Contents

8 INDEX BY FAMILY

12 INDEX BY FRUIT COLOUR

14 INDEX BY SEED/PYRENE/PROPAGULE COLOUR

16 INTRODUCTION

18 HISTORY OF THE GUIDE

20 MAKING OF THE GUIDE

26 NOTES ON PHENOLOGY AND BOTANICAL TERMS

27 LAYOUT OF THE GUIDE



Amazonian Fruits, Seeds & Seedlings

FRUITS, SEEDS & SEEDLINGS 30

GLOSSARY 182

REFERENCES FOR FURTHER READING 208

BOTANICAL RECORDS 212

SUBJECT INDEX 220

AUTHORS 224

ACKNOWLEDGEMENTS 226



8
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Index by Family

SEEDLING PAGE SPECIES FAMILY

32 Bocageopsis multiflora (Mart.) R.E.Fr. Annonaceae

34 Duguetia chrysea Maas 

2-7

0-1

36 Ephedranthus amazonicus R.E.Fr.

38 Guatteria olivacea R.E.Fr.

40 Xylopia amazonica R.E.Fr.  

42 Ambelania acida Aubl. Apocynaceae

44 Couma guianensis Aubl.

46 Protium apiculatum Swart Burseraceae

48 Protium decandrum (Aubl.) Marchand

50 Protium hebetatum Daly

 
52 Protium klugii J.F.Macbr.

54 Protium peruvianum Swart

56 Protium spruceanum (Benth.) Engl.

58 Acioa longipendula (Pilg.) Sothers & Prance Chrysobalanaceae

60 Calophyllum brasiliense Cambess. Calophyllaceae
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FAMILY SPECIES PAGE SEEDLING

Combretaceae Buchenavia grandis Ducke 62

Euphorbiaceae Conceveiba hostmannii Benth. 64

Glycydendron amazonicum Ducke 66
1

1

Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg. 68

Hevea guianensis Aubl. 70

Fabaceae Abarema cochleata (Willd.) Barneby & J.W.Grimes 72

Cedrelinga cateniformis (Ducke) Ducke 74

Copaifera multijuga Hayne 76

Dinizia excelsa Ducke 78

Eperua duckeana R.S.Cowan 80 3-4

Hymenaea intermedia Ducke var. intermedia 82

Hymenaea parvifolia Huber 84

Parkia multijuga Benth. 86

Parkia nitida Miq. 88

Parkia pendula (Willd.) Benth. ex Walp. 90

Peltogyne paniculata Benth. 92

Swartzia polyphylla DC. 94

Swartzia recurva Poepp. 96

Swartzia reticulata Ducke 98

Swartzia tessmannii Harms 100
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SEEDLING PAGE SPECIES FAMILY

102 Goupia glabra Aubl. Goupiaceae

104 Aniba rosaeodora Ducke Lauraceae

106 Cariniana micrantha Ducke Lecythidaceae

5-8

0-4

108 Eschweilera amazoniciformis S.A.Mori

110 Eschweilera coriacea (DC. ) S.A.Mori

112 Eschweilera cyathiformis S.A.Mori

4-18

0-3

114 Eschweilera pseudodecolorans S.A.Mori

116 Eschweilera romeu-cardosoi S.A.Mori

118 Eschweilera truncata A.C.Sm.

120 Eschweilera wachenheimii (Benoist) Sandwith

4-8

0-13

122 Gustavia elliptica S.A.Mori

124 Lecythis barnebyi S.A.Mori

126 Lecythis prancei S.A.Mori

128 Byrsonima spicata  (Cav.) DC. Malpighiaceae

130 Catostemma albuquerquei Paula Malvaceae

132 Pachira nervosa (Uittien) Fern.Alonso

134 Scleronema micranthum (Ducke) Ducke

136 Mouriri collocarpa Ducke Melastomataceae

2-4 138 Carapa guianensis Aubl. Meliaceae

2-4 140 Carapa surinamensis Miq.

Index by Family
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FAMILY SPECIES PAGE SEEDLING

Meliaceae Cedrela odorata L. 142

Guarea carinata Ducke 144

Guarea silvatica C.DC. 146

Moraceae Brosimum parinarioides Ducke 148
4-6

Clarisia racemosa Ruiz & Pav. 150

Helicostylis tomentosa (Poepp. & Endl.) Rusby 152

Maquira sclerophylla (Ducke) C.C.Berg 154
1-2

1-2

1-2

1-2

Naucleopsis caloneura (Huber) Ducke 156

Trymatococcus amazonicus Poepp. & Endl. 158
3-10

3-10Myristicaceae Compsoneura ulei Warb. 160 7-8

Iryanthera juruensis Warb. 162

Iryanthera laevis Markgr. 164

Osteophloeum platyspermum (Spruce ex A.DC.) Warb. 166

Ochnaceae Lacunaria jenmanii (Oliv.) Ducke 168

Olacaceae Minquartia guianensis Aubl. 170

Sapindaceae Matayba stenodictya Radlk. 172

Sapotaceae Pouteria guianensis Aubl. 174

Pouteria jariensis Pires & T.D.Penn. 176

Solanaceae Duckeodendron cestroides Kuhlm. 178

Urticaceae Pourouma melinonii Benoist subsp. melinonii 180
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Index by Fruit 
Colour

Aniba rosaeodora 
104

Guatteria olivacea 
38

Parkia multijuga 
86

Couma guianensis 
44

Protium apiculatum 
46

Abarema cochleata 
72

Swartzia tessmannii 
100

Pouteria guianensis 
174

Duckeodendron cestroides 
178

Ambelania acida 
42

Glycydendron amazonicum 
66

Byrsonima spicata  
128

Helicostylis tomentosa 
152

Compsoneura ulei 
160

Bocageopsis multiflora 
32

Goupia glabra 
102

Protium spruceanum 
56

Protium peruvianum 
54

Matayba stenodictya 
172

Ephedranthus amazonicus 
36

Guarea carinata 
144

Clarisia racemosa 
150

Protium decandrum 
48

Mouriri collocarpa 
136

Buchenavia grandis 
62

Pouteria jariensis 
176

Protium hebetatum 
50

Calophyllum brasiliense 
60

Swartzia recurva 
96

Eschweilera truncata 
118

Iryanthera laevis 
164

Brosimum parinarinoides 
148

Iryanthera juruensis 
162

Minquartia guianensis
170

Pourouma melinonii subsp. melinonii 
180

Xylopia amazonica 
40

Parkia nitida 
88

Parkia pendula 
90

Maquira sclerophylla 
154

Naucleopsis caloneura 
156

Trymatococcus amazonicus 
158

Acioa longipendula 
58
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Duguetia chrysea 
34

Dinizia excelsa 
78

Cariniana micrantha 
106

Eschweilera pseudodecolorans 
114

Lecythis prancei 
126

Pachira nervosa 
132

Carapa guianensis 
138

Carapa surinamensis 
140

Guarea silvatica 
146

Hymenaea parvifolia 
84

Peltogyne paniculata 
92

Swartzia polyphylla 
94

Eschweilera amazoniciformis 
108

Lecythis barnebyi 
124

Scleronema micranthum 
134

Catostemma albuquerquei 
130

Eschweilera wachenheimii 
120

Eschweilera cyathiformis 
112

Cedrelinga cateniformis 
74

Cedrela odorata 
142

Hevea brasiliensis 
68

Hevea guianensis 
70

Copaifera multijuga 
76

Eschweilera coriacea 
110

Conceveiba hostmannii 
64

Eschweilera romeu-cardosoi 
116

Swartzia reticulata 
98

Gustava elliptica 
122

Osteophloeum platyspermum 
166

Lacunaria jenmanii 
168

Protium klugii 
52

Eperua duckeana 
80

Hymenaea intermedia  
82
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Index by Seed/Pyrene/Propagule  
Colour

Duguetia chrysea 
34

Xylopia amazonica 
40

Protium decandrum 
48

Protium hebetatum 
50

Conceveiba hostmannii 
64

Copaifera multijuga 
76

Dinizia excelsa 
78

Swartzia tessmannii 
100

Matayba stenodictya 
172

Gustava elliptica 
122

Lecythis barnebyi 
124

Protium spruceanum 
56

Abarema cochleata 
72

Clarisia racemosa 
150

Protium klugii 
52

Protium peruvianum 
54

Guarea carinata 
144

Guarea silvatica 
146

Bocageopsis multiflora 
32

Ephedranthus amazonicus 
36

Guatteria olivacea 
38

Ambelania acida 
42

Glycydendron amazonicum 
66

Eperua duckeana 
80

Hymenaea intermedia  
82

Hymenaea parvifolia 
84

Parkia multijuga 
86

Swartzia reticulata 
98

Acioa longipendula 
58

Pourouma melinonii subsp. melinonii 
180

Cedrelinga cateniformis 
74

Parkia nitida 
88

Cedrela odorata 
142
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Index by Seed/Pyrene/Progagule Colour

Parkia pendula 
90

Goupia glabra 
102

Eschweilera amazoniciformis 
108

Eschweilera coriacea 
110

Eschweilera cyathiformis 
112

Eschweilera pseudodecolorans 
114

Eschweilera romeu-cardosoi 
116

Eschweilera truncata 
118

Eschweilera wachenheimii 
120

Catostemma albuquerquei 
130

Scleronema micranthum 
134

Helicostylis tomentosa 
152

Naucleopsis caloneura 
156

Iryanthera juruensis 
162

Iryanthera laevis 
164

Pouteria guianensis 
174

Pouteria jariensis 
176

Peltogyne paniculata 
92

Pachira nervosa 
132

Mouriri collocarpa 
136

Carapa guianensis 
138

Carapa surinamensis 
140

Maquira sclerophylla 
154

Compsoneura ulei 
160

Lacunaria jenmanii 
168

Duckeodendron cestroides 
178

Couma guianensis 
44

Protium apiculatum 
46

Calophyllum brasiliense 
60

Buchenavia grandis 
62

Hevea brasiliensis 
68

Hevea guianensis 
70

Swartzia polyphylla 
94

Swartzia recurva 
96

Aniba rosaeodora 
104

Cariniana micrantha 
106

Byrsonima spicata  
128

Brosimum parinarinoides 
148

Osteophloeum platyspermum 
166

Minquartia guianensis 
170

Lecythis prancei 
126

Trymatococcus amazonicus 
158
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Introduction

TROPICAL FORESTS harbour a tremendous diversity of 
tree species. These forests not only deliver environmental 
services from local to continental scales, they also contain 
huge stocks of timber and non-timber resources, many of 
which remain poorly known. This potential requires a policy 
of rational use, the development of suitable technologies and 
their endorsement. Appropriate policies and technologies would 
guarantee long-term sustainability of natural resources and 
indirectly help to conserve the Amazonian biome. Their success, 
however, depends to a great degree on our understanding of the 
forest and its flora and fauna.

The tree flora in upland terra firme (unflooded) forests on the 
extremely nutrient-poor soils near Manaus (Central Amazonia) is 
reasonably well known. Two large-scale forest inventories have so 
far recorded some 2000 species of trees with a diameter at breast 
height (dbh) of 10 cm.

One of the two inventories was carried out in the 10-km² Adolpho 
Ducke Forest Reserve, an institutional reserve of the National 
Institute for Amazonian Research (INPA). Since its founding 
in 1954, thousands of botanical collections were made in this 
Reserve. In the 1990s the “Flora of Ducke Reserve” Project, a 
binational collaboration between INPA and DIFID (Department 
of International Development – United Kingdom) stimulated 
an increase in our knowledge of the flora and resulted in the 
publication of one of the best field guides to Amazonian plants 
based on vegetative characters (Ribeiro et al. 1999). 

The other inventory began in 1980 in the Ecological Conservation 
Area of the Biological Dynamics of Forest Fragments Project 
(BDFFP-ECA), in Portuguese: Área de Relevante Interesse 
Ecológico do Projeto Dinâmica Biológica de Fragmentos Florestais 
(ARIE-PDBFF). BDFFP-ECA measures roughly 1,000 km² and 
consists of forest reserves scattered across an experimentally 
fragmented landscape. These forest fragments are the focus 
of research carried out by BDFFP, a binational collaboration of 
INPA and the Smithsonian Tropical Research Institute (STRI – 
United States of America). The BDFFP-ECA is managed by BDFFP 
- INPA/STRI and by the Chico Mendes Institute for Biodiversity 
Conservation (Instituto Chico Mendes de Conservação da 
Biodiversidade - ICMBio). 

Despite the close proximity of the Ducke Reserve and the BDFFP-
ECA (roughly 40 km in a straight line), the inventories have 
revealed a strong floristic difference between the two areas with 
a dissimilarity of approximately 30% of the tree species. This 
exemplifies the very high tree diversity within a small region of 
Central Amazonia.

More than 2,000 tree species are recorded to date in the region, 
but only a small fraction (slightly more than 10%) are well 
known. These are mostly species with a current or potential 

commercial value related to their use as timber, or for their 
non-timber products such as essential oils, fibres, resins, 
latex, fruits and seeds and their applications for medicinal 
and cosmetic purposes. Almost nothing is known of the vast 
majority of the remaining species. Even among better-known or 
economically important species, there is very little information 
on their life cycle, propagation and conservation. 

The practice exists of giving multiple tree species the same 
Portuguese common name (common in timber inventories), and 
in addition the same species may receive different common 
names in different parts of its geographical range. This practice 
hampers high-quality planning for sustainable use. A unique 
name, preferably Latin, is required if logging or any other use is 
to be applied as a long-term source of income. 

Only a handful of specialists are able to identify the many 
Amazonian tree species. To do so, botanists typically rely 
on fertile characters of adult, sexually mature individuals. 
Fallen fruits, dispersed seeds, and especially seedlings 
are tremendously difficult to identify in such a diverse 
community. Even local experienced field assistants who provide 
supplemental services to taxonomists, and experts familiar 
with identification of species with fertile voucher specimens, 
struggle to identify seedlings. Fruits and seeds not eaten by 
humans, or not utilized in daily life or local handicrafts, are 
poorly known even to people who have spent their lives in the 
forest; since this kind of knowledge is not considered important 
enough to be learned or taught in local communities.

As a result, most Amazonian plant species remain unknown to 
the various populations that may use, conserve and maintain 
them. This is a stumbling block to our understanding of forest 
dynamics, for management, conservation, or the restoration 
of degraded lands; since studying forest dynamics requires 
reliable identification of a species at any age, even when its 
morphology varies from seedling to adult.

One way to address this challenge is to document the life 
cycle of tree species. The first step is learning to identify 
fruits and seeds, collected from correctly identified trees. This 
would be followed by studies on dispersal in space and time of 
the propagules, their germination and seedling establishment. 
Many seedlings can remain in the understorey for a very 
long time. The dynamics of these plants in the early stage 
of their life cycle must be understood because the seedling 
bank will in the long-term replace today’s canopy. Knowledge 
of early stages of the life cycle can later be associated with 
the rich dataset on dynamics of adult trees, monitored by 
long-term research projects throughout the Amazon Basin, 
and can thereby broaden our understanding on floristic and 
biogeographic patterns.
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Our inter-institutional research group began with scientists 
from INPA, BDFFP, and the Federal University of Amazonas and 
included several Brazilian and foreign institutions. We work to 
collect, organise, and share information on identifying fruits, 
seeds and seedlings of tree species without worrying about 
whether these species have economic value or play important 
ecological roles. We aim to improve techniques for propagation 
of trees that grow throughout the Amazon region.

This “Guide to Amazonian Fruits, Seeds & Seedlings” highlights 
some of our results by providing detailed and quite often new 
information on 75 tree species in 23 plant families.  The data 
we present include botanical descriptions of fruits, seeds, 
seedlings, the germination process; we compare leaf morphology 
of seedlings with adult leaves and provide temporal data on 
reproductive phenology. High-resolution photographs in a clear 
and easy-to-follow graphic design illustrate the features of each 
species, making the guide easy to assimilate. 

While it is our intention that the information presented here 
be of practical use to the reader, our greater hope is that it 
will also spark an interest in natural history and contribute 
to a more effective use and conservation of Amazonian forest 
resources. In the future, we hope that tropical trees are no 
longer mainly known from herbarium collections in museums 
and research centres, from arboreta and botanical gardens, or 
from the pages of books like this one. Instead, we hope that 
they will be known as thriving populations in their intact 
native habitat, not as a few scattered individuals surviving in 
forest remnants, as is the case with so many species of Brazil’s 
Atlantic Forest, Araucaria Forest, and Cerrado. In fragmented 
biomes, solitary trees have become tourist attractions. Few of 
them have any chance of reproducing, and even fewer have the 
chance to produce thriving descendants. These remnants have 
little value for conservation, whether at the species level or at 
the forest level.

Field camp Colosso at BDFFP-ECA, close to typical mature forest, supports a facility for fruit and seed collections.
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History of the Guide

THE IDEA of compiling information on the life cycle of 
Amazonian trees did not arise overnight. Here we share some of 
the history of the project’s beginning. The leaders of the Seed 
Group have worked together on various projects for more than two 
decades and share a long-term concern about the scarce knowledge 
on Amazonian tree species. Over the years, the increasing need 
to propagate tropical timber trees, to store seeds and assess seed 
quality, and for understanding the natural dynamics of tree species 
aroused in us the desire to share what we have learned in INPA’s 
Seed Laboratory since the 1980s.

In 2001, we began marking trees for phenological monitoring 
and fruit and seed collection. Given the hyper-diversity of 
the forest, we decided to focus first on the most common tree 
species in the BDFFP-ECA study area. The botanical material was 
photographed and described to facilitate future comparisons with 
other species. Seeds were used in studies on storage, germination 
and seedling production.

Throughout 2002 and part of 2003 the group debated which 
aspects of the tree life cycle to focus on. We agreed to distribute 
the information in two separate formats. This helped us both to 
organize our knowledge in established categories and to reach 
a more diverse readership. Consequently, two prototypes were 
developed almost simultaneously: the “Amazonian Seed Manual” 
(Manual de Sementes da Amazônia) and the “Guide to Propagules 
and Seedlings of the Amazon” (Guia de Propágulos e Plântulas da 
Amazônia). The manual format allowed us to publish an extensive 
review of the literature on a given species, together with our 
own unpublished data. In cases where it made sense to present 
information on two congeneric species, we combined them into 
a single booklet. In contrast, the “Guide to Propagules and 
Seedlings of the Amazon” offers information for the identification 
of seedlings and the germination process, to serve as a tool for 
studies on tree population dynamics. The guide focuses on the tree 
flora as a whole, not just economically valuable species, but with 
some preference for ecologically important species.

In 2003, the project received support from BDFFP for a tree 
climber to collect high-quality fertile material from high in the 
canopy. With funding from the Brazilian National Council for 
Scientific and Technological Development (Conselho Nacional de 
Desenvolvimento Científico e Tecnológico – CNPq), and a year 
later from Amazonas State Foundation for Supporting Research 
(Fundação de Amparo à Pesquisa do Estado do Amazonas – 
FAPEAM), seed collections were intensified. We decided to 
establish a comprehensive protocol for data collection to maximize 
information in the Guide. This included rigorous guidelines to 
ensure consistency in text, photographs, and graphic design. 

In 2004, we published the first 10 species of the Guide to 
commemorate the 25th anniversary of the BDFFP (Ferraz et al. 
2004). The impact of that pilot publication brought home how 

little was known about Amazonian seedlings. Great progress was 
achieved in 2006 with the approval of the “Seedling Project” 
(Projeto Plântula) to Mariana R. Mesquita, financed by CNPq. 
The two-year scholarship granted to her and Heloisa Brum gave 
us an essential push forward, and together with Bráulio A. 
Santos´s commitment to phenology studies, our group of five 
authors was complete. 

During the work, we perceived that for some species it would take 
months or even years to collect all of the relevant data, since most 
tree species have supra-annual reproductive cycles. Collecting 
enough fertile material to complete the protocol for each species 
was the first challenge. However, even with a good collection, 
other obstacles intervened. Sometimes we waited for more than a 
year for a seed to germinate, or more than two years to document 
the development of juvenile plants. Because of these delays, we 
decided to publish Volume I of The Guide in Portuguese as soon 
as the information for the first 50 species was complete. This was 
possible in 2007 when the PPG-7 Program promulgated grants 
specifically for publications (Camargo et al. 2008). 

A year later, we joined forces with other teams to formalise a 
research network called Conservamazonia, an initiative also known 
as PPG-7 Program Phase II. As part of that network, the group 
received a grant from CNPq to carry out 36 more months of work 
on the Guide and to prepare an additional 25 species. During this 
time, the phenological study was broadened and approximately 
2000 trees in both fragmented and continuous forest were 
monitored monthly, with the aim to improve understanding the 
effects of forest fragmentation on tree reproduction. Scholarships 
for one master’s-level assistant and one undergraduate 
strengthened the group for two years. In 2008, a project on seed 
storage funded by CNPq (CT-Amazônia 2008-2012), permitted 
further seed collections and gave our team what we needed to 
keep going. 

In 2009, a year after the release of Volume I of The Guide in 
Portuguese, the book was considered one of the best books on 
Natural Sciences in Brazil and received the Jaboti Award granted 
by the Brazilian Book Association (Câmara Brasileira do Livro - 
CBL). This distinction represents the highest recognition for a 
book in Brazil. The Guide was well received, but the information 
was restricted to Portuguese readers. Thus, we decided to produce 
an English version to reach a broader audience. 

The English version presented here is not just a translation of 
the original text. We include 25 additional species and have 
made a thorough revision of the entire book. With the new 
species, additional botanical terms were used, which resulted 
in an expansion of the Glossary. The work brought together the 
authors of the Portuguese volume and included Maria Cristina 
F. Albuquerque, who carried out part of her post-doctorate on 
specific activities. 
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Typical stream in Central Amazonian terra firme forest. 

After sampling, the botanical material is  
preparated for transport.

Over the years, the greatest challenge was keeping the project 
going. During some periods, we were obliged to slow the pace 
and sometimes even to reduce activities to a bare minimum. The 
majority of our students and assistants have their own projects 
and helping with The Guide was additional work and often a 
volunteer contribution. This resulted in a relatively large team of 
part-time students and assistants to help with diverse activities 
and maintain experiments in the plant nursery. 

Through the years, institutional support from INPA, especially 
the facilities such as laboratories, nurseries in Manaus, and field 
stations at the Ducke Reserve and BDFFP were essential. Thousands 
of trees in these reserves are labelled and have vouchers in the 

herbarium. Only with this previous work of our colleagues was it 
possible to collect such a large number of species. 

To date, some 46 students, volunteers, field assistants or interns 
were trained by the Guide Project. Many of these trainees have 
gone on to other jobs in the same field, where they are applying 
the skills they learned with us, and this is one of the most 
rewarding aspects of the Seed Group. Without explicitly planning 
it, the work on this book yielded social and educational benefits 
by training young people and future scientists, who will make 
a difference by sharing their knowledge and thereby influence 
decision-making about the Amazon.
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ORGANISING THE WORK of this multistep process, 
we divided it into four phases: (1) collecting in the field; (2) 
processing propagules and branches in the laboratory; (3) assessing 
germination and development of seedlings and juveniles; and (4) 
constructing the species pages. Here we give a brief summary of 
the steps in each phase. The organization of the species page can 
be consulted in “Layout of the Guide” (p. 27-29). Some caveats 
regarding phenology, botanical terms and representativeness of 
the collected material are detailed in “Notes on Phenology and 
Botanical Terms” (p. 26). All botanical terms used in this Guide are 
defined in the “Glossary” (p. 182-207)

PHASE ONE: 
COLLECTING IN THE FIELD

The tree species in this book were collected in mature upland 
(terra firme) forests in the Central region of the Brazilian state of 
Amazonas in the municipalities of Manaus, Rio Preto da Eva and 
Presidente Figueiredo. We focused our collection efforts in the 
BDFFP-ECA on identified trees of the forest inventory. Additional 
collections were made north of Manaus in the INPA reserves: the 
Adolpho Ducke Forest Reserve, located just outside the city along 
state highway AM-010, and the Tropical Forestry Experimental 
Station, with access at km 45 of the interstate highway BR-174. 
Occasionally material was collected from trees on the INPA campus 
in Manaus.

Many times, one collection was not sufficient to complete all items 
necessary for the species page and re-collecting was needed for at 
least 53 of the 75 species in this book (see “Botanical records” p. 
212-219). On average, it took two years to compile all items for 
a given species. Some species, like Swartzia polyphylla DC., were 
finished more quickly (14 months), while others took much longer. 
Pouteria jariensis Pires & T.D.Penn., for example, took 55 months 
to complete.

The first step, without which nothing else could have been 
accomplished, was to collect plant material identified to species 
level, as only a reliably identified propagule produces a reliably 
identified seedling. Rarely fruits and branches were obtained 
of trees without previous botanical identification and vouchers 
in the herbarium. In these cases, we compared our material 
with specimens in the INPA Herbarium and the BDFFP reference 
collection and deposited a voucher in these collections. Vouchers 
were also included if only sterile material or specimens with flowers 
were available in these collections.

Upland forests of Central Amazonia have a complex structure and 
a floristic composition that features, among other things, genera 
with a large number of sympatric species (e.g., Protium spp., 
Pouteria spp., and Eschweilera spp.). Tree diversity is high, which 
means that congeneric species often grow next to each other, with 
their branches intertwined in the canopy. 

This makes it dangerously easy to collect from the wrong tree, 
since one may collect propagules of one species but identify them 
as belonging to another similar species growing nearby. To avoid 
errors of this kind, we collected only from the crown. Collecting 
propagules from the forest floor is also not recommended, as 
their quality may be reduced. Fallen fruits are more likely to have 
changed colour, been attacked by insects and microorganisms, and 
have often begun to rot. Seeds may have lost or gained water since 
dispersal, causing alteration in weight and may have even begun to 
germinate (see below for more on biometry). 

A tree climber assistant was one of our collaborators for the canopy 
collections. Tree climbers used a peconha (a band that helps to 
hold a climber’s feet to the tree) and collected with a pole pruner. 
They also used safety gear including harnesses, carabiners, and 
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Typical secondary forest
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ropes to secure themselves to the tree when they needed to rest 
or use the pole pruner. Although the rainiest months of the rainy 
season, January to April, are considered the peak fruiting period in 
Manaus, we collected relatively little during these months, as wet 
and slippery trees made climbing difficult and dangerous.

Branches and propagules were labelled in the field and placed 
in 100-litre plastic bags for transport to Manaus. Upon arrival at 
INPA´s Seed Laboratory, materials were deposited in a cold room 
(15 °C) and processed as soon as possible.

We considered a collection successful if we got three branches 
with mature fruits, at least 30 fruits (or infructescences), 
and not less than 30 seeds (or pyrenes). Exceptions were 
cauliflorous and ramiflorous species where fruits are borne on the 
trunk or larger branches, respectively. It was difficult to achieve 
the minimum with rare species in which trees were widely spaced, 
species with supra-annual fruiting for which complete collections 
took many years or with species with very large fruits and seeds.

PHASE TWO:
PROCESSING PROPAGULES AND BRANCHES IN THE LABORATORY

This phase was divided into seven steps: (1) photographic 
records, (2) botanical descriptions, (3) digitisation,  
(4) biometry, (5) herbarium work, (6) inclusion of dry fruits 
and seeds in the fruit and seed repository (carpothek), and 
(7) seeding of the propagules. 

Branches bearing fruits or infructescences and propagules 
were photographed in a photographic studio, essential for 
obtaining high-quality images. Plant material was carefully 
assessed, and the various structures separated, so that the 
most important botanical characters of each species could be 
photographed. Until 2007 a conventional film camera (Nikon 
FX) and ASA 400 film was used to illustrate very small objects 
or details (negatives were scanned as 800-dpi TIFF) and for 
larger objects a digital camera (Nikon Coolpix 991) in TIFF 
mode. Later we used a Nikon D200 and the images were taken 
in RAW.

The detailed botanical description of the branches, leaves, and 
propagules required a dissecting microscope, calliper, and ruler, 
as well as scissors, knives, and sometimes saws and hammers 
to open the toughest fruits. For some species, especially those 
with dehiscent fruits, we waited a few days for the fruits to 
open naturally. The description was recorded on a questionnaire 
which helped us to follow a logical, standardised routine when 
describing each species.

A few selected leaves were digitised with tabletop scanners 
with 2400-dpi optical resolution and 48-bit colour (HP Scanjet 
4470C; HP Scanjet 5590). Depending on the kind of information 
we wanted to illustrate, one of two types of digitisation 
was chosen. The first, leaf morphology digitisation, aimed 
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to document variation in the type and/or size of leaves. The 
second, leaf feature digitisation, aimed to illustrate features on 
the underside of the leaf blade, such as venation, indumentum, 
base and apex shape, and features of the margin. The number of 
leaves digitised for leaf morphology depended on distinct sizes 
and form differences of the material. The files were saved as 
300-dpi JPEG files and subsequently vectorised with Corel Trace 
software and, more recently with Adobe Photoshop 7. Leaves 
longer than 50 cm (a common length for compound leaves) 
were attached to a piece of black styrofoam and photographed 
with a digital camera. Just one leaf was digitised to illustrate 
leaf features. In compound pinnate leaves, one leaflet was 
chosen and in compound bipinnate leaves, one leaf, one pinna 
and one pinnule. The images were digitised as true-colour TIFF 
files with a minimum resolution of 600-dpi. Each image was 
divided into four elements using Adobe Photoshop 7: (a) the 
central section of the leaf blade, at actual size of a 3 x 3-cm 
square; (b) the magnified leaf margin, in a 1 x 3-cm rectangle; 
(c) the leaf apex, at actual, magnified, or reduced size, 
depending on the size of the leaf and leaflet; (d) the leaf base, 
also at actual, magnified, or reduced size. 
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Parkia nitida leaf morphology

Hevea guianensis leaf morphology

Eschweilera romeu-cardosoi leaf morphology
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The fourth step of this phase was biometric measurements. We 
began by selecting a representative sample of the variation in the 
fruits, infructescences, or fruitlets. Ideally, at least 30 fruits and 
30 seeds or pyrenes were measured. In species for which only a 
small number of propagules was available, we collected data on the 
material we had and waited until the next fruiting cycle to reach 
the target number of 30. We measured weight, length (excluding 
the peduncle in fruits), width, and thickness of fruits and seeds, 
and recorded the number of seeds per fruit. Most measurements 
were taken with a digital calliper; weights were taken with 
balances at a precision appropriate to the sample being measured 
(0.001, 0.01, or 1 g). 

Species in Lecythidaceae, which have pyxidium-type fruits, or 
species with multiple type fruits (e.g., baccetum or follicetum) 
and winged seeds required alternative measurements and 
thus alterations in the form. These included, for example, the 
diameter of the opercular opening, the number of fruitlets per 
infructescence, and wing length.

Preservation of the collected material in a reference collection 
was the next activity. In step five three branches were pressed 
and dried at 45 °C for about two days, before being mounted as 
herbarium specimens. In step six a number of fruits and seeds 
were dried at 75 °C for about three days and included in the fruit 
and seed repository, managed with Brahms 5 software. Vouchers 
were deposited also at INPA’s Herbarium and/or BDFFP´s reference 
collection (see “Botanical records” p. 212-219).

Seeding of the propagules was the seventh and last step of this 
phase. Several seeds required pre-treatments such as mechanical 
scarification of the seed coat to break seed dormancy. For pyrenes, 
it was sometimes necessary to remove the hard endocarp to 
accelerate the germination process. The respective procedures are 
described in the individual species page. 

Tiny seeds were sown in Petri dishes on germination paper 
moistened with distilled water and placed in climate-controlled 
chambers at a temperature of 25 °C and a photoperiod of 12 
hours. The germination trials of most seeds however were assessed 
in an open greenhouse covered with a transparent roof, where 
mean minimum and maximum temperatures were between 26 and 
36 °C. Plastic trays of different sizes were available and were 
chosen according to seed size and expected seedling size. Seeds 
were sown on sand or vermiculite and covered with about 3 cm 
of vermiculite. Sowing depth depended on seed size and was 
shallower in smaller seeds. 

Some seeds needed light to germinate; these were sown at the 
surface of the substrate. The trays were covered with clear plastic 
bags. Other seeds required more air circulation and were not 
buried; these were placed on the substrate and covered with 
cotton bags so that they would not dry out. 

PHASE THREE: 
GERMINATION AND DEVELOPMENT OF SEEDLINGS AND 
JUVENILES

We divided the germination and seedling development work into 
the following eight steps: (1) tracking the germination process; 
(2) photographing the different stages of germination and seedling 
development; (3) describing the seedlings; (4) digitising leaves; 
(5) making herbarium specimens of seedlings; (6) digitising dried 
plant specimens in the reference collection; (7) transplanting 
seedlings; (8) photographing juveniles.

Germination was assessed three times per week, recording the number 
of seedlings emerged above the substrate and the number of fully 
formed seedlings (i.e., seedlings with the first leaf or pair of leaves 
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with expanded leaf blade). Some seeds needed more than one year 
to germinate. We stopped assessing germination when the seeds 
had germinated or had rotted. When germination velocity reduced 
and no germination was recorded for a considerable time, seeds were 
excavated and squeezed manually or when enclosed in hard pyrenes, 
a selected sample was cut open. Firm seeds were returned to the 
substrate for continued monitoring and rotten seeds were discarded. 
Photographing the germination process was the second step. In 
each developmental stage, seedlings were carefully excavated 
and after being photographed, returned to the trays to continue 
their development, generally until the expansion of the first six 
leaves. The speed with which seedlings passed through certain 
developmental stages made photographing sometimes difficult. 
For example, the “hook-shaped” stage lasted a single day in 
some species. 

The third step was the botanical description of the seedlings. 
We established no minimum number of seedlings, but a sample 
of at least 30 individuals was ideal for documenting natural 
variation. Seedlings were typically described twice: once at 
the beginning of development (i.e., after leaf blade expansion 
of the first leaf or pair of leaves) and once when there were 
at least six fully expanded leaves and the cotyledons and 
cataphylls may have fallen off. The questionnaire for seedling 
description includes details of cotyledons, hypocotyl, epicotyl 
or the epicotyl-first leaf axis.

The first leaf or pair of leaves with expanded blades on the 
same node are described in detail as well as leaves borne 
on the subsequent nodes as these often differ from the first 
leaves. Additional descriptions of cataphylls, internodes and 
the apical bud are made. Each description concludes with a 
classification of the seedling morphotype, including information 
on the presence and number of cataphylls, leaf type (simple 
or compound) and the arrangement (opposite, alternate, or 
spiralled) of the first and following leaves. 

Digitising leaves was the fourth step. The leaves, leaflets, or 
pinnae to illustrate leaf features and variation in leaf form 
were selected from seedlings representative of the species and 
digitised as mentioned for leaves of fruit-bearing branches.

In the fifth step, at least three seedlings were prepared as 
herbarium specimens. The ideal material for this step was 
seedlings with multiple fully expanded, intact leaves, and 
morphological features that help to identify the species.

In the sixth step specimens of seedlings were dried and 
incorporated into the reference collection following the same 
procedures mentioned above for herbarium specimens of 
adult material. For each species, we digitised the seedling 
specimen with the largest number of informative features 
(e.g., cataphylls, stipules, apical bud, and cotyledons). Digital 
images were stored as true-colour 600-dpi TIFF files and 
subsequently vectorised.

The seventh step was transplanting the seedlings from the 
germination trays to 0.5–5.0-litre plastic bags or pots in a 
soil and vermiculite mixture. Transplant success was just as 
challenging as germination, since many individuals did not 
survive being transplanted or the growing conditions in the 
nursery. In some cases, so many individuals were lost that we 
were obliged to re-collect new propagules of the species in 
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question and start from the beginning in order to complete 
the work. Every transplanted seedling was marked with a small 
numbered metal ring.

Seedlings were monitored until they reached what we 
considered a juvenile stage, based on the number of fully 
expanded leaves or the length of the stem, which differed 
depending on the species. The eighth and last step of this 
phase was photographing the most vigorous juvenile individual.

PHASE FOUR:
CONSTRUCTION OF SPECIES PAGES

We designed each species page to occupy two facing A4 pages, 
which are referred to here as a species page. The layout was 
produced in Adobe InDesign 7 and follows a consistent model of 
text and images. Each species page contains five short descriptive 
texts and 30–45 images. The text describes the morphology of 
fruits, seeds, and seedlings and outlines early development, and 
as necessary highlights characters in adult individuals not found 
in seedlings of the same species. The images show a fruiting 
branch, fruits and seeds at different angles and sometimes cut 
open or prepared to show inner structure, the germination process, 
seedlings in different stages of development, a juvenile plant, leaf 
morphology and leaf features of seedlings and adults, seedling 
morphotype and a herbarium specimen of a seedling.

Images were processed with Adobe Photoshop to remove 
backgrounds and to balance colours. Colours were checked with 
living specimens to correct for any possible tone distortion in 
the images.

25

Germination of Hymenaea intermedia 

Nauclepsis caloneura fruit

Mouriri collocarpa seed
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PHENOLOGY

Information on reproductive phenology, with the months of flowering, 
fruiting (immature fruits) and seed dispersal (mature fruits) were 
restricted to Central Amazonia, defined here as the region between 
0° - 8° S latitude and 56° - 64° W longitude. These data were based 
on INPA´s herbarium collections, the authors’ own unpublished 
observations and data from scientific literature, and internet resources 
from Kew Gardens, Missouri Botanical Garden, and New York Botanical 
Garden. The phenological data are thus a compilation of a large 
number of collections made in the region over many years. 

The vast area of Central Amazonia includes a variety of climatic 
patterns, which may explain the long phenological cycles we recorded. 
The goal of the phenological timeline in this Guide was not to 
indicate the absolute length of each phenological stage, but rather 
the various reproductive stages that may be observed during a given 
month in Central Amazonia. Thus, the phenological events indicated 
for a month will not necessarily be observed in a certain year and in 
all subregions of Central Amazonia.

BOTANICAL TERMS

One goal in making this guide was to reach a broader readership, 
including ecologists, foresters, agronomists, and students interested 
in the propagules and seedlings of tropical tree species. Many 
important botanical terms are not widely known, even among 
professionals, and the botanical literature remains scarce. To facilitate 
communication the guide includes a Glossary of botanical terms. 

The Glossary covers terms used in this book, and offers definitions 
drawn from 13 different academic sources. The explanation of each 
term was reviewed and discussed, and in some cases adapted from 
standard definitions to address the specific use in this guide.

The description of some fruits was especially difficult due to the 
complexity of their internal structures, which also complicated fruit 
type definition. While the reference book (Spjut 1994) we consulted 
for fruit classification is used by the world’s best herbaria, it makes no 
reference to some common species and genera, such as Protium and 
Clarisia. In those cases, fruits were classified based on information 
at the generic- or family-level and on publications such as Barroso’s 
(1999) book on Brazilian fruits and seeds, and on communication 
with specialists.

Propagule size commonly varies from tree to tree depending on 
the genetic variation in the population, and even within a single 
tree, size may depend on micro-environmental conditions during 
ripening. We emphasize that the variation in propagule size 
and number of seeds per fruit we observed does not necessarily 
represent natural variation for the entire species, but rather 
variation among the individuals we collected. 

Leaf descriptions of adult trees were based on a few fertile 
branches. In some species, leaf morphology and especially leaf size 
may be smaller in fertile branches close to flowers and fruits. As a 
result, the variation in adult leaf outlines (leaf morphology on the 
species page) may not represent larger leaves from sterile branches 
on the same tree. Our restricted sample size must be taken into 
account for the descriptions of leaf colour, texture, consistency, 
and the abundance and distribution of indumentum and lenticels. 

When describing seedlings, we aimed to use simple language where 
possible and avoided technical terms. For example, we use “first 
leaf” instead of “eophyll,” “next leaf” instead of “protophyll”, and 
“adult leaf” instead of “metaphyll” or “nomophyll”. We used the 
term “first leaf” or “first leaves” referring to the first proper leaves 
with expanded blade borne on the same node, as these differ 
often from the subsequent leaves. The description of “next leaves” 
generally includes leaves of several subsequent nodes. 

The term “epicotyl-first leaf axis” defined for this guide refers to 
the seedling´s axis above the insertion of the cotyledons (i.e., the 
epicotyl) and the node where the first proper leaf or pair of leaves 
with expanded blade (eophylls, nomophylls, protophylls) were 
borne, without considering the nodes where cataphylls occur. 

Another challenge was the fact that the literature does not 
provide a consistent definition of seedlings. Some distinguish 
two developmental phases after germination with the seedling 
stage lasting only until the development of the first leaf (pair of 
leaves), under the assumption that the seed reserves have been 
consumed by this stage. A subsequent phase is defined when the 
leaves produced look similar to those of the adult plant. Other 
authors consider the seedling stage to cover the period in which 
the plant depends to some extent on the seed reserves. Yet other 
authors consider a seedling any plant that has still a functional 
structure produced by the seed reserves. Because these definitions 
are difficult to apply in practise, some authors use simply height 
classes to define the seedling stage (e.g., <50 cm tall). What all 
of these authors do agree on is that seedlings differ significantly 
from adults in both habit and morphology. The complete seedling 
stage in this book is defined as when the aboveground stem 
bears three or four nodes with expanded leaves, illustrated by the 
seedling morphotype symbol (p. 28).

It is common to observe a series of morphological changes 
between the first seedling leaves and the first adult leaves. As a 
result, more advanced stages of development may show features 
that differ from those we describe in the section on seedlings. For 
illustration, we include images of an herbarium specimen with five 
to ten expanded leaves, and of a juvenile plant.
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EACH SPECIES PAGE consists of two facing pages. The left-hand 
page contains eight items: (1) scientific name of the species 
and the family to which it belongs; (2) schematic illustration of 
the seedling morphotype; (3) germination type; (4) botanical 
description of the seedling; (5) image of herbarium specimen of a 
seedling; (6) text highlighting morphological characters that are 
found in adults but not in seedlings; (7) cropped images showing 
abaxial leaf features of seedlings and adults, including, when 
necessary, differences in venation and details like pulvinuli, leaf 
galls, mucro, etc. and (8) images of representative leaf silhouettes 
of seedlings and adults (leaf morphology).

The right-hand page typically consists of ten items: (9) image of 
an adult branch with fruit; (10) common name of the species in 

English; (11) common name of the species in Portuguese; (12) 
images and text describing seeds; (13) images and text describing 
fruits; (14) bars showing the approximate colours of fruits and 
seeds, based on a standard index of 18 colours; (15) image of a 
juvenile individual, sometimes with a close-up of the apical bud 
or other details; (16) images and text describing early seedling 
development, and, where necessary, close-ups of certain features; 
(17) scale bar indicating minimum and maximum sizes of fruits 
and seeds in their respective colours, and (18) a reproductive 
phenology timeline showing months of flowering, fruiting 
(immature fruits), and seed dispersal (mature fruits),  
each represented by a small graphical symbol.

1
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6

7
8

3

9

12

15

13
14

1110

18

16
17

Layout of the Guide
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Magnified image  
Magnifier “+” 

Reduced image 
Magnifier “-”

DEFINITIONS AND SYMBOLS USED TO INDICATE 
SEEDLING MORPHOTYPES (see also germination 
types in the Glossary and Figure 20) 

Cryptocotyledonal, unipolar germination; 
cotyledons without reserves; axis lateral to the 
cotyledons

Cryptocotyledonal, unipolar germination; 
cotyledons with reserves; axis lateral to the 
cotyledons

Cryptocotyledonal, unipolar germination; 
cotyledons without reserves; endocarp or 
pericarp present; axis lateral to the cotyledons

Cryptocotyledonal, unipolar germination; 
cotyledons with reserves; endocarp or pericarp 
present; axis lateral to the cotyledons

Phanerocotyledonal, unipolar germination; 
cotyledons without reserves; axis between the 
cotyledons

Phanerocotyledonal, unipolar germination; 
cotyledons with reserves; axis between the 
cotyledons

Phanerocotyledonal, unipolar germination; 
cotyledons unequal, one with reserves and 
the other rudimentary; axis between the 
cotyledons

Cryptocotyledonal, unipolar germination; 
cotyledons with reserves; axis between the 
cotyledons

Cryptocotyledonal, unipolar germination; 
cotyledons with reserves; endocarp or pericarp 
present; axis between the cotyledons

Bipolar apical germination, with reserves on 
the axis

Bipolar lateral germination, with reserves on 
the axis

Hypocotyl with reserves

Cataphylls (min-max number)

Simple leaf

Unifoliolate leaf

Compound leaf

Soil surface

COMPARISONS BETWEEN SEEDLING 
AND ADULT LEAVES

The abaxial side of the leaf was 
scanned and divided into four parts:
(a) 3 x 3 cm sample of the leaf blade 
at its actual size; 
(b) margin always magnified image;
(c) apex at actual size or at varying 
sizes, as indicated by the magnifying 
glass symbol.
(d) base at actual size or at varying 
sizes, as indicated by the magnifying 
glass symbol.

VARIATION IN LEAF SHAPE AND SIZE OF 
SEEDLING AND ADULT PLANT

Scanned images were standardised to the same 
scale. Seedling and adult leaves are shown in 
dark green. When present, foliaceous cotyledons 
are shown in light green.

c

a

d

b
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FRUIT AND SEED BIOMETRY Propagule size was classified based 
on mean weight:

Dimensions and weight in mean values, followed by the range 
(minimum-maximum) of 30 fruits and seeds (rarely fewer).
Length - measured from the base to the apex of the fruit or seed.  
Width - the largest measurement perpendicular to the length.  
Thickness - the largest measurement perpendicular to the width. 
Fruit classification based on Spjut (1994).

very small 0.0 - 0.2 g

small 0.2 - 2.0 g

medium 2.0 - 20.0 g

large 20.0 - 60.0 g

very large > 60.0 g

PHENOLOGICAL STAGES RELATED TO TREE REPRODUCTION 
IN  CENTRAL AMAZONIA 

     Flower

     Immature fruit

     Mature fruit (seed dispersal)

GERMINATION PROCESS

At least 30 seeds were observed germinating 
in the plant nursery and/or laboratory (25 °C).

FRUIT AND SEED SIZES TO SCALE

Variation in fruit and seed size is 
indicated on the ruler by their respective 
colours (see above on ruled vertical bar). 
A darker tone shows the minimum size and 
a lighter tone shows the maximum size.

FRUIT AND SEED COLOUR BAR

Shows the closest colour of the fruits 
and seeds as in the simplified colour 
table below
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Adolpho Ducke Forest Reserve where many fruits and seeds were collected.
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LEAF MORPHOLOGY
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GERMINATION: epigeal, cryptocotylar, 
and unipolar, with the axis lateral to the 
cotyledons.

SEEDLING: Hypocotyl long (ca. 2 cm), 
green, smooth, enlarged, and covered 
with very short white hairs. In the earliest 
stage, the base of the hypocotyl is whitish. 
Cotyledons without reserves and remaining 
within the seed. Epicotyl (ca. 1 cm) green, 
smooth, with indumentum similar to that 
of the hypocotyl, but with more abundant 
hairs. Subsequent internodes (0.5-0.8 cm) 
similar to the epicotyl in colour, texture, 
and indumentum. First leaves (1-2 cm) 
simple, ovate, membranaceous to 
papyraceous and spiralled. Petiole (up to 
0.1 cm) green, circular, smooth, and 
with indumentum similar to that of the 
hypocotyl. Leaf blade green, opaque, 
smooth, and with sparse short white hairs 
on both sides, but more abundant abaxially. 
Base rounded to cordate and apex rounded; 
margin entire and ciliate with sparse short 
white hairs. Venation pinnate, midvein 
flat. Secondary venation brochidodromous, 
flat on the adaxial side and slightly raised 
abaxially. Intersecondaries and tertiaries 
absent. Next leaves share most characters 
described for the first leaves, but are larger 
(1-3 cm), ovate to lanceolate, papyraceous, 
and alternate distichous. Base slightly 
asymmetric, rounded or cuneate, apex 
acute. Midvein raised convex. Tertiary 
venation reticulate when present.  
Apical bud light green, curved, smooth, 
and pubescent. 1 

cm

SEEDLING ADULT

2 
cm

Characters that differ in adults: leaves 
larger (6-13 cm) and elliptical. Petiole 
larger (ca. 0.4 cm), canaliculate, twisted, 
and with sparser indumentum. Leaf blade 
discolourous; adaxial side dark green, 
shiny, and glabrous; abaxial side light 
green, opaque, velvety, with two types 
of indumentum: yellowish hairs, sparse 
and adpressed, more common along the 
veins, and tiny hairs, apparently stellate, 
entirely covering the leaf blade. Apex 
acute to acuminate. Secondary venation 
yellowish, distinctive against the green 
blade. Intersecondaries present but barely 
visible, tertiaries percurrent oblique, and 
quaternaries areolate.

SEEDLING ADULT
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Small-leafed Bocageopsis

SEED very small: length 0.6 (0.6-0.7) cm; 
width 0.6 (0.5-0.6) cm; thickness 0.4  
(0.3-0.5) cm; weight 0.09 (0.04-0.11) g. 
Dark brown, opaque, and hard. Shape 
globose or semi-globose, depending on 
the number of seeds. Testa ruminate and 
glabrous. A brown, raised longitudinal 
line, thicker in the region of the hilum, 
circumscribes the whole seed.

FRUIT multiple, etaerionari: 
baccetum, typically with 4 (1-6) 
small fruitlets, free and seated on 
a light green, convex receptacle. 
Fruitlet small: length 0.8 (0.7-
1.0) cm; width 0.8 (0.7-0.9) cm; 
thickness 0.8 (0.7-0.9) cm; weight 
0.3 (0.2-0.4) g. Berry (bacca) green, 
maturing orange, red, or purple. 
Shape globose. Epicarp smooth or 
slightly verrucose; glabrous 
or sparsely covered with tiny 
hairs. Pulp thin (0.1-0.3 cm) 
purplish and fleshy, completely 
surrounding the seed. The 
fruits develop from solitary 
axillary flowers. One to two 
seeds per fruitlet.

DEVELOPMENT: in the greenhouse shoots emerge after  
20 weeks and the seedling is fully developed 
approximately eight week later. After root 
protrusion, the hypocotyl becomes 
enlarged at the base due to the 
transfer of endosperm reserves. 
Soon afterwards, the hypocotyl 
lengthens a few centimetres and 
passes through a brief hook-shaped 
phase. During that phase, the 
cotyledons remain inside the 
seed, attached to the axis. As 
development proceeds, the hypocotyl 
becomes erect, several tiny leaves expand 
simultaneously, and the cotyledons fall off.

1 
cm

1 
cm

Envira-surucucu-da-folha-miúda

1 
cm
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LEAF MORPHOLOGY

Annonaceae

GERMINATION: epigeal, cryptocotylar, 
and unipolar, with the axis 
lateral to the cotyledons.

SEEDLING: Hypocotyl 
elongated (5.5-9.0 cm), 
light brown, smooth and 
longitudinally striate, giving it an 
asperous aspect, covered with very 
short erect white hairs. Cotyledons 
without reserves, remaining in the 
seed. Epicotyl (0.2-0.7 cm) 
greenish-yellow, asperous; covered 
with indumentum similar to that of the 
hypocotyl, but with longer hairs. In 
addition to the indumentum, the epicotyl 
is densely covered with rounded golden 
scales. Subsequent internodes  
(0.2-0.9 cm) with colour, texture, and 
indumentum similar to those of the 
epicotyl, but the light green colouration 
becomes light brown due to the presence 
of the golden scales. First leaves  
(1.5-4.0 cm) simple, elliptical to 
obelliptical, chartaceous, and alternate. 
Petiole (ca. 0.1 cm) light green, circular, 
slightly asperous, with indumentum and 
scales similar to those of the epicotyl. Leaf 
blade bullate and discolourous; adaxial side 
green; abaxial side light green; smooth, 
shiny, and glabrous on both sides. The 
abaxial side has striae and golden scales 
scattered throughout the leaf blade. Base 
attenuate to cuneate and apex acuminate; 
margin entire, slightly revolute and ciliate, 
with short whitish hairs scattered along 
the margin, these hard to see.  
Venation pinnate, midvein slightly 
v-impressed. Secondary venation 
brochidodromous, impressed concave. 

Intersecondaries abundant, tertiaries and 
quaternaries areolate. Next leaves share 
the same characters described for the first 
leaves, but are larger (3.5-6.5 cm) and 
alternate to spiralled. Apical bud  
(ca. 0.5 cm) golden, lanceolate, erect and 
glabrous, but completely covered with 
golden scales. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in 
adults: leaves larger  
(4.4-13.1 cm). Petiole 

longer (0.4-0.7 cm), golden, 
canaliculate, slightly asperous, 

glabrous and slightly twisted. 
Abaxial leaf blade coppery green 

to golden, asperous, with sparse, 
short whitish hairs. Base attenuate. 
Secondary venation flat. Tertiaries 
percurrent oblique and quaternaries 
incomplete. The quaternary venation 
is hard to see due to the scales on 
the abaxial side of the leaf blade. 

1 
cm

3 
cm



35

14

13

Envira-dourada

F
R

U
I

T
S

E
E

D

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Golden-fiber Duguetia

FRUIT very large: length 5.1  
(4.0-5.8) cm; width 5.1 (4.4-5.8) cm; 
thickness 4.4 (3.9-4.9) cm; weight 
60 (37-74) g. Multiple, discocarpi 
fruit: syncarpium. Shape globose, 
base truncate and apex rounded, 
light brown to golden. Consisting of 
39-42 small fused fruitlets seated on 
a whitish and globose receptacle. The 
fruitlets are two-coloured, with the 
exposed part giving colour to the fruit 
and the unexposed part white. Shape 
ellipsoid to ovoid, base attenuate and 
apex mucronate. Epicarp fine  
(ca. 0.2 cm), firm, verrucose, and 
smooth. Pulp thin (ca. 0.1 cm), 
white, viscose, and succulent, firmly 
surrounding the seed. Fruits develop 
from solitary flowers on the branches. 
Seventeen to thirty-three seeds per 
fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 20 (19-26) weeks and 
seedlings are fully formed approximately six weeks later. After root protrusion the 
hypocotyl becomes thicker due to transfer of endosperm reserves. The hypocotyl elongates 
a few centimetres and passes through a hook-shaped phase. Slowly it becomes erect and 
lifts the seed. The cotyledons remain in the seed, attached to the axis. As development 
proceeds, the seed falls off, one leaf begins to expand, and a second begins to expand 
soon after. The first leaves differ little from the next leaves and do not expand at the 
same time.

SEED small: length 1.6 (1.4-1.7) cm; 
width 0.9 (0.8-1.1) cm; thickness 0.8 
(0.7-0.9) cm; weight 0.7 (0.6-0.8) g. 
Colour dark brown to black, shiny and 
with a firm consistency. Shape ovoid 
to ellipsoid. Testa brittle, smooth, and 
slightly striate, with continuous striae 
that join the two poles of the seed. 
Hairs white and short in the hilum 
region.

1 cm

1 
cm

2 
cm
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LEAF MORPHOLOGY

Annonaceae

2-7

0-1
GERMINATION: hypogeal, 
cryptocotylar, and unipolar, with the axis 
lateral to the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (up to 1 cm), dark brown to 
black, velvety to slightly rugose, and 
densely covered with short, blackish, erect 
to adpressed hairs. In early stages, the 
hypocotyl is whitish-yellow. Cotyledons 
with reserves, remaining in the seed, 
showing only their petioles (< 0.1 cm), 
which have a colour and indumentum 
similar to those of the hypocotyl. Remain 
attached to the seedling for at least seven 
months. Epicotyl-first leaf axis (5.0-8.5 cm) 
blackish and velvety at the base, greenish-
brown and striate at the apex; covered with 
indumentum similar to that of the hypocotyl, 
but more abundant at the base. There are 
a few lighter-coloured hairs and elliptical, 
abundant lenticels scattered along the 
entire axis. The lenticels are covered with 
indumentum in the basal region. Cataphylls 
(0.2-1.0 cm), there are two to seven linear 
or obovate to orbicular, with indumentum 
similar to that of the hypocotyl on the 
petiole and along the midvein of the 
abaxial side of the cataphyll. Subsequent 
internodes (1-3 cm) green to greenish-
brown, slightly velvety to striate, covered 
with indumentum and lenticels similar 
to those on the axis. Rarely possessing 
one cataphyll, with the same size, shape, 
and indumentum of those on the axis. 
First leaves (2.0-4.5 cm) simple, oval to 
orbicular, chartaceous, and alternate.  
Petiole (0.3-0.5 cm) green, canaliculate, 
rugose, and velvety, with indumentum 
similar to that of the axis. Leaf blade bullate 
and slightly discolourous; adaxial side green, 
shiny and smooth; abaxial side light green, 
opaque, and slightly asperous; glabrous  

on both sides, with indumentum only 
on the midvein, more frequently on the 
abaxial side. Base rounded and apex acute, 
rarely rounded; margin entire. Venation 
pinnate, midvein impressed concave, with 
short black erect hairs, on the abaxial side 
and rarely present on the adaxial side. 
Secondary venation brochidodromous, 
raised on both sides. Intersecondaries 
frequent, tertiaries percurrent oblique, and 
quaternaries areolate. Next leaves share 
the same characters described for the 
first leaves, but are larger (3.5-8.0 cm), 
oval, and with petioles also slightly larger 
(0.4-0.6 cm). Apical bud (ca. 0.2 cm) black, 
conical, and densely covered with black hairs 
and a few long whitish hairs.

1 
cm

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (13-24 cm) and obelliptical. Petiole 
slightly longer (0.3-0.7 cm), blackish, 
winged only close to the leaf blade, slightly 
twisted, slightly asperous, and covered with 
sparse short whitish hairs. Leaf blade with 
abaxial side greyish-green. Indumentum 
similar to that of the petiole, but with 
shorter hairs. Base cuneate and apex acute. 
Margin revolute. Midvein v-impressed, 
secondary venation impressed concave, 
quaternaries areolate. 

3 
cm
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Envira-duraAmazonian Ephedranthus

SEED small: length 2.2 (1.9-2.4) cm; 
width 1.2 (1.2-1.3) cm; thickness 1.0 
(1.0-1.1) cm; weight 1.8 (1.0-2.2) g. 
Colour brown, opaque, and with a hard 
consistency. Shape ovoid to ellipsoid. 
Testa transversely striate and glabrous. 
Hilum light brown and elliptical, 
located in the basal region. An irregular 
longitudinal groove encircles the seed, 
dividing it into two hemispheres.

FRUIT multiple, etaerionari fruit: 
baccetum usually with 59 (48-66) small, 
individually free fruitlets seated on a 
yellowish-brown, convex receptacle. 
Fruitlet medium-sized: length 2.4 
(2.1-2.7) cm; width 1.4 (1.3-1.5) cm; 
thickness 1.3 (1.2-1.4) cm; 
weight 2.8 (2.4-3.4) g. Berry (bacca), 
green, later yellow, becoming red at 
maturity. Shape ovoid to ellipsoid, with 
base and apex rounded. Epicarp  
(0.1-0.2 cm) smooth, fibrous, and 
glabrous. Pulp thin (0.2-0.3 cm), 
yellow, fleshy and succulent, completely 
surrounding the seed. Fruits develop 
from solitary flowers on branches.  
One seed per fruitlet.

DEVELOPMENT: in the greenhouse shoots emerge at 11 (9-17) weeks and the 
seedling is fully formed approximately three weeks later. After root protrusion the 
hypocotyl elongates a few millimetres and lifts the seed slightly. Next the epicotyl-first 
leaf axis elongates, bearing several cataphylls and the first alternate leaves expand. The 
cotyledons remain in the seed, attached to the axis for a long time.

1 
cm

1 
cm

2 
cm

1 
cm
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LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar, with the 
axis between the cotyledons.

SEEDLING: Hypocotyl 
elongated (3.5-7.0 cm), purplish, 
rugose due to vertical striations, 
and covered by very short, 
aligned white hairs and glandular 
hairs close to the cotyledons. In the 
earliest stages of development the 
base of the hypocotyl is greenish-
white. Cotyledons (1.5 cm) light 
green, foliaceous, opposite, linear, 
and sessile. Rarely possessing tiny, 
pubescent stipules. Leaf blade 
with a spongy appearance. Epicotyl 
(0.2 cm) green, smooth, and densely 
covered with long, rust-coloured hairs. 
Subsequent internodes (0.2-2 cm) 
similar to the epicotyl in colour, texture, 
and indumentum. First leaves (2-4 cm) 
simple, elliptical, papyraceous, and 
alternate. Petiole (0.2 cm) green, circular, 
smooth, and with indumentum similar to 
that of the epicotyl. Leaf blade bullate, 
green, smooth, and with indumentum 
similar to that of the epicotyl on both 
sides. Base rounded to cuneate, and apex 
rounded, typically emarginate; margin 
entire. Venation pinnate, midvein flat 
and pubescent on both sides. Secondary 
venation brochidodromous, flat on the 
adaxial side and slightly raised abaxially. 
Intersecondaries rare, tertiaries and 
quaternaries hardly visible. Next leaves 
share the same characters described for 
the first leaves, but are larger (3-6 cm) and 
have a cuneate to attenuate base and an 
acute apex, sometimes with a tuft of rust-
coloured hairs. Apical bud rusty brown, 
curved smooth, and pubescent.

SEEDLING ADULT

SEEDLING ADULT

Characters that differ in adults: 
leaves larger (13-35 cm). Petiole 
longer (1-2 cm), winged, and 
rugose. Base cuneate to attenuate; 
apex acute to acuminate. Leaf 
blade discolourous; adaxial side 
green, sparsely covered with short, 
gold to rust-coloured indumentum; 
abaxial side light green, completely 
covered by indumentum. Margin 
revolute at the base. Midvein 
impressed concave; secondary 
venation flat to impressed adaxially. 
Intersecondaries abundant, 
tertiaries percurrent oblique, and 
quaternaries areolate.

1 
cm

5 
cm
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PHENOLOGY

Olive-green Guatteria

SEED small: length 1.0 (0.8-1.1) cm; 
width 0.6 (0.5-0.6) cm; thickness  
0.6 (0.5-0.6) cm; weight 0.2 (0.2-0.3) g. 
Dark brown, shiny and hard, and ovoid 
in shape. Testa faveolate and glabrous. 
Hilum (0.2 cm) light brown and elliptic. 
A lightly raised longitudinal line 
encircles the seed.

FRUIT multiple, etaerionari: 
baccetum, typically with 30 (4-54) 
small fruitlets, free and seated 
on a reddish, convex receptacle. 
Fruitlet small: length 1.4 (1.3-
1.6) cm; width 0.9 (0.8-1.0) cm; 
thickness 0.9 (0.8-0.9) cm; weight 
0.8 (0.6-0.9) g. Berry (bacca) 
green, maturing black. Shape 
ellipsoid, with rounded base and 
acute apex. Epicarp fine, smooth, 
and covered by short, adpressed, 
light-coloured hairs. Pulp thin 
(0.1 cm), purple or black, fleshy, 
completely surrounding the seed. 
Fruits develop from solitary axillary 
flowers. One seed per fruitlet.

DEVELOPMENT: in the greenhouse shoots emerge after 8 (7-16) weeks and 
the seedling is fully developed two weeks later. After root protrusion, the hypocotyl 
becomes enlarged at the base due to transfer of reserves from endosperm. The hypocotyl 
lengthens by a few centimetres and passes through a hook-shaped phase. Soon 
afterwards it becomes erect, the cotyledons remaining in the seed, attached to the axis. 
As development proceeds, the cotyledons are released and elongate at the same time 
that the first two leaves expand. The hypocotyl, the cotyledons, and the first leaves are 
initially purplish.

Envira-bobó

1 cm

1 
cm

1 
cm
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GERMINATION: epigeal, 
phanerocotylar, and unipolar, with the axis 
between the cotyledons.

SEEDLING: Hypocotyl elongated 
(ca. 3-5 cm), brown, smooth, and 
glabrous, becoming longitudinally striate. 
Cotyledons (ca. 0.7 cm) foliaceous, 
opposite, and linear. Petiole reduced. 
Cotyledonar blade light green, papyraceous, 
smooth, opaque, and glabrous on both 
sides. Base rounded to cuneate and apex 
rounded; margin entire. Venation pinnate, 
hard to see. Epicotyl (ca. 0.1 cm) brown, 
smooth but with brown hairs, short and 
slightly curved at the tip. Subsequent 
internodes (0.3-0.4 cm) with colour, 
texture and indumentum similar to those of 
the epicotyl. First leaves (1.0-1.3 cm) 
simple, oblong, papyraceous and spiralled. 
Petiole (ca. 0.1 cm) green, slightly 
canaliculate, with indumentum similar to 
that of the epicotyl. Leaf blade slightly 
discolourous; adaxial side green and 
glabrous, abaxial side pale green and with 
indumentum similar to that of the epicotyl; 
opaque and smooth on both sides. Base 
cuneate and apex emarginate; margin 
entire, revolute and ciliate, with dark 
brown flexible hairs forming a tuft at the 
apex of the leaf. Venation pinnate, midvein 
impressed concave, glabrous on the adaxial 
side and with hairs similar to those of the 
epicotyl on the abaxial side. Secondary 
venation brochidodromous, flat on both 
sides. Intersecondaries absent, tertiaries 
reticulate, and quaternaries absent. Next 
leaves share the same characters described 
for the first leaves, but are larger  
(1.7-2.0 cm), and oblong to ovate. The 
indumentum is also similar, but the hairs 
are lighter-coloured and fewer. Apical bud 
(ca. 0.1 cm) light green, lanceolate, and 
covered with long white hairs.

ADULT

SEEDLING

SEEDLING

ADULT

Characters that differ in adults: 
leaves larger (3.5-9.5 cm), 
alternate, distichous, and 
chartaceous. Petiole longer  
(0.4-0.5 cm), brown, canaliculate, 
twisted, and densely covered on the 
adaxial side with golden tangled hairs, and 
sparsely covered on the abaxial side with 
golden and adpressed hairs. Leaf blade 
discolourous; adaxial side dark green and 
shiny and abaxial side with long, light-
coloured adpressed hairs. Apex apiculate to 
caudate. Quaternary veins areolate.

LEAF MORPHOLOGY
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Amazonian Bitterwood

FRUIT multiple, a follicetum, usually 
with 2-8 fruitlets, free of each other 
but connected by a small and globoid 
receptacle. Fruitlet small: length 1.4 
(1.2-1.5) cm; width 0.9 (0.7-0.9) cm; 
thickness 0.8 (0.6-0.8) cm; weight 
0.4 (0.2-0.5) g. Rhexocarpic follicular 
fruit: follicle light green becoming 
yellowish, orangish, or partially reddish 
at maturity. Shape irregular and with a 
persistent calyx. Epicarp (ca. 0.2 cm) 
with a ventral suture opening in two 
flexible valves. Mesocarp (0.1 cm) 
farinaceous, surrounding the seed with 
a yellowish powder. Fruits develop from 
ramiflorous inflorescences. Generally two 
seeds per fruitlet.

DEVELOPMENT: In the greenhouse shoots emerge at 4-5 months and the seedling 
is fully formed approximately two weeks later. After root protrusion the hypocotyl 
elongates a few centimetres and lifts the seed slightly. Next the seed falls off, freeing the 
cotyledons, whose blades begin to expand. Soon afterwards, the epicotyl elongates a little 
and the first two to three alternate leaves expand simultaneously. The cotyledons remain 
attached to the axis for months.

SEED very small: length 0.5  
(0.4-0.6) cm; width 0.4 (0.3-0.4) cm; 
thickness 0.3 (0.2-0.3) cm; weight 0.04  
(0.02–0.05) g. Colour black, shiny, and 
with a bony consistency. Shape globoid 
to ellipsoid. Testa smooth and glabrous. 
Aril (ca. 0.1-0.2 cm) greyish-white, 
fleshy, surrounding half of the seed. 
Removing it reveals a transparent film 
that covers the seed entirely.
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42 Ambelania acida Aubl. Apocynaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: epigeal, 
phanerocotylar, and unipolar, with the axis 
between the cotyledons.

SEEDLING: Hypocotyl elongate  
(3-5 cm), green, smooth, glabrous, and 
enlarged at the base. Cotyledons 
(0.7-1.0 cm) foliaceous, green, opposite, 
oblanceolate, papyraceous, and sessile. 
Cotyledon blade slightly discolourous; 
adaxial side green and abaxial side light 
green; both sides opaque, smooth, and 
glabrous. Base rounded to truncate and 
apex rounded; margin entire. Venation 
pinnate, barely visible. Cotyledons remain 
attached to the seedling for a few months. 
Epicotyl (0.3-0.5 cm) green, smooth, 
glabrous, and quadrangular in cross-
section. Subsequent internodes  
(0.5-0.7 cm) similar to the epicotyl, 
quadrangular in cross-section.  
First leaves (2.0-3.5 cm) simple, linear 
to lanceolate, papyraceous, and opposite. 
Petiole tiny. Leaf blade similar to the 
cotyledons in colour and surface. Base 
attenuate and apex rounded, margin entire. 
Venation pinnate, midvein raised convex. 
Secondary, intersecondary, tertiary, and 
quaternary venation hardly visible.  
Next leaves share most characters 
described for the first leaves, but are larger 
(3-9 cm) and decussate. Apex rounded 
to slightly acute. Secondary venation 
eucamptodromous or brochidodromous, 
flat on both sides. Apical bud (ca. 0.1 cm) 
reddish-brown, shiny, and semi-globose to 
conical. Latex white and abundant.

SEEDLING ADULT

LEAF MORPHOLOGY

Characters that differ in adults: leaves 
larger (12-20 cm), chartaceous, and elliptic 
to oval. Petiole (1.3-2.0 cm) light green, 
canaliculate, slightly asperous, glabrous, 
and weakly twisted. Leaf blade shiny on the 
adaxial side and slightly asperous abaxially. 
Base cuneate. Margin revolute. Secondary 
venation brochidodromous, impressed 
on the abaxial side. Intersecondaries 
abundant.

ADULTSEEDLING
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FRUIT very large: length 13.9  
(10.3-16.9) cm; width 5.8 (4.9-6.3) cm; 
thickness 4.8 (4.3-5.2) cm; weight  
204 (110-271) g. Simple, gymnocarpi 
fleshy fruit: berry (bacca) green, 
maturing yellow. Shape oblong to 
ellipsoid, with a rounded to slightly 
cordate base and a rounded apex. Calyx 
persistent, but hardly noticeable due to 
the large size of the fruit.  
Epicarp (0.1-0.2 cm) firm, longitudinally 
striate, and glabrous. Mesocarp thick  
(ca. 1.5 cm), whitish, fleshy to spongy, 
and slightly asperous. Two long and 
narrow locules symmetrically positioned 
in the mesocarp extend from the base to 
the apex of the fruit and hold the seeds. 
The endocarp is not distinguishable 
from the mesocarp. One or two fruits 
develop from ramiflorous inflorescences 
(dichasium). Many seeds per fruit  
(42-125). When cut, fruits exude 
abundant white latex.

SEED very small: length 0.8 (0.7-0.9) cm; 
width 0.5 (0.4-0.6) cm; thickness 0.2  
(0.2-0.3) cm; weight 0.04 (0.04-0.05) g. 
Greyish-brown, opaque, and firm. Shape 
irregular or ellipsoid to discoid, with 
an asymmetric base and a rounded 
to apiculate apex. Testa very thin, 
appearing smooth, but wrinkled and 
glabrous. A thin longitudinal line on 
one side of the seed appears to divide it 
into two parts.

DEVELOPMENT: in the greenhouse shoots emerge in 
7 (4-15) months and the seedling is fully developed 
one month later. After root protrusion, the hypocotyl 
lengthens by a few centimetres in a hook-shaped phase 
and enlarges due to transfer of reserves from endosperm. 
The hypocotyl becomes erect, and the cotyledons are 
released from the seed, expand slightly, and orient 
themselves at an angle of 180°. As development proceeds, 
the epicotyl lengthens and the first leaves, which are 
much larger than the cotyledons, expand. Seedlings 
can be confused with those of some Myrtaceae 
and Rubiaceae. Latex is not present in the 
earliest stages of development.
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44 Couma guianensis Aubl. Apocynaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar, with the axis 
between the cotyledons.

SEEDLING: Hypocotyl elongated 
(4.8-7.9 cm), green, slightly asperous, 
and glabrous. As development proceeds, 
becoming brown and covered with light to 
dark brown, circular or elongated to linear 
lenticels concentrated in the basal part of 
the axis. Cotyledons foliaceous, simple, 
and sessile. Cotyledon blade discolourous; 
adaxial side dark green and abaxial side 
light green; obovate to orbicular.  
Epicotyl (1.3-2.9 cm) green and velvety, 
with short erect whitish to yellowish hairs, 
distributed evenly throughout the axis. 
Lenticels scarce, light brown, circular, and 
clustered. Subsequent internodes (0.2-
0.8 cm) green to light green, velvety, with 
whitish-yellow hairs more abundant than 
on the epicotyl. Colour darker on the upper 
part of the internode probably due to the 
oxidised exudate from the apical region. 
First leaves (3.8-5.9 cm) simple, opposite, 
ovate to elliptical, and papyraceous.  
Petiole (0.1-0.3 cm) flat, with colour, 
texture and indumentum similar to those 
of the epicotyl. Leaf blade discolourous; 
adaxial side dark green and smooth, abaxial 
side light green and slightly asperous; 
opaque and with sparse short and whitish 
hairs on both sides. Base rounded, apex 
acute to acuminate. Margin entire, slightly 
revolute near the base, with sparse hairs 
similar to those of the leaf blade, but only 
present at the base. Venation pinnate, 
midvein impressed concave. Hairs short, 
erect and whitish on the venation of both 
sides, but more abundant on the abaxial 
side. Secondary venation brochidodromous, 
impressed concave, hairs on the abaxial 
side similar to those of the midvein. 
Intersecondaries sparse. Tertiary and 
quaternary venation absent.  

Next leaves (3.4-6.3 cm) 
simple, decussate, elliptical to 
obelliptical. Base cuneate and 
apex short-acuminate. Margin 
ciliate. Other characters of the 
leaves and petiole are similar 
to those of the first leaves. 
Apical bud (ca. 0.1 cm) 
conical, resembling a leaf, 
green, velvety, with short erect whitish 
hairs. The bud is hidden when covered by 
oxidised exudate. Latex white, sticky, and 
very abundant. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (11.0-14.5 cm), always verticillate 
in threes, chartaceous, orbicular to oval. 
Petiole (1.2-2.0 cm) light green and 
strongly twisted, rugose, with sparse, 
yellowish, short, and erect hairs. Leaf 
blade strongly discolourous; adaxial side 
dark green and smooth, abaxial side light 
whitish-green, slightly asperous or velvety. 
Base symmetrical or asymmetric, cuneate 
to rounded, apex acuminate, margin 
strongly revolute. Venation pinnate, but 
with a flat midvein; secondary venation 
mostly brochidodromous, but at the 
base eucamptodromous, flat adaxially 
and raised abaxially. Intersecondaries 
frequent, tertiaries percurrent oblique, and 
quaternaries incomplete. 
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Guianan Chicle Tree

FRUIT very large: length 4.7  
(3.5-5.8) cm; width 4.9 (3.8-5.8) cm; 
thickness 4.8 (3.7-6.1) cm; weight 64 
(27-108) g. Simple, gymnocarpi, fleshy 
fruit: berry (bacca) indehiscent, green, 
becoming yellow at maturity. Shape 
globose. Calyx persistent.  
Epicarp thin (< 0.1 cm) and 
smooth. Mesocarp yellowish, 
fleshy, and succulent, exuding 
white, sticky latex. The 
endocarp does not obviously 
differ from the mesocarp. 
Fruits develop from axillary 
or terminal corymbose 
inflorescences, dichasia 
or pleiochasia. Peduncle 
circular (1.0-6.5 cm). Four to 
fifteen seeds per fruit. 

DEVELOPMENT: in the greenhouse shoots emerge after 4 (3-6) weeks and seedlings 
are fully formed approximately two weeks later. After root protrusion the hypocotyl passes 
through a hook-shaped phase and becomes erect, lifting the cotyledons, which are still 
covered by the integument of the seed. Next the cotyledons free themselves from the 
seed, expand slightly, and form an angle of < 180°. As development proceeds, the epicotyl 
elongates and the first pair of opposite leaves emerge. All parts of the seedling exude 
abundant white latex when wounded. 

SEED small: length 1.4 (1.2-1.7) cm; 
width 1.0 (0.8-1.2) cm; thickness 0.5 
(0.3-0.6) cm; weight 0.5 (0.3-0.7) g. 
The seed is entirely covered by a fibrous, 
yellowish, opaque layer (< 0.2 cm). 
Consistency slightly flexible and 
shape flat-ellipsoid. Texture rugose to 
asperous. 

1 
cm

2 
cm

3 
cm



46 Protium apiculatum Swart. Burseraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

Characters that differ in adults: leaves 
larger (27-42 cm), imparipinnate, with 
9-17 leaflets. Petiole longer (10-15 cm) 
and asperous. Pulvinus larger (ca. 0.8 cm). 
Petiolule (0.6-1.0 cm) greenish-brown, 
canaliculate, similar to petiole in texture 
and indumentum. Leaflets larger (9-16 cm), 
oblong to elliptic. Leaf blade with a 
slightly asymmetric or cuneate to rounded 
base and an acuminate and apiculate apex. 
Midvein impressed biconcave. Resin scarce 
or absent and colourless.

GERMINATION: epigeal, cryptocotylar, 
and unipolar, with the axis between the 
cotyledons.

SEEDLING: Hypocotyl elongated 
(4.0-9.0 cm), light brown, velvety, and 
densely covered with long, adpressed, 
yellowish hairs. Older seedlings may 
have asperous and glabrous hypocotyls 
with longitudinal striations. Cotyledons 
with reserves, remaining attached to 
the plant for approximately one month. 
Epicotyl (0.5-2.0 cm) initially green, 
smooth, and sparsely covered with short, 
erect, yellowish hairs; becoming light 
brown, rough, sometimes glabrous with 
longitudinal striations. Subsequent 
internodes (0.3-1.0 cm) light brown to 
greenish-brown, similar to the epicotyl 
in texture and indumentum. First leaves 
(3.5-7.0 cm) simple, deltoid to lanceolate, 
papyraceous, and opposite. Petiole 
(0.2-0.5 cm) canaliculate, similar to 
the epicotyl in colour, texture, and 
indumentum. Leaf blade bullate and 
slightly discolourous; Adaxial side green, 
shiny, smooth, and glabrous; abaxial side 
light green, opaque, smooth, and with 
short, sparse, light-coloured hairs, more 
abundant on the midvein. Base truncate, 
rounded, or slightly cordate, and apex 
acuminate; margin slightly revolute, 
crenate at the apex. Venation pinnate, 
midvein raised convex, with indumentum 
on both sides but more abundant abaxially. 
Secondary venation brochidodromous, 
slightly raised on the adaxial side and 
raised abaxially. Intersecondaries present, 
tertiaries reticulate, and quaternaries 
incomplete.  

Next leaves share most characters 
described for the first leaves, but 
are larger (8.0-13.0 cm), compound, 
unifoliolate (appearing simple), and 
spiralled. Petiole larger (1.5-3.0 cm), 
greenish-brown, velvety and with 
more indumentum. Pulvinus  
(ca. 0.2 cm) greenish-brown, 
transversely striate, and similar 
to the petiole in texture and 
indumentum. Petiolule reduced to 
the pulvinulus. Pulvinulus  
(ca. 0.5 cm) similar to the petiole 
in texture and indumentum. 

SEEDLING ADULT

ADULTSEEDLING

Leaflets (7.0-11.5 cm) elliptical to slightly 
ovate. Leaf blade with sparser indumentum 
abaxially. Base rounded, sometimes slightly 
asymmetric, and apex acuminate to 
caudate; margin entire. Midvein glabrous 
on the adaxial side and with sparse 
indumentum abaxially. Apical bud  
(ca. 0.3 cm) dark green, hood-shaped, 
velvety, and densely covered with yellowish 
to rust-coloured hairs. Resin light brown 
and watery.
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Black Breu

FRUIT medium-sized: 
length 2.3 (2.1-2.6) cm; 
width 2.0 (1.7-2.8) cm; 
thickness 1.9 (1.7-2.0) cm; 
weight 4.8 (3.3-7.3) g. 
Simple, gymnocarpic 
drupaceous fruit:  
nuculanium greenish, 
maturing orangish-yellow. 
Shape globoid to ellipsoid, 
with a rounded base and 
apex. Pericarp thick  
(0.3-0.4 cm), rubbery, smooth, 
and glabrous; opening in two 
or three valves that are smooth 
and whitish, pinkish or magenta 
inside. Columella pinkish, present 
only in fruits with more than 
one pyrene. Pseudoaril white 
in immature fruits, pinkish in 
mature fruits (ca. 0.2 cm), fleshy 
and soft; completely surrounds 
the pyrene. Fruits develop from 
axillary paniculate inflorescences. 
One pyrene (rarely two) per fruit.

PYRENE small: length 1.5 (1.1-1.8) cm; 
width 0.9 (0.8-1.0) cm; thickness 0.7 
(0.6-0.9) cm; weight 0.4 (0.3-0.5) g. 
Endocarp light brown to dark brown, 
sometimes greenish, opaque, and with 
a bony consistency. Shape irregular, 
with a pointed base and rounded apex. 
The funicular region has a whitish 
patch whose texture and consistency 
differ from the rest of the pyrene. The 
patch turns light brown in dry pyrenes. 
Endocarp rugose and glabrous.

DEVELOPMENT: in the greenhouse shoots emerge in 13 (12-14) days and the 
seedling is fully developed approximately 13 days later. After root protrusion, the 
hypocotyl elongates, elevating the cotyledons. Immediately afterwards, the endocarp 
splits longitudinally, allowing the epicotyl to grow. The cotyledons never separate from 
the endocarp and fall off during the expansion of the first pair of leaves. 
Seedlings with attached cotyledons are commonly observed in the field. 
During a year of observation in the greenhouse, most of the 
seedlings produced roughly 10 unifoliolate leaves 
before producing compound leaves with up to nine 
leaflets. As in other species of Protium, the leaflets 
and stems produce a pleasant balsam smell when 
wounded, due to the family’s characteristic resin.
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48 Protium decandrum (Aubl.) Marchand

Amazonian Fruits, Seeds & Seedlings

Burseraceae

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar, with the axis 
lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in 
the pyrene, showing only their petioles. 
Epicotyl (5-12 cm) initially green, 
turning brown; rugose and glabrous, with 
abundant orangish lenticels, more apparent 
in developed seedlings. Subsequent 
internodes (0.5-3.0 cm) light brown, 
rugose, and glabrous. First leaves  
(3.5-5.5 cm) unifoliolate compound 
(appearing simple) and opposite. Petiole 
(ca. 0.5 cm) dark green and canaliculate. 
Pulvinus (ca. 0.1 cm). Petiolule reduced to 
the pulvinulus. Pulvinulus (ca. 0.1 cm). 
Leaflets (3-5 cm) elliptic to oval and 
slightly chartaceous. Leaf blade green, 
smooth, and glabrous on both sides. Base 
cuneate and apex acute to acuminate; 
margin entire. Venation pinnate, midvein 
raised convex. Secondary venation 
brochidodromous, flat on the adaxial side 
and raised abaxially. Intersecondaries 
present and tertiaries reticulate.  
Next leaves are mostly similar to the 
first leaves, but are larger (5-10 cm) and 
spiralled. Petiole larger (0.3-1.0 cm). 

SEEDLING ADULT

Pulvinus brown, thick, woody, and 
glabrous, well differentiated from the 
petiole. Petiolule sometimes reduced to the 
pulvinulus. Pulvinulus brown, thick, woody, 
and glabrous, well differentiated from the 
petiolule, sometimes present at the base 
and apex of the petiolule. Leaflets slightly 
larger, elliptical, and chartaceous. Base 
sometimes asymmetric or cuneate and apex 
acuminate. Secondary venation raised on 
both sides. Quaternaries areolate.  
Leaf transition: the seedlings begin to 
produce leaves with 2-5 leaflets, larger 
than those of adult individuals.  
Apical bud green and lanceolate. Resin 
scarce or absent, colourless and watery.

Characters that differ in adults: leaves 
larger (10-20 cm), with 1-5 leaflets. Petiole 
(2-3 cm), petiolule (ca. 1 cm), rachis  
(5-7 cm), and leaflets larger (10-15 cm). 
Galls are common on leaflets.SEEDLING

ADULT
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Yellow Breu

PYRENE small: length 1.2 (0.9-1.4) cm; 
width 1.2 (1.0-1.4) cm; thickness 1.0 
(0.7-1.3) cm; weight 0.6 (0.2-1.0) g. 
Endocarp brown to black and firm. 
Shape ovoid, becoming narrower at one 
pole. A patch in the funicular region 
has a colour, consistency, and texture 
different from the rest of the pyrene: 
white in fresh pyrenes and brown in 
dry pyrenes. Endocarp rugose, densely 
covered by erect, white to golden hairs.

FRUIT small: length 1.7  
(1.3-1.9) cm; width 1.9 (1.5-2.9) cm; 
thickness 1.7 (1.3-2.6) cm; weight 
1.8 (0.8-6.1) g. Simple, gymnocarpi 
drupaceous fruit: nuculanium green, 
maturing yellowish-green. Shape 
globose. Pericarp (ca. 0.2 cm) 
slightly coriaceous, smooth, and 
glabrous; opening in two or four 
valves that are white, velvety, 
and reticulate inside. Columella 
white and uniformly velvety. 
Pseudoaril white (ca. 0.5 cm), 
fleshy, and soft; covers the 
pyrene completely. Fruits 
develop from axillary paniculate 
inflorescences. One to three  
pyrenes per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after two weeks and the seedling is 
fully developed approximately one week later. After root protrusion, the epicotyl lengthens 
a few centimetres longer and the first two leaves expand. In most seedlings observed in 
the greenhouse over two years, the first 30 leaves were exclusively unifoliolate, while 
subsequent leaves were bifoliolate, trifoliolate or pentafoliolate. As in other species of 
Protium, the leaflets and stems produce a pleasant balsam smell when wounded, due to 
the family’s characteristic resin.1 
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50 Protium hebetatum Daly Burseraceae  

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar, with the axis 
lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
in the pyrene, showing only their 
petioles. Epicotyl (ca. 12 cm) 
initially red, becoming dark green 
and then brown; smooth and glabrous. 
Subsequent internodes (0.5-11.0 cm) 
similar in colour to the epicotyl, striate 
and glabrous, with many miniscule, linear, 
and vertically aligned lenticels. First 
leaves (ca. 10 cm), compound, trifoliolate, 
and opposite. Petiole (1.5-2.0 cm) green, 
flat, smooth, and glabrous. Pulvinus  
(ca. 0.2 cm). Petiolule (ca. 0.5 cm). 
Pulvinulus (ca. 0.2 cm) green and glabrous. 
Rachis (ca. 1 cm) green, flat, smooth, 
and glabrous. Leaflets (5-7 cm) elliptical 
to oval, papyraceous to chartaceous. 
Leaf blade slightly discolorous; adaxial 
side dark green and abaxial side green; 
smooth and glabrous on both sides. 
Base rounded, sometimes cuneate, and 
apex caudate; margin entire. Venation 
pinnate, midvein raised convex. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial 
side. Intersecondaries present, tertiaries 
reticulate, and quaternaries areolate. 
Next leaves are mostly similar to the first 
leaves, but are larger (10-45 cm), spiralled, 
and may have 3-15 leaflets. Petiole 
longer (3-10 cm), circular at the apex 

and canaliculate at the base. Pulvinulus 
enlarged, present at the apex and at the 
base of the petiolule. Leaflets slightly 
larger, elliptical to oblong. Leaf blade 
base commonly asymmetric or cuneate to 
rounded. Apical bud green, small, and 
pointy, slightly curved, velvety, and densely 
covered with very short, adpressed golden 
hairs. Resin colourless and watery.

1 
cm

SEEDLING

Characters that differ in adults: 
leaves larger (30-50 cm), with 3-11 
leaflets. Petiole longer (7-15 cm). 
Pulvinus and pulvinulus brown and 
woody. Leaflets larger (10-20 cm) 
and coriaceous. Leaf blade bullate. 
Galls are commonly found on the 
leaflets.

ADULT

SEEDLING ADULT
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Swollen Leaf-stalk Breu

PYRENE medium-sized: length  
2.1 (1.8-2.2) cm; width 1.8 (1.6-2.0) cm; 
thickness 1.6 (1.2-1.9) cm; weight 
3.0 (2.0-4.1) g. Endocarp greyish-
black, consistency firm. Shape ovoid, 
narrowing at one pole. A lilac-coloured 
patch in the funicular region has a 
consistency and texture different from 
the rest of the pyrene. The patch is 
not covered by the pulp and becomes 
whitish in dried pyrenes. Endocarp 
smooth and glabrous.

FRUIT medium-sized: length 2.6  
(2.2-2.9) cm; width 2.4 (1.8-2.7) cm; 
thickness 2.4 (1.7-2.7) cm; weight 
5.6 (2.1-8.2) g. Simple, gymnocarpi 
drupaceous fruit: nuculanium green at 
maturity. Shape globose to ovoid, with 
a slightly acute apex. Pericarp 
(ca. 0.3 cm) slightly coriaceous, 
smooth and glabrous, opening in 
two or three valves whose inside 
is white and appears velvety. 
Columella whitish and 
velvety. Pseudoaril white-
translucent (ca. 0.3 cm), 
fleshy and soft; almost 
entirely surrounding the 
surface of the pyrene. The 
fruits develop from axillary 
inflorescences in a panicle. 
Typically one to two pyrenes 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge in 3 (1-8) weeks and seedlings 
are fully developed approximately two weeks later. After root protrusion, the epicotyl 
elongates and the first two leaves expand. In this stage, leaflets are initially red and 
drooping, and contrast with the green epicotyl, petiole, and venation, making the species 
easy to recognize in the field. As with other species of Protium, the leaflets and stems 
produce a pleasant balsam smell when wounded, due to the family’s characteristic resin.

1 
cm

1 
cm

2 
cm



52 Protium klugii J.F.Macbr. Burseraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl elongated  
(3.5-6.5 cm), velvety, and densely 
covered with long, adpressed, 
whitish becoming dark-brown hairs. 
Cotyledons with reserves, petiolate. 
The cotyledonar petioles have the same 
type of indumentum as the hypocotyl. 
Epicotyl (0.9-2.6 cm) initially green, 
asperous, and covered with short brown 
and erect hairs; becoming light brown, 
with indumentum similar to that of the 
hypocotyl, but with shorter hairs; has 
brown, circular and sparse lenticels. 
Subsequent internodes (0.2-1.0 cm) 
green, with texture and indumentum 
similar to those of the epicotyl, with 
fewer hairs and an easily removable waxy 
brown covering. Has brown, circular, and 
sparse lenticels, especially on the basal 
internodes. First leaves (4.5-5.5 cm) 
compound unifoliolate (apparently simple), 
elliptical, chartaceous and opposite to 
subopposite. Petiole (ca. 0.4 cm) green, 
canaliculate, asperous, and with sparse 
hairs similar to those of the hypocotyl. 
Leaf blade discolourous; adaxial side 
green, smooth, and with sparse, short, 
light-coloured hairs; abaxial side light 
green, slightly asperous, and with short 
dark, rigid, and sparse hairs; opaque 
on both sides. Base cuneate and apex 
slightly acuminate; margin entire and 
ciliate. Venation pinnate, midvein raised 
convex, with indumentum similar to that 
of the leaf blade, but denser. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial side. 
Intersecondaries frequent, tertiaries and 
quaternaries not visible.  

Next leaves share many characters 
described for the first leaves, but are 
larger (4-12 cm), oblanceolate to 
elliptical and spiralled. Petiole longer 
(0.4-0.7 cm) and densely covered 
with brown, sessile, stellate hairs, 
and also with the same indumentum 
as on the hypocotyl, epicotyl, and 
internodes. Leaf blade with abaxial 
side greyish-green and light-
coloured, short, stellate, abundant 
hairs scattered across its surface and 
venation. Margin slightly revolute. 
Midvein with stellate hairs similar to 
those of the leaf blade, but less abundant. 
Secondary venation slightly raised on the 
abaxial side and indumentum similar to 
that of the midvein. Tertiaries percurrent 
oblique and quaternaries incomplete. 
Apical bud (ca. 0.3 cm) brown, lanceolate, 
curved, slightly asperous, densely covered 
with both light-coloured and brown hairs. 
Resin colourless, not very sticky, and 
smelling of balsam.

SEEDLING

SEEDLING ADULT

Characters that differ in 
adults: leaves larger (18-31 cm), 

compound, paripinnate or imparipinnate, 
typically with 5-6 leaflets. Petiole longer 
(2.5-6.0 cm) greenish-brown, flat, slightly 
asperous and covered with short, yellowish 
hairs and lenticels. Pulvinus (0.4-0.7 cm) 
with colour similar of the petiole. Rachis 
green, circular and with short, whitish 
and yellowish hairs. Petiolule (1.0-1.5 cm) 
greenish-brown, canaliculate, slightly 
velvety, and with indumentum similar to 
that of the petiole; sometimes slightly 
winged. Pulvinulus basal (0.2-0.5 cm) 
and apical (0.3-0.5 cm), greenish-brown 
and with indumentum similar to that of 
the petiole. Leaflets (12-22 cm) oval to 
elliptical and coriaceous. Leaf blade bullate 
and discolourous: adaxial side dark green, 
shiny, smooth, and glabrous; abaxial side 
light green, opaque, asperous, and with 
short sparse yellowish hairs. Base cuneate 
or slightly asymmetric; apex acuminate. 
Margin revolute. Midvein sparsely covered 
with hairs on the abaxial side. Resin light 
yellow or greenish-white.

ADULT

1 
cm
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Velvety Leaf-stalk Breu

FRUIT medium-sized: length 2.4 
(2.0-2.8) cm; width 3.0 (2.4-3.9) cm; 
thickness 2.3 (1.8-2.8) cm; weight 9  
(5-15) g. Simple, gymnocarpi 
drupaceous fruit: nuculanium light 
green, becoming greenish-brown at 
maturity. Shape globoid to irregular, 
depending on the number of pyrenes. 
Base rounded; apex rounded and slightly 
emarginate. Pericarp (ca. 0.2 cm) firm 
and flexible, asperous, and glabrous; 
opening in two or three valves, which 
are internally white and reticulate. 
Columella white, only present in fruits 
with more than one pyrene. Pseudoaril 
snow-white (ca. 0.3 cm), fleshy, and 
soft; completely surrounds the surface 
of the pyrene. Fruits develop from 
axillary inflorescences in panicles. One 
to two pyrenes per fruit.

DEVELOPMENT: shoots emerge in the greenhouse at 8 (6-10) months and the 
seedling is fully formed approximately two weeks later. After root protrusion the hypocotyl 
elongates in a hook-shaped phase, soon after get straight, lifting the pyrene. During this 
stage, the hypocotyl and the root thicken due to transfer of reserve from endosperm. 
Next the hypocotyl becomes erect, and while the pyrene is still attached, the epicotyl 
elongates a few millimetres and the first opposite leaves expand. The cotyledons never 
free themselves from the endocarp, and take a long time to fall from the seedling. In the 
field it is easy to identify seedlings with attached cotyledons. As with other species in 
the genus, the leaves, leaflets, and stem give off a pleasant smell of balsam when 
wounded, due to the family’s characteristic resin.

PYRENE small: length 1.7 (1.4-1.9) cm; 
width 2.1 (1.5-2.5) cm; thickness 1.3 
(1.0-1.5) cm; weight 1.6 (0.7-2.2) g. 
Endocarp light green to yellowish-green, 
opaque, and with a firm consistency. 
Shape irregular, narrowing towards 
one of the poles. In the funicular 
region there is a depression with a 
small whitish spot with a different 
consistency and texture from the rest 
of the pyrene. When dry, the pyrenes 
become light brown and the spot turns 
yellowish. Endocarp rugose and glabrous.

1 
cm

1 
cm
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54 Protium peruvianum Swart

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

Burseraceae

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(4.5-7.0 cm), green, smooth, sparsely 
covered with yellowish-white and 
adpressed hairs. Cotyledons (ca. 3 cm) 
foliaceous, green, and opposite. Shape 
lobed, with base auriculate, apex caudate, 
and margin entire on the central lobe and 
serrate on the lateral lobes. Petiole short, 
green, slightly canaliculate, and with a 
few hairs at the base. Cotyledonar blade 
chartaceous and glabrous; slightly asperous 
on both sides. Venation palmate; secondary 
venation brochidodromous, tertiary 
venation reticulate. Epicotyl (3.0-4.5 cm) 
green, smooth, with indumentum similar to 
that of the hypocotyl, but with shorter hairs. 
Subsequent internodes (0.3-1.5 cm) green, 
with texture and indumentum similar to 
those of the epicotyl. First leaves  
(7-10 cm) compound unifoliolate, deltoid 
to ovate, papyraceous. Petiole (ca. 2 cm) 
green and circular, slightly asperous, and with 
indumentum similar to that of the hypocotyl. 
Pulvinus (ca. 0.2 cm). Petiolule reduced 
to the pulvinulus. Pulvinulus (ca. 0.2 cm). 
Leaflet (5-8 cm) deltoid and chartaceous.  

Leaf blade green, bullate, and slightly 
discolourous; adaxial side green and abaxial 
side light green; slightly asperous and 
glabrous on both sides. Base truncate to 
slightly cordate and apex caudate; margin 
entire and slightly revolute. Venation 
pinnate, midvein raised convex. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial 
side. Intersecondaries frequent, tertiaries 
reticulate, and quaternaries areolate. 
Next leaves share many of the characters 
described for the first leaves, but are larger 
(7-20 cm), ovate to elliptical, and spiralled. 
Petiole longer (3-5 cm). Margin slightly 
sinuous. Apical bud (0.2-0.7 cm) green, 
straight to curved, smooth and glabrous. 
Resin colourless, sparse, slightly sticky,  
and smelling of balsam.

SEEDLING ADULT

SEEDLING ADULT

Characters that differ in adults: 
leaves larger (36-57 cm), paripinnate or 
imparipinnate, with 8-11 leaflets. Petiole 
longer (11-19 cm), greenish-brown, 
circular, smooth, and covered with sparse 
hairs. Pulvinus (0.5-0.8 cm) with colour, 
texture, and indumentum similar to those 
of the petiole. Petiolule (1.4-1.7 cm) 
green, circular, and with indumentum 
similar to that of the petiole. Pulvinulus 
basal and apical (0.3-0.4 cm), greenish-
brown, and with indumentum similar to 
that of the petiole. Rachis (24-30 cm) 
circular, smooth, and glabrous. Leaflets 
(13-17 cm) elliptical and chartaceous. 
Leaf blade discolourous: adaxial side dark 
green and abaxial side light green; shiny, 
smooth, and glabrous on both sides. Base 
cuneate, slightly asymmetric, and apex 
acuminate and apiculate. Margin revolute. 
Midvein sparsely covered with hairs on 
both sides. Tertiaries percurrent oblique 
and quaternaries areolate.

2 
cm
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Peruvian Breu

FRUIT medium-sized: length 1.9 
(1.0-2.3) cm; width 1.8 (0.7-2.5) cm; 
thickness 1.6 (1.4-2.2) cm; weight 3.4  
(2-6) g. Simple, gymnocarpi drupaceous 
fruit: nuculanium light green, becoming 
yellowish and later red at maturity. 
Shape globoid to ellipsoid, depending 
on the number of pyrenes. Base cordate 
and apex slightly mucronate, with a 
persistent stigma. Pericarp (0.1-0.2 cm) 
firm, slightly asperous, and glabrous; 
opening in 2-3 valves which are 
internally fibrous, reticulate, and 
whitish-red. Columella reddish-white, 
only present in fruits with more than 
one pyrene. Pseudoaril snow-white  
(ca. 0.1 cm), fleshy, soft, and 
completely covering the surface of the 
pyrene. The fruits develop from axillary 
and terminal inflorescences in panicles. 
One to three pyrenes per 
fruit.

DEVELOPMENT: shoots emerge in the greenhouse at 13 (10-28) days and the 
seedling is fully formed approximately 20 days later. After root protrusion the hypocotyl 
elongates in a hook-shaped phase, lifting the pyrene. Afterwards the hypocotyl becomes 
erect, the pyrene opens, and the cotyledons expand. The cotyledons remain attached to 
the seedling for a short time. In the next stage the pyrene falls off, the epicotyl elongates 
a few millimetres, and the first leaf expands. As in the other species of the genus, the 
cotyledons, leaves, leaflets, and stem give off a pleasant smell of balsam when wounded, 
due to the characteristic resin of the family.

PYRENE small: length 1.4 (1.4-1.5) 
cm; width 1.2 (1.1-1.2) cm; thickness 0.7 
(0.6-0.8) cm; weight 0.5 (0.4-0.6) g. 
Endocarp light green, opaque, and with 
a firm consistency. Shape irregular, 
narrowing at one of the poles. In the 
funicular region there is a whitish 
spot with a different consistency and 
texture from the rest of the pyrene. The 
spot becomes greyish in dry pyrenes. 
Endocarp smooth and glabrous.

1 
cm

1 cm

1 
cm



56 Protium spruceanum (Benth.) Engl. Burseraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.
 
SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in 
the pyrene, showing only their petioles. 
Epicotyl-first leaf axis (2-6 cm) initially 
green, becoming brown; striate, with 
orangish, circular lenticels which are more 
visible in older seedlings. Cataphylls may 
have one or two. Subsequent internodes 
(0.5-2.5 cm) light green, striate, and 
pubescent, with lenticels similar to 
those on the axis. First leaves (3-6 cm) 
compound, unifoliolate or trifoliolate, and 
opposite or alternate. Petiole (0.3-0.6 cm) 
green and canaliculate. Pulvinus  
(ca. 0.1 cm), petiolule (ca. 0.3 cm), 
pulvinulus (ca. 0.1 cm), and rachis  
(ca. 1 cm) green. Leaflets (ca. 3 cm) 
elliptical to slightly ovate and chartaceous. 
Leaf blade green and smooth on both 
sides; glabrous on the adaxial side and 
pubescent on the abaxial side, especially 
along the secondary veins. Base rounded 
and apex acute to acuminate; margin entire 
but crenate at the apex. Venation pinnate, 
midvein raised convex. Secondary venation 
brochidodromous, slightly raised on the 
adaxial side and raised on the abaxial side. 
Intersecondaries present and tertiaries 
reticulate. Next leaves share some of 
the characters described for the first 
leaves, but are larger (3-13 cm), normally 
unifoliolate or with two or three leaflets, 
and spiralled. Petiole longer (0.3-3.0 cm). 
Petiolule longer (0.3-2.0 cm), green, 
canaliculate, smooth, and pubescent. 

Rachis longer (ca. 2 cm). Leaflets larger 
(3-10 cm), elliptical and chartaceous. 
Leaf blade pubescent on the adaxial 
side. Base cuneate or asymmetric and 
apex acuminate. Secondary venation 
raised on both sides. Apical bud green, 
lanceolate, initially curved, smooth 

and with canescent hairs. Resin 
colourless and watery, making 

powdery white patches on 
plant parts when dry.

Characters that differ in adults: leaves 
larger (15-50 cm), with 3-11 leaflets. 
Midvein and petiole with canescent 
indumentum. Galls are commonly found on 
the leaflets.

ADULT

ADULTSEEDLING

SEEDLING
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White-powdered Breu

PYRENE small: length 1.3 (1.2-1.5) cm; 
width 0.8 (0.7-0.9) cm; thickness 0.7  
(0.6-0.8) cm; weight 0.4 (0.3-0.5) g. 
Endocarp green to dark green; consistency 
bony. Shape ovoid, narrowing at one of the 
poles. A patch in the funicular region has 
a colour, consistency, and texture different 
from the rest of the pyrene. The patch is 
white in fresh pyrenes and light yellow in 
dry pyrenes. Endocarp smooth and glabrous.

FRUIT medium-sized: length 1.8  
(1.6-2.0) cm; width 1.5 (1.2-2.3) cm; 
thickness 1.3 (1.0-1.4) cm; weight 
2.1 (1.6-3.8) g. Simple, gymnocarpi 
drupaceous fruit: nuculanium green, 
becoming red with powdery white 
patches (dried resin) at maturity. 
Shape ellipsoid, with a rounded 
base, acute apex, and persistent 
stigma. Pericarp (ca. 0.1 cm) slightly 
coriaceous, smooth and glabrous; 
opening in two or three valves whose 
inside is white, velvety and reticulate. 
Columella white and uniformly velvety, 
present in fruits with two pyrenes. 
Pseudoaril white (0.6 cm), fleshy and 
soft; completely covers the surface of 
the pyrene. The fruits develop from 
axillary inflorescences in panicles.  
One to two pyrenes per fruit.

DEVELOPMENT: once dormancy is 
broken, shoots in the greenhouse emerge 
in 4 (3-8) weeks and the seedling is fully 
formed approximately four weeks later. After 
root protrusion, the epicotyl elongates and 
the two first leaves expand. The seedling is 
extremely variable in its early morphology. 
The first leaves are alternate in seedlings 
with cataphylls and opposite in seedlings 
lacking cataphylls. As with other species of 
Protium, the leaflets and stems produce a 
pleasant balsam smell when wounded, due 
to the family’s characteristic resin. Parts 
of the seedling are covered with a white 
powder (dried resin).
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58 Acioa longipendula (Pilg.) Sothers & Prance Chrysobalanaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated 
(12-20 cm), enlarged, initially whitish, 
becoming light green and brown, 
striate to corrugate, glabrous and 
with circular black intumescences 
on recently germinated seedlings. 
Cotyledons (ca. 9 cm) with reserves, 
green, lanceolate, sessile, smooth 
and glabrous. Cotyledons remain 
erect for at least three months and 
become rugose as the reserves are 
exhausted. Epicotyl (5-8 cm) with 
colour, texture, and intumescences 
similar to those of the hypocotyl. 
Subsequent internodes (0.7-3.0 cm) 
green, slightly rubbery, and glabrous. 
Bearing whitish, elongate lenticels, 
abundant and scattered. First leaves  
(16-22 cm) simple, elliptical, chartaceous, 
and opposite. Stipules (0.3-0.5 cm) 
reddish, conical, and caducous. Petiole  
(ca. 1 cm) reddish-green, canaliculate, 
smooth to slightly rugose, rubbery and 
glabrous. Leaf blade discolourous; adaxial 
side dark green and abaxial side green; 
opaque, smooth to slightly rugose, and 
glabrous on both sides. Base cuneate 
or rounded and apex acuminate; margin 
entire and revolute. Blackish, punctiform 
glands are found at the base of the leaf 
and near the margin. Venation pinnate, 
midvein raised convex. Secondary venation 
brochidodromous, flat on the adaxial 
side and raised on the abaxial side. 
Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
Next leaves share the same characters as 
the first leaves, but are alternate and bear 
lanceolate stipules. Apical bud (ca. 0.5 cm) 
reddish, conical, smooth, and glabrous.

ADULT

Characters that differ in adults: 
leaves smaller (9-18 cm), elliptical to 
oval. Stipules smaller (ca. 0.2 cm), 
blackish, lanceolate to triangular.
Petiole shorter (0.5-0.9 cm), greenish-
brown, circular to canaliculate and 
twisted. Base rounded. Sparse glands 
on the leaf blade.

SEEDLING

SEEDLING ADULT

3 
cm

5 
cm
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Castanha-de-galinhaPendant Nut

FRUIT large: length 5.9 (4.9-
8.2) cm; width 4.2 (3.6-4.6) cm; 
thickness 3.9 (3.2-4.4) cm; weight 
48 (23-94) g. Simple, gymnocarpic 
drupaceous fruit: drupe light green. 
Shape ovoid, with a persistent 
calyx. Epicarp velvety and firm, 
pubescent, covered with very short, 
light-coloured, erect hairs. Mesocarp 
(0.2-0.4 cm) whitish-green. The 
fruits develop from terminal 
inflorescences in racemes with a 
very long axis (70-80 cm). One 
pyrene per fruit. The external layers 
come loose, the pyrene remains on 
the tree. 
 
PYRENE large: length  
5.2 (3.5-5.8) cm; 
width 3.7(3.3-4.1) cm; 
thickness 3.5 (3.1-3.9) 
cm; weight 31 (26-44) g. 
Colour light yellow turning 
brown. Shape ovoid. 
Endocarp (0.6-0.9 cm), light 
brown to yellowish-brown, 
hard and fibrous. Internally 
light pinkish with a wolly 
indumentum.  
The fruit is indehiscent 
and the seed germinates 
while still surrounded by 
the fruit. Cutting the fruit 
in half reveals a basal 
embryo with a rudimentary 
and prominent axis in 
relation to the external 
surface of the cotyledons.  

DEVELOPMENT: in the greenhouse shoots 
emerge after 3 (2-4) weeks and the seedling 
is fully formed seven weeks later. After root 
protrusion, the hypocotyl lengthens a few 
centimetres and passes through a short hook-
shaped phase as it lifts the fruit. Immediately 
afterwards, the cotyledons are freed from the fruit 
and the hypocotyl becomes erect. The cotyledons 
open slightly, forming an angle of less than 
30° between them. The epicotyl lengthens at 
the same time that the first leaves expand. The 
reddish new leaves with glands along the margin 
and peculiar cotyledons make the species easy to 
identify in the field.

2 
cm

2 
cm



60 Calophyllum brasiliense Cambess. Calophyllaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in 
the pyrene, showing only their petioles. 
Epicotyl-first leaf axis (5-10 cm) dark 
green, slightly striate and glabrous, with 
sparse, small, whitish, ellipsoid lenticels. 
Cataphylls (0.3 cm), typically has one 
to four green and caducous cataphylls; 
occasionally a cataphyll is opposite to 
a small leaf. In rare cases cataphylls 
are absent. Below the cataphylls, the 
epicotyl is yellowish, rugose, enlarged, and 
with transverse striations. Subsequent 
internodes (3-5 cm) have a colour, 
texture and indumentum similar to those 
of the axis, but with more lenticels; 
the internodes near the apical bud are 
rectangular in cross-section. First leaves 
(2-6 cm) simple, orbicular to elliptical, 
chartaceous and opposite to subopposite, 
occasionally alternate. Petiole (0.4-
0.7 cm) light green, canaliculate, and 
glabrous. Leaf blade dark green, smooth, 
and glabrous on both sides. Base cuneate 
to rounded and apex acute, sometimes 
mucronate; margin entire and revolute. 
Venation pinnate, midvein raised biconvex. 
Secondary venation craspedodromous, flat 
on both sides. Next leaves share the same 
characters as the first leaves, elliptical, but 
are larger (5-10 cm), with an attenuate to 
cuneate base. Leaf blade undulated near 
margin. Apical bud ferruginous, asperous 
and densely covered with short hairs.  
Latex yellowish and scant.

ADULTSEEDLING

Characters that differ in adults: 
leaves elliptical to oval and coriaceous. 
Petiole longer (1-2 cm), blackish-green, 
and slightly twisted. Leaf blade slightly 
discolorous; adaxial side green and 
shiny and abaxial side light green and 
slightly waxy. Base rounded to cuneate. 
Secondary venation raised on both 
sides. Latex yellow and more abundant. 
Galls may be found on the leaves.

LEAF MORPHOLOGY

SEEDLING ADULT

2 
cm

3 
cm
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Brazilian Beautyleaf

PYRENE medium-sized: length 1.9 
(1.7-2.1) cm; width 1.8 (1.6-2.0) cm; 
thickness 1.7 (1.6-1.9) cm; weight 3.3 
(2.3-4.2) g. Colour light brown with 
yellowish and scattered plaques; has a 
fibrous and firm consistency when fresh. 
Shape globose. Endocarp fine  
(up to 0.1 cm), slightly rough and 
glabrous; comes off together with the 
integument to reveal the yellowish-
white embryo.

FRUIT medium-sized: length 2.2 
(1.8-2.4) cm; width 2.2 (1.9-2.5) cm; 
thickness 2.1 (1.9-2.4) cm; weight 
4.5 (2.6-6.3) g. Simple, gymnocarpi 
drupaceous fruit: drupe green, becoming 
yellowish-green at maturity. Shape 
globose. Epicarp fine, slightly 
reticulate, smooth or a 
little velvety with 
short, yellowish hairs. 
Mesocarp (0.2-0.3 cm) 
yellow and fibrous; 
with yellow latex, 
especially in immature 
fruits. Fruits develop 
from solitary axillary 
flowers. One pyrene 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 25 (10-48) days and the 
seedling is fully formed approximately five days later. The growth of the cotyledon petiole 
precedes the development of the root. The stem emerges from between the two petioles 
and passes through a rapid hook-shaped phase. As the 
stem lengthens, the first leaves arise, frequently 
together with one or two pairs of cataphylls. 
In the early stages of development, 
wounded seedlings release small amounts 
of yellowish latex.

1 
cm

1 
cm

1 
cm



62 Buchenavia grandis Ducke Combretaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with axis between the cotyledons. 

SEEDLING: Hypocotyl elongated  
(4.5-8.0 cm), initially light green, 
becoming blackish-brown; rough and 
densely covered with long, whitish to 
reddish, and adpressed hairs.  
Cotyledons (ca. 2.5 cm) foliaceous, green 
and opposite. Shape reniform, with base 
truncate to cordate, apex emarginate, 
and margin ciliate. Petiole (ca. 0.6 cm) 
light green, canaliculate, velvety and 
with an indumentum similar to that of 
the hypocotyl. Cotyledons chartaceous 
and discolourous; adaxial side dark green 
and glabrous; abaxial side light green and 
with hairs restricted to the basal venation; 
smooth on both sides. Venation trinervate. 
Epicotyl (0.3-1.0 cm) light green, velvety 
and with an indumentum similar to that 
of the hypocotyl. Subsequent internodes 
(up to 1.0 cm) with colour, texture and 
indumentum similar to those of the 
hypocotyl. First leaves (4-6 cm) simple, 
elliptical, and papyraceous to chartaceous. 
Petiole (ca. 0.5 cm) light green, 
canaliculate, velvety, with indumentum 
similar to that of the hypocotyl; a pair 
of glands can be found at the apex of 
the petiole. Leaf blade slightly bullate 
and discolourous; adaxial side green and 
with hairs restricted to along the veins 
and similar to those of the hypocotyl, 
but more sparsely distributed; abaxial 
side light green and with indumentum 
on the venation similar to that of the 
hypocotyl; slightly shiny and smooth on 
both sides. Base attenuate to cuneate 
and apex acuminate to acute; margin 
entire and ciliate, with hairs similar to 
those of the hypocotyl. Venation pinnate, 
midvein raised convex. Secondary venation 
brochidodromous, flat on the adaxial 

side and raised on the 
abaxial side. Tertiaries 
reticulate and quaternaries 
incomplete. Next leaves 
share most characters 
described for the first leaves, 
but are typically larger  
(6-8 cm), elliptical to obovate 
and alternate, later becoming 
pseudoverticillate. Petiole longer  
(1.0-1.5 cm), rusty-green, circular, 
velvety, and densely covered with 
ferruginous indumentum. Leaf blade 
opaque on both sides; abaxial side rough 
and covered with ferruginous indumentum, 
which is more abundant along the veins. 
Margin slightly revolute. Midvein densely 
covered with ferruginous indumentum 
on both sides. Secondary venation with 
tufts of hair (domatia) in the axils of 
the abaxial side. Tertiaries percurrent 
perpendicular and quaternaries 
areolate. Apical bud (ca. 0.5 cm) 
ferruginous, hood-shaped, velvety 
and densely pubescent.

ADULT

ADULT

Characters that differ in adults: 
leaves typically larger (5-13 cm), 
obovate, and chartaceous. Petiole 
slightly longer (1.5-2.0 cm), 
yellowish, slightly winged and with 
indumentum only on the abaxial side; 
a pair of glands can be found on the 
wing of the petiole. Leaf blade with 
the abaxial side sparsely covered with 
short, adpressed, whitish hairs that are 
most abundant along the midvein. Base 
attenuate, sometimes asymmetric, with a 
pair of glands, apex rounded to slightly 
acute; margin entire and revolute, rarely 

SEEDLING

with glands. Midvein flat, with indumentum 
restricted to the abaxial side. Secondary 
venation eucamptodromous, sometimes 
brochidodromous at the apex. Tertiaries 
percurrent oblique. In rare cases glands 
occur on the leaf blade.

SEEDLING

1 
cm

5 
cm
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Large-fruited Buchenavia

PYRENE small: length 2.3 (1.7-2.9) cm; 
width 1.2 (1.0-1.6) cm; thickness 1.1 
(0.9-1.2) cm; weight 1.9 (0.9-2.7) g. 
Colour mostly whitish or light brown, with 
greenish or dark brown fissures; opaque 
and with a bony consistency. Shape 
ellipsoid. Endocarp (ca. 0.2 cm) hard and 
fibrous. Sawing the pyrene in half reveals 
a single yellowish-white seed.

FRUIT medium-sized: length 3.0 
(2.1-4.0) cm; width 2.0 (1.8-2.4) cm; 
thickness 2.0 (1.7-2.3) cm; weight 
6.9 (3.6-11.1) g. Simple, gymnocarpi 
drupaceous fruit: drupe green, 
becoming orangish-yellow at maturity. 
Shape ellipsoid to globoid. Epicarp 
(up to 0.1 cm) fleshy, slightly rough, 
covered with tiny light-coloured hairs 
and whitish punctations. Mesocarp  
(ca. 0.2 cm) whitish-yellow and 
succulent. The fruits develop 
from axillary inflorescences in 
spikes. One pyrene per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 31 (26-40) days and the 
seedling is fully formed approximately three days later. After root protrusion, the convolute 
cotyledons are freed from the seed coat and the hypocotyl lengthens without forming a 
hook. As the seedling develops, the cotyledons unroll and form an angle of approximately 
90º between them. The epicotyl lengthens, and the first leaf expands. At this stage, the 
seedlings can be mistaken for other species of Combretaceae and Vochysiaceae.

1 
cm
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64 Conceveiba hostmannii Benth. Euphorbiaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons. 

SEEDLING: Hypocotyl elongated  
(8-28 cm), initially green, with very short, 
yellowish, adpressed hairs; becoming 
brown, with aligned lenticels forming 
striae. Cotyledons (1.5 cm) green, 
foliaceous, simple and opposite. Shape 
orbicular, with base attenuate to cuneate, 
apex rounded, and margin entire. Petiole 
short. Cotyledon blade papyraceous. 
Venation palmate. Epicotyl (1.0-1.5 cm) 
initially green, smooth and glabrous; 
becoming brown, striate, and with hairs 
similar to those of the hypocotyl but 
longer. Subsequent internodes  
(0.5-1.5 cm) initially green, becoming 
brown, smooth, and densely covered with 
tangled, whitish hairs. First leaves  
(ca. 9 cm) simple, oval, papyraceous, and 
opposite. Stipules tiny and covered with 
short, erect, light-coloured hairs. Petiole 
(ca. 1 cm) green, canaliculate, smooth, 
with indumentum similar to that of the 
stipules. Leaf blade discolourous; adaxial 
side green, smooth, and glabrous; abaxial 
side light green, rugose and pubescent; 
opaque on both sides. Base slightly cordate 
and apex acuminate; margin serrate. 
Venation pinnate, midvein raised convex, 
with short, adpressed, light-coloured hairs 
that are more abundant on the abaxial side. 
Secondary venation eucamptodromous, 
raised on both sides. Intersecondaries 
abundant, tertiaries percurrent oblique, and 
quaternaries areolate.  

Circular glands can be found 
throughout the leaf blade. 
Next leaves share most of the 
characters described for the first 
leaves, but are larger (7-21 cm), 
elliptical, and spiralled. 
Petiole longer (1-5 cm), 
brownish, circular, enlarged 
at the base and apex (more 
at the base). Often has a pair of glands at 
the apex of the petiole. Base rounded and 
apex rounded to acuminate; margin slightly 
serrulate. Midvein impressed concave. 
Apical bud whitish-yellow, conical, erect, 
densely covered with long yellow hairs.

SEEDLING ADULT

Characters 
that differ in 
adults: leaves 
larger (12-42 cm), 
oval to orbicular 
and coriaceous. Petiole 
longer (4-12 cm) and 
reddish-brown. Leaf blade 
with adaxial side shiny; 
abaxial side pale green 
and glabrous; rough 
on both sides. Base 
rounded to truncate 
and apex cuspidate; 
margin slightly crenate and 
revolute. Midvein raised carinate. 
Secondary venation impressed 
on the adaxial side. Quaternaries 
incomplete.

ADULTSEEDLING
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Hostmann’s Conceveiba

FRUIT medium-sized: length 3.3 
(3.1-3.6) cm; width 2.8 (2.6-3.4) 
cm; thickness 2.6 (2.4-2.8) cm; 
weight 9.7 (8.2-11.3) g. Schizocarpic 
capsular fruit: coccarium with 2-3 
cocca (fruitlets); green when mature. 
Shape globose, with persistent 
calyx and stigma. The cocca are not 
obvious, but discreetly separated by 
fissure lines that run from the base 
to the apex. Each coccum has a faint 
longitudinal suture line that appears 
to divide it into two valves. There is no 
distinction between fissure lines and 
suture lines. Epicarp (up to 0.1 cm) 
green, smooth, and covered with very 
short, golden hairs. Cocca (0.4-0.6 cm 
thick) internally light yellow and fleshy. 
Each coccum has two interconnecting 
cavities: a larger basal cavity which 
contains the seed, and a smaller apical 
cavity which contains the caruncle. 
Columella (ca. 2 cm) whitish and 
spongy, extending up to the caruncle 
cavities. Peduncle with green glands at 
the base. Several fruits develop from 
terminal inflorescences in racemes. Two 
to three seeds per fruit.

SEED small: length 1.0 (0.8-1.1) cm; 
width 1.1 (0.8-1.2) cm; thickness 0.9 
(0.7-1.0) cm; weight 0.6 (0.2-0.7) g. 
Colour dark brown to black when fresh, 
becoming light brown to greyish when 
dry; consistency firm. Shape semi-
globose, flattened on one or two sides, 
depending on the number of cocca. 
Testa crustaceous, shiny, smooth, and 
glabrous. Caruncle slightly smaller than 
the seed, whitish-yellow, shiny, fleshy, 
and oily. The region in contact with the 
caruncle is lighter in colour, as is the 
area surrounding of the micropyle and 
the raphe, which extends the full length 
of the seed.

DEVELOPMENT: in the greenhouse shoots emerge after 19 (12-35) days and the 
seedling is fully formed approximately 20 days later. After root protrusion, the hypocotyl 
passes through a hook-shaped phase before becoming erect, lifting the seed. As the 
hypocotyl lengthens the cotyledons remain in the seed, absorbing the reserves of the 
endosperm. Occasionally the epicotyl lengthens with the cotyledons still surrounded by 
the seed. As the seedling grows, the cotyledons expand and 
free themselves from the seed.1 
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66 Glycydendron amazonicum Ducke Euphorbiaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

1

1

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLINGS: Hypocotyl elongated 
(4.5-6.5 cm), green, asperous and covered 
with short, white, erect hairs, sparse at 
the base and more abundant at the apex. 
Cotyledons foliaceous, oval, and opposite. 
Cotyledon petiole (< 0.5 cm) green, 
flat to slightly canaliculate, with 
indumentum similar to that of the 
hypocotyl. Cotyledon blade green, shiny, 
smooth, and glabrous on both sides. Base 
cordate and apex rounded; margin entire. 
Venation trinervate. Epicotyl-first leaf 
axis (0.4-2.0 cm) initially green, becoming 
brown; smooth to slightly asperous and 
covered by long, fine, sparse, white hairs. 
Possesses light brown, elliptical to linear, 
and abundant lenticels. Cataphyll (ca. 
0.2 cm), green, linear and pubescent. 
Subsequent internodes (0.3-1.8 cm) 
green, asperous, with indumentum and 
lenticels similar to those of the axis. 
Bearing one green and linear cataphyll 
(ca. 2 cm) and densely covered with 
long, white, and abundant hairs. First 
leaves (5.5-6.5 cm) simple, obelliptical, 
papyraceous, and spiralled. Stipules 
(ca. 0.1 cm) green, triangular to linear, 
densely pubescent and caducous. Petiole 
(0.3-0.5 cm) green, slightly canaliculate, 
smooth, and with indumentum similar 
to that of the axis. Leaf blade slightly 
discolourous; adaxial side green and 
abaxial side light green; opaque, smooth, 
and glabrous on both sides. Base cuneate 
and apex acuminate; margin entire and 
slightly ciliate. Venation pinnate, midvein 
raised convex. Secondary venation 
brochidodromous, flat on the adaxial side 
and raised on the abaxial side.  

Intersecondaries rare, tertiaries percurrent 
perpendicular, and quaternaries incomplete.  
Hairs long, sparse, white similar to those 
of the axis are observed in the primary 
and secondary venation on both sides 
of the leaf blade. Next leaves share 
most of the characters described for the 
first leaves, but are larger (6.5-11.5 cm) 
and chartaceous. Stipules reddish to 
ferruginous, with long, white hairs, like 
those of the axis. Petiole longer  
(0.5-0.8 cm). Margin sometimes dentate at 
the apex. Quaternary venation areolate. 
Apical bud (ca. 0.1 cm) green, conical, 
and densely covered with indumentum 
similar to that elsewhere on the 
seedling. Latex white and sticky. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (14-23 cm), chartaceous to 
coriaceous. Lacking stipules. Petiole longer 
(2-5 cm), glabrous and twisted. Leaf 
blade dark green and shiny on the adaxial 
side. Base cuneate to rounded, sometimes 
asymmetrical; margin slightly revolute. 
Venation trinervate. Intersecondaries 
abundant, tertiaries percurrent oblique and 
quaternaries incomplete. Possessing a pair 
of glands at the base of the leaf blade, on 
the adaxial side, right at the start of the 
venation. Terminal stipule light brown, 
conical, caducous, covered with brown and 
adpressed hairs. A stipule covers the bud. 
Latex translucent and scant. 

2 
cm

5 
cm



67

14

13

F
R

U
I

T
P

Y
R

E
N

E

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Pau-doceAmazonian Glycydendron

PYRENE medium-sized: length 4.1 (3.7-4.5) cm; width 1.8 (1.5-2.0) cm; thickness 
1.7 (1.5-1.9) cm; weight 5.4 (4.3-6.8) g. Colour brown, opaque, and with a bony 
consistency. Shape pyriform. Endocarp brown, asperous, ruminate, and glabrous. The 
ruminate pattern forms a network across the entire surface of the pyrene. There is a 
longitudinal suture line that appears to be sealed by long fibers and divides the pyrene 
into two equal parts. Removing the endocarp reveals one reddish-brown ovoid to 
ellipsoid seed, flattened laterally and with a firm consistency. Testa slightly asperous.

FRUIT medium-sized: length 4.2 
(3.8-4.7) cm; width 2.1 (1.7-2.6) cm; 
thickness 2.0 (1.6-2.4) cm; weight 
9.4 (4.9-15.1) g. Simple, gymnocarpi, 
drupaceous fruit: drupe green, becoming 
yellow at maturity. Shape pyriform. 
Epicarp (< 0.1 cm) membranaceous, 
smooth, and glabrous; internally light 
brown, smooth, and glabrous. Pulp (ca. 
0.5 cm) light yellow, fleshy, succulent, 
sweet, entirely surrounding the pyrene 
and remaining attached to its crevices. 
One to four fruits develop from axillary 
or ramiflorous inflorescences in racemes. 
One seed per fruit.

DEVELOPMENT: shoots emerge in the greenhouse at 15 (9-26) months and seedlings 
are fully formed 1-4 weeks later. The pyrene opens slightly along the suture line and the 
hypocotyl emerges and elongates a few millimetres. At the base of the hypocotyl secondary 
roots grow in the shape of a crown. After a brief hook-shaped phase, the hypocotyl grows, 
becomes erect and the opposite and foliaceous cotyledons free themselves from the seed 
and expand. Next the epicotyl, bearing one cataphyll, elongates a few millimetres and the 
first alternate leaves begin to expand. Wounded seedlings and juveniles exude white and 
sticky latex.
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68 Hevea brasiliensis (Willd. ex A.Juss.) Müll.Arg. Euphorbiaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl slightly elongated 
(1.0-1.5 cm) and reddish-brown. Cotyledons 
lacking reserves, remaining in the seed, 
showing only their petioles. Epicotyl-first 
leaf axis (17-33 cm) initially reddish-
brown, becoming a dark greyish-green; 
rough and glabrous, with striae along the 
axis and elliptical light yellow lenticels. 
Cataphylls absent or there is a pair of tiny 
cataphylls. Subsequent internodes (up to 
18 cm) light green, smooth and glabrous, 
with lenticels similar to those of the axis. 
Cataphylls may have 2-7 similar to those 
on the axis. First leaves (11-18 cm) 
compound, trifoliolate, rarely tetrafoliolate 
and opposite. Stipules (ca. 0.1 cm) light 
green, triangular, glabrous, and caducous. 
Petiole (3-8 cm) dark greyish-green, 
canaliculate, smooth and glabrous, with 
lenticels and striae similar to those on the 
axis. Pulvinus at the base (0.2-0.5 cm) and 
apex (0.2-0.3 cm), dark greyish-green and 
glabrous. Petiolule reduced to a pulvinulus. 
Pulvinulus (0.3-0.6 cm) with colour, 
cross-section, and texture similar to those 
of the petiole. Leaflets (8-13 cm) elliptical 
and papyraceous. Leaf blade discolourous; 
adaxial side green and abaxial side whitish-
green; opaque, smooth, velvety, and 
waxy on both sides. Base cuneate on the 
terminal leaflet and slightly asymmetric 
on the paired leaflets; apex acuminate; 
margin entire and slightly revolute, 
especially near the base. Venation pinnate, 
midvein flat to convex. Secondary venation 
eucamptodromous, flat on the adaxial side 
and slightly raised on the abaxial side. 

Intersecondaries abundant, 
tertiaries percurrent oblique 
and quaternaries areolate, 
but not always complete. 
Sparse, tiny glands can be 
seen on the abaxial side 
of the leaf blade, making 
whitish dots when held 
against the light; circular, 
raised light green to 
brown glands are present 
at the intersection of the 
pulvinuli. A gland is rarely present on the 
petiole. Next leaves share most of the 
characters described for the first leaves, but 
are larger (11-40 cm) and spiralled. Petiole 
longer (5-20 cm). Pulvinus larger at the 
base (0.5-1.0 cm). Pulvinulus light green. 
Leaflets larger (9-18 cm). Midvein slightly 
raised convex at the base. Secondary 
venation sometimes brochidodromous near 
the apex. Apical bud (up to 0.1 cm) light 
green, conical, smooth, and glabrous.  
Latex white and sticky.

ADULT

Characters that differ in adults: leaves 
larger (21-47 cm). Stipules larger (0.2 cm) 
and reddish-brown. Petiolule present (up 
to 1 cm). Larger, blackish glands can be 
seen between the pulvinuli. Leaflets larger 
(12-22 cm), elliptical to obelliptical, and 
chartaceous. Leaf blade with the adaxial 
side yellowish-green and shiny, abaxial 
side pale green; margin slightly revolute 
near the apex. Midvein usually impressed 
concave. Secondary venation typically 
eucamptodromous. Quaternaries areolate. 
Latex white, more abundant, and exuded 
by various plant parts when wounded.

SEEDLING

SEEDLING ADULT
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Brazilian Rubber Tree

SEED medium-sized: length 2.5 
(2.3-2.7) cm; width 2.2 (1.9-2.3) 
cm; thickness 1.9 (1.8-2.0) cm; 
weight 4.9 (2.0-6.2) g. Colour a light 
greyish-brown, with dark brown dots 
and streaks; shiny and with a bony 
consistency. Shape globoid, with base 
and apex truncate. Testa fine, visibly 
oily, smooth and glabrous. Raphe 
slender, light brown, joining the two 
poles of the seed in the ventral region. 
The seeds are similar to those of  
H. guianensis, but larger and usually 
lighter in colour (see page 71).

FRUIT large: length 4.2 (3.9-4.6) cm; 
width 5.5 (5.1-6.1) cm; thickness 5.1 
(4.2-5.8) cm; weight 60 (35-66) g. 
Schizocarpic capsular fruit: coccarium 
with 3 (rarely 4) cocca (fruitlets); green, 
becoming a light greyish-brown at 
maturity. Shape globoid with base and 
apex emarginate. The cocca are obvious 
and separated by fissure lines that run 
from the base to the apex. Each coccum 
has a longitudinal, slightly raised suture 
line which divides it into two valves. 
Epicarp (0.1 cm) coriaceous, rugose, 
slightly rough and glabrous. Cocca (0.3-

DEVELOPMENT: in the greenhouse shoots emerge after 22 (6-40) days 
and the seedling is fully formed approximately five days later. The hypocotyl 
protrudes first, growing a few millimetres while secondary roots form a crown-
shaped structure at its base; the primary root develops immediately afterwards. 
The epicotyl lengthens in a hook shape between the cotyledon petioles before 
becoming erect and entering the pole phase. Two opposite leaves then emerge 
with an angle of approximately 90° between them. The leaflets are initially 
pendulous. Wounded seedlings and juveniles exude latex, in contrast to H. 
guianensis.

0.5 cm thick) internally yellowish, smooth 
and bony. Between the cocca there is a 
spongy whitish tissue. Columella (2-3 cm) 
whitish and fibrous. One to two fruits 
develop from terminal inflorescences in a 
panicle with a long axis (20 cm). The fruits 
are pendulous and dry naturally on the 
tree. The coriaceous layer becomes blackish 
and falls off to reveal clefts along the 
suture lines of each coccum and later along 
the fissure lines between the cocca. Seeds 
are released via explosive dehiscence. Three 
or rarely four seeds per fruit.
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70 Hevea guianensis Aubl. Euphorbiaceae

Amazonian Fruits, Seeds & Seedlings

SEEDLING

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (0.9-1.5 cm), initially purplish-
green, becoming greyish-green; smooth 
and with orangish lenticels. Cotyledons 
lacking reserves, remaining in the 
seed, showing only their petioles 
(up to 2 cm). Epicotyl (14-29 cm) 
initially purplish, becoming green; 
smooth and glabrous, but with vertical 
black striae and linear and abundant 
yellow to orangish lenticels. Subsequent 
internodes (7-13 cm) green, smooth and 
glabrous, with sparse lenticels similar 
to those of the epicotyl. Cataphyll (up 
to 0.3 cm), there is one hook-shaped 
cataphyll located between the two stipules 
in the basal portion of the internode. First 
leaves (7-17 cm) compound, trifoliolate, 
rarely tetrafoliolate or pentafoliolate, 
opposite. Stipules (up to 0.2 cm) light 
green to brown, curved, glabrous and 
caducous. Petiole (2.5-6.0 cm) green, 
canaliculate, smooth and glabrous. Pulvini 
at the base and at the apex (0.2-0.6 cm) 
reddish-green and glabrous. Petiolule 
reduced to a pulvinulus. Pulvinulus (ca. 
0.2 cm) light green, with a cross-section 
and texture similar to those of the 
petiole. Leaflets (4-12 cm) elliptical and 
papyraceous. Leaf blade discolourous; 
adaxial side green and abaxial side 
whitish-green; opaque, smooth, and 
rubbery on both sides. Base attenuate on 
terminal leaflet and slightly asymmetric 

on the paired leaflets; apex acuminate; 
margin entire and slightly revolute, 
especially close to the base. Venation 
pinnate, midvein raised convex. 
Secondary venation brochidodromous, 
flat on the adaxial side and raised 
on the abaxial side. Intersecondaries 
abundant, tertiaries percurrent oblique, 
quaternaries incomplete. Tiny sparse 
glands can be seen as whitish dots on 
the abaxial side of the leaf blade.  

ADULT

ADULT

Characters that differ in adults: leaves 
(9-26 cm) and leaflets (4-13 cm) more 
variable in size. Leaflets obovate and 
chartaceous. Leaf blade with less obvious 
texture and colouration on the abaxial 
side. Apex rounded. Midvein v-impressed. 
The secondary venation can vary from 
brochidodromous to eucamptodromous. 
Various parts of the plant exude white latex 
when wounded.

SEEDLING

Next leaves share most of the characters 
described for the first leaves, but are larger 
(19-25 cm) and spiralled. Petiole longer  
(6.0-9.5 cm) and circular. Leaflets larger 
(12-15 cm) and secondary venation flat on 
both sides. Pulvinulus larger (0.4-0.5 cm). 
Apical bud (ca. 0.4 cm) green, conical, 
smooth and glabrous. Latex absent or very 
sparse.

3 
cm

10
 c

m



71

14

13

Seringueira-itaúba

F
R

U
I

T
S

E
E

D

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Guianan Rubber Tree

SEED small: length 1.5 (1.2-1.8) cm; 
width 1.5 (1.3-1.9) cm; thickness 1.3 
(1.0-1.5) cm; weight 1.5 (0.8-2.5) g. 
Colour brown, with dark brown to black 
spots and streaks; shiny and with a bony 
consistency. Shape globoid, with base 
and apex truncate. Testa fine, visibly  
oily, smooth and glabrous. Raphe slender, 
brown, joining the two poles of the 
seed in the ventral region. The seeds are 
similar to those of H. brasiliensis, but 
smaller and usually darker (see page 69).

FRUIT large: length 3.6 (3.2-3.9) cm; 
width 4.7 (4.1-5.1) cm; thickness 4.6 
(4.0-4.9) cm; weight 35 (20-51) g. 
Schizocarpic capsular fruit: coccarium 
with three cocca (fruitlets); dark green, 
becoming brown at maturity. Shape 
globoid with base truncate and apex 
emarginate. The cocca are obvious and 
separated by fissure lines that run from 
the base to the apex. Each coccum has a 
longitudinal, slightly raised suture line 
that divides it into two valves. Epicarp 
(0.1 cm) coriaceous, rugose, slightly 
rough and glabrous. Cocca (0.2-0.4 cm 
thick) internally yellowish, smooth 
and bony. Between the cocca there 
is a whitish and spongy tissue. 
Columella (1.5-2.0 cm) whitish 
and fibrous. One or rarely two fruits 
develop from terminal inflorescences 
in a panicle with a long axis  
(8-12 cm). The fruits are pendulous 
and dry naturally on the tree. The 
coriaceous layer becomes blackish  
and falls off to reveal clefts along the 
suture lines of each coccum and later 
along the fissure lines between the 
cocca. Seeds are released via explosive 
dehiscence. Up to three seeds per fruit.

DEVELOPMENT: in the greenhouse 
shoots emerge after 12 (5-17) days and 
seedlings are fully formed approximately 
10 days later. The hypocotyl protrudes 
first, growing a few millimetres 
while secondary roots form a crown-
shaped structure at its base; the 
primary root develops immediately 
afterwards. The epicotyl lengthens 
in a hook shape between the 
cotyledon petioles before 
becoming erect and entering the pole 
phase. Two opposite leaves then emerge 
with an angle of approximately 90° 
between them. The leaflets are initially 
pendulous. Seedlings in early stages of 
development do not exude latex when 
wounded, in contrast to H. brasiliensis.

1 cm

2 
cm

2 
cm



72 Abarema cochleata (Willd.) Barneby & J.W.Grimes       Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl (4-8 cm) light 
brown, slightly asperous, with short, 
yellowish, and adpressed hairs. Cotyledons 
with reserves, bluish-green, remaining 
attached to the seedling for a short time. 
Epicotyl (0.1-0.2 cm) green, with texture 
and indumentum similar to those of the 
hypocotyl. Subsequent internodes  
(0.8-3 cm) with colour, texture, and 
indumentum similar to those of the 
hypocotyl. First leaves (6-8 cm) 
compound, opposite, bipinnate, with two 
pinnae bearing five pinnules, one of which 
is solitary at the base. Stipules small  
(up to 0.1 cm), light brown, and triangular. 
Petiole (0.5-2.5 cm) green, circular, slightly 
asperous and with abundant light-coloured, 
fine, adpressed hairs. Pulvinus (ca. 0.1 cm). 
Pinnae (ca. 2.5 cm). Rachis (ca. 2 cm) with 
a green and linear mucro. Petiolule  
(0.4-0.7 cm). Pulvinulus (< 0.1 cm) 
with colour, texture, and indumentum 
similar to those of the petiole, but with 
darker hairs. Pinnules (1-4 cm) deltoid, 
papyraceous, and opposite. Leaf blade 
slightly discolorous; adaxial side green and 
abaxial side light green; velvety, opaque, 
and glabrous on both sides. Base usually 
asymmetric and apex acute; margin entire 
and ciliate. Venation pinnate, midvein 
raised biconvex, with indumentum similar 
to that of the petiole on both sides. 
Secondary venation brochidodromous 
and flat on both sides. Intersecondaries 
abundant, tertiaries reticulate, and 
quaternaries not visible. Next leaves share 
the same characters described for the first 
leaves, but are larger (6.5-14.0 cm) and 
spiralled. Pinnae (1.8-4.5 cm) with three 
pinnules. Stipules green or brown, with 
hairs similar to those of the petiole. Petiole 
longer (1.5-5 cm), sometimes canaliculate, 
and with a nectary between the terminal 
pinnae.  

Pulvinus (ca. 0.2 cm). Rachis (1.3-2.5 cm). 
Petiolule (0.5-1.5 cm). Pulvinulus larger 
(ca. 0.1 cm). Pinnules larger (1.3-7.0 cm) 
and ovate. Base sometimes asymmetric to 
cuneate and apex acuminate. Midvein with 
indumentum less abundant on the abaxial 
side. Quaternaries incomplete. Apical bud 
(up to 0.2 cm) brown, cylindrical, curved 
and with indumentum similar to that of the 
petiole.

5 
cm

SEEDLING

SEEDLING ADULT

Characters that differ in adults: leaves 
larger (12-22.5 cm), with 2-4 pinnae, 
and alternate. Petiole shorter (1-2.5 cm), 
circular, smooth, glabrous, and with up to 
two nectaries located at the base, middle 
region, or apex of the petiole. Pulvinus 
longer (0.4-0.5 cm), dark green, wrinkled, 
quite different from the petiole. Pinnae 
(2.5-11.5 cm) and rachis (1.5-8 cm) larger 
and glabrous, with a nectary between the 
pinnules. Petiolule longer (1-3.5 cm), 
smooth, and glabrous. Pulvinulus longer 
(0.2-0.4 cm), dark green, wrinkled, and 
glabrous. Pinnules larger (3-11 cm) and 
elliptical to ovate. Leaf blade shiny on the 
adaxial side and smooth on both sides. 
Apex acute; margin revolute at the base. 
Midvein flat and glabrous on both sides.

1 
cm

ADULT
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Yellow Shell-shaped Abarema

FRUIT large: length 21.6 (4.0-31.5) cm; 
width 2.2 (1.3-2.9) cm; thickness 1.8  
(1.1-2.5) cm; weight 31.7 (5.4-67.9) g. 
Rhexocarpic follicular fruit: legume 
(legumen) yellowish-green, becoming 
orangish at maturity. Spiralled, sometimes 
with one, two, or more twists. Pericarp 
(0.8-1.5 cm) rigid, smooth, shiny, with 
two raised longitudinal sutures 
that allow dehiscence. The 
internal suture is greener 
and smooth. Internally, 
the valves are yellowish 
and smooth, becoming 
orangish. The fruits 
develop from terminal 
or axillary infloresences 
in racemes. One 
to nine seeds per 
fruit, separated by 
individual cavities. 

DEVELOPMENT: shoots emerge in the 
greenhouse at 6 (4-13) days and seedlings 
are fully formed approximately two days 
later. After root protrusion the hypocotyl 
first passes through a brief hook-shaped 
phase and then elongates and becomes 
erect. The cotyledons open slightly and fall 
off shortly afterwards. Next the epicotyl 
elongates and the first two opposite leaves 
expand.

SEED small: length 1.4 (1.1-1.5) cm; 
width 1.1 (0.9-1.2) cm; thickness 0.7 
(0.6-0.8) cm; weight 0.7 (0.4-0.9) g. 
Translucent, with a bicoloured pattern: 
the basal half, including the hilum, 
is whitish and the other half has the 
bluish-green colour of the cotyledons. 
Consistency firm. The yellow funiculus 
remains attached to the hilum. 
Shape ovoid. Testa membranaceous, 
translucent, smooth and shiny. 
Pleurogram not evident. 

2 
cm

1 
cm

1 cm



74 Cedrelinga cateniformis (Ducke) Ducke Fabaceae

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

GERMINATION: epigeal, phaneroco-
tylar, and unipolar, with the axis between 
the cotyledons.

SEEDLING: Hypocotyl (4-6 cm) green, 
asperous, with scant white, short, and erect 
hairs. Cotyledons with reserves, green, 
and smooth. Epicotyl (4.0-7.2 cm) similar 
to the hypocotyl, but with adpressed hairs 
and glandular reddish hairs. Subsequent 
internodes (0.4-2.5 cm) with colour, 
texture, and indumentum similar to those of 
the epicotyl, but with sparser hairs and red 
circular lenticels. First leaves (5.5-9.0 cm) 
compound, bifoliolate, and opposite. 
Stipules small (up to 0.1 cm), light green, 
lanceolate, caducous, and with indumentum 
similar to that of the epicotyl. Petiole 
(0.6-1.5 cm) green, canaliculate, slightly 
asperous, and with indumentum similar to 
that of the epicotyl. Between the pulvinuli 
there is a yellowish, protuberant gland. 
Pulvinus (0.1-0.2 cm) green, wrinkled, and 
with indumentum similar to that of the 
epicotyl. Petiolule reduced to a pulvinulus. 
Pulvinulus (ca. 0.2 cm) with colour, 
texture, and indumentum similar to those 
of the epicotyl. Leaflets (5-6 cm) ovate, 
papyraceous, and opposite. Leaf blade 
bullate, green, and opaque on both sides. 
Adaxial side smooth, soft, and rarely with 
sparse, white, adpressed hairs. Abaxial side 
slightly asperous. Base asymmetric and apex 
acuminate; margin entire. Venation pinnate, 
midvein raised convex, with abundant, tiny, 
white indumentum on the venation of the 
adaxial side, and throughout the leaf blade 
and venation on the abaxial side. Secondary 
venation brochidodromous, impressed on the 
adaxial side and raised on the abaxial side. 
Intersecondaries present, tertiaries percurrent 
oblique, and quaternaries incomplete.  
Stipules (ca. 0.1 cm) light green, lanceolate, 

and with indumentum similar to that of 
the epicotyl. Next leaves share the 
same characteristics described for the 
first leaves, but are larger (12-17 cm) 
and spiralled. Petiole longer (2-6 cm), 
smooth or asperous, with 
protuberant and rounded glands 
in the middle portion or near the apex 
and also between the pulvinuli. There 
is also a mucro between the pulvinuli. 
Pulvinus slightly longer (0.3-0.4 cm). 
Pulvinulus longer (0.3-0.6 cm), with a 
rounded and elongated gland in the middle 
portion. Leaflets larger (6-11 cm). Leaf 
blade some times slightly discolourous, 
with abaxial side light green. Quaternary 
venation areolate. Apical bud (ca. 0.1 cm) 
light brown, lanceolate, curved and with 
indumentum similar to that of the petiole.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (32-44 cm), bipinnate, with two 
opposite pinnules. Stipules lacking. Petiole 
longer (5-8 cm) and blackish-green with 
adpressed hairs. Pulvinus longer (0.7-1.2 cm), 
blackish-green, wrinkled and with 
indumentum similar to that of the petiole. 
Rachis (9-16 cm) blackish-green, circular, 
with longitudinal striae and indumentum 
similar to that of petiole; may have glands 
at base and apex, yellowish-green and 
semi-globoid. Pinnae (15-30 cm) with 
colour, texture and indumentum similar 
to those of petiole. Petiolule (3.2-5.5 cm) 
blackish-green, quadrangular, and glabrous. 
Pulvinus of the pinnule (0.5-1.0 cm) light 
green, circular, glabrous, and with a yellowish-
green, semi-globoid gland between pinnules. 
Pulvinulus longer (0.7-1.0 cm), blackish-green, 
and glabrous. Pinnules larger (7-15 cm), 
elliptical to orbicular. Leaf blade green, 
slightly asperous, reticulate and glabrous on 
both sides. Shiny on adaxial side and opaque 
on abaxial side. Margin entire and revolute. 
Midvein flat to raised convex and biconcave 
close to base; glabrous. Secondary venation 
eucamptodromous, but brochidodromous near 
apex, slightly raised to flat on adaxial side 
and raised on abaxial side. Intersecondaries 
scarce, tertiaries percurrent oblique or 
perpendicular, quaternaries reticulate. 

2 
cm

20
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Chained Cedrelinga

FRUIT small, consisting of one to 
several single-seeded segments; often 
with a twist between them. Each 
segment has: length 11.6 (8.6-15.4) cm; 
width 3.1 (2.3-4.0) cm; thickness 0.4 
(0.2-0.5) cm; weight 0.7 (0.4-1.1) g. 
Simple, gymnocarpi, lomentaceous 
fruit: lomentum green, becoming light 
yellowish-brown at maturity. Shape 
flattened laterally, ellipsoid, with 
base attenuate with a small persistent 
calyx and apex cuspidate to rounded. 
Pericarp (ca. 0.1 cm) chartaceous to 
brittle, slightly rugose, reticulate, 
glabrous, and with revolute edges. 
Internally pale yellow, but light 
brown near the seed. Fruits develop 
from inflorescences in panicles. One 
seed per segment.

SEED small: length 3.0 (1.5-3.8) cm; 
width 1.2 (0.8-1.5) cm; thickness 0.2 
(0.08-0.4) cm; weight 0.4 (0.2-0.6) g. 
Colour light greenish-brown and edge 
brown and slightly serrulate; with a softish 
consistency. Shape flattened laterally, 
ellipsoid to oblong. Testa membranaceous, 
smooth, becoming wrinkled when dried, 
opaque to scintillating and glabrous.

DEVELOPMENT: shoots emerge after 14 (12-30) days and the seedling is fully 
formed approximately four days later. After root protrusion and hydration of the 
cotyledons, the pericarp and the membranaceous testa break. The cotyledons are 
released and form an acute angle. The hypocotyl elongates, lifting the cotyledons. At 
the same time, the epicotyl elongates and the first two leaves expand. The cotyledons 
remain attached to the seedling for approximately three months. 

1 
cm

Cedrorana

1 
cm

2 
cm

2 
cm

2 
cm



76 Copaifera multijuga Hayne Fabaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(8-11 cm), reddish, smooth and glabrous; 
becoming brown, striate, and with short 
white hairs. Cotyledons (ca. 2.5 cm) 
with reserves, red, opposite, glabrous, 
sessile, and shaped the same as the seed. 
Epicotyl (2.3-2.8 cm) light green, striate, 
and velvety, with short white hairs. Covered 
with abundant and elliptical light brown 
lenticels. Subsequent internodes  
(1.0-2.5 cm) light green, smooth, with 
a villous white indumentum and rarely 
with elliptical light green lenticels. 
Cataphyll (ca. 0.1 cm), there is sometimes 
one conical light green cataphyll with 
ferruginous hairs at the base. First leaf 
(9.0-12.5 cm) compound, paripinnate, with 
six or eight leaflets. Petiole reduced to a 
pulvinus. Pulvinus (0.1-0.5 cm) light green, 
smooth or slightly wrinkled and with villous 
white indumentum. Petiolule reduced to a 
pulvinulus. Pulvinulus (ca. 0.4 cm) light 
green, wrinkled, and with indumentum 
similar to that of the pulvinus. Rachis  
(6-8 cm) green, with indumentum similar 
to that of the pulvinus. Leaflets (4-6 cm) 
elliptical, coriaceous, and opposite. Leaf 
blade light green, shiny, smooth and 
glabrous on both sides. Base asymmetric 
and apex acuminate to apiculate; margin 
entire, slightly revolute, and ciliate. 
Venation pinnate, midvein raised convex 
with indumentum on both sides. Secondary 
venation eucamptodromous; flat on the 
adaxial side and raised on the abaxial side. 
Intersecondaries abundant and tertiaries 
reticulate. Next leaves share most of the 
characters described for the first leaves, 
but are smaller (7.5-8.5 cm), paripinnate 

or imparipinnate, with six, seven, 
or eight leaflets, and alternate 
distichous. Petiole (0.6-1.0 cm) 
light green and circular, with velvety 
white indumentum. Pulvinus usually 
shorter (ca. 0.3 cm). Leaflets 
smaller (2.5-4.5 cm), alternate to 
subopposite. Apical bud  
(ca. 0.1 cm) dark brown, 
discoid, flattened, and glabrous.

ADULT

ADULT

Characters that differ in adults: leaves 
larger (12-23 cm). Petiole longer  
(1-2.5 cm), canaliculate and rugose. 
Pulvinus larger (0.4-0.7 cm) and dark 
green. Leaflets usually larger (4-7 cm) 
and papyraceous. Leaf blade slightly 
discolourous; adaxial side green and 
alveolate and abaxial side light green.
Midvein submersed.

SEEDLING

LEAF MORPHOLOGY

SEEDLING

2 
cm

5 
cm
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Amazonian Copaiba

FRUIT medium-sized: length 
3.6 (2.2-4.0) cm; width 2.9 
(2.2-3.2) cm; thickness 2.0 
(1.3-2.9) cm; weight 8.5  
(4.1-13.9) g. Rhexocarpic 
follicular fruit: legume 
(legumen) initially yellow to 
red, becoming dark brown 
at maturity. Shape globoid, 
flattened laterally, with 
base asymmetric and apex 
mucronate. Pericarp  
(0.1-0.4 cm) woody, 
slightly corrugate and 
glabrous, composed of two 
valves; internally greyish-
yellow, fibrous, and velvety. 
The fruits open fully along 
an invaginate longitudinal 
suture. A small number 
of fruits develop from 
inflorescences in panicles.  
One to three seeds per fruit.

SEED small: length 2.0 (1.7-2.4) cm; 
width 1.3 (1.0-1.5) cm; thickness  
1.1 (1.0-1.3) cm; weight 1.8 (1.3-2.5) g. 
Colour black, opaque, and with a firm 
consistency. Shape ellipsoid. Testa 
membranaceous, smooth or striate and 
glabrous. Aril thick (1-1.3 cm), bright 
yellow, fleshy, and surrounding slightly 
more than half of the seed. Removing 
the aril reveals a linear, light brown 
hilum. Pleurogram absent.

DEVELOPMENT: in the greenhouse shoots emerge after 22 (10-52) days and 
seedlings are fully formed approximately six days later. The cotyledons expand and break 
the testa, but remain closed as the reddish hypocotyl grows a few centimetres, lifting the 
cotyledons in a hook-shaped phase. The cotyledons then open partially and the first leaf, 
initially reddish, begins to expand. The hypocotyl becomes erect and the green epicotyl 
elongates. The cotyledons remain attached to the seedling for approximately two weeks. 
The contrasting colouration of the hypocotyl and epicotyl is a distinctive characteristic of 
the species.

Copaíba-roxa

1 
cm

1 
cm

3 
cm



78 Dinizia excelsa Ducke Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons. 

SEEDLING: Hypocotyl elongated  
(5-8 cm), light green and circular, 
becoming reddish and quadrangular; 
smooth and glabrous. Cotyledons  
(ca. 2 cm) foliaceous, green, 
opposite, oblong to orbicular, 
papyraceous and sessile; remaining 
attached to the seedling for 
approximately four weeks. Cotyledon 
lamina smooth on both sides; adaxial 
side glabrous and abaxial side with a 
whitish waxy covering. Base asymmetric 
and apex rounded; margin entire. Venation 
trinervate. Epicotyl (ca. 2 cm) green, 
smooth, and sparsely covered with short 
whitish hairs, erect or curved.  
Subsequent internodes (0.5-0.8 cm) 
with a colour and texture similar to those 
of the epicotyl, but with more abundant 
indumentum. First leaves (4-6 cm) 
compound, pinnate with 14-16 leaflets, 
and opposite. Petiole (ca. 0.5 cm) 
green, circular to canaliculate, and 
smooth. Pulvinus (0.1 cm) green. Rachis 
(4.0-5.5 cm) green and canaliculate. 
The rachis extends beyond the last pair 
of leaflets. Petiole, pulvinus, and rachis 
have indumentum similar to that of the 
internodes. Petiolule absent. Leaflets  
(0.4-1.0 cm) deltoid, papyraceous, and 
opposite to subopposite. Leaf blade 
slightly discolourous; adaxial side green 
and abaxial side light green; opaque, 
smooth, and glabrous on both sides. Base 
strongly asymmetric and apex rounded; 
margin entire and revolute.  

Venation difficult to see, midvein raised 
convex, rarely with tiny hairs. Next 
leaves share most of the characters 
described for the first leaves, but 
are larger (9-15 cm), with 16 to 
24 leaflets, and spiralled. Petiole 
longer (0.5-1.0 cm). Rachis 
slightly longer (ca. 6.5 cm). 
Leaflets opposite, subopposite 
or alternate. Leaf transition: at more 
advanced stages, seedlings begin to 
produce bipinnate leaves. Before doing so, 
however, they pass through a transitional 
stage in which a single leaf may be both 
pinnate and bipinnate. In this stage it is 
possible to see all three leaf types on the 
same individual: pinnate, mixed (pinnate 
and bipinnate), and bipinnate. Apical bud 
(0.2-0.3 cm) whitish-green, lanceolate, 
slightly curved, and covered with whitish 
hairs.

ADULT
ADULT

Characters that differ in adults: leaves 
larger (20-45 cm), bipinnate, with up 
to 20 pinnae, subopposite to spiralled. 
Petiole longer (2.5-5.0 cm), greyish-brown, 
canaliculate, and densely covered with 
short whitish hairs. Pulvinus longer  
(0.5-0.7 cm), greyish-brown, rugose and 
densely covered with ferruginous hairs. 
Rachis longer (10-30 cm) and greyish-
brown. Pinnae (5-9 cm) alternate. 
Petiolule (0.3-0.6 cm) greyish-brown. 
Pulvinulus (0.1-0.3 cm) greyish-brown and 
canaliculate. Petiolule and pulvinulus have 
indumentum similar to that of the petiole. 
Pinnules (1.0-2.5 cm) deltoid, papyraceous, 
and opposite to alternate. Adaxial side dark 
green and glabrous; abaxial side with short, 
sparse, adpressed, whitish hairs, more 
abundant along the midvein. Apex retuse. 
Midvein flat, with hairs on both sides.

SEEDLING
SEEDLING

2 
cm

5 
cm
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FRUIT medium-sized: length  
23.2 (19.0-26.0) cm; width  
6.5 (5.1-8.0) cm; thickness 0.2  
(0.1-0.3) cm; weight 9.0 (6.0-
12.1) g. Simple, gymnocarpi dry 
fruit; camara greenish to reddish, 
becoming dark brown at maturity. 
Shape oblong, flattened laterally 
and sinuous, with base rounded 
to attenuate and apex apiculate. 
Pericarp thin (up to 0.1 cm), dry, 
slightly rugose, glabrous and 
initially coriaceous, becoming 
brittle; internally light brown, 
opaque, and smooth. The 
fruits have a spongy yellowish 
tissue around the seeds 
which becomes dark brown 
and farinaceous at maturity. 
Seeds separated in poorly 
defined individual cavities and 
arranged in uniseriate fashion. 
Several fruits develop from 
terminal inflorescences in a 
spike. Three to eleven seeds 
per fruit.

SEED small: length 1.4 (1.1-1.6) cm; 
width 0.8 (0.7-1.0) cm; thickness  
0.2 (0.2-0.3) cm; weight 0.2  
(0.1-0.3) g. Colour dark brown to black, 
opaque, and with a bony consistency. 
Shape oblong, flattened, with base 
asymmetric. Testa chartaceous, smooth 
and glabrous, but with superficial striae. 
Pleurogram absent. Hilum tiny and 
punctiform.

DEVELOPMENT: The seeds are dormant due to the impermeability of the integument. 
Once dormancy is broken, shoots emerge in the greenhouse after 9 (7-24) days and 
the seedling is fully formed approximately three days later. After root protrusion, the 
hypocotyl elongates, lifting the seed. The cotyledons expand and free themselves from 
the testa, forming an angle of 180° between 
them. The epicotyl elongates and the first 
two leaves expand at the same time. 
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80 Eperua duckeana R.S.Cowan Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

3-14

GERMINATION: hypogeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated. Cotyledons with reserves, 
internally light green, but becoming 
reddish-brown, opposite, and with the 
same shape as the seed; remaining covered 
by the integument and attached to the 
seedling for a few months.  
Epicotyl-first leaf axis (12-18 cm) 
green to reddish-brown, rugose, striate, 
and glabrous. Has light brown, elliptical, 
abundant lenticels. Cataphylls (0.5-0.7 cm), 
there are 3-14 cataphylls with a pair of brown 
and bifid stipules. Subsequent internodes 
(1.5-6.0 cm) green, rugose, and glabrous, 
with lenticels similar to those of the 
axis but less abundant. Has one or two 
cataphylls similar to those of the axis.  
First leaves (10-17 cm), compound, 
alternate, and paripinnate with two to four 
pairs of pinnae. Stipules (0.2-0.3 cm) green 
to brown, triangular, and glabrous. Petiole 
(1.5-3.5 cm) green, canaliculate, smooth, 
glabrous, and with small, light-coloured, 
and slightly elevated papillae. Pulvinus 
(0.3-0.5 cm) dark green, wrinkled and 
glabrous. Petiolule reduced to a pulvinulus. 
Pulvinulus (0.5-0.7 cm) green, wrinkled 
and glabrous, with tiny black stipules. 
Rachis (1.5-3.6 cm), green, smooth, and 
glabrous, but with papillae similar to 
those of the petiole and a small terminal 
structure (0.2-0.3 cm) that is green, 
lanceolate, and canaliculate. Leaflets  
(7-11 cm) opposite, elliptical to orbicular, 
and chartaceous. Leaf blade slightly 
discolourous; adaxial side dark green and 
abaxial side light green; shiny, smooth and 
glabrous on both sides.  

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (20-35 cm) and chartaceous, with 3 
to 5 pairs of leaflets. Petiole shorter  
(1.5-2.5 cm). Pulvinus very large  
(1.0-1.5 cm) and sometimes twisted. 
Stipules large, reniform, and twisted. 
Pulvinulus longer (0.5-1.2 cm). Rachis 
longer (12-19 cm), with whitish lenticels. 
Leaflets larger (8-16 cm), elliptical, but 
those closest to the petiole are oval.  
Leaf blade discolourous, with adaxial 
side dark green and abaxial side green; 
opaque on both sides. Base rounded. 
Margin revolute. Midvein raised convex. 
Quaternaries incomplete. 

Base cuneate to rounded, apex acuminate 
to cuspidate; margin entire and slightly 
revolute. Venation pinnate, midvein 
raised biconvex. Secondary venation 
brochidodromous and flat. Marginal vein 
present. Intersecondaries abundant, 
tertiaries reticulate, and quaternaries 
areolate. Next leaves are similar to the 
first leaves, but larger (12-17 cm). Stipules 
(0.4-0.8 cm) lanceolate to triangular. 
Rachis (2.5-4.7 cm). Leaflets (7-14 cm). 
Apical bud (0.3-0.5 cm) green, conical, 
glabrous, protected by two stipules.

2 
cm

10
 c

m



18

17

16

15

81

20

19

Muirapiranga-da-folha-miúdaSmall-leafed Eperua
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PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

FRUIT very large: length 18 (16-20) 
cm; width 6.4 (5.0-7.0) cm; thickness 
1.9 (1.6-2.5) cm; weight 34 (30-41) g. 
Rhexocarpic follicular fruit: legume 
(legumen) green, becoming  
greenish-brown at maturity. Shape 
irregular to slightly deltoid, flattened 
laterally, base and apex asymmetric, 
and apex mucronate. Pericarp consisting 
of two valves (ca. 0.2 cm), woody, 
velvety, and covered with short, whitish, 
tangled hairs; internally greenish-
yellow, asperous, and covered with 
whitish hairs. Longitudinal suture 
flat. Seeds arranged in uniseriate 
fashion, imprinting their shape on the 
valves, but not separated by cavities. 
Generally fruits develop from terminal 
inflorescences in racemes. Two seeds 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 3 (2-10) weeks and seedlings are 
fully formed approximately three weeks later. After root protrusion the expanded cotyledons 
break the integument and open to an angle of almost 180°. The stem, bearing several 
cataphylls, elongates before the first compound leaf expands. The next leaves develop at 
almost the same time. During leaf expansion, leaflets remain pendulous and reddish.

SEED medium-sized: length 4.7 
(3.9-5.2) cm; width 3.3 (2.7-3.8) cm; 
thickness 1.4 (1.1-1.9) cm; weight 
12.3 (10.1-15.4) g. Colour brown, 
opaque, and with a firm consistency. 
Shape ellipsoid. Testa membranaceous 
and asperous. Removing the membrane 
reveals the reddish-brown colour and 
two thick and rugose cotyledons. 
Pleurogram absent.
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82 Hymenaea intermedia Ducke var. intermedia Fabaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: epigeal, 
phanerocotylar, and unipolar, with axis 
between the cotyledons. 

SEEDLING: Hypocotyl elongated 
(7.5-11.0 cm), initially pink and smooth, 
becoming green, reddish-brown, striate; 
covered with very short whitish hairs. 
Cross-section sometimes quadrangular.  
Cotyledons with reserves, pink, opposite, 
glabrous, sessile, and with the same 
shape as the seed; they remain attached 
to the seedling for less than one 
month. Epicotyl (1.0-4.5 cm) green, 
smooth, and glabrous, with abundant 
orangish, linear, and elongated lenticels. 
Subsequent internodes (2.5-10.0 cm) 
green, slightly rugose and glabrous, with 
lenticels similar to those of the epicotyl. 
First leaf compound, bifoliolate, and 
sessile. Petiolule reduced to a pulvinulus. 
Pulvinulus (ca. 0.2 cm) green, smooth, 
and glabrous. Leaflets (5-8 cm) deltoid 
to ovate and coriaceous, forming an 
angle of approximately 180°. Leaf blade 
discolourous; adaxial side dark green and 
slightly rugose; abaxial side green and 
clearly rubbery; opaque and glabrous on 
both sides. Base rounded and apex acute to 
rounded; margin entire. Venation palmate, 
midvein impressed biconcave. Secondary 
venation brochidodromous, flat to slightly 
raised on both sides. Intersecondaries 
present, tertiaries reticulate, and 
quaternaries incomplete. Next leaves 
larger  (6.0-8.5 cm) and alternate 
distichous. Stipules (ca. 1.5 cm) light green, 
lanceolate, smooth, and caducous. Petiole 
(0.7-1.5 cm) green, circular, smooth, and 
glabrous. Pulvinus wrinkled, present at the 
base and apex of the petiole. Pulvinulus 
wrinkled. Leaflets (5.0-7.5 cm) elliptical 
and papyraceous to chartaceous. Leaf blade 
slightly discolourous; adaxial side green and 

abaxial side light green; 
clearly rubbery on both sides. Base 
strongly asymmetric and apex acute; 
margin slightly revolute. Venation 
pinnate, midvein flat. Apical bud 
(ca. 0.5 cm) light green, lanceolate, 
erect, smooth, and glabrous.

ADULT

ADULT

Characters that differ in adults: leaves 
slightly larger (6-10 cm). Petiole longer 
(1.0-1.7 cm), yellowish-green, and rough. 
Pulvinus longer (0.3-0.5 cm). Pulvinulus 
longer (0.5-0.6 cm) and yellowish-
green. Leaflets larger (5-9 cm), falcate and 
chartaceous. Leaf blade with adaxial side 
shiny and abaxial side whitish-green; smooth 
on both sides. Secondary venation flat on the 
adaxial side and raised on the abaxial side. 
Intersecondaries abundant and quaternaries 
areolate. Sap translucent and sparse.

SEEDLING

SEEDLING

LEAF MORPHOLOGY
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PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Large-fruited Copal

FRUIT large: length 10.0 (6.9-13.1) 
cm; width 4.4 (3.1-5.3) cm; thickness 
3.2 (2.4-3.8) cm; weight 58 (25-
109) g. Simple, gymnocarpi dry fruit: 
camara brown when mature. Shape 
variable, depending on the number of 
seeds; typically cylindrical, flattened 
longitudinally, with base asymmetric 
and apex rounded and mucronate. Outer 
layers (0.4-0.6 cm) woody, rough, 
reticulate and glabrous; internally 
yellow-ferruginous and powdery. Pulp 
thick (up to 3 cm) yellow-ferruginous, 
velvety, farinaceous, and fibrous. The 
fruits have a raised, longitudinal suture 
that extends to the pedicel. Seeds 
separated by the pulp and uniseriate. 
Few fruits develop from terminal 
inflorescences in a raceme.  
One to seven seeds per fruit.SEED medium-sized: length 2.2 

(1.6-2.6) cm; width 1.6 (1.2-1.9) cm; 
thickness 1.2 (0.8-1.8) cm; weight 2.9 
(1.3-4.8) g. Colour dark brown, opaque 
and with a firm consistency. Shape 
globose to ellipsoid and flattened. Testa 
smooth and glabrous. Hilum punctiform. 
Pleurogram absent. The seeds can be 
confused with those of H. parvifolia  
(see next page).

DEVELOPMENT: the seeds are dormant due to the 
impermeability of the integument. Once dormancy is broken, 
shoots emerge in the greenhouse after 17 (14-21) days and 
seedlings are fully formed approximately nine days later. The 
cotyledons expand and break the testa, but remain closed. The 
pink hypocotyl elongates to form a hook, lifting the cotyledons; 
it subsequently becomes erect and greenish. The cotyledons 
open partially and the first compound leaf emerges. Afterwards, 
the epicotyl elongates and the next leaves emerge. New leaves 
are reddish and contrast with the greenish venation.
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84 Hymenaea parvifolia Huber Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar and unipolar, 
with axis between the cotyledons. 

SEEDLING: Hypocotyl elongated  
(up to 9.0 cm), initially pinkish, becoming 
green and later brown; initially smooth, 
becoming striate; covered with short 
whitish hairs. Cross-section sometimes 
quadrangular. Cotyledons with reserves, 
pink, opposite, glabrous, sessile, and 
with the same shape as the seed. Remain 
attached to the seedling for less than 
one month. Epicotyl (up to 0.5 cm) light 
brown, rough, and with indumentum similar 
to that of the hypocotyl. Sparsely covered 
with light brown elongated lenticels. 
Subsequent internodes (4-6 cm) initially 
light green, becoming light brown; slightly 
rough, with sparser indumentum than the 
hypocotyl. Has lenticels similar to those 
of the epicotyl. First leaf compound, 
bifoliolate and sessile. Petiolule reduced 
to a pulvinulus. Pulvinulus (0.1-0.3 cm) 
green, flat, smooth and glabrous. Leaflets 
(6-10 cm) deltoid and coriaceous, forming 
a 180˚ angle between them. Leaf blade 
dark green and glabrous on both sides; 
adaxial side shiny and smooth; abaxial 
side opaque and rough. Base truncate and 
apex acute; margin entire and revolute. 
Venation palmate, midvein flat. Secondary 
venation brochidodromous, impressed on 
the adaxial side and raised on the abaxial 
side. Intersecondaries rare and tertiaries 
reticulate. Next leaves generally smaller 
(7-9 cm) and alternate distichous. Stipules 
(1.0-1.2 cm) light green, lanceolate, 
smooth, with indumentum at the base 
and caducous. Petiole (1.0-1.2 cm) light 
green, circular, smooth, and glabrous. 

Pulvinus (ca. 0.1 cm) light green and 
wrinkled, present at the base and apex 
of the petiole. Pulvinulus (ca. 0.2 cm) 
light green, glabrous, and wrinkled like 
the pulvinus. Leaflets (6-8 cm) elliptical 
and chartaceous; sometimes one leaflet is 
slightly larger than the other. Leaf blade 
light green on both sides. Base asymmetric 
and apex acuminate. Venation pinnate. 
Secondary venation brochidodromous, 
especially close to the apex. Apical bud 
always covered by a pair of stipules.

ADULT

ADULTSEEDLING

SEEDLING

Characters that differ in adults: petiole 
shorter (0.7-1.0 cm) and yellowish-green. 
Pulvinus longer (0.4 cm) and greenish-
brown. Leaf blade slightly discolourous; 
adaxial side dark green and abaxial 
side light green; shiny and smooth 
on both sides. Midvein raised convex. 
Secondary venation brochidodromous or 
eucamptodromous, flat on the adaxial side 
and slightly raised on the abaxial side. 
Quaternaries areolate.
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SEED medium-sized: length 2.7 (1.9-
3.3) cm; width 1.8 (1.5-2.2 cm); thickness 
1.2 (0.7-1.7) cm; weight 4.3 (2.6-6.4) g.  
Colour reddish-brown, opaque, and with 
a bony consistency. Shape ellipsoid, 
sometimes flattened. Testa smooth and 
glabrous. Hilum punctiform. Pleurogram 
absent. The seeds can be confused with 
those of Hymenaea intermedia  
(see page 82).

FRUIT large: length 6.0 (4.1-8.1) cm; 
width 3.9 (2.9-5.1) cm; thickness 
3.0 (2.5-3.6) cm; weight 28.4 (9.8-
59.4) g.Simple gymnocarpi dry fruit: 
camara, brown when mature. Shape 
globose or cylindrical, flattened dorso-
ventrally, with base asymmetric and 
apex rounded and mucronate. Outer 
layers (ca. 0.5 cm) woody, rugose and 
glabrous; internally light brown and 
powdery. Pulp (ca. 0.4 cm) yellowish-
brown, velvety, farinaceous and fibrous. 
A flat longitudinal suture extends up to 
the base. Seeds separated by the pulp 
and transversely uniseriate. Few fruits 
develop from terminal inflorescences in 
a raceme. One to six seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 20 (13-29) days and 
seedlings are fully formed approximately 15 days later. The cotyledons expand and break 
the testa, but remain closed. The pink hypocotyl elongates to form a hook, lifting the 
cotyledons; it later becomes erect and greenish. The cotyledons open partially, the first 
leaf expands, and the epicotyl and next leaf emerge at the same time.

Jutaí-mirim
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86 Parkia multijuga Benth. Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (ca. 0.6 cm), light yellow, rugose 
and glabrous. Cotyledons with reserves, 
remaining covered by the integument 
and showing only their petioles. As the 
integument splits, the cotyledons may be 
partially exposed. Epicotyl-first leaf axis 
(6-28 cm) initially pink, becoming green; 
smooth to slightly rugose and densely 
covered with short, ferruginous, and erect 
hairs. Older seedlings have an axis with 
brown striae and light-coloured, punctiform 
lenticels. Cataphyll green, triangular, 
pubescent with one to two glands at the 
base. Subsequent internodes  
(2.0-5.5 cm) green and smooth. First leaf 
(4-26 cm) compound, bipinnate, with 4-5 
pairs of pinnae. Stipules tiny (ca. 0.1 cm) 
and triangular. Petiole (0.5-4.5 cm) green, 
circular and smooth. Pulvinus (0.1-0.5 cm) 
green, circular and smooth. Rachis  
(ca. 9 cm) with one gland (extrafloral 
nectary) between each pair of pinnae. 
Pinnae (2-14 cm) opposite. Petiolule 
reduced to a pulvinulus. Pulvinulus  
(ca. 0.2 cm) green, circular and smooth. 
Internodes, stipules, petiole, pulvinus, 
rachis, and pulvinulus have indumentum 
similar to that of the axis, but more 
abundant. Pinnules (0.2-1.6 cm) oblong, 
membranaceous, sessile and opposite. 
Leaf blade discolourous; adaxial side dark 
green and glabrous; abaxial side pale green 
and pubescent. Base asymmetric and apex 

rounded; margin entire. Venation pinnate, 
midvein flat to slightly raised convex. 
Secondary venation brochidodromous, flat 
on both sides. Intersecondaries sometimes 
present, but hard to see. Next leaves share 
most of the characters described for the 
first leaf, but are larger (8-43 cm), have 
3-6 pairs of pinnae, and are spiralled. 
Petiole longer (2-7 cm), with a larger gland 
than the rachis. Pulvinus green to brown. 
Pinnules with sparser indumentum on the 
abaxial side of the leaf blade, sometimes 
restricted to the margin. Apical bud  
(0.7-2.9 cm) greenish-brown, curved, 
smooth and pubescent.

ADULT

Characters that differ in adults: leaves 
larger (up to 70 cm). Petiole longer  
(7-12 cm), flat, with a large, elliptical 
gland at the base; there are occasionally 
one or two other glands with no specific 
location, smaller and hard to see. Pulvinus 
thicker. Rachis with small glands restricted 
to the last pairs of pinnae and occasionally 
on pinnae in the middle of the leaf. Pinnae 
opposite to subopposite. Petiolule  
(ca. 0.5 cm) green and smooth. Pinnules 
coriaceous. Leaf blade with adaxial 
side shiny and abaxial side with white 
punctations covering all of the leaf blade, 
except for the veins. Margin slightly 
revolute.

SEEDLING

ADULTSEEDLING
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SEED medium-sized: length 5.3 
(3.6-5.9) cm; width 1.7 (1.3-2.2) cm; 
thickness 1.1 (0.8-1.6) cm; weight 
7.4 (3.0-9.2) g. Colour dark brown to 
black, shiny, with a bony consistency. 
Shape usually oblong, with base 
slightly emarginate near the hilum. 
Testa smooth and glabrous. Pleurogram 
regular, equal (90%), and lacking a 
connection.

FRUIT very large: length 21.3 
(12.9-32.5) cm; width 8.6  
(6.2-10.5) cm; thickness 1.5  
(1.1-2.1) cm; weight 168 (59-355) g. 
Simple gymnocarpi dry fruit: camara 
green, becoming dark brown to black 
at maturity. Shape falcate, flattened, 
with asymmetric, stipitate base and 
apex rounded to acuminate. Pericarp 
(0.5-0.7 cm) woody and glabrous; 
internally light brown. When dry, 
the fruit is very resistant and 
marked by superficial reticulate 
cracking. Ventral suture rounded to 
slightly raised. Seeds separated in 
individual cavities and arranged in 
uniseriate fashion. Fruits typically 
develop from inflorescences in a 
capitulum. Six to eighteen seeds per 
fruit.

DEVELOPMENT: seeds are dormant due to the impermeability of the 
integument. Once dormancy is broken, shoots emerge in the greenhouse 
at 10 (4-20) days and seedlings are fully formed approximately five days 
later. After a short hook phase, the stem becomes erect and elongates 
a few centimetres before the expansion of the first leaf. The leaves 
continue to expand for some time. Soaked seeds and seedlings have an 
unpleasant smell.
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88 Parkia nitida Miq. Fabaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons. 

SEEDLING: Hypocotyl elongated 
(ca. 6 cm), initially green, smooth and 
covered with abundant ferruginous hairs; 
becoming greenish-brown, rough, and 
covered with sparse white hairs; striae and 
lenticels appear as development proceeds.
Cotyledons (3.5-4.0 cm) with reserves, 
light brown with dark streaks, opposite, 
glabrous, and sessile; remaining attached 
to the seedling for up to one week after 
the expansion of the first leaf.  
Epicotyl-first leaf axis (ca. 6 cm) initially 
green, becoming greenish-brown; rough 
and densely covered with short ferruginous 
hairs. Has abundant, yellowish, elliptical to 
elongated lenticels. Cataphyll occasionally 
there is one green, triangular, and caducous 
cataphyll. In more developed seedlings 
there are striae parallel to the lenticels. 
Subsequent internodes (0.8-2.0 cm) 
with colour and texture similar to those of 
the axis, but with more indumentum. First 
leaf (7-8 cm) compound, bipinnate, with 
two pairs of pinnae. Petiole reduced to 
a pulvinus. Pulvinus (ca. 0.2 cm) green, 
smooth, with the same indumentum as 
the axis. Petiolule reduced to a pulvinulus. 
Pulvinulus (ca. 0.2 cm) light green, smooth, 
densely covered with ferruginous to white 
hairs. Rachis (ca. 1 cm) densely pubescent, 
with a gland (extrafloral nectary) between 
the last pair of pinnae and a terminal, 
reddish, linear, velvety mucro (ca. 0.1 cm) 
covered with ferruginous hairs. Pinnae 
(6-7 cm) opposite to subopposite.  

Pinnules (0.8-1.2 cm) oblong and 
papyraceous. Leaf blade slightly 
discolourous; adaxial side dark green and 
abaxial side pale green; opaque, smooth, 
and glabrous on both sides. Base 
asymmetric and apex rounded to retuse; 
margin entire. Venation pinnate, midvein 
flat. Secondary venation asymmetric, 
brochidodromous on one side and poorly 
defined on the other, where a straight 
vein runs parallel to the midvein.  
Next leaves share most of the characters 
described for the first leaf, but are larger 

ADULT

ADULT

Characters that differ in adults: leaves 
usually larger (16-18 cm), with 4-7 pairs of 
pinnae. Pulvinus (up to 1 cm) and rachis 
larger (4-8 cm). Pinnules smaller  
(0.5-1.0 cm) and coriaceous. Leaf blade 
strongly discolourous, with a whitish 
waxy covering on the abaxial side, a 
characteristic typical of the species.

SEEDLING

SEEDLING

LEAF MORPHOLOGY

(5-21 cm),with 1-2 pairs of pinnae, and 
spiralled. Petiole (2-7 cm) brownish-green, 
canaliculate, and covered with ferruginous 
hairs; has a light green, elliptical, and 
raised gland located in the central portion 
of the petiole up to just below the first 
pair of pinnae. Pinnae larger (7-14 cm). 
Pinnules larger (1.1-1.6 cm). Apical bud 
(0.7-1.2 cm) whitish-green, slightly curved 
or erect, lanceolate, velvety, and densely 
covered with ferruginous hairs.
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PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Mentholated Parkia

SEED small: length 2.0 (1.7-2.7) cm; 
width 0.9 (0.8-1.0) cm; thickness 0.6 
(0.4-0.7) cm; weight 0.7 (0.4-1.0) g. 
Colour dark brown, opaque or shiny after 
handling, and with a firm consistency. 
Shape elliptical, with apex slightly 
emarginate in the hilum region. Testa 
smooth and glabrous. Pleurogram 
regular (90%), with no connection 
between the two sides of the seed.

FRUIT large: length 24.0 
(15.9-27.7) cm; width 4.6 
(4.2-5.0) cm; thickness 
1.0 (0.9-1.2) cm; weight 
27 (17-40) g. Simple, 
gymnocarpi dry fruit: 
camara green, becoming 
reddish-brown and dark 
brown at maturity. Shape 
oblong, curved, with 
base asymmetric and 
apex rounded. Pericarp 
fibrous, coriaceous, slightly 
corrugate and glabrous; 
internally white or yellowish, 
with a honey-colored gum 
surrounding the seed. Ventral 
suture slightly raised. Seeds 
separated in individual cavities 
and uniseriate. Normally 
two to six fruits develop per 
inflorescence in a capitulum. 
Ten to eighteen seeds per fruit.

DEVELOPMENT: the seeds are 
dormant due to the impermeability 
of the integument. Once dormancy 
is broken, shoots emerge in the 
greenhouse at 7 (6-8) days and the 
seedling is fully formed approximately 
five days later. The hypocotyl elongates 
to lift the seed and passes through a 
brief hook-shaped phase. The testa 
breaks, freeing the cotyledons, 
which remain erect. After 
that, the cotyledons open 
partially, remaining 
curved, and do not turn 
green. As development 
proceeds, the epicotyl 
elongates and a single 
leaf expands. Both the 
stem and the new leaves 
are initially pink.
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90 Parkia pendula (Willd.) Benth. ex Walp. Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (ca. 1 cm), white, becoming 
green and brown; smooth and glabrous. 
Cotyledons (ca. 2 cm) with reserves, 
light green, opposite, glabrous, and 
sessile; remain attached to the seedling 
for approximately one week. Epicotyl-
first leaf axis (ca. 5 cm) light green 
and smooth, becoming brown, asperous 
and covered with short erect whitish 
to yellowish hairs. Lenticels present. 
Cataphyll (up to 0.1 cm), there is one 
light green, triangular to linear, caducous 
cataphyll, with tiny stipules of the same 
colour. Subsequent internodes (1.0- 
1.5 cm) with colour, texture and hairs 
similar to those of the axis, but longer. 
First leaf (3.0-3.5 cm) compound, 
bipinnate, with two pairs of pinnae. 
Stipules (0.1-0.2 cm) light green and 
linear. Petiole absent. Rachis (up to 1 cm) 
circular, with short erect yellowish hairs; 
has a linear, light green mucro (0.1 cm) 
with indumentum similar to that of the 
rachis. Pinnae (2.5-3.0 cm) opposite. 
Petiolule absent. Pulvinulus (0.1 cm) light 
green, densely pubescent. Pinnules (0.3-
0.6 cm) oblong to linear, papyraceous and 
opposite. Leaf blade slightly discolourous; 
adaxial side green and abaxial side light 
green; opaque, smooth and glabrous on 
both sides. Base asymmetric and apex 
acute; margin entire. Venation with only 
midvein obvious. Next leaves share most  
of the characters described for the first 
leaf, but are larger (7-18 cm), have 
increasing numbers of pinnae pairs,  
and are spiralled. Petiole (1.5-2.5 cm) 

green, circular, and densely covered with 
yellowish hairs; commonly with a light 
green, ellipsoid to spherical, raised gland 
(up to 0.1 cm), usually slightly below the 
first pair of pinnae. In older seedlings 
the gland becomes reddish. Pulvinus 
(0.1 cm) light green, with indumentum 
similar to that of the petiole. Rachis longer, 
depending on the number of pinnae; mucro 
longer (up to 1 cm) and sometimes with 
a gland smaller than the petiole gland, 
semi-globose or punctiform, at the base 
of the last pair of pinnae. Pinnae larger 
(3-18 cm), longer at the leaf apex than 
at its base, opposite or subopposite. 
Apical bud ferruginous-green, elongated, 
erect, velvety and densely covered with 
ferruginous hairs; possessing obvious 
stipules and mucro.

ADULT

ADULT

Characters that differ in adults: leaves 
larger (up to 100 cm), with up to 40 pairs 
of pinnae. Petiole longer (3.5-5.0 cm), 
brown, canaliculate, and with lenticels. 
Pulvinus longer (up to 0.7 cm), dark brown, 
and rugose. Rachis densely covered with 
whitish hairs, and with a larger number of 
glands. Petiolule reduced to a pulvinulus. 
Pulvinulus brown. Pinnules linear and 
chartaceous. Leaf blade green on both 
sides; adaxial side with scattered hairs; 
abaxial side glabrous.

SEEDLING

SEEDLING
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Pendant Parkia

SEED very small: length 1.0  
(0.8-1.2) cm; width 0.6 (0.5-0.7) cm; 
thickness 0.3 (0.2-0.4) cm; weight 0.1 
(0.05-0.2) g. Colour black, becoming 
dark brown with light brown streaks, 
opaque or shiny after handling; with 
a firm consistency. Shape elliptical to 
oblong, with base slightly emarginate 
in the hilum region. Testa smooth and 
glabrous. Pleurogram regular, equal 
(90%), and lacking a connection.

FRUIT medium-sized: length 20.8 
(13.8-28.2) cm; width 2.4  
(1.5-3.1) cm; thickness 1.1  
(0.4-1.8) cm; weight 12.3  
(5.1-30.0) g. Rhexocarpic follicular 
fruit: follicle (foliculum) green, 
becoming dark brown to black at 
maturity. Shape elongated, flattened 
laterally, sometimes curved, with 
base asymmetric and apex apiculate. 
Pericarp woody, slightly corrugate 
and glabrous; internally white or 
light yellow, opaque and smooth. 
Ventral suture raised. At dehiscence, a  
honey-coloured, sugary gum is 
released in the suture and holds the 
seeds. Seeds separated in individual 
cavities and uniseriate. Up to 12 
fruits develop from inflorescences in a 
capitulum with a very long axis  
(up to 1 m). Eleven to 29 seeds per fruit.

DEVELOPMENT: the seeds are dormant due to the impermeability of the integument. 
Once dormancy is broken, shoots emerge in the greenhouse at five (4-6) days and 
seedlings are fully formed approximately three days later. After root protrusion, the 
hypocotyl elongates a few millimetres and the cotyledons expand, break the testa, 
and remain exposed with an angle of 180° between them. At the same time the stem 
elongates and passes through a brief hook-shaped phase, and a single leaf expands. The 
seedling rapidly becomes light green, without turning pink like those of P. multijuga and 
P. nitida (see previous pages). The species shows nyctinastic movements that close the 
pinnules.

3 
cm

1 cm

1 
cm



92 Peltogyne paniculata Benth. Fabaceae

Amazonian Fruits, Seeds & Seedlings

ADULT

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated 
(2.5-9.0 cm), initially greenish, becoming 
light brown with reddish striae; rugose, 
glabrous, and with tiny punctiform 
or elongated lenticels. Cotyledons 
with reserves, greenish, opposite, 
glabrous, sessile, and with the same 
shape as the seed. Epicotyl (3-7 cm) 
initially green and smooth, becoming 
greyish and rugose; glabrous and with 
abundant, ferruginous-brown, circular 
lenticels. Subsequent internodes  
(1.5-5.0 cm) initially light green, 
becoming greyish to light brown; smooth 
to slightly rugose, glabrous with sparse, 
brown, and punctiform lenticels. First 
leaves (6-9 cm) compound, 
bifoliolate, and opposite. Stipule  
(ca. 0.5 cm) reddish, lanceolate, glabrous, 
and caducous. Petiole (1.0-1.5 cm) 
green, circular, smooth, and glabrous. 
Pulvinus (0.2-0.3 cm) green, wrinkled, 
and glabrous, at the base and apex of the 
petiole. Petiolule reduced to a pulvinulus. 
Pulvinulus (0.1-0.2 cm) with the same 
characteristics as the pulvinus. Between 
the pulvinuli is a tiny greenish, and 
caducous mucro. Leaflets (5.5-7.5 cm) 
ovate and papyraceous. Leaf blade green, 
opaque, smooth and glabrous on both 
sides. Holding the leaf against the light 
reveals punctations that resemble glands, 
scattered throughout the leaf blade. Base 
strongly asymmetric and apex caudate; 
margin entire.  

Venation pinnate, midvein flat. 
Secondary venation brochidodromous, 
flat on the adaxial side and raised 
on the abaxial side. Intersecondaries 
abundant, tertiaries reticulate and 
quaternaries incomplete. Next leaves 
share the same characters described 
for the first leaves, but are larger 
(6.5-15.0 cm) and alternate. Leaflets 
larger (6-12 cm) and elliptical. Apical 
bud ferruginous, tiny, punctiform and 
glabrous, protected by two reddish, 
lanceolate and caducous stipules.

Characters that differ in adults: petiole 
longer (1-2 cm), canaliculate, striate, 
with sparse, light-coloured hairs. Pulvinus 
greenish-brown and with the same 
indumentum as present in the petiole. 
Pulvinulus slightly longer (0.2-0.4 cm). 
Leaf blade slightly shiny on the adaxial 
side. Apex acuminate; margin revolute. 
There are a few sparse hairs on the midvein 
of the abaxial side, near the base of the 
leaf blade.

SEEDLING

LEAF MORPHOLOGY

SEEDLING ADULT
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PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Purpleheart

SEED small: length 2.1 (1.7-2.4) cm; 
width 1.2 (1.0-1.5) cm; thickness 0.3 
(0.2-0.4) cm; weight 0.6 (0.4-0.9) g. 
Colour brown, opaque and with a 
firm consistency. Shape obovate and 
flattened. Testa slightly corrugate and 
glabrous. Aril small  
(0.1 cm), light brown 
and fibrous, covering 
only the basal area. 
Removing it reveals 
a light brown 
and linear hilum. 
Pleurogram absent.

FRUIT small: length 2.5 (2.3-2.7) cm; 
width 4.3 (3.8-4.8) cm; thickness 
ca. 0.8 cm; weight 1.2 (0.8-1.4) g. 
Rhexocarpic follicular fruit: legume 
(legumen) green, becoming light 
brown at maturity. Shape triangular, 
flattened laterally, with base acute and 
apex rounded. Pericarp dry, opening 
in two valves; each valve has two 
light brown layers. Outer layer (up to 
0.1 cm) brittle, rugose, reticulate and 
glabrous; inner layer (up to 0.1 cm) 
shiny where it touches the seed, 
chartaceous, asperous and glabrous. 
After the fruit opens, the outer layers 
remain attached along a raised, 
canaliculate, and mucronate suture, 
exposing the seeds. The inner layer 
of the valves falls off and the seed 
remains attached to the outer layer of 
one of the valves by the aril. Immature 
fruits have a yellowish-green, 
farinaceous tissue around the 
seed, becoming brown at maturity. 
Several fruits develop from terminal 
inflorescences in panicles. One seed 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 2 (1-4) weeks and seedlings 
are fully formed approximately one week later. After root protrusion the hypocotyl 
elongates and passes through a brief hook-shaped phase, after which it becomes erect and 
the cotyledons open slightly. The epicotyl elongates and the first pair of leaves expands. 
The cotyledons curl downwards and eventually fall off. New leaves initially have leaflets 
pendulous and leaf blade reddish, contrasting with the green epicotyl and venation.

Escorrega-macaco
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94 Swartzia polyphylla DC. Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

0-1

0-1

ADULT

ADULT

GERMINATION: hypogeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons. 

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, green, sessile, 
and with the same shape as the seed, 
remaining covered by the integument 
and attached to the seedling for several 
months. Epicotyl-first leaf axis (55-76 cm) 
green, smooth, and with sparse, whitish, 
and very short hairs. Has abundant, 
yellowish-white, punctiform lenticels. 
Cataphylls (0.2-0.3 cm), absent or up to 
five green and cylindrical cataphylls with 
a pair of caducous stipules. Subsequent 
internodes (5.5-13.0 cm) green, smooth, 
and with indumentum similar to that of 
the axis, especially close to the apical 
bud. Rarely with a cataphyll similar to 
those of the axis. First leaves (18-20 cm) 
compound, unifoliolate, or trifoliolate, 
alternate to subopposite. Stipules (ca. 
0.2 cm) light green, hook-shaped, 
and with the same indumentum as the 
internodes. Petiole (3.0-4.7 cm) green, 
canaliculate, smooth, with more abundant 
indumentum in the depression. Pulvinus 
(ca. 0.5 cm) green, slightly rugose, and 
glabrous. Petiolule reduced to a pulvinulus. 
Pulvinulus (ca. 0.5 cm) green, canaliculate, 
and with sparse indumentum. Leaflets (10-
12 cm) elliptical, papyraceous, and usually 
opposite. Leaf blade discolourous; adaxial 
side green and abaxial side light green; 
opaque, smooth, and glabrous on both 
sides. Base cuneate to rounded and apex 
acuminate; margin entire and revolute. 
Venation pinnate, midvein impressed 
concave, with sparse indumentum on 
the abaxial side. Secondary venation 
brochidodromous, flat on the adaxial side 
and raised on the abaxial side. 

Intersecondaries abundant, 
tertiaries reticulate, and quaternaries 
incomplete. Next leaves share most 
of the characters described for the 
first leaves, but are larger (19-28 cm), 
alternate, and with three, five, or seven 
leaflets. Rachis green, flat, smooth, and 
glabrous. Pulvinulus with more abundant 
indumentum on the abaxial side. Leaflets 
opposite to subopposite. Apical bud  
(0.5-0.8 cm) light green, curved, velvety, 
and with more abundant indumentum than 
on the internodes.

Characters that differ in adults: leaves 
larger (20-30 cm), with seven or nine 
leaflets. Petiole greyish-green, circular, 
and slightly asperous. Pulvinus longer 
(0.6-0.8 cm), greyish-green, and with more 
abundant indumentum than on the petiole. 
Rachis with sparser indumentum than on 
the petiole. Pulvinulus slightly longer  
(ca. 0.7 cm) and light green. Leaflets 
elliptical, ovate or obelliptical, and 
chartaceous. Leaf blade yellowish-green 
on the abaxial side; base cuneate and 
apex apiculate. Midvein v-impressed and 
glabrous. Secondary venation raised convex 
on the adaxial side and flat on the abaxial 
side. Stipules absent. Resin red, watery, 
sticky, and abundant.

SEEDLING

SEEDLING
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Many-leafed Swartzpea

SEED very large: length 4.4 (3.8-5.1) cm; 
width 9.5 (6.7-11.8) cm; thickness 3.4 
(2.9-4.1) cm; weight 78 (20-112) g. 
Colour light brown, slightly shiny, 
and with a firm consistency. Shape 
reniform in fruits with one seed and 
irregular in fruits with two or three 
seeds. Testa membranaceous, smooth, 
and glabrous, sometimes cracking as it 
dries. Aril (ca. 0.5 cm) yellowish-white, 
spongy, covering a small portion of the 
seed. Removing it reveals a linear and 
elongated hilum. Pleurogram absent.

FRUIT very large: length 13.4 
(10.2-17.4) cm; width 5.8  
(5.0-6.3) cm; thickness 4.6  
(4.1-5.2) cm; weight 165  
(112-298) g. Rhexocarpic 
follicular fruit: legume (legumen) 
green, becoming brown 
at maturity. Shape usually 
ellipsoid or irregular, with base 
attenuate to rounded and apex 
acute. Pericarp (0.1-0.4 cm) 
woody, asperous, reticulate 
and glabrous, composed of two 
valves; internally yellowish, 
velvety, and glabrous. The 
pericarp opens along a 
longitudinal suture, canaliculate 
ventrally and raised dorsally. 
Several fruits develop from an 
inflorescence in a raceme. One to 
two seeds per fruit, rarely three.

DEVELOPMENT: in the greenhouse 
shoots emerge at 4 (3-6) months 
and the seedling is fully formed 
approximately two weeks later. The 
cotyledons typically open very little, 
just enough to release the shoot. The 
integument breaks but remains attached 
to the dorsal side of the cotyledons. The 
ventral side is greenish-yellow and smooth, 
and may become green when exposed to 
light. The stem elongates significantly 
before the first leaves expand. Wounded 
seedlings and juveniles release no exudate.
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96 Swartzia recurva Poepp. Fabaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar, with the 
axis lateral to the cotyledons.

SEEDLING: Hypocotyl 
not elongated. Cotyledons 
with reserves, remaining 
attached to the seedling 
for at least seven months.  
Epicotyl-first leaf axis (13-19 cm) light 
green, becoming brown; asperous and 
with short, light-coloured hairs, more 
abundant at the base. Has abundant 
orangish, linear, and elongated lenticels. 
Cataphylls (ca. 0.2 cm), there are 3-10 
cataphylls with a pair of tiny stipules. 
Subsequent internodes (1.5-6.0 cm) 
green, smooth, slightly pubescent, and 
with sparse, yellowish lenticels and 
rarely a cataphyll. First leaves (8-14 cm) 
compound, unifoliolate, bifoliolate, or 
trifoliolate, opposite or alternate. Stipules 
(ca. 0.1 cm) green, linear, smooth and 
covered with sparse, long, light-coloured 
hairs. Petiole (0.7-2.0 cm) green, winged, 
smooth, and glabrous, or rarely with 
sparse hairs. Pulvinus (0.2-0.4 cm) green, 
smooth, and with indumentum similar to 
that of the axis. Rachis (up to 2 cm) green 
and smooth, present only on trifoliolate 
leaves. Petiolule reduced to a pulvinulus. 
Pulvinulus (up to 0.2 cm) green, smooth, 
and glabrous, or rarely with sparse 
hairs. Leaflets (6-11 cm) elliptical and 
chartaceous. Leaf blade green, opaque, 
and smooth on both sides; adaxial side 
glabrous and abaxial side rarely with 
sparse, white, and stellate hairs. Base 
cuneate and apex acuminate; margin 
entire and revolute. Venation pinnate, 

midvein raised convex. Secondary venation 
brochidodromous, flat on the adaxial side 
and slightly raised on the abaxial side. 
Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
Next leaves share most of the characters 
described for the first leaves, but are 
larger (8-20 cm) and spiralled. Pulvinulus 
glabrous. Leaflets larger (7-16 cm). Leaf 
blade discolourous; light green on the 
abaxial side; glabrous on both sides. Apical 
bud (ca. 0.3 cm) reddish, smooth, and 
densely covered with yellowish hairs.

ADULT

ADULT

Characters that differ in adults: leaves 
slightly larger (16-22 cm), with three to 
five distichous-alternate leaflets. Pulvinus 
longer (0.5-0.8 cm) and rugose. Petiole 
longer (up to 2.5 cm), circular, and 
glabrous. Pulvinulus longer (0.6-0.8 cm). 
Leaflets coriaceous, opposite to 
subopposite. Leaf blade discolourous; 
adaxial side dark green and slightly shiny 
and abaxial side yellowish-green. Apex 
acute to acuminate. Secondary venation 
raised on both sides. Quaternaries areolate. 
Resin colourless, watery and scant.

SEEDLING

SEEDLING
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Recurved Swartzpea

PHENOLOGY

SEED medium-sized: length 3.5 
(2.2-4.4) cm; width 2.3 (1.8-2.8) cm; 
thickness 1.1 (0.9-1.5) cm; weight 
5.8 (3.6-7.7) g. Colour light brown to 
greenish-brown, shiny, and with a firm 
consistency. Shape reniform in fruits 
with one seed and irregular in fruits 
with two seeds. Testa membranaceous, 
smooth to slightly asperous, sometimes 
cracking as it dries. Aril thick  
(ca. 1 cm), milky white, and spongy, 
covering up to a third of the seed. 
Removing it reveals a pronounced hilum 
with the same colour as the testa. 
Pleurogram absent.

FRUIT large: length 5.7 (3.8-6.8) cm; 
width 4.7 (3.6-5.7) cm; thickness 2.4 
(1.7-3.3) cm; weight 38 (15-66) g. 
Rhexocarpic follicular fruit: legume 
(legumen) light green, becoming 
blackish at maturity. Shape orbicular, 
with base and apex asymmetric. 
Pericarp composed of two 
valves (0.7-1.0 cm), woody, 
rugose, and glabrous; 
internally light brown to 
yellowish and glabrous. 
Longitudinal suture 
invaginate. A few fruits 
develop from terminal 
inflorescences in a raceme. 
One or rarely two seeds 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 4 (3-5) days and seedlings 
are fully formed approximately one week later. After root protrusion, the stem elongates 
with several cataphylls and the first leaves expand. During leaf expansion, leaflets are 
reddish and pendulous. Wounded seedlings and juveniles release no exudate.
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98 Swartzia reticulata Ducke Fabaceae

Amazonian Fruits, Seeds & Seedlings

ADULT

GERMINATION: hypogeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, light green 
internally, remaining covered by the 
integument and attached to the seedling for 
a few months. Epicotyl-first leaf axis 
(25-35 cm) dark green, smooth, and 
glabrous. Cataphylls (0.7-1.3 cm), there are 
4-12 cataphylls with a pair of tiny stipules.  
Subsequent internodes (3-10 cm) dark 
green, smooth, and glabrous, with brown, 
vertically aligned lenticels forming striae. 
First leaves and next leaves can be 
unifoliolate or pinnate. Unifoliolate leaves 
(19-24 cm) spiralled. Stipules (0.4-0.6 cm) 
light green, lanceolate, glabrous, and 
caducous. Petiole (7-10 cm) light green, 
circular, smooth, and glabrous. Pulvinus 
(0.5-0.8 cm) light green, smooth, 
and glabrous. Petiolule reduced to a 
pulvinulus. Pulvinulus (0.6-1.0 cm) 
similar to the pulvinus. Leaflets (12-
14 cm) orbicular and papyraceous. Leaf 
blade slightly discolourous; adaxial side 
green and abaxial side light green; shiny, 
smooth, and glabrous on both sides. Base 
rounded to truncate and apex acuminate; 
margin entire and slightly revolute. 
Venation pinnate, midvein raised convex. 
Secondary venation eucamptodromous, 
flat on the adaxial side and raised on the 
abaxial side; occasionally some leaves 
are brochidodromous. Intersecondaries 
abundant, tertiaries percurrent oblique, 
and quaternaries areolate. Pinnate leaves 
(20-25 cm) trifoliolate or pentafoliolate. 
They share most of the characters described 
for unifoliolate leaves, but have leaflets 
smaller (8-11 cm), oval to ovate, opposite 
to subopposite, and rachis (4-9 cm) light 
green, slightly canaliculate, smooth, 
and glabrous. Apical bud (up to 0.1 cm) 
yellowish-green, punctiform and glabrous.

Characters that differ in adults: leaves 
larger (30-62 cm), with five to seven 
leaflets. Petiole occasionally canaliculate. 
Rachis longer (15-27 cm). Leaflets larger 
(9-30 cm), oblong to orbicular, opposite 
to subopposite. Midvein impressed or 
submersed. Secondary venation mostly 
brochidodromous, especially near the apex. 
Tertiaries reticulate. Pulvinus slightly longer 
(0.9-1.5 cm) and dark green. Pulvinulus 
longer (0.5-1.5 cm), brownish-green, 
thicker, and rugose. Resin colourless, sticky 
and scant.

LEAF MORPHOLOGY

SEEDLING

SEEDLING

ADULT
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Reticulated Swartzpea

SEED very large: length 6.7 (3.9-8.2) cm; width 4.5 (3.5-5.4) cm; thickness 3.3 
(2.2-4.0) cm; weight 60.1 (22.5-96.8) g. Colour light brown, opaque, and with a firm 
consistency. Shape reniform. Testa fibrous and slightly asperous. Aril bilobate, thick 
(0.6-1.0 cm), bright yellow, shiny, smooth, hard, and brittle, with rugose margin and 
small recesses; covers the seed almost completely and weighs up to 40 g. The portion of 
the seed not covered by the aril has a shiny, reddish-brown integument. Removing the 
aril reveals that the shiny integument is restricted to a band of up to 1 cm wide that 
circumscribes practically the entire margin of the seed. Hilum (ca. 1 cm) brown, circular 
and protuberant. Pleurogram absent.

FRUIT very large: length 10.1  
(6.7-12.1) cm; width 5.7 (4.5-6.5) cm; 
thickness 5.2 (3.4-6.0) cm; weight 
143 (42-239) g. Rhexocarpic follicular 
fruit: legume (legumen) green, 
becoming blackish-green at maturity. 
Shape ellipsoid, with base asymmetric 
and apex acuminate and mucronate; 
persistent calyx with sepals revolute. 
Pericarp composed of two valves  
(0.5-0.8 cm), woody, rugose and 
glabrous; internally greenish-yellow, 
velvety, fibrous, and glabrous. 
Longitudinal suture raised. Generally 
one fruit develops from ramiflorous 
inflorescences in a raceme. One to 
two seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 50 (31-80) days and the 
seedling is fully formed approximately seven days later. After root protrusion, the 
cotyledons open in the reddish-brown region of the integument. The stem elongates with 
several cataphylls and two or three leaves expand at the same time. During leaf expansion, 
the leaflets remain pendulous. Wounded seedlings and juveniles release no exudate.

2 
cm

2 
cm

2 
cm



100 Swartzia tessmannii Harms Fabaceae

revolute. Venation pinnate, midvein 
impressed concave, with ferruginous hairs 
on the adaxial side and whitish hairs 
on the abaxial side. Secondary venation 
brochidodromous, flat on the adaxial side 
and slightly raised on the abaxial side. 
Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
Next leaves share most of the characters 
described for the first leaves, but are 
usually larger (6-18 cm). Rachis with more 
obvious stipels. Leaflets larger (4-13 cm), 
with base rounded and apex acuminate. 
Apical bud tiny (ca. 0.1 cm) and densely 
covered with ferruginous hairs.

Characters that differ in adults: 
stipules absent. Leaflets coriaceous. Apex 
sometimes mucronate. Resin colourless, 
watery, and scant.

ADULT

ADULT

2 
cm

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
attached to the seedling for at least five 
months. Epicotyl-first leaf axis  
(6-15 cm) brownish-green, smooth, velvety, 
and covered with short, ferruginous hairs; 
the indumentum later becomes whitish, 
showing the green colour of the axis. 
Cataphylls (ca. 0.1 cm), there are 3-6 
cataphylls with a pair of tiny stipules. 
Subsequent internodes (1-3 cm) light 
green, smooth, and with indumentum 
similar to that of the axis. First leaves 
(6-11 cm) compound, trifoliolate, and 
spiralled. Stipules small (0.1-0.2 cm), 
green, linear, and densely covered with 
ferruginous hairs. Petiole (1-2 cm) light 
green, slightly canaliculate, smooth, and 
covered with short, erect, ferruginous 
hairs. Pulvinus (0.2-0.4 cm) with colour, 
texture, and indumentum similar to 
those of the petiole. Rachis (ca. 1 cm) 
light green, canaliculate, smooth, and 
with indumentum similar to that of the 
petiole; has a very short wing with tiny 
stipels. Petiolule reduced to a pulvinulus. 
Pulvinulus short (up to 0.2 cm), light 
green, and with indumentum similar to that 
of the petiole. Leaflets (3-7 cm) elliptical 
and chartaceous. Leaf blade discolourous; 
adaxial side green and glabrous; abaxial 
side whitish-green and covered with 
short, whitish, adpressed hairs; opaque 
and smooth on both sides. Base cuneate 
or rounded and apex acuminate and 
mucronate; margin entire and slightly 

SEEDLING

SEEDLING

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

5 
cm
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Tessmann’s Swartzpea

SEED small: length 2.1 (1.8-2.3) cm; 
width 1.3 (1.1-1.4) cm; thickness 1.0 
(0.9-1.1) cm; weight 1.9 (1.3-2.5) g. 
Colour black, shiny, and with a hard 
consistency. Shape ovoid in fruits 
with one seed and irregular in fruits 
with two seeds. The seed is generally 
flattened in the portion covered by the 
aril. Testa membranaceous, smooth and 
glabrous.Aril thick (0.3-0.5 cm), white, 
spongy, covering almost half of the 
seed. Removing it reveals a linear brown 
hilum that extends nearly the length of 
the seed. Pleurogram absent.

FRUIT medium-sized:  
length 2.6 (2.3-2.9) cm;  
width 1.7 (1.4-1.8) cm;  
thickness 1.1 (1.0-1.3) cm;  
weight 2.2 (1.5-2.9) g. Rhexocarpic 
follicular fruit: legume (legumen) 
orangish when mature. Shape 
ellipsoid; calyx usually persistent, 
with sepals revolute. Pericarp 
composed of two valves  
(ca. 0.2 cm), hard, rugose and 
covered with sparse, light-coloured, 
very fine, adpressed hairs; 
internally light yellow, rugose, 
and fibrous. Longitudinal 
suture invaginate. Several 
fruits develop from 
ramiflorous inflorescences 
in a raceme. One to two 
seeds per fruit.

DEVELOPMENT: in the greenhouse 
shoots emerge after 11 (9-17) weeks and 
the seedling is fully formed approximately 
three weeks later. After root protrusion, 
a stem with a few cataphylls elongates 
and two or three leaves typically expand 
at the same time. During leaf expansion 
the leaflets remain pendulous. Wounded 
seedlings and juveniles release no exudate.

1 
cm

1 
cm

1 
cm



102 Goupia glabra Aubl.                 Goupiaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal,  
phanerocotylar, and unipolar with 
the axis between the cotyledons.

SEEDLING: Hypocotyl  
(ca. 1 cm) light green with very 
short, white indumentum. Cotyledons 
foliaceous, oval to ovate in shape, with a 
rounded base and rounded to acute apex; 
margin entire; venation plinervate. 
Epicotyl (ca. 0.5 cm) light green and 
with sparse, yellowish, adpressed 
hairs. Subsequent internodes 
(0.5-0.8 cm) light green with 
indumentum similar to that of 
the epicotyl. First leaves (up to 0.5 cm) 
simple, ovate, papyraceous and opposite. 
One pair of green, linear stipules  
(0.4-0.6 cm), with the same indumentum 
as the epicotyl, leaving a dark scar when 
they fall. Petiole (ca. 0.1 cm) yellowish-
green, circular, asperous, and with 
indumentum similar to that of the epicotyl. 
Leaf blade green, opaque, asperous, with 
indumentum similar to that of the petiole, 
but with longer hairs on both sides. Base 
rounded and apex slightly acute; margin 
serrate, usually with two lobes. Venation 
pinnate, midvein raised convex. Secondary 
venation eucamptodromous, impressed on 
the adaxial side and raised on the abaxial 
side. Tertiaries percurrent perpendicular 
and quaternaries areolate. Next leaves are 
similar to the first leaves, but are larger 
(2.5-6.5 cm), alternate, usually distichous, 
and have a longer petiole (0.2-0.3 cm). 
Apical bud covered with the same 
indumentum as the epicotyl, but longer 
and more abundant. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (9-17 cm), oblong to elliptical, 
chartaceous and alternate distichous. 
Stipules slightly larger (ca. 0.7 cm), with 
very short, white, abundant hairs located 
at the base of leaves on young twigs. 
Petiole longer (1-1.2 cm), canaliculate 
and twisted, smooth and with sparse, light 
yellow, and very small hairs, present only 
on the adaxial side.  

Leaf blade discolourous; green, slightly 
shiny and glabrous on the adaxial side; 
light green, opaque, and with hairs similar 
to those of the petiole on the abaxial side; 
smooth on both sides. Base asymmetric 
and apex acuminate; margin revolute and 
sinuate with asymmetric lobes. Venation 
plinervate, midvein flat to raised convex on 
both sides. Secondary venation flat on both 
sides. Quaternaries incomplete. 

2 
cm

3 
cm
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CupiúbaCupiyuba

FRUIT very small: length 0.4  
(0.3-0.5) cm; width 0.4 (0.2-0.6) cm; 
thickness 0.4 (0.2-0.5) cm; weight 
0.04 (0.01-0.1) g. Simple, gymnocarpic 
fleshy fruit: berry (bacca) green, 
becoming reddish when mature. 
Shape globoid, with base 
emarginate and persistent calyx 
with five yellowish-green sepals; 
apex flat to rounded. Epicarp (ca. 
0.1 cm) membranaceous, smooth, 
and glabrous. Internally orangish-
yellow, fleshy, and slightly pasty. 
Fruits develop from axillary 
inflorescences in umbels. One to 
nine seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 5 (4-12) weeks and seedlings 
are fully formed approximately two days later. After root protrusion the cotyledons 
expand and form an angle of 180°. Next, the first leaves emerge in a slightly spiralled 
arrangement. As development proceeds, the seedling usually has alternate distichous 
leaves, which facilitates its identification in the field.

SEED very small: length 0.2 (0.2-0.3) cm; 
width 0.1 (0.07-0.2) cm; thickness  
0.1 (0.03-0.17) cm; weight 0.003 
(0.001-0.004) g. Colour orangish-brown 
to red, opaque, with a crustaceous con-
sistency, smooth, and glabrous. Shape 
ellipsoid. A thin transparent membrane 
surrounds the seed.

0,
5 

cm

0,5 cm

0,5 cm



104 Aniba rosaeodora Ducke Lauraceae

Amazonian Fruits, Seeds & Seedlings

ADULT

ADULT

GERMINATION: hypogeal, 
cryptocotylar and unipolar, with the 
axis between the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
covered by the integument and attached 
to the seedling for at least five months. 
Epicotyl-first leaf axis (7-17 cm) green, 
smooth, covered with short yellowish 
erect hairs. Has light brown, punctiform to 
elongated lenticels, distributed vertically 
along the axis. Cataphylls there are 8-15 
purplish, linear to triangular cataphylls. 
Subsequent internodes (0.2-5.0 cm) 
green, smooth, and with indumentum 
similar to that of the axis. The first 
internodes are usually shorter (0.2-0.4 cm) 
and subsequent internodes may have 2-4 
light green linear cataphylls. First leaves 
(2-9 cm) simple, elliptical, papyraceous, 
spiralled. Petiole (0.3-0.5 cm) green, 
biconcave, sometimes curved, smooth 
and with indumentum similar to that 
of the axis, but sparser. Leaf blade 
bullate and discolourous; adaxial side 
green, shiny, and glabrous; abaxial 
side whitish-green, opaque, with 
indumentum similar to that of the petiole; 
smooth on both sides. Base cuneate and 
apex acuminate; margin entire and slightly 
revolute. Venation pinnate, midvein raised 
carinate, glabrous on the adaxial side and 
with indumentum similar to that of the 
petiole on the abaxial side. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 

Next leaves share the same 
characters described for the first 
leaves, but are larger (7-16 cm). 
Apical bud (ca. 0.5 cm) 
light green, curved, and with 
indumentum similar to that of 
the epicotyl.

Characters that differ in adults: leaves 
usually larger (6-21 cm), elliptical to 
obelliptical, papyraceous to coriaceous. 
Petiole longer (0.7-2.0 cm), light 
brown, canaliculate, twisted, with short, 
adpressed, golden to ferruginous hairs. 
Leaf blade with adaxial side dark green; 
abaxial side light green and papillose. 
Midvein flat with indumentum on the 
abaxial side similar to that on the petiole 
of the adult.

SEEDLING

SEEDLING

LEAF MORPHOLOGY

2 
cm

5 
cm



105

14

13

Pau-rosa

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

F
R

U
I

T
S

E
E

D

Brazilian Rosewood

SEED medium-sized: length 2.4 
(1.9-2.9) cm; width 1.7 (1.4-2.0) cm; 
thickness 1.5 (1.2-1.9) cm; weight 3.5 
(1.8-5.5) g. Colour mostly light brown 
with dark brown streaks, with a firm 
consistency. Shape ovoid to ellipsoid. 
Integument thin, membranaceous, 
smooth, opaque, brittle when dry. Hilum 
punctiform and raised.

FRUIT medium-sized: length 2.8 
(2.4-3.1) cm; width 2.0 (1.8-2.3) cm; 
thickness 2.0 (1.8-2.3) cm; weight 6.6  
(4.3-8.4) g. Simple angiocarpic fruit: 
glans. Cupule greenish-brown, thick, 
conical, asperous, woody, covered with 
raised lenticels; internally yellowish-
brown, smooth, and glabrous. The cupule 
covers less than a third of the fruit, 
and the dispersal unit is a berry. Berry 
(bacca) green, becoming dark purple when 
mature. Shape ovoid to ellipsoid, with 
apex sometimes mucronate. Epicarp 
thin, membranaceous, smooth and 
glabrous. Mesocarp (ca. 0.3 cm) 
greenish-yellow and fleshy. Several 
fruits develop from axillary or 
subterminal inflorescences in 
panicles. One seed per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 9 (3-28) weeks and the seedling 
is fully formed approximately two weeks later. Seed volume gradually increases throughout 
the process of germination. The integument breaks in the basal region due to the growth 
of the embryonal axis, pushing away the cotyledons, which remain parallel and unopened. 
The stem elongates, bearing several cataphylls. The first three (sometimes four) leaves 
expand at almost the same time. In recently germinated seedlings the light green stem 
contrasts with the purplish cataphylls and new leaves. At later stages of development, 
new leaves are initially green.

2 
cm

1 
cm

1 
cm



106 Cariniana micrantha Ducke Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

ADULT

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(9.0-13.5 cm), initially whitish-yellow 
to green, becoming brown; striate and 
pubescent. Cotyledons (ca. 4.5 cm) 
foliaceous, green, papyraceous and opposite. 
Shape palmatilobate, with auriculate base. 
Petiole pubescent. Lamina smooth and 
glabrous on both sides. Margin entire. 
Venation palmate. Epicotyl-first leaf axis 
(0.6-1.5 cm) initially green, becoming 
brown; striate and pubescent. Has 
sparse circular lenticels, visible in more 
developed seedlings. Cataphylls one or 
two green and caducous. Subsequent 
internodes (0.5-2.0 cm) light green, 
striate, with abundant simple, long, curved 
hairs. Has lenticels similar to those of the 
axis. First leaves (1.8-4.2 cm) simple, 
elliptical or obovate, membranaceous, 
and alternate. Petiole short (0.1-0.2 cm), 
green, canaliculate, densely covered with 
short whitish hairs. Leaf blade green, 
opaque, smooth, glabrous on both sides. 
Base cuneate and apex acute; margin 
slightly crenulate. Venation pinnate, 
midvein raised convex, pubescent, 
especially on the abaxial side. Secondary 
venation brochidodromous. Tertiaries 
percurrent perpendicular and quaternaries 
areolate. Next leaves share most of the 
characters described for the first leaves, 
but are larger (2.5-10.0 cm), elliptical, 
and alternate distichous. Petiole slightly 
winged. Base rounded to cuneate and apex 
acuminate; margin crenulate to denticulate, 
with one thick hair at each denticle. Tufts 
of hair (domatia) are commonly present 
in the axils of the secondary veins. Apical 
bud whitish, conical, slightly curved, and 
pubescent like on the internodes.

Characters that differ in adults: 
leaves larger (3.5-14.5 cm) and 
coriaceous. Petiole longer  
(0.2-0.6 cm), rugose and glabrous. 
Leaf blade discolourous. Midvein 
impressed biconcave. Secondary 
venation slightly raised on both 
sides. Intersecondaries present.

SEEDLING

SEEDLING
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Castanha-de-macacoSmall-flowered Cariniana

SEED very small: length 1.4 (1.2-1.7) cm; 
width 0.7 (0.6-0.8) cm; thickness 0.7 
(0.6-0.8) cm; weight 0.14 (0.08-0.17) g. 
Colour brown, opaque, with a firm 
consistency. Shape ovoid, trifacetate, 
tapering at one extremity, with a 
unilateral wing. Testa asperous, glabrous, 
fibrous, and brittle. Wing (3-6 cm) light 
brown, translucent and membranaceous.

FRUIT very large: length 9  
(7-12) cm; width 6 (5-7) cm; 
diameter of the opercular opening 
ca. 4 cm; weight 141 (125-182) g. 
Rhexocarpic capsular fruit: pyxidium 
green, becoming reddish-brown at 
maturity. Shape turbinate. Calycine 
ring barely visible, close to the apex, 
and slightly raised. Length of the 
supracalycine zone 2.5 (1.5-3.0) cm 
and of the infracalycine zone 7.0 
(6.0-8.5) cm. Operculum: length 
with columella up to 9 cm; outer 
width 3.0 (2.5-4.0) cm. Columella 
triangular, woody, and shiny where it 
touches the seeds. Pericarp  
(1-2 cm) woody, slightly asperous 
and ferruginous, with small, brown, 
and circular lenticels; internally a 
lighter colour, smooth and glabrous, 
with depressions made by the 
seeds. Generally one fruit develops 
from terminal or subterminal 
inflorescences in panicles.  
Ten to 29 seeds per fruit.

DEVELOPMENT: in the greenhouse shoots 
emerge after 3 (2-7) weeks and the seedling 
is fully formed approximately one week later. 
After root protrusion, the hypocotyl elongates 
and lifts the seed. The cotyledons free 
themselves and expand. The seedling may 
remain in this stage for a long time, during 
which it is easily recognized in the field. As 
development proceeds, the stem elongates 
approximately 1 cm and the first leaves 
expand at almost the same time.

1 
cm
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cm
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108 Eschweilera amazoniciformis S.A.Mori Lecythidaceae

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

GERMINATION: hypogeal, 
cryptocotylar and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first 
leaf axis (0.8-9.5 cm) greenish-brown, 
asperous, glabrous, with light brown, 
rounded lenticels sparsely distributed. 
Cataphylls (0.3-1.5 cm), bearing 3-5 linear  
green to brown cataphylls. Subsequent 
internodes (0.3-1.3 cm) green to brown, 
smooth to asperous, glabrous, with light-
coloured, rounded, abundant lenticels. Often 
bearing light green, lanceolate, smooth 
cataphylls (ca. 0.2 cm). First leaves  
(4-6 cm) simple, linear, papyraceous,  
and alternate to slightly spiralled. 
Petiole (0.1-0.2 cm) green, flat to 
slightly canaliculate, smooth and 
glabrous. Leaf blade green, opaque, 
smooth and glabrous on both sides. 
Base cuneate, sometimes attenuate, and 
apex acute; margin entire and revolute. 
Venation pinnate, midvein raised convex. 
Secondary venation brochidodromous, 
hard to see, flat on the adaxial side 
and slightly raised on the abaxial side. 
Intersecondaries absent, tertiaries 
percurrent perpendicular, and quaternaries 
incomplete. Next leaves share most of the 
characters described for the first leaves, 
but are larger (2.3-16.5 cm) and alternate 
distichous or sometimes slightly spiralled. 
Petiole slightly longer (0.2-0.5 cm), with 
an undulate edge, like a small wing, 
sometimes so reduced that it becomes 
almost imperceptible.  

Midvein raised convex to slightly 
quadrate. Intersecondaries sparse, 
tertiaries percurrent oblique, sometimes 
parallel. Apical bud (ca. 0.1 cm) light 
green, lanceolate and glabrous.

3-5

0-4

Characters that differ in adults: 
leaves usually smaller (3.5-7.0 cm), 
elliptical to rarely obovate, coriaceous 
and spiralled. Petiole greenish-brown, 
without a wing and twisted. Leaf blade 
discolourous; adaxial side dark green 
and slightly shiny, abaxial side green. 
Base cuneate or rounded, sometimes 
asymmetric; apex acute or acuminate, 
rarely rounded. Midvein raised convex. 
Secondary venation flat on both sides. 
Intersecondaries frequent, tertiaries 
reticulate, quaternaries areolate. 

SEEDLING

SEEDLING

ADULT

ADULT
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Matamatá da-casca-lisaAmazonian Matamata

FRUIT very large: length 5.9  
(4.4-7.3) cm; width 3.7 (3.0-4.7) cm; 
diameter of the opercular opening 2.5 
(2.0-3.2) cm; weight 49 (81-206) g. 
Rhexocarpic capsular fruit: pyxidium 
brown to light brown. Shape cylindrical 
to turbinate, base rounded and apex 
truncate. Calycine ring usually visible, 
close to the apex, flat, regular, not 
divided into lobes. Length of the 
supracalycine zone 0.8 (0.4-1.3) cm 
and of the infracalycine zone 5.4 (4.0-
6.7) cm. Operculum: length 1.4 (1.0-
2.7) cm; outer width 2.4 (2.0-3.1) cm. 
Columella absent. Pericarp 0.9 (0.6-
1.2) cm woody, asperous, glabrous and 
lenticellate. Fruits develop from axillary 
or terminal inflorescences in racemes. 
One to four seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 24 (17-36) months and 
seedlings are fully formed approximately one month later. The stem elongates, bearing a 
few cataphylls, and two to three alternate leaves expand simultaneously. Along the axis 
there is a discrete longitudinal line connecting the insertion of cataphylls and leaves.

SEED medium-sized: length 3.0 
(1.4-3.7) cm; width 1.4 (1.1-1.7) cm; 
thickness 1.2 (0.7-1.5) cm; weight 2.9 
(0.9-3.8) g. Colour dark brown to black, 
opaque, with canaliculate, light brown 
protrusions. Colour turns light brown 
with desiccation. Shape ellipsoid and 
consistency bony. Testa asperous and 
glabrous. Aril basal, yellowish-white, 
and fleshy. The aril is smaller than that 
of other Eschweilera species and similar 
to the aril of Lecythis species. Removing 
it reveals an almost imperceptible 
hilum.

1 
cm
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110 Eschweilera coriacea (DC.) S.A.Mori Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

ADULT

GERMINATION: hypogeal, 
cryptocotylar and bipolar apical.

SEEDLING: Hypocotyl 
with reserves, remaining 
covered by the integument. 
Cotyledons not obvious. 
Epicotyl-first leaf axis (5-18 cm) 
green, smooth, densely covered with 
very short whitish hairs. Has abundant, 
yellowish, linear lenticels. Cataphylls 
(0.4-2.5 cm), there are 6-12 green to 
brown, triangular to linear cataphylls with 
indumentum similar to that of the axis. 
Subsequent internodes (0.5-4.0 cm) green, 
smooth, with indumentum and lenticels 
similar to those of the axis. First leaves 
(8-18 cm) simple, elliptical, papyraceous 
and alternate. Petiole (0.3-0.8 cm) 
green, strongly canaliculate, smooth, 
with indumentum similar to that of the 
axis. Leaf blade green and opaque on 
both sides; adaxial side smooth and 
glabrous and abaxial side rugose with 
indumentum on the venation similar to 
that of the axis. Base rounded to cuneate 
and apex acuminate; margin crenulate, 
more obvious on new leaves, with a thick 
yellow hair in each crenation. Venation 
pinnate, midvein flat to impressed 
concave. Secondary venation prominently 
brochidodromous, flat on the adaxial 
side and raised on the abaxial side. 
Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
The leaf blade is covered with tiny white 
dots and larger brown dots, the latter 
apparently glands.  

Next leaves share most of the 
characters described for the first 
leaves, but are slightly larger  
(10-22 cm), papyraceous to 
chartaceous, and alternate distichous. 
Petiole slightly canaliculate. 
Base rounded. Midvein impressed 
biconcave. Apical bud (0.2-0.5 cm) 
green to purplish, conical, smooth, 
with indumentum similar to that 
of the axis.

Characters that differ in adults: leaves 
slightly smaller (9-17 cm). Petiole slightly 
canaliculate. Leaf blade discolourous; 
adaxial side dark green and abaxial side 
light green. Base cuneate to rounded; 
margin slightly crenulate and slightly 
revolute. Midvein flat. Secondary 
venation eucamptodromous, sometimes 
brochidodromous near the apex.

SEEDLING

SEEDLING

2 
cm

5 
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Matamatá-verdadeiroLeathery Matamata

SEED medium-sized: length 3.0 
(1.4-3.9) cm; width 2.4 (1.5-3.5) cm; 
thickness 1.8 (1.0-2.5) cm; weight 
7.8 (2.5- 14.9) g. Colour brown, 
shiny, with a firm consistency, with 
yellowish protrusions. Shape ovoid. 
Testa membranaceous, slightly rugose 
and glabrous. Aril lateral, yellowish 
to whitish, fleshy, appearing rubbery. 
Removing it reveals a depression of the 
same size. Seeds are easily confused 
with those of other species in the 
genus.

FRUIT very large: length 5.1  
(3.7-6.4) cm; width 6.3  
(4.0-7.6) cm; diameter of the 
opercular opening 5.9  
(3.9-7.1) cm; weight 73.4 
(33.5-119.4) g. Rhexocarpic 
capsular fruit: pyxidium green 
when mature. Shape globoid, 
with base truncate to slightly 
rounded and apex truncate and 
umbonate. Calycine ring visible 
near the base or in the middle of 
the fruit, raised, with five to six 
triangular woody lobes. Length of 
the supracalycine zone 2.1 (1.6-
2.6) cm and of the infracalycine 
zone 2.0 (0.8-3.1) cm. Operculum: 
length 2.6 (1.8-3.2) cm; external 
width 5.6 (3.0-7.2) cm. Columella 
absent. Pericarp (0.6-1.2 cm) 
woody, rugose and glabrous. 
The fruits develop from terminal 
inflorescences in a raceme. One 
to four seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 13 (5-28) days and seedlings are 
fully formed approximately seven days later. The stem elongates bearing a few cataphylls, 
temporarily remaining pendulous near the apical bud, and two alternate leaves expand at 
the same time. Young leaves are initially purplish and contrast with the green stem.

1 
cm

2 
cm

2 
cm



112 Eschweilera cyathiformis S.A.Mori Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

ADULT

GERMINATION: hypogeal, 
cryptocotylar, bipolar apical,  
or rarely lateral.

SEEDLING: Hypocotyl 
with reserves, remaining 
covered by the integument. 
Cotyledons not obvious. 
Epicotyl-first leaf axis  
(3.5-7.0 cm) brown, rugose 
and glabrous. Dark, punctiform 
to linear lenticels form striae. 
Cataphylls (0.3-1.0 cm) 3-7 
triangular or linear. Subsequent 
internodes (0.2-1.5 cm) brown, smooth 
and glabrous. First leaves (5-8 cm) 
simple, elliptical, coriaceous and alternate. 
Petiole (0.2-0.6 cm) green, canaliculate, 
rugose and glabrous. Leaf blade slightly 
discolorous; adaxial side green and shiny, 
abaxial side light green and opaque; 
smooth and glabrous on both sides. Base 
cuneate to attenuate and apex acute 
to acuminate; margin slightly serrate. 
Venation pinnate, midvein raised convex. 
Secondary venation brochidodromous, 
slightly raised on the adaxial side, flat on 
the abaxial side. Intersecondaries present, 
tertiaries reticulate, and quaternaries 
areolate. Next leaves share the same 
characters described for the first leaves, 
but are spiralled. Apical bud (0.1-0.3 cm) 
green, conical, smooth and glabrous.

Characters that differ in adults: 
leaves larger (11-12 cm), elliptical 
to obelliptical. Leaf blade with 
base rounded and apex acuminate.

SEEDLING

SEEDLING

1 
cm

5 
cm
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RipeiroCup-shaped Matamata

SEED medium-sized: length 2.2 
(1.8-2.5) cm; width 1.6 (1.3-1.8) cm; 
thickness 1.1 (0.9-1.4) cm; weight 
2.0 (1.6-2.6) g. Colour reddish-brown, 
shiny, with a firm consistency, with light 
yellow protrusions. Shape ovoid. Testa 
membranaceous, rugose, glabrous. Aril 
lateral, whitish, fleshy. Removing it 
reveals a depression of the same size. 
Seeds are easily confused with those of 
other species of the genus.

DEVELOPMENT: in the greenhouse shoots emerge after 6 (3-15) weeks and the 
seedling is fully formed approximately one week later. After root protrusion the stem 
elongates, bearing a few cataphylls, and two alternate leaves expand at the same time. 
The stem and young leaves are initially purplish.

FRUIT large: length 4.6 (3.8-5.3) cm; 
width 4.5 (3.7-5.4) cm; diameter of the 
opercular opening 3.9 (3.5-4.4) cm; 
weight 34.9 (18.6-59.1) g. Rhexocarpic 
capsular fruit: pyxidium yellowish-green, 
becoming light brown at maturity. 
Shape campanulate. Calycine ring 
visible close to the apex, slightly raised, 
with six triangular woody lobes. Length 
of the supracalycine zone ca. 0.5 cm, 
length of the infracalycine zone ca. 3 cm. 
Operculum: length 1.9 (1.7-2.1) cm; outer 
width 3.2 (2.7-4.0) cm. Columella absent. 
Pericarp (0.5-1.0 cm) woody, smooth and 
glabrous. The fruits develop from axillary 
or terminal inflorescences in a raceme. 
One to six seeds per fruit.

2 
cm

1 
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114 Eschweilera pseudodecolorans S.A.Mori  Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first 
leaf axis (5-12 cm) green, but with a dark 
brown, smooth to slightly asperous, glabrous 
base. Possessing sparse, black, punctiform, 
circular to elliptical lenticels, distributed 
evenly throughout the axis. Cataphylls 
(0.3-1.6 cm), bearing 4-18 green becoming 
brown, triangular close to the 
base and lanceolate closer to 
the insertion of the first leaf. 
Subsequent internodes (0.5-2.5 cm) 
green, smooth, glabrous. Lenticels whitish, 
punctiform, sparse. Possessing up to three 
cataphylls (0.2-1.1 cm) similar to those 
of the axis. First leaves (4.0-9.5 cm) 
simple, elliptical to obelliptical or rarely 
lanceolate, papyraceous, and alternate 
distichous. Petiole (0.3-0.6 cm) green, 
flat to slightly canaliculate, smooth to 
slightly striate and glabrous. Leaf blade 
green, opaque, smooth, and glabrous 
on both sides. Base cuneate, sometimes 
attenuate, and apex long-acuminate to 
caudate with a small mucro; margin rarely 
entire to slightly crenulate teeth, with 
tiny mucros. Venation pinnate, midvein 
raised convex and glabrous. Secondary 
venation brochidodromous, raised convex. 
Intersecondaries present, tertiaries 
reticulate, and quaternaries areolate. 

Next leaves share most of the characters 
described for the first leaves, except for 
the following: leaves larger (6-11 cm), 
papyraceous to chartaceous. Base cuneate 
to rarely obtuse. Leaf blade bullate. Apical 
bud (ca. 0.1 cm) green, conical, smooth, 
and glabrous.

4-18

0-3

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
usually larger (9-18 cm), elliptical and 
chartaceous. Petioles larger (0.8-1.3 cm), 
light green to blackish-green, canaliculate, 
rugose and twisted. Leaf blade slightly 
discolorous; adaxial side dark green and 
abaxial side green. Base rounded and apex 
acuminate. Margin entire to crenulate near 
the base. 

1 
cm

5 
cm
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Matamatá-alaranjadoOrange Matamata

FRUIT large: length 3.6 (2.7-4.9) cm; 
width 3.9 (3.3-4.6) cm; diameter of 
the opercular opening 3.0 (2.2-4.3) 
cm; weight 27 (11-41) g. Rhexocarpic 
capsular fruit: pyxidium green when 
immature and light brown when mature. 
Shape globoid with truncate base and 
rounded umbonate apex. Calycine ring 
visible, very near the base, raised and 
irregular, divided into six rounded 
woody lobes. Length of the supracalycine 
zone 2.3 (1.3-3.0) cm and of the 
infracalycine zone 0.4 (0.3-0.8) cm. 
Operculum: length 1.8 (1.4-2.4) cm; 
external width 3.6 (3.0-4.5) cm. Columella 
short (ca. 0.5 cm), spongy, opaque and 
smooth. Pericarp (ca. 0.5 cm) 
woody, asperous, glabrous, 
scaly, internally yellowish-
white. Fruits develop from 
terminal inflorescences in 
racemes. One to two seeds, 
rarely three, per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 6 (2-8) weeks and seedlings 
are fully formed approximately two weeks later. After root protrusion, the stem elongates, 
bearing several cataphylls, and one, two, or even three alternate leaves expand at the 
same time. The young leaves are reddish and become green after expansion.

SEED medium-sized: length 2.2 
(2.0-2.3) cm; width 1.8 (1.4-2.1) cm; 
thickness 1.5 (1.1-1.8) cm; weight 3.3 
(2.0-4.7) g. Colour brown, shiny, with a 
hard consistency, rugose, with whitish, 
longitudinal, and prominent striae. Shape 
globoid, but flattened in the region of 
the funiculus. Aril lateral, whitish-yellow, 
flattened, and fleshy. Removing it reveals 
a small depression of the same size, the 
fibrous funiculus, and the hilum. Seeds 
are easily confused with those of other 
species in the genus. 
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116 Eschweilera romeu-cardosoi S.A.Mori Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first 
leaf axis (5-13 cm) green, smooth to 
slightly rugose, covered with sparse, 
whitish, very short hairs. Bearing 
abundant, yellowish, linear lenticels. 
Cataphylls (0.2-2.0 cm), there are 6-9 
green to brown cataphylls, triangular to 
linear with indumentum similar to that of 
the axis. Subsequent internodes (1-3 cm) 
green, smooth, with indumentum similar 
to that of the axis, but less dense, and 
lenticels similar to those of the axis. 
First leaves (9-11 cm) simple, 
elliptical, papyraceous and 
alternate. Petiole (0.4-0.5 cm) 
dark green canaliculate, smooth 
and glabrous. Leaf blade green, opaque, 
and glabrous on both sides; adaxial side 
smooth and abaxial side rugose. Base 
cuneate and apex acuminate; margin 
slighty crenulate, especially near the 
apex. Venation pinnate, midvein raised 
convex. Secondary venation strongly 
brochidodromous, flat to impressed on 
the adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
The leaf blade is covered with tiny white 
dots that appear to be glands.  
Next leaves share most of the characters 
described for the first leaves, but are 
slightly larger (10-13 cm) and alternate 
distichous. Leaf blade slightly discolourous, 

with abaxial side lighter.  
Base cuneate to rounded and apex 
acuminate to caudate; margin  
entire to slightly crenulate.  
Apical bud (0.2-0.5 cm) green 
to purplish, irregular to conical, 
smooth and glabrous.

ADULT

ADULT

Characters that differ in adults: leaves 
slightly larger (7-16 cm), elliptical and 
coriaceous. Petiole longer (0.8-1.2 cm), 
brownish-green, slightly flat, asperous, 
twisted, and with a narrow wing. Leaf blade 
bullate, with adaxial side shiny. Margin 
revolute. Tertiary venation percurrent 
oblique and quaternary venation areolate.

SEEDLING

SEEDLING

LEAF MORPHOLOGY

2 
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5 
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Romeu’s Matamata

SEED medium-sized: length 2.1 
(1.9-2.3) cm; width 1.9 (1.7-2.0) cm; 
thickness 1.7 (1.5-1.9) cm; weight 3.9 
(3.0- 4.9) g. Colour reddish-brown,  
shiny, with a firm consistency, with 
yellowish protrusions. Shape globoid.
Testa membranaceous, rugose, and 
glabrous. Aril lateral, light yellow to 
whitish, and fleshy. Removing it reveals 
a depression of the same size. Seeds 
are easily confused with those of other 
Eschweilera species.

FRUIT medium-sized: length 3.2  
(3.0-3.5) cm; width 3.2 (3.2-3.3) cm;  
diameter of the opercular opening 2.4  
(2.3-2.4) cm; weight 12.1 (11.0-13.2) g. 
Rhexocarpic capsular fruit: pyxidium 
light green, becoming brownish-green. 
Shape campanulate, with base cuneate 
and apex rounded. Calycine ring  
visible close to the apex of the 
fruit, raised, with six triangular 
and coriaceous lobes. Length of the 
supracalycine zone 0.7 (0.6-0.8) cm 
and of the infracalycine zone 2.3 
(2.0-2.5) cm. Operculum: length 
1.0 (0.7-1.3) cm; outer width 
2.0 (1.9-2.2) cm. Columella 
absent. Pericarp (ca. 0.6 cm) 
woody, asperous, glabrous, and 
slightly lenticellate. The fruits 
develop from axillary or terminal 
inflorescences in a raceme or 
panicle. One seed per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 17 (10-33) days and the 
seedling is fully formed approximately three days later. The stem elongates, bearing 
a few cataphylls, and two to three alternate leaves expand at 
the same time. Stem and young leaves are initially purplish.1 
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118 Eschweilera truncata A.C.Sm. Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

1-3

ADULT

ADULT

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-
first leaf axis (5-7 cm) green, smooth, 
glabrous, with abundant 
light brown, punctiform 
lenticels. Cataphylls 
(0.2-1.0 cm), bearing 
8-11 green, triangular to linear 
cataphylls. Subsequent internodes 
(0.5-2.0 cm) green, smooth, and glabrous, 
sometimes with 1-3 linear cataphylls 
(0.2-2.0 cm). First leaves (2-10 cm) 
simple, elliptical, papyraceous, and 
alternate. Petiole (0.2-0.4 cm) green, 
slightly winged, smooth, and glabrous. 
Leaf blade slightly discolorous; adaxial 
side green and abaxial side light green; 
opaque and glabrous on both sides. Base 
cuneate and apex acuminate; margin 
entire to slightly crenulate. Venation 
pinnate, midvein raised convex. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
The leaf blade is covered with tiny 
punctations that appear to be glands.  
Next leaves share the same characters 
described for the first leaves, but are 
slightly larger (4-13 cm). Apical bud (0.2-
1.0 cm) green to purplish, conical, smooth 
and glabrous.

Characters that differ in adults: 
leaves usually larger (9-20 cm) and oblong. 
Petiole longer (0.9-1.0 cm), black, flat 
to slightly canaliculate, and asperous. 
Leaf blade with adaxial side shiny. Margin 
revolute and slightly sinuate.

SEEDLING

SEEDLING

1 
cm

5 
cm



119

14

13

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

F
R

U
I

T
S

E
E

D

Black Matamata

SEED medium-sized: length 1.8 
(1.4-2.1) cm; width 1.5 (1.3-1.8) cm; 
thickness 1.3 (1.0-1.6) cm; weight 2.0 
(1.1-3.1) g. Colour reddish-brown, shiny 
with a firm consistency, bearing light 
brown protrusions. Shape ellipsoid. 
Testa membranaceous, slightly rugose 
and glabrous. Aril lateral, whitish to 
yellowish, fleshy, distinctly rubbery. 
Removing it reveals a depression of the 
same size. Seeds are easily confused 
with those of other Eschweilera species.

FRUIT medium-sized: length 2.6 
(1.8-3.7) cm; width 2.8 (2.3-4.0) cm; 
diameter of the opercular opening 2.6 
(2.1-3.4) cm; weight 9.9 (5.3-21.5) g. 
Rhexocarpic capsular fruit: pyxidium 
green, becoming brownish-green at 
maturity. Shape globoid, with base 
truncate to rounded and apex truncate 
and umbonate. Calycine ring visible 
near the base or in the middle of the 
fruit, slightly raised, with five to six 
prominent, triangular and chartaceous 
lobes. Length of the supracalycine 
zone 1.2 (0.7-1.6) cm and of the 
infracalycine zone 0.9 (0.3-1.7) cm. 
Operculum: length 1.8 (1.5-2.3) cm; 
outer width 2.6 (2.3-3.2) cm.  
Columella absent. Pericarp (0.4-0.6 cm) 
woody, rugose and glabrous. The fruits 
develop from terminal inflorescences in 
a raceme. One to three seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 20 (18-23) days and 
seedlings are fully formed approximately seven days later. After root protrusion the stem 
elongates, bearing a few cataphylls and temporarily remaining pendulous near the apical 
bud, and two alternate leaves expand at the same time. Young leaves are initially purplish  
contrasting with the green stem.

Matamatá-preto
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120 Eschweilera wachenheimii (Benoist) Sandwith Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.
 
SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first 
leaf axis (5-10 cm) green, smooth, 
covered with very short whitish hairs. 
Has abundant yellowish, linear lenticels. 
Cataphylls (0.2-2.5 cm), there are 6-10 
green to brown, triangular to linear 
cataphylls with indumentum similar to 
that of the axis. Subsequent internodes 
(0.7-1.5 cm) green, smooth, and with 
indumentum similar to that of the axis. 
Lenticels similar to those of the axis, but 
less abundant. First leaves (4-9 cm) simple, 
elliptical, papyraceous, and alternate 
distichous. Petiole (0.2-0.5 cm) green, 
flat to slightly winged, smooth and 
glabrous. Leaf blade slightly discolorous; 
adaxial side green and abaxial side light 
green; opaque and glabrous on both sides. 
Base cuneate and apex acuminate; margin 
crenulate. Venation pinnate, midvein 
impressed biconcave. Secondary venation 
strongly brochidodromous, flat on the 
adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete. 
The leaf blade is covered with tiny white 
dots that appear to be glands.  
Next leaves share the same characters 
described for the first leaves, but are 
slightly larger (8-11 cm). Petiole slightly 
canaliculate. Apical bud (0.1-0.4 cm) 
green, conical, smooth and glabrous.

ADULT

ADULT

2 
cm

Characters that differ in adults: leaves 
slightly larger (7-15 cm), elliptical to 
obelliptical and coriaceous. Petiole longer 
(0.5-2.0 cm), black, canaliculate, asperous, 
transversely striate. Leaf blade green 
on both sides. Midvein raised convex. 
Secondary venation flat on both sides.

SEEDLING

SEEDLING
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Small Matamata

SEED small: length 1.8 (1.5-2.6) cm; 
width 1.4 (1.0-1.9) cm; thickness 1.1 
(0.7-1.6) cm; weight 1.7 (0.5-3.7) g. 
Colour brown, shiny, with a firm 
consistency, with yellowish-white 
protrusions. Shape ellipsoid. Testa 
membranaceous, slightly rugose and 
glabrous. Aril lateral, light yellow, fleshy 
and distinctly rubbery. Removing it 
reveals a depression of the same size. 
Seeds are easily confused with those of 
other Eschweilera species.

FRUIT medium-sized: length 2.9  
(2.3-3.9) cm; width 3.1 (2.2-3.9) cm; 
diameter of the opercular opening 
2.8 (2.1-3.3) cm; weight 16 (8-28) g. 
Rhexocarpic capsular fruit: pyxidium 
green, becoming whitish-brown at 
maturity. Shape globoid, with base 
truncate and apex rounded. Calycine 
ring visible near the base, slightly 
raised, with six prominent, triangular, 
and coriaceous lobes. Length of the 
supracalycine zone 1.9 (1.3-2.4) cm  
and of the infracalycine zone 0.9  
(0.4-1.5) cm. Operculum, length  
1.4 (1.0-2.1) cm, outer width 2.4 (1.5-
3.1) cm. Columella absent. Pericarp 
(0.4-1.0 cm) woody, asperous, glabrous 
and lenticellate. The fruits develop from 
axillary or terminal inflorescences in a 
raceme. One to two seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 19 (7-40) days and seedlings 
are fully formed approximately five days later. After root protrusion the stem elongates, 
bearing a few cataphylls, and two to three leaves expand at the same time. Young leaves 
are initially purplish and contrast with the green stem.

Matamatá-mirim

1 
cm

1 
cm

2 
cm



122 Gustavia elliptica S.A.Mori                  Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

4-8

0-13
GERMINATION: hypogeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, elliptical, 
sessile, and opposite. Epicotyl-first 
leaf axis (3.5-7.6 cm) light green, 
smooth, covered with short white 
erect hairs, especially near the apical 
bud. Possessing light-coloured 
lenticels, elliptical to linear and 
sparse. Cataphylls (ca. 0.5 cm), 
4-8 light green, lanceolate to 
deltoid. Small stipules are often 
present at the base of the cataphylls. 
Subsequent internodes (0.2-2.0 cm) 
green, smooth, with indumentum, 
and up to 13 cataphylls similar to 
those on the axis. First leaves (2.5-
6.0 cm) simple, elliptical to oval and 
papyraceous. The first leaves are spiralled, 
but appear to be subopposite. Petiole 
(0.1-0.3 cm) green, canaliculate, smooth, 
glabrous, almost imperceptible due to 
the attenuate shape of the leaf blade. 
Leaf blade green, opaque, smooth, and 
glabrous on both sides. Base attenuate 
to acuminate and apex acute to slightly 
acuminate, rarely emarginate, sometimes 
mucronate; margin serrate and revolute. 
Young leaves commonly have reddish to 
blackish apiculi, caducous, recurved on 
the tips of the serrulate margin. Venation 
pinnate, midvein raised convex. Secondary 
venation brochidodromous, raised on the 
adaxial side and flat on the abaxial side. 
Intersecondaries abundant, tertiaries 
reticulate, and quaternaries incomplete.  
 

Next leaves share most of the 
characters described for the first 
leaves, but are slightly larger  
(1.6-7.1 cm) and more variable in 
shape; maybe elliptical to oval, 
linear to rarely oblanceolate. Apical 
bud (ca. 0.1 cm) green, lanceolate, 
slightly curved to erect, smooth  
and glabrous.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (14-19 cm), chartaceous, elliptical 
to oblanceolate or obelliptical. Alternate 
to spiralled. Leaf blade shiny. Margin 
entire or sinuate to crenate, especially 
near the apex. Secondary venation raised 
on both sides, tertiaries percurrent 
oblique, and quaternaries reticulate. 
Secondary venation is variable, 
sometimes clearly brochidodromous or 
eucamptodromous. Petiole longer (0.7-
2.0 cm), winged and slightly asperous.

1 
cm

3 
cm
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Mucurão-vermelho

PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Red Gustavia

FRUIT medium-sized: length 3.2 
(2.0-4.0) cm; width 2.6 (1.8-3.2) cm; 
thickness 2.3 (2.0-2.9) cm; diameter of 
the operculum 1.4 (0.9-1.8) cm; 
weight 8.4 (2.6-13.8) g. The fruit may be 
dehiscent, a simple rhexocarpic capsular 
fruit known as a pyxidium, or indehiscent, 
a simple, gymnocarpi dry fruit known as  
a carcerulus. Both are green with 
brownish plaques. Shape campanulate, 
more cylindrical when larger.  
Calycine ring with almost imperceptible 
lobes at the truncate apex of the fruit. 
Some fruits also have pointy lobes 
on the margin of the calycine ring. 
Supracalycine zone absent. Length of 
the infracalycine zone 2.7 (1.3-3.5) cm. 
Operculum mucronate, located below the 
calycine ring, forming a small depression 
at the apex of the fruit. The operculum 
often remains in the fruit, making it 
indehiscent and hampering measurements 
of its thickness. External width of the 
operculum 2.4 (1.9-2.8) cm. 
Columella membranaceous, yellow, 
separating the cavity into two to three 
parts. Pericarp thin (0.2-0.3 cm), but 
thicker at the apex of the fruit  
(0.3-0.5 cm), firm, very fibrous, externally 
corrugate, lenticellate, and with white to 
yellowish hairs. The hairs are fine, short, 
and more abundant near the pedicel. The 
lenticels are circular to linear, light brown 
to whitish-yellow. The fruits develop in 
terminal inflorescences in racemes. Two 
to fifteen seeds per fruit.

DEVELOPMENT: in the greenhouse 
shoots emerge after 4 (2-7) weeks and 
seedlings are fully formed approximately 
one week later. After root protrusion the 
cotyledons open slightly more than 90o and 
sometimes do not break free from the testa. 
The axis lengthens, bearing some cataphylls, 
and two to three leaves expand at almost 
the same time. As development proceeds, 
additional leaves similar to the first leaves 
emerge. New leaves and cataphylls are 
greenish-brown during expansion.

SEED small: length 1.0 (0.9-1.2) cm, 
width 0.7 (0.5-0.8) cm, thickness 0.6 
(0.5-0.7) cm, weight 0.3 (0.2-0.5) g. 
Colour reddish to dark brown, shiny, 
with a firm consistency, smooth and 
glabrous. Shape ellipsoid. Funiculus 
light yellow, well developed, and easily 
confused with an aril.

1 
cm

1 
cm

1 
cm



124 Lecythis barnebyi S.A.Mori Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

ADULT

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first 
leaf axis (7-12 cm) reddish, becoming dark 
brown with light brown striae; fissured, 
rugose, glabrous, with dispersed brown, 
punctiform, linear lenticels. Cataphylls 
(0.1-1.5 cm), bearing 3-6 initially reddish, 
becoming green; triangular or lanceolate 
and caducous. Subsequent internodes 
(0.5-2.5 cm) with colour, texture and 
indumentum similar to those  
of the axis. First leaves (2-6 cm) 
simple, elliptical or lanceolate, 
papyraceous and spiralled. Petiole 
(0.2-0.5 cm) green, canaliculate, 
smooth and glabrous. Leaf blade bullate 
and discolourous; adaxial side dark green 
and abaxial side light green; smooth, 
opaque and glabrous on both sides. Base 
cuneate and apex acute to acuminate; 
margin entire. Venation pinnate, 
midvein slightly impressed biconcave 
close to the base. Secondary venation 
brochidodromous, flat to impressed on 
the adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
percurrent oblique, and quaternaries 
areolate. Next leaves share most 
of the characters described for 
the first leaves, but are larger (up 
to 15 cm). Leaf blade with tiny white 
glands apparent on the abaxial side. 
Margin slightly serrate, with an apiculum. 
Intramarginal venation rare. Apical bud 
(ca. 0.3 cm) green, conical, slightly 
curved, smooth and glabrous.

Characters that differ in adults: leaves 
much larger (25-50 cm), obovate and 
coriaceous. The species has the largest 
leaves in the family. Petiole longer (2-3 
cm). Apex abruptly acuminate; margin 
crenulate and revolute. Midvein impressed 
biconcave near the base and quadrate 
close to the apex. Secondary venation 
yellowish, contrasting with the leaf blade. 
Intramarginal venation frequent.

SEEDLING

SEEDLING

2 
cm

20
 c

m
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Large-leaved Monkeypot

SEED medium-sized: length 3.8 
(2.3-8.8) cm; width 3.1 (2.4-3.9) cm;  
thickness 2.4 (1.8-3.0) cm; weight 15.5 
(7.1-21.2) g. Colour reddish-brown, 
shiny, with a firm consistency and light 
brown depressions. Shape irregular. 
Testa rugose, but smooth near the striae 
and glabrous. Aril basal, yellowish-white 
and fleshy. Removing it reveals a light 
brown ellipsoid hilum.

FRUIT very large: length 10.6  
(8.2-13.1) cm; width 10.5 (7.0-12.8) cm; 
diameter of the opercular opening 7.0 
(4.8-8.7) cm; weight 458 (152-762) 
g. Rhexocarpic capsular fruit: pyxidium 
green, becoming reddish-brown at 
maturity. Shape campanulate with an 
umbonate apex. Calycine ring near 
the base raised, clearly visible, with 
six thick woody lobes. Length of the 
supracalycine zone 5.1 
(4.1-6.1) cm and of the 
infracalycine zone 1.9  
(1.2-2.5) cm. Operculum 
greenish-brown: length 
2.8 (2.1-3.6) cm; outer 
width 10.5 (7.0-12.8) cm. 
Columella white and spongy. 
Pericarp (1.9-2.4 cm) 
externally woody, rugose 
and glabrous; internally yellowish, 
smooth and glabrous. Generally 
one fruit develops from terminal 
inflorescences in panicles.  
Two to eight seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 21 (13-31) weeks and the 
seedling is fully formed approximately one week later. After root protrusion the reddish 
stem elongates, bearing a few cataphylls, and the first leaves expand. New leaves are 
initially reddish. Along the axis an obvious raised longitudinal line connects the insertion 
of cataphylls and leaves. Seedlings in early stages of development can be easily confused 
with those of L. prancei.

Jarana-da-folha-grande

2 
cm

5 
cm

1 
cm



126 Lecythis prancei S.A.Mori Lecythidaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

ADULT 

GERMINATION: hypogeal, 
cryptocotylar, and bipolar apical.

SEEDLING: Hypocotyl with reserves, 
remaining covered by the integument. 
Cotyledons not obvious. Epicotyl-first leaf 
axis (6-13 cm) greenish-brown, smooth, 
and glabrous, with abundant, reddish-
brown, elliptical lenticels. Cataphylls (up to 
2.5 cm), 3-5 reddish to green and lanceolate. 
Subsequent internodes (0.5-1.8 cm) light 
green, smooth, glabrous, with lenticels 
similar to those of the axis. First leaves 
(4-9 cm) simple, elliptical, chartaceous and 
alternate. Petiole (0.3-0.5 cm) light green, 
slightly winged, smooth and glabrous. 
Leaf blade discolourous and slightly 
bullate; adaxial side green and opaque, 
abaxial side pale green and slightly shiny; 
smooth and glabrous on both sides. Base 
cuneate and apex acuminate; margin 
entire and revolute. Venation pinnate, 
midvein raised convex. Secondary venation 
brochidodromous, impressed on the 
adaxial side and raised on the abaxial side. 
Intersecondaries abundant and tertiaries 
reticulate. Next leaves share the same 
characters described for the first leaves, 
but are larger (5-11 cm) and spiralled. 
Apical bud green to reddish-brown, hood-
shaped, and glabrous.

Characters that differ in adults: 
leaves much larger (9-22 cm), 
coriaceous, elliptical to oblong and 
alternate distichous. Petiole longer  
(1.0-1.5 cm), green, wrinkled and 
twisted. Leaf blade with adaxial side 
dark green and abaxial side yellowish-
green; margin entire to crenulate. 
Midvein impressed biconcave. 
Secondary venation eucamptodromous 
and flat on the adaxial side. Tertiaries 
percurrent oblique.

SEEDLING

SEEDLING

2 
cm

5 
cm
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SEED very large: length 5.1 (3.4-6.6) cm; 
width 4.9 (3.3-6.1) cm; thickness 4.5 
(2.9-6.1) cm; weight 75 (24-141) g. 
Colour reddish-brown, opaque, with 
a firm consistency and light brown, 
impressed striae. Shape globose to 
globoid. Testa glabrous and rugose, 
but smooth around the striae. Aril light 
yellow and barely visible, located around 
the light brown ellipsoid hilum.

FRUIT very large: length 6.1  
(3.9-7.6) cm; width 7.0 (4.4-9.5) cm; 
diameter of the opercular opening 
4.4 (3.4-5.9) cm; weight 175 (67-
321) g. Rhexocarpic capsular fruit: 
pyxidium light brown, becoming brown 
at maturity. Shape globoid, flattened 
longitudinally, with base truncate and 
apex truncate and umbonate. Calycine 
ring near the base barely visible, 
slightly raised, with 5-6 woody lobes. 
Length of the supracalycine zone 5.6 
(4.8-6.9) cm and of the infracalycine 
zone 1.2 (0.7-2.2) cm. Operculum: 
length 4.3 (3.3-5.2) cm; outer 
width 4.1 (3.4-5.6) cm; functionally 
indehiscent (i.e., falls off, but without 
releasing the seeds). Columella white 
and spongy when present. Pericarp 
(0.6-1.3 cm) woody, rugose, and 
glabrous; internally yellowish, smooth 
and glabrous. The fruits develop from 
terminal, rarely axillary, inflorescences 
in a raceme. One to two seeds per fruit, 
rarely three.

DEVELOPMENT: in the greenhouse shoots emerge at 34 (20-57) weeks and the seedling 
is fully formed approximately three weeks later. After root protrusion the initially reddish 
stem emerges on the opposite side of the seed bearing three to five cataphylls. 
The axis elongates and the first leaves expand. Along the axis, the cataphylls 
increase in size and a raised longitudinal line connects the insertion of 
cataphylls and leaves. New leaves are reddish. The seedlings can 
be easily confused with those of L. barnebyi, especially in the 
early stages of development.

Castanha-jarana

2 
cm

2 
cm

5 
cm



128 Byrsonima spicata (Cav.) DC. Malpighiaceae

Amazonian Fruits, Seeds & Seedlings

Next leaves share most of the 
characters described for the first 
leaves, but are larger (2.5-8.0 cm), 
chartaceous, and decussate. Stipules 
larger (0.2-0.3 cm), clearly bifid, 
and covered with ferruginous 
hairs. Petiole ferruginous-green, 
circular, and densely covered 
with ferruginous hairs. Leaf blade 
asperous, covered with two types of 
hairs on both sides: dense stellate 
and ferruginous hairs; and sparse 
simple, ferruginous, long hairs. Apex 
acute to acuminate. Midvein with 
stellate simple hairs, ferruginous, 
denser on the abaxial side. Secondary 
venation brochidodromous and quaternaries 
incomplete. Apical bud (0.2-0.3 cm) 
totally covered with the bifid stipules 
described above.

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar and unipolar, with 
the axis between the cotyledons.

SEEDLING: Hypocotyl 
elongated (3.5-6.5 cm), initially 
white, becoming green and later 
brown with light-coloured striae; 
smooth and glabrous. Cotyledons 
(ca. 3 cm) foliaceous, opposite, 
lanceolate and papyraceous. Petiole 
(ca. 0.2 cm) light green. Lamina 
light green, papyraceous, velvety, 
but glabrous on both sides. Base 
cuneate and apex acute; margin 
entire. Only the midvein is visible. 
Epicotyl (0.5-3.0 cm) light brown, 
asperous, densely covered with 
yellowish, stellate, branched and 
stubbly hairs. Subsequent internodes 
(0.3-1.0 cm) brown, asperous, densely 
covered with long, simple, ferruginous, and 
adpressed hairs. First leaves (1.5-3.0 cm) 
simple, elliptical, papyraceous and 
opposite. Stipules (ca. 0.2 cm) 
ferruginous-green, apparently simple but 
bifid and densely covered with whitish 
hairs. Petiole (ca. 0.2 cm) light green, 
flat, velvety, covered by long yellowish 
hairs, especially at the base. Leaf blade 
discolourous; adaxial side dark green 
and abaxial side whitish-green; opaque, 
smooth, sparsely covered with yellowish, 
stellate, sessile hairs on both sides. Base 
cuneate and apex acute; margin entire, 
revolute, with stellate hairs. Venation 
pinnate, midvein raised convex, covered 
with indumentum similar to that of the 
leaf blade, especially on the adaxial side. 
Secondary venation eucamptodromous, 
flat on the adaxial side and raised on the 
abaxial side. Intersecondaries absent and 
tertiaries percurrent oblique. 
 

5 
cm

SEEDLING ADULT

ADULT

Characters that differ in adults: leaves 
larger (10-16 cm), obovate to oval. Stipules 
larger (0.4-0.6 cm), usually triangular. 
Petiole longer (1-2 cm), flat, greenish on 
the adaxial side and ferruginous-brown on 
the abaxial side. Leaf blade discolourous; 
adaxial side green, smooth, and covered 
with short whitish hairs in tufts; abaxial 
side ferruginous, densely covered with 
adpressed ferruginous hairs. Secondary 
venation impressed on the adaxial side. 
Intersecondaries present and quaternaries 
areolate.

SEEDLING

1 
cm
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Golden Murici

1 cm

1 
cm

1 
cm

PYRENE small: length 0.8 (0.7-0.9) cm; 
width 0.8 (0.7-0.9) cm; thickness 0.8 
(0.7-1.0) cm; weight 0.4 (0.3-0.6) g. 
Colour whitish-brown and opaque, with 
a firm consistency. Shape globose, with 
a truncate to invaginate base and a 
slightly pointed apex. Endocarp thin  
(ca. 0.1 cm), hard, rugose and 
reticulate. Breaking the pyrene reveals 
a large number of tiny light yellow 
to brown seeds with an irregular or 
triangular shape.

FRUIT small to medium-sized: length 
1.3 (1.2-1.6) cm; width 1.6 (1.4-1.7) 
cm; thickness 1.5 (1.3-1.7) cm; weight 
2.3 (1.6-2.8) g. Simple gymnocarpi 
drupaceous fruit: drupe green, becoming 
yellow at maturity. Shape globose, with 
base truncate to invaginate and apex 
rounded, mucronate, with persistent 
stigmas. Calyx persistent at the base, 
with inconspicuous glands located 
between the fused sepals. Epicarp 
(ca. 0.2 cm) membranaceous, smooth, 
sparsely covered with short, white, 
stellate hairs. Mesocarp (0.1-0.2 cm) 
whitish, gelatinous, succulent, but 
slightly fibrous. The fruits develop from 
terminal inflorescences in a raceme. One 
pyrene per fruit.

DEVELOPMENT: in the greenhouse roots emerge at 10 (4-15) months and seedlings 
are fully formed approximately one week later. After root protrusion the hypocotyl 
elongates a few centimetres, passes through a hook-shaped phase, and lifts the circinate, 
whitish and still-expanding cotyledons. Afterwards, the hypocotyl becomes erect and the 
cotyledons expand fully, become green, and form an angle of 180o between them. The 
epicotyl elongates slightly and two 
opposite leaves expand at the 
same time.



130 Catostemma albuquerquei Paula Malvaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

SEEDLING

SEEDLING

ADULT

ADULT

GERMINATION: hypogeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (ca. 0.5 cm), thick, yellowish, 
smooth and glabrous. Cotyledons unequal, 
glabrous and petiolate. The larger 
ellipsoid cotyledon contains reserves; 
it is the same size as the seed and 
remains attached to the seedling for a 
few months. The smaller cotyledon is 
rudimentary and remains attached to 
the seedling for a few weeks. Epicotyl-
first leaf axis (15-37 cm) green, rugose, 
and glabrous; sometimes with very sparse, 
short, whitish, stellate hairs in recently 
germinated seedlings. Lenticels are only 
observed in more developed seedlings. 
Cataphylls 3-7, triangular. Subsequent 
internodes (0.5-14.0 cm) green and 
glabrous. First leaves (7-36 cm) compound 
(apparently simple), unifoliolate and 
spiralled. Petiole (1-10 cm) green, circular, 
smooth, and glabrous. Pulvinus at the 
base (0.3-0.6 cm) and apex (0.5-1.0 cm) 
yellowish-green, with sparse simple hairs. 
Leaflets elliptical and coriaceous. Leaf blade 
bullate, green on both sides; adaxial side 
smooth and glabrous; abaxial side rugose, 
with sparse, short, golden simple or stellate 
hairs, as well as tangled whitish hairs.  

Base cuneate and apex aristate; margin 
entire. Venation pinnate, midvein 
raised convex. Secondary venation 
brochidodromous, flat on the adaxial 
side and raised on the abaxial side. 
Intersecondaries abundant, tertiaries 
percurrent perpendicular to oblique, and 
quaternaries areolate. Next leaves share 
the characters described for the first 
leaves. Apical bud (ca. 0.5 cm) green, 
hood-shaped, smooth and glabrous.

Characters that differ in adults: leaves 
smaller (5-13 cm). Petiole shorter (1-3 cm), 
dark brown. Pulvinus at the base less ob-
vious. Leaf blade discolourous: adaxial side 
dark green and shiny; abaxial side ferru-
ginous and densely pilose. Leaflet oblong. 
Apex rounded and mucronate.

3 
cm

5 
cm
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Albuquerque’s Baromalli

SEED very large: length 7.0 (5.1-7.9) cm; 
width 4.0 (2.5-4.8) cm; thickness 3.9 
(2.5-4.8) cm; weight 70 (23-111) g. 
Colour dark brown, opaque, with a hard 
consistency. Shape ellipsoid. Testa 
crustaceous, rugose and glabrous.

FRUIT very large: length 7.4 (5.5-
8.5) cm; width 4.3 (3.0-5.1) cm; 
thickness 4.2 (3.0-5.1) cm; weight 
85 (35-125) g. Simple, gymnocarpi, 
fleshy fruit: amphisarcum 
ferruginous-green when mature. 
Shape ellipsoid. Pericarp (0.4-
0.6 cm) dry, firm, woody; lacks 
well-defined sutures but may be 
broken when the fruit falls from the 
tree, exposing the orangish, shiny, 
fleshy, smooth, glabrous pseudoaril 
(ca. 0.3 cm thick), which completely 
surrounds the seed. The fruits 
develop from solitary axillary or 
terminal flowers. One seed per fruit.

DEVELOPMENT: in the greenhouse shoots emerge 
after 9 (4-40) weeks and the seedling is fully formed 
approximately one week later. After root protrusion 
the initially yellowish to dark red stem elongates 
bearing a few cataphylls. The seedling gains 
height quickly, but the first leaves develop 
slowly. Leaf area increases continually over 
several months. New leaves are initially 
pendulous and reddish. At this stage the 
seedlings can be confused with those of 
Scleronema micranthum.

2 
cm

2 
cm

3 
cm



132 Pachira nervosa (Uittien) Fern.Alonso     Malvaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated 
(8.5-12 cm), green, smooth, glabrous; 
canaliculate apically, near the cotyledons. 
Cotyledons (ca. 5.0 cm) foliaceous, dark 
green, papyraceous, opposite. Shape cordate, 
primary venation plinervate. Leaf blade 
smooth, glabrous, margin slightly sinuous with 
a canaliculate petiole. Epicotyl (1.5-2.5 cm) 
green, smooth, and glabrous. Subsequent 
internodes (0.3-1.0 cm) green, smooth, 
glabrous. First leaves (6.8-12 cm) compound, 
alternate, palmate, often with 1-3 leaflets but 
sometimes with five leaflets. Stipules green, 
tiny, lanceolate, caducous. Petiole (1.5-
3.5 cm) green, circular, smooth, glabrous. 
Pulvinus (0.2-0.4 cm) darker green than 
the petiole, glabrous. Petiolule reduced to a 
pulvinulus. Pulvinulus (0.1-0.2 cm) green, 
glabrous, not prominent. Apical leaflets 
(4.0-7.0 cm) larger than the lateral leaflets 
(1.0-5.1 cm), elliptical, papyraceous. Leaf 
blade discolourous, adaxial side shiny green 
and abaxial side opaque whitish-green; 
smooth and glabrous on both sides. Base 
attenuate to cuneate, slightly asymmetric 
on the lateral leaflets and apex acuminate 
to apiculate and slightly caudate; margin 
entire, flat to slightly revolute. Venation 
pinnate; midvein raised carinate, glabrous. 
Secondary venation brochidodromous, 
slightly raised on the adaxial side and 
flat on the abaxial side. Intersecondaries 
abundant, tertiaries reticulate, and 
quaternaries incomplete.  

Next leaves share the same characters 
described for the first leaves, but are larger 
(7.5-15 cm), with five leaflets (rarely four), 
spiralled. Petiole longer (2.0-5.5 cm). 
Pulvinus longer (0.2-0.4 cm). Leaflets 
larger, varying greatly in size on the same 
leaf, classifiable as apical (5.5-8.7 cm), 
lateral (4.5-7.5 cm), and basal (2.1-
4.0 cm). Apical bud (0.2-0.3 cm) green, 
conical, erect, smooth, glabrous, protected by 
stipules. Expanding new leaves are greenish.

ADULT

SEEDLING

SEEDLING

ADULT

Characters that differ in adults: leaves 
usually larger (8.5-17.5 cm), verticillate, 
with 4-7 leaflets. Petiole longer (2-7 cm), 
canaliculate, asperous, with light-coloured, 
stellate hairs. Base and apex slightly 
thickened. Pulvinulus with light-coloured, 
stellate, sessile hairs, and white scales. 
Leaflets larger (4.0-9.5 cm), opaque, 
spatulate, and chartaceous. Leaf blade with 
abaxial side asperous and hairs similar to 
those of the pulvinulus. Apex emarginate, 
mucronate. Midvein with light-coloured 
to ferruginous, stellate, sessile hairs. 
Secondary venation raised on both sides. 

2 
cm

5 
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Terra-firme Kapok

FRUIT very large: length 7.8 (5.8-10.5) cm; width 6.7 (5.6-7.7) cm; thickness 6.6 
(5.6-7.6) cm; weight 126 (80-181) g. Rhexocarpic capsular fruit: septifragal capsule 
brown when immature and mature. Shape ovoid, with base attenuate and apex rounded 
and emarginate. Calyx persistent. Pericarp with five valves, 0.2-0.6 cm thick, dry, hard, 
rugose, with the outer surface velvety, covered with light-coloured, ferruginous hairs 
and shiny, ferruginous punctations. Internally the valves are fibrous and rugose. The 
fruits open completely along longitudinal sutures and expose the lanuginous, golden, 
shiny endocarp. Columella (ca. 5.5 cm) yellowish, with the innermost parts and edges 
dark brown, rugose, and papyraceous. Pedicel (ca. 2.0 cm) circular. Fruits develop from 
solitary terminal flowers. Seven to 32 seeds per fruit.

DEVELOPMENT: shoots emerge in 
the greenhouse at 13 (12-19) days and 
the cotyledons are totally expanded 
approximately three days later. After 
root protrusion the hypocotyl elongates 
and passes through a brief hook-shaped 
phase. The still whitish cotyledons are 
released from the integument and begin 
unfolding and expanding. Next the 
hypocotyl becomes erect and the now 
greenish cotyledons finish expanding. 
As development proceeds, the epicotyl 
elongates and the first compound leaf 
emerges. Polyembryony is commonly 
observed in this species.

SEED small: length 1.0 (0.8-1.2) cm; 
width 0.9 (0.7-1.1) cm; thickness 0.8 
(0.6-0.9) cm; weight 0.3 (0.2-0.5) g. 
Colour light brown with dark brown to 
black punctations, opaque and with 
a not very tough consistency. Shape 
globose, but pointed. Testa coriaceous, 
dry and verrucose. The seeds are located 
along the columella and surrounded by 
abundant lanuginous fibers.

2 
cm

2 
cm
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cm



134 Scleronema micranthum (Ducke) Ducke Malvaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

SEEDLING

SEEDLING ADULT

GERMINATION: hypogeal, 
phanerocotylar and unipolar, with  
the axis between the cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (up to 3 cm), greyish-brown, 
thick and glabrous. Cotyledons unequal, 
glabrous and petiolate (1-3 cm). 
The larger cotyledon has reserves, is 
compact, globose, and the same size as 
the seed, and remains attached to the 
seedling for a few months. The smaller 
cotyledon has few reserves, is brown and 
rudimentary, and remains attached to 
the seedling for a few weeks. As the stem 
grows, the smaller cotyledon is lifted 
a few centimetres. Epicotyl-first leaf 
axis (up to 40 cm) green and glabrous. 
Cataphylls 4-17, linear to triangular, 
and caducous stipules at the base. 
Subsequent internodes (0.5-15.0 cm) 
green, striate, glabrous, with tiny yellow 
lenticels. First leaves (ca. 18 cm) 
compound (apparently simple), 
unifoliolate, alternate. Stipules green, 
linear to triangular, caducous.  

Petiole (4.5-6.5 cm) green, circular, 
smooth, glabrous. Pulvinus rugose, 
glabrous at the base and apex. Leaflet 
(ca. 13 cm) elliptical, membranaceous. 
Leaf blade slightly discolorous; adaxial 
side dark green and abaxial side light 
green; smooth and glabrous on both sides. 
Base rounded; apex caudate, sometimes 
acuminate and apiculate; margin entire. 
Venation pinnate, trinervate at the 
base, midvein raised carinate. Secondary 
venation brochidodromous, slightly raised 
on the adaxial side and raised on the 
abaxial side. Intersecondaries abundant 
and tertiaries percurrent oblique.  
Next leaves share most of the characters 
described for the first leaves, but are 
usually larger (10-38 cm) and spiralled. 
Leaflet coriaceous. Petiole longer  
(up to 10 cm).

Characters that differ in adults: leaves 
typically smaller (7-25 cm). Petiole 
shorter (1.5-5.0 cm), without stipules. 
Pulvinus dark, with pilose indumentum. 
Leaf blade with base rounded to 
cuneate; apex rounded to acuminate, 
sometimes acute, with a well developed 
apiculum. Venation with white stellate 
hairs on both sides.

ADULT

3 
cm

10
 c
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Small-flowered Scleronema

SEED very large: length 5.6 (2.3-7.9) cm; 
width 5.4 (2.2-7.2) cm; thickness 4.4 
(2.2-6.6) cm; weight 89 (31-220) g. 
Colour dark brown, with a hard 
consistency. Shape globose or semi-
globose, depending on the number 
of seeds per fruit. Testa crustaceous, 
smooth and glabrous. A shallow 
longitudinal groove marks the fold of 
the larger cotyledon.

FRUIT very large: length 7.2  
(4.7-11.0) cm; width 6.8  
(4.9-10.1) cm; thickness 6.2  
(4.5-8.6) cm; weight 156  
(43-250) g. Simple, gymnocarpi dry 
fruit: achene (achaenium) ferruginous-
brown when mature. Shape 
globose to ovoid, with a 
rounded, obtuse, or short-
stipitate base; apex usually 
rounded, sometimes acute or 
conical-acuminate. Pericarp 
(ca. 0.5 cm) dry, woody, 
rugose to verrucose, with 
longitudinal wrinkles. 
The fruits develop from 
axillary, usually clumped 
flowers. One to two 
seeds per fruit, rarely 
three to four.

DEVELOPMENT: in the greenhouse shoots 
emerge at 8 (4-18) weeks and seedlings are 
fully formed approximately two weeks later. The 
pericarp is persistent and decomposes slowly, 
often attracting termites. Germination may begin 
inside the pericarp. After root protrusion, the 
larger cotyledon opens slightly and the stem 
lengthens approximately 40 cm before the almost 
simultaneous expansion of the first leaves. The 
new leaves are initially pendulous and reddish, 
and this stage is easily identified in the field. 
It can, however, be confused with Catostemma 
albuquerquei.

3 
cm

3 
cm
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cm



136 Mouriri collocarpa Ducke Melastomataceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar, with  
the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
covered by the integument. Epicotyl-first 
leaf axis (2-4 cm) green to ferruginous, 
becoming brown; smooth and glabrous, 
with brown lenticels, linear, abundant, 
more obvious early in development. 
Cataphylls 2-6, green and opposite. 
Subsequent internodes (0.8-2.0 cm) 
green to ferruginous, smooth, glabrous; 
with dark brown to black lenticels, linear 
and less abundant than on the axis. First 
leaves (0.5-0.7 cm) simple, orbicular, 
papyraceous, opposite. Petiole tiny  
(up to 0.1 cm), green, circular. Leaf 
blade light green, opaque, smooth and 
glabrous on both sides. Base rounded and 
apex emarginate; margin entire, revolute. 
Venation pinnate, midvein flat. Secondary, 
intersecondary, tertiary, and quaternary 
venation absent. Next leaves share most 
of the characters described for the first 
leaves, but are larger (0.6-4.0 cm), 
lanceolate, and decussate to opposite 
distichous. Leaf blade decurrent and 
slightly discolourous; adaxial side green 
and abaxial side light green. Base rounded 
and apex acute. Secondary venation 
brochidodromous, flat on both sides. 
Intramarginal vein present. Apical bud  
(up to 0.1 cm) light green, erect, smooth 
and glabrous.

SEEDLING ADULT

SEEDLING ADULT

Characters that differ in adults: 
leaves larger (5.5-10.0 cm), elliptical, 
chartaceous, opposite distichous. Petiole 
longer (0.7-0.9 cm), light green, winged, 
smooth, slightly twisted at the base. 
Leaf blade with abaxial side slightly 
shiny. Base cuneate and apex acuminate. 
Intersecondaries abundant.

1 
cm

5 
cm
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Dereyo Mouriri

SEED small: length 1.6 (1.2-1.9) cm; 
width 2.1 (1.7-2.6) cm; thickness 1.0 
(0.8-1.3) cm; weight 1.9 (1.0-3.0) g. 
Colour mostly light brown, with a firm 
consistency. Shape semi-globose, with 
a concavity; base rounded to slightly 
apiculate and apex cordate. Testa 
consisting of two parts: one smaller, 
yellowish, shiny, smooth and crustaceous, 
located in the convex portion, and the 
other light brown, opaque, fibrous on the 
edges with small dotted impressions in 
the concave part.

FRUIT medium-sized: length 3.3 
(2.8-3.8 cm); width 3.4 (2.9-4.4) cm; 
thickness 3.2 (2.6-3.9) cm; weight  
19.3 (11.5-34.5) g. Simple,  
gymnocarpi fleshy fruit: berry (bacca) 
green, becoming yellow at maturity. 
Shape globose, with persistent calyx 
at the apex. Epicarp (0.5-0.7 cm) 
fibrous, smooth, glabrous; internally 
light yellow, slightly asperous to 
reticulate. Oxidises rapidly after being 
cut. Mesocarp (up to 1 cm) light yellow, 
succulent, fleshy, fibrous. The endocarp 
is not visually distinguishable from 
the mesocarp. The fruits develop from 
ramiflorous inflorescences in dichasial 
cymes. One to two seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 22 
(10-29) weeks and the seedling is fully formed approximately one 
week later. After root protrusion the erect and initially whitish stem 
elongates at the same time as one to three pairs of cataphylls and 
one or two pairs of leaves expand. As development proceeds, the 
stem takes on a greenish colouration and shows a large number of 
lenticels.

1 
cm
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138 Carapa guianensis Aubl. Meliaceae

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, fused, remaining 
in the seed, only their petioles are visible. 
Epicotyl-first leaf axis (23-43 cm) 
initially reddish, becoming greenish-brown 
with age, asperous to rugose, glabrous. 
Lenticels whitish-yellow to dark brown, 
elliptical, abundant, evenly distributed. 
Cataphylls (0.2-0.4 cm), often has 2-4, 
triangular, initially whitish, becoming 
greenish-brown. Subsequent internodes 
(0.9-9.0 cm) with characteristics similar 
to those of the axis, but more greenish. 
First leaves (16-36 cm) compound, 
paripinnate, or rarely imparipinnate, 
with 2-4 leaflets often opposite. Petiole 
(4.4-10.5 cm) greenish-brown, circular to 
flat, asperous, lenticellate, and glabrous. 
Pulvinus (0.3-0.4 cm) greenish light brown, 
firm, glabrous, slightly wrinkled due to the 
striae. There is usually a pair of light green, 
circular glands, smooth and shiny, at the 
apex of the pulvinus. Petiolule reduced to a 
pulvinulus. Pulvinulus (0.3-0.7 cm) 
light green to brownish, smooth to slightly 
wrinkled, grooved, glabrous. Rachis 
(4.0-4.7 cm) greenish-brown, asperous, 
glabrous. Leaflets (9-20 cm) opposite, 
elliptical, papyraceous. Leaf blade 
discolourous; adaxial side green and abaxial 
side light green; opaque, smooth, glabrous 
on both sides. Base cuneate to rounded 
and apex acuminate and mucronate; margin 
entire, revolute near the base. Venation 
pinnate; midvein raised convex, glabrous.  

Secondary venation brochidodromous, 
impressed or flat. Intersecondaries 
frequent, tertiaries percurrent oblique, 
and quaternaries incomplete. Next leaves 
share the same characters described for the 
first leaves, but are alternate, larger  
(19-38 cm) with 2-5 leaflets. Pulvinus 
slightly longer (0.3-0.5 cm). Pulvinulus 
slightly canaliculate. Leaflets larger 
(12-20 cm), elliptical, or rarely ovate. 
Base cuneate. Apical bud (0.2-0.5 cm) 
brownish-green, conical, erect, slightly 
asperous, glabrous, with light green 
extrafloral nectaries.

2-4

2-4

ADULT

SEEDLING

SEEDLING

ADULT

Characters that differ in adults: leaves 
usually larger (43-58 cm), verticillate, 
paripinnate with eight (commonly 14) 
subopposite leaflets. Petiole longer  
(14-23 cm), greyish, circular, with elliptical 
lenticels of a similar colour as the petiole 
or sometimes brownish. Pulvinus longer 
(1.5-2.3 cm), greyish. Pulvinulus longer 
(1.2-1.9 cm). Rachis greyish, lenticellate, 
with a mucro (0.3-0.4 cm). Leaflets 
larger (17-34 cm), oblong, coriaceous. 
Base asymmetric and apex acuminate 
or rarely retuse. Secondary venation 
eucamptodromous, impressed or flat, 
but slightly raised close to the midvein. 
Intersecondaries scant and quaternaries 
areolate or incomplete. Apical bud has 
thick, hard, linear cataphylls (2.5-3.0 cm).

3 
cm

20
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AndirobaGuianan Crabwood

DEVELOPMENT: shoots emerge in 
the greenhouse at 5 (1-10) months and 
the seedling is fully formed approximately 
two weeks later. The thickness of the seed 
coat may slow the germination process. 
After root protrusion the epicotyl emerges 
between the cotyledon petioles, passes 
through a brief hook-shaped phase, and 
several cataphylls become visible before 
the expansion of the first leaf, which has 
two to three leaflets. At the same time or 
shortly afterwards, a second compound 
leaf expands. As the seedling grows, the 
number of leaflets increases.

SEED large: length 4.7 (1.7-6.0) cm; 
width 3.9 (1.4-5.4) cm; thickness 3.1 
(1.5-4.2) cm; weight 27 (17-50) g. 
Colour reddish-brown to dark brown, 
opaque, with a bony consistency. Shape 
irregular, angular, depending on the 
number and arrangement of seeds in 
the fruit. Slightly puberulent, with 
short ferruginous hairs. Testa smooth to 
slightly rugose, brittle. Hilum large, not 
very well defined, usually on one side 
of the seed. Characters of the hilum can 
help distinguish seeds of C. guianensis 
from seeds of C. surinamensis and  
C. vasquezii. The hilum of C. guianensis 
is much larger than that of the others.

FRUIT very large: length 8.5 (5.5-
10.8) cm; width 8.6 (6.1-10.5) cm; 
thickness 8.2 (6.8-9.8) cm; weight 
356 (93-542) g. Rhexocarpic capsular 
fruit: septifragal capsule greenish to 
brown, becoming reddish-brown with 
maturity; dry, fibrous, indehiscent or 
dehiscent. Shape globose with base 
and apex rounded. On the epicarp of 
the fruits are large sutures and green 
glands that become blackish with 
maturity. Pericarp thick (0.6-1.2 cm), 
composed of four valves, asperous, 
and covered with short ferruginous 
indumentum. Internally the valves 
are yellowish-white with a cork-like 
texture. Columella long, light brown,  
fibrous, powdery. Fruits develop 
from axillary or sub-terminal 
inflorescences with long 
peduncles (> 20 cm) 
in panicles. Few fruits 
develop per inflorescence. 
Five to sixteen seeds  
per fruit.

2 
cm
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cm
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140 Carapa surinamensis Miq. Meliaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, fused, remaining 
in the seed, only their petioles are visible. 
Epicotyl-first leaf axis (21-47 cm) reddish, 
becoming greenish-brown, asperous to 
rugose, glabrous. Lenticels brown, elliptical 
to rounded, abundant, evenly distributed. 
Cataphylls (0.1-0.5 cm), 2-4 triangular, 
whitish, becoming greenish-brown. 
Subsequent internodes (1.2-8.4 cm) 
brownish-green, slightly asperous, 
glabrous, with lenticels and cataphylls 
similar to those of the axis. First leaves 
(8-18 cm) compound, unifoliolate 
(apparently simple), alternate. Petiole  
(0.8-2.8 cm) brownish-green, smooth to 
slightly asperous, flat to canaliculate, 
lenticellate, glabrous. There is usually 
a pair of glands above the pulvinus; 
light green, circular, smooth and shiny. 
Pulvinus (0.2-0.7 cm) light brown to 
greenish, slightly asperous, glabrous, striate, 
lenticellate. Pulvinulus (0.4-0.8 cm) similar to 
the pulvinus. Leaflet (7-15 cm) elliptical, 
ovate, or rarely oval, papyraceous. Leaf 
blade discolourous; adaxial side dark green 
and slightly shiny; abaxial side green and 
opaque; glabrous on both sides. Base 
cuneate to rounded, apex long-acuminate, 
rarely acute and mucronate; margin entire, 
slightly revolute near the base. Venation 
pinnate, midvein raised convex, glabrous. 
Secondary venation brochidodromous, 
raised convex. Intersecondaries present, 
tertiaries percurrent oblique and 
quaternaries incomplete.  
 

 
Next leaves (9-24 cm), compound, 
alternate, initially unifoliolate and 
later becoming pinnate with 2-3 
opposite leaflets. Petiole (1.4-5.6 cm) 
brownish-green to slightly golden. 
Other characters similar to those of 
the first leaves, but pulvinus longer 
(0.3-0.9 cm). Petiolule reduced to the 
pulvinulus. Pulvinulus longer (0.5-
0.8 cm). Rachis (0.5-1.0 cm) with 
characteristics similar to those of the 
petiole, plus a small blackish 
mucro. Leaflet larger (10-18 cm). 
Apical bud (ca. 0.3 cm) brown 
to light brown, conical, slightly 
asperous, glabrous.

2-4

2-4

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: 
leaves larger (35-87 cm), verticillate, 
paripinnate, usually with 8-14 
subopposite leaflets. Petiole longer  
(14-26 cm), light brown, circular, 
asperous. Pulvinus longer (0.7-2.5 cm), 
light brown, asperous, with longitudinal 
striae. Rachis longer (28-43 cm), light 
brown, asperous, with longitudinal striae. 
Pulvinulus longer (1.3-1.8 cm), light 
brown to greyish, asperous, circular. 
Leaflet longer (14-44 cm), oval to oblong, 
and coriaceous. Leaf blade with the 
abaxial side light green and opaque on 
both sides. Base asymmetric to rounded 
and apex rounded with a mucro; margin 
entire, revolute. Venation with a brown 
line along the midvein on the abaxial side 
and quaternary venation areolate. Apical 
bud not visible due to the presence of 
light brown, elongated, rigid, mucronate, 
sometimes spiny cataphylls. Usually there 
is a pair of green, becoming black, glands 
at the base of the apical bud.

2 
cm
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AndirobinhaSurinamese Crabwood

FRUIT very large: length 7.8  
(5.2-8.1) cm; width 7.8 (6.0-9.5) cm; 
thickness 7.3 (5.7-9.3) cm, weight 
198 (71-340) g. Rhexocarpic 
capsular fruit: septifragal capsule 
light greenish-brown becoming 
reddish-brown at maturity, dry, 
fibrous, indehiscent or dehiscent. 
Shape globoid, with a mucronate apex. 
Has four longitudinal sutures that start 
at the base and converge at the apex 
to form a mucronate apex. Pericarp 
thick (ca. 0.6 cm), composed of four 
valves, asperous, rugose, covered with 
a short and ferruginous indumentum. 
Internally the valves are yellowish-white 
with a cork-like texture. Columella 
more obvious in immature fruits, 
reddish-brown, long, opaque, fibrous, 
and becoming powdery in mature 
fruits. Fruits develop from axillary 
or sub-terminal long-peduncled 
inflorescences in panicles. Few 
fruits develop per inflorescence.  
Up to sixteen seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 5 (2-8) weeks and the seedling 
is fully formed approximately two weeks later. The thickness of the seed coat can delay 
germination. After root protrusion, the axis emerges between the cotyledon petioles and 
passes through a brief hook-shaped phase, and several cataphylls become visible before 
the expansion of the first leaf. At the same time or soon afterwards, a second unifoliolate 
leaf expands. The first leaves often appear to be opposite. Up to six unifoliolate leaves 
may emerge before the first compound leaf expands. As development proceeds, the number 
of leaflets increases. Polyembryony is common in the species; a single seed can generate 
one primary seedling and up to four secondary seedlings.

SEED medium-sized: length 3.9 
(1.6-5.2) cm; width 3.2 (1.4-4.4) cm; 
thickness 2.8 (1.3-4.0) cm, weight 
16 (1-40) g. Colour brown, opaque, 
and with a bony consistency. Shape 
irregular, angular, puberulent with short 
and ferruginous hairs. Testa smooth 
to slightly rugose and brittle. Hilum 
whitish-brown, hard, firm, well defined 
and obvious. The hilum is useful for 
distinguishing seeds of C. surinamensis 
from those of C. guianensis, since it is 
much smaller (see page 139). 
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142 Cedrela odorata L. Meliaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar, and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(4-6 cm), light green, slightly rugose due 
to the presence of whitish striae, and 
covered with short erect yellow hairs. Has 
light brown, elliptical lenticels arranged 
along the striae. Cotyledons (1.5-1.7 cm) 
foliaceous, light green, opposite. Shape 
oblong, with base and apex rounded and 
margin entire and revolute. Petiole  
(ca. 0.5 cm) light green and pubescent. 
Cotyledon blade smooth on both sides; 
adaxial side with midvein covered with 
short, light-coloured hairs, and abaxial 
side glabrous. Venation pinnate. Epicotyl 
(1.2-3.0 cm) light green, smooth, with the 
same indumentum as the hypocotyl. Sparse, 
light brown, elliptical lenticels along the 
axis. Subsequent internodes (0.5-2.0 cm) 
with colour, texture and lenticels similar 
to those of the axis, but with denser 
indumentum. First leaves (4.0-5.5 cm) 
compound, pinnate, with three or five 
leaflets, opposite. Petiole (1.0-1.6 cm) 
light green, canaliculate, smooth, slightly 
covered with short erect whitish hairs. 
Pulvinus (ca. 0.2 cm) light green, with 
indumentum similar to that of the  
petiole. Rachis green, canaliculate, 
pubescent. Petiolule absent or tiny  
(< 0.1 cm). Pulvinulus absent. Leaflets  
(1-4 cm) lanceolate, papyraceous, 
opposite; sometimes the leaf blade has  
one or more lobes. Discolourous, adaxial 
side green, opaque, smooth to slightly 
asperous, with midvein and margin  
covered with sparse, short, white, 
adpressed hairs; abaxial side whitish-
green, opaque, smooth, with the same 
indumentum as the adaxial side, but 
covering the entire leaf blade.  

Base asymmetric and apex 
acute; margin entire, ciliate. 
Venation pinnate, midvein raised 
convex, pubescent, especially 
on the abaxial side. Secondary 
venation brochidodromous. 
Intersecondaries rare, tertiaries 
and quaternaries not obvious. 
Next leaves share most of the characters 
described for the first leaves but are 
larger (6.7-8.0 cm), with 5-7 leaflets, 
and alternate. Petiole slightly longer 
(1.5-2.0 cm). Petiolule (0.1-0.4 cm) light 
green, winged, with the same pubescence 
as the leaf blade. Leaflets (1.8-4.0 cm) 
slightly larger. Leaf blade with an asperous 
texture on both sides. Base asymmetric or 
rounded, on the apical leaflet asymmetric 
or attenuate. Intersecondaries abundant, 
tertiaries reticulate. Apical bud  
(0.1-0.2 cm) light green, conical, erect, 
and densely pubescent. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (34-72 cm), paripinnate, usually 
with 6-12 pairs of leaflets, but with 
indeterminate growth and opposite or 
subopposite. Petiole longer (4-9 cm), 
green, sometimes brown or black, smooth 
or rugose due to the presence of lenticels. 
Pulvinus longer (ca. 1 cm), blackish-green. 
Pulvinulus reduced to the petiolule. 
Petiolule (ca. 0.4 cm) whitish-green on 
the upper portion and brownish-green on 
the lower, canaliculate, slightly velvety, 
covered with tangled whitish hairs.  
Leaflets larger (11-15 cm), elliptical 
to ovate. Leaf blade light green on the 
abaxial side and glabrous on both sides. 
Apex acuminate. Midvein glabrous. 
Secondary venation eucamptodromous, 
brochidodromous close to the apex, raised 
on the abaxial side. Intersecondaries 
sparse, tertiaries percurrent oblique to 
reticulate, and quaternaries areolate.
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Aromatic Cedar

SEED (including the wing) very small: 
length 2.9 (2.6-3.3) cm; width 1.0 (0.8-
1.1) cm; thickness 0.01 (0.005-0.023) cm; 
weight 0.02 (0.014-0.030) g. Dispersal 
unit (seed and wing) light brown, opaque, 
and smooth. Shape oblanceolate to 
obovate, with base truncate and apex 
rounded. One-sided wing translucent and 
membranaceous, with a slender vein that 
follows nearly all of the margin. Hilum 
located in the basal portion of the seed.

FRUIT medium-sized: length 4.0 
(2.2-4.8) cm; width 2.1 (1.8-2.3) cm; 
thickness 2.0 (1.8-2.3) cm; weight 6.6 
(4.5-9.2) g. Rhexocarpic capsular fruit: 
septifragal capsule brown, becoming 
dark brown with slightly raised 
ferruginous lenticels. Shape ellipsoid, 
with base rounded and apex mucronate. 
Pericarp woody, rugose, and densely 
lenticellate, consisting of five or rarely 
four valves, 0.1-0.2 cm thick. Internally 
the surface of the valves is light brown 
to greyish, smooth and glabrous. The 
fruits open along longitudinal sutures 
that extend from the apex to near the 
base, partially separating the valves 
and exposing the seeds. Columella 
light brown to golden, slightly rugose, 
and with five more obvious edges at 
the apex of the fruit. Fruits develop 
from terminal inflorescences in 
panicles. Many seeds per fruit (ca. 
80), but apparently not all of them 
viable.

DEVELOPMENT: in the greenhouse shoots emerge at 24 (18-29) days and the 
seedling is fully formed approximately two days later. After root protrusion the hypocotyl 
elongates, lifting the seed, and passes through a brief hook-shaped phase. The cotyledons 
expand, free themselves from the testa, and form an angle of 180°. Soon afterwards, the 
epicotyl elongates and the first compound leaves expand at the same time.

1 
cm
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144 Guarea carinata Ducke Meliaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

SEEDLING ADULT

SEEDLING ADULT

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
attached to the seedling for at least four 
months and covered by the integument, 
with only the petioles visible. Epicotyl  
(3-6 cm) initially yellowish-white, turning 
light green and brown; initially velvety, 
densely covered with long white to 
yellowish hairs; later becoming slightly 
asperous and densely covered with short 
thick hairs. More developed seedlings 
have light brown, linear, elongated 
lenticels arranged vertically along the axis, 
sometimes forming striae on the stem. 
Subsequent internodes (0.2-1.0 cm) 
similar to the epicotyl. First leaves  
(1-5 cm) compound (apparently simple), 
unifoliolate, opposite. Petiole reduced to 
only the pulvinus. Pulvinus (0.2-0.4 cm) 
light green, velvety, with indumentum 
similar to that of the epicotyl. Leaflet  
(1-5 cm) elliptical to ovate and 
papyraceous to chartaceous. Leaf blade 
discolourous; adaxial side dark green and 
abaxial side light green; opaque, velvety 
and covered with long, yellowish-white 
hairs on both sides. The indumentum is 
more abundant on the venation and on 
the abaxial side; it tends to disappear on 
the adaxial side, making it smooth and 
glabrous. Base slightly asymmetric or 
rounded and apex acute; margin ciliate, 
entire or sometimes sinuous at the apex. 
Venation pinnate, midvein flat. Secondary 
venation brochidodromous, impressed on 
the adaxial side and raised on the abaxial 
side. Intersecondaries abundant, tertiaries 
percurrent oblique and quaternaries 
incomplete. Next leaves share most of the 
characters described for the first leaves, 
but are larger (4-11 cm) and spiralled.  

Petiole (up to 1.0 cm) light green, 
canaliculate, velvety and with indumentum 
similar to that of the epicotyl. Pulvinus 
indistinguishable from the petiole. Leaflet 
longer (4-11 cm). Base cuneate to rounded 
and apex acute to acuminate; margin 
slightly revolute. Midvein slightly impressed 
biconcave to flat. Apical bud (ca. 0.2 cm) 
yellowish-green, curved, velvety, densely 
pubescent.

Characters that differ in adults: leaves 
larger (17-64 cm), paripinnate, usually with 
4-12 pairs of leaflets, but with indeterminate 
growth. Petiole longer (3.5-5.5 cm), brown, 
rugose, with very short abundant hairs. 
Pulvinus longer (0.5-0.7 cm), rugose, with 
indumentum similar to that of the petiole. 
Pulvinulus (0.5-1.0 cm) brown, asperous, with 
indumentum similar to that of the petiole. 
Leaflet usually longer (6-24 cm), elliptical, 
obelliptical or orbicular, opposite. Leaf 
blade bullate. Base rounded to cuneate, 
apex acute; margin entire, revolute. 
Midvein impressed concave. Secondary 
venation eucamptodromous, flat to 
impressed on the adaxial side and raised  
on the abaxial side. 
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Jatuaúba-vermelhaRed Muskwood

SEED small: length 1.5 (1.2-2.1) cm; 
width 0.9 (0.8-1.0) cm; thickness 0.9 
(0.7-1.1) cm; weight 0.8 (0.2-0.9) g. 
Colour mostly orangish, shiny, with a 
firm consistency. Shape variable, from 
irregular to ovoid, with base and apex 
asymmetric or rounded. Sarcotesta 
orangish, membranaceous, smooth and 
glabrous; partially covers the seed, 
except on one side, which has a light 
brown and rugose surface at the contact 
region with the columella. 

FRUIT large: length 3.9 (3.6-4.1) cm; 
width 3.7 (3.5-4.1) cm; thickness 3.7 
(3.2-4.0) cm; weight 29 (25-36) g. 
Rhexocarpic capsular fruit: loculicidal 
capsule, dark red when mature. Shape 
globoid, with a rounded base and 
mucronate apex. Calyx persistent. 
Pericarp composed of five (rarely six) 
valves 0.5 cm thick; visibly fleshy, 
carinate, velvety and densely covered 
with short, adpressed golden hairs. 
Internally the valves are covered with 
a yellowish membrane that, when 
removed, reveals a whitish surface. 
The fruits open along longitudinal 
sutures that extend from the apex 
down to near the base, exposing 
the seeds. Columella yellowish 
and smooth. Several 
fruits originate from 
inflorescences in 
panicles. Usually 12 
seeds per fruit (three 
per locule).

DEVELOPMENT: shoots emerge in the greenhouse at 12 (8-18) weeks and the 
seedling is fully formed approximately two weeks later. After root protrusion the 
epicotyl elongates a few centimetres and passes through a brief hook-shaped phase. As 
development proceeds, the epicotyl becomes erect and two unifoliolate leaves expand at 
the same time. During germination, the sarcotesta becomes blackish and falls off to reveal 
the light brown seed. 
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146 Guarea silvatica C.DC. Meliaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

SEEDLING ADULT

SEEDLING ADULT

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons, with reserves, remaining 
covered by the integument and attached to 
the seedling for at least six months, with 
only the well developed, thick and wrinkled 
petioles visible. Epicotyl-first leaf axis 
(9-14 cm) initially green, smooth, covered 
with sparse short white hairs; becoming 
brown and glabrous. More developed 
seedlings may show light brown to dark 
brown, elongated lenticels arranged 
vertically along the axis. Cataphylls 4-8 
linear to triangular. Subsequent 
internodes (1-4 cm) similar to the axis, 
but lacking lenticels and cataphylls. 
First leaves (3.5-14.0 cm) compound, 
paripinnate or imparipinnate, with 1-4 
leaflets, alternate. Petiole (0.5-2.0 cm) 
green, circular, smooth and with 
indumentum similar to that of the axis. 
Pulvinus (ca. 0.2 cm) with characters 
similar to those of the petiole. Petiolule 
(ca. 0.3 cm) green, smooth, with 
indumentum similar to that of the axis, 
more abundant on the adaxial side. 
Pulvinulus indistinguishable from the 
petiolule. Rachis green, smooth, glabrous. 
Leaflets (3-9 cm) elliptical, papyraceous 
and opposite to subopposite. Leaf blade 
green, opaque, smooth, glabrous on both 
sides. Base slightly asymmetric or cuneate 
and apex acute to acuminate, sometimes 
retuse; margin entire. Venation pinnate, 
midvein flat, with light-coloured, short, 
erect, sparse hairs, especially on the 
adaxial side.  

Secondary venation eucamptodromous, 
flat on the adaxial side and raised on the 
abaxial side. Intersecondaries absent, 
tertiaries percurrent perpendicular, and 
quaternaries hardly visible, apparently 
incomplete. The adaxial side may have 
hairs on the venation. Next leaves share 
most of the characters described for the 
first leaves, but are larger (10-21 cm), 
with 3-5 leaflets, spiralled. Petiole usually 
longer (1-4 cm). Pulvinus (ca. 0.4 cm), 
petiolule (ca. 0.5 cm) and leaflets  
(3-12 cm) slightly larger. Leaf blade 
bullate; abaxial side rugose due to the 
venation. Apex acuminate. Secondary 
venation flat to impressed on the adaxial 
side. Intersecondaries sparse, tertiaries 
percurrent oblique, and quaternaries 
incomplete. Apical bud (ca. 0.3 cm) green, 
curved, smooth, covered with short sparse 
and white hairs.

Characters that differ in adults: leaves 
larger (25-38 cm), paripinnate, usually 
with 3-4 pairs of leaflets, but with 
indeterminate growth. Petiole longer  
(8-10 cm), light green, glabrous. Pulvinus 
longer (0.6-0.8 cm), light brown and 
glabrous. Pulvinulus (ca. 0.7 cm) green, 
wrinkled, glabrous. Leaflets larger  
(8-14 cm), elliptical to oval, chartaceous, 
mostly opposite. Leaf blade slightly bullate, 
shiny on both sides. Base cuneate to 
rounded and apex acute to acuminate; 
margin revolute. Midvein raised convex, 
glabrous. Secondary venation impressed on 
the adaxial side. Intersecondaries abundant 
and tertiaries reticulate.
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JitóWild Muskwood

SEED medium-sized: length 2.3 
(1.8-2.6) cm; width 1.7 (1.3-2.0) cm; 
thickness 1.4 (0.9-1.7) cm; weight 3.6 
(0.7-5.2) g. Consistency firm. Shape 
semi-ovoid. Sarcotesta bright orange, 
membranaceous, smooth, glabrous; 
covering practically all of the seed, 
except the flattened side, which has a 
yellowish, reticulate surface in the area 
of contact with the columella.

FRUIT medium-sized: length 3.7 
(2.3-4.4) cm; width 3.0 (2.1-3.7) cm; 
thickness 2.3 (1.3-3.6) cm; weight 13.1 
(6.9-19.8) g. Rhexocarpic capsular fruit: 
loculicidal capsule brownish-green, 
becoming dark brown at maturity. Shape 
pyriform, flattened laterally, with a 
cuneate base and a truncate, slightly 
mucronate apex. Pericarp fibrous to 
spongy, smooth and glabrous, composed 
of two valves 0.2-0.3 cm thick. 
Internally the valves are covered with a 
whitish membrane that, when removed, 
reveals a whitish to pinkish surface. The 
fruits open along a longitudinal suture 
that extends from the apex to the base, 
partially separating the valves and 
exposing the seeds. Columella whitish. 
Endocarp whitish, membranaceous; 
falling from the capsule at dehiscence. 
The fruits develop from terminal 
inflorescences in a raceme. One to  
three seeds per fruit (maximum one  
per locule).

DEVELOPMENT: in the greenhouse 
shoots emerge after 11 (7-21) weeks and 
the seedling is fully formed approximately 
two weeks later. After root protrusion the 
stem, bearing several cataphylls, elongates 
a few centimetres without passing through 
a hook-shaped phase. As development 
proceeds, two compound leaves expand at 
the same time, with the leaflets pointing 
upwards. During leaf expansion, the leaflets 
turn downwards. The cotyledon petioles 
surround the stem and are notable for 
their brown colour and wrinkled, with a 
woody appearance. During germination, the 
sarcotesta becomes blackish and falls off to 
reveal the light brown seed.
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148 Brosimum parinarioides Ducke Moraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar, and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
covered by the propagule. Epicotyl-first 
leaf axis (12-18 cm) purplish, almost black, 
becoming reddish-brown; slightly asperous, 
with abundant white, short, slightly curved 
hairs. Cataphylls (ca. 0.2 cm), 4-6 with 
the same colour as the axis, lanceolate to 
deltoid. Subsequent internodes (0.7- 
2.5 cm) reddish-brown to dark green, with 
texture and indumentum similar to those 
of the axis. First leaves (7-10 cm) simple, 
elliptical to oblong, rarely obelliptical, 
papyraceous, alternate distichous. Petiole 
(0.6-1.2 cm) purplish to reddish-brown, 
becoming green, circular to slightly 
canaliculate, transversely striate, with 
texture and indumentum similar to those of 
the axis, and continuing abaxially on the 
midvein of the leaf blade; slightly twisted, 
especially at the base, and thus almost 
parallel to the axis. Leaf blade slightly 
discolorous; adaxial side green, smooth 
and abaxial side light green and asperous; 
opaque and glabrous on both sides. Base 
cuneate and apex acuminate; margin 
entire, revolute, ciliate. Venation pinnate, 
very prominent, midvein raised convex and 
indumentum similar to that of the petiole. 
Secondary venation brochidodromous, 
flat on the adaxial side and raised 
on the abaxial side. Intersecondaries 
abundant; tertiaries percurrent oblique and 
quaternaries areolate. All of the venation on 
the abaxial side has the same indumentum 
as the axis, with more sparser hairs.  

 
Next leaves share the same 
characters described for the first 
leaves. Apical bud (ca. 0.5 cm) 
covered with a dark brown, conical, 
asperous stipule, with hairs similar  
to those of the axis. Latex white  
and abundant. 

4-6

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (13-23 cm), elliptical to rarely ovate, 
chartaceous. Petiole usually longer (0.9-
1.3 cm), brownish-green, slightly velvety, 
canaliculate, twisted, with canaliculi 
parallel to the primary canaliculus. As 
it lignifies, brown scales fall off, giving 
the petiole a striate aspect. Leaf blade 
strongly discolourous; adaxial side dark 
green and shiny; abaxial side light green, 
opaque, with a corrugate aspect due to 
the presence of the secondary venation, 
with hairs similar to those of the petiole. 
Base rounded; margin not ciliate. Midvein 
impressed concave. Secondary venation 
raised on both sides. Apical bud longer 
(ca. 1.5 cm), brownish-green. 
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Sweet Milk Tree

INFRUCTESCENCE medium-sized: 
length 2.7 (2.4- 3.1) cm; width 2.8 
(2.5-3.1) cm; thickness 2.7 (2.4-
3.0) cm; weight 10.6 (6.8-14.0) g. 
Compound fruit, phenocarpi: sorosus 
yellowish-green. Shape globose. 
External layer (ca. 0.1 cm), with a 
membranaceous, strumose surface 
covered with velvety yellow and very 
short indumentum. In some places the 
indumentum becomes denser, forming 
yellowish circles that later become 
blackish, making the surface appear 
to be covered with punctations. 
Internally the infructescence is 
whitish-yellow, spongy, soft, and 
flexible; it has a sweet, abundant 
white latex, especially when 
immature. Infructescences develop 
from axillary inflorescences. One 
propagule per infructescence.

DEVELOPMENT: in the greenhouse shoots emerge after 6 (3-12) weeks and seedlings 
are fully formed approximately one week later. After root protrusion the erect reddish 
axis elongates, bearing a few cataphylls. Next, two leaves expand, their initially reddish 
leaf blades contrasting with the light green venation. The striking size difference of the 
first leaves and the prominent venation facilitate field identification of seedlings. The 
seedlings can be confused with those of the genus Clarisia.

PROPAGULE medium-sized: length 
1.6 (1.1-1.9) cm; width 1.9 (1.4-2.6) cm; 
thickness 1.8 (1.3-2.7) cm; weight 3.4 
(1.3-6.1) g. Colour brown to dark brown or 
even purplish and with a firm consistency. 
Whitish at the base. Shape globose, but 
with the basal pole slightly flattened. 
Longitudinal grooves run from one pole 
to the other. The basal part has a striate 
appearance contrasting with the rest of 
the smooth surface of the propagule. 
Endocarp mebranaceous, opaque, 
rugose, glabrous, and if dried it becomes 
breakable and easy to separate from the 
seed. When injured, seeds exude a large 
quantity of white latex.
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150 Clarisia racemosa Ruiz & Pav. Moraceae 

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

5 
cm

2 
cm

GERMINATION: hypogeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, green, same size 
as the seed; remaining attached to the 
seedling for at least six months. Epicotyl-
first leaf axis (6-18 cm) green, smooth 
with sparse, yellowish, very short hairs. 
At more advanced stages of development, 
the stem becomes red at the base and has 
ferruginous, linear, elongated lenticels, 
which give it a slightly striate texture. 
Cataphylls 6-11, triangular. Subsequent 
internodes (1-4 cm) ferruginous-green, 
smooth, indumentum similar to that of 
the axis. Has lenticels similar to those 
of the axis, but yellowish. First leaves 
(3.5-9.5 cm) simple, oval, papyraceous, 
alternate. Stipules small (0.2 cm), green to 
reddish-brown, glabrous. Petiole (0.5-0.8 cm) 
green, canaliculate, smooth, slightly twisted 
at the base, with indumentum similar to 
that of the axis, but sparser. Leaf blade 
discolourous; adaxial side green, glabrous 
and abaxial side light green, with tiny hairs 
near the midvein; smooth and opaque on 
both sides. Base rounded and apex caudate; 
margin entire and revolute. Venation 
pinnate, midvein flat to impressed concave, 
with sparse, short, light-coloured hairs. 
Secondary venation brochidodromous, 
flat on the adaxial side and raised on the 
abaxial side. Intersecondaries abundant, 

tertiaries reticulate, and quaternaries 
incomplete. Next leaves share the same 
characters described for the first leaves, 
but are larger (7.0-12.5 cm), oblong to 
elliptical, papyraceous to chartaceous. 
Base rounded to cuneate. Apical bud  
(0.1 cm) light green, densely covered 
with short whitish hairs. Latex white 
and abundant.

Characters that differ in adults: leaves 
elliptical to slightly oval, chartaceous. 
Leaf blade shiny on the adaxial side. Base 
slightly asymmetric and apex acuminate; 
margin sinuate. Tertiaries percurrent 
parallel. Petiole slightly longer (0.6-1.1 cm), 
slightly asperous. Galls are commonly found 
on the leaves.

SEEDLING ADULT

SEEDLING
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Guariyuba

INFRUCTESCENCE medium-sized: 
length 2.0 (1.4-2.5) cm; width 1.5  
(1.1-1.9) cm; thickness 1.3 (1.0-1.6) cm; 
weight 2.5 (1.0-4.2) g. Compound fruit, 
phenocarpi: sorosus, green, becoming 
yellow, orangish and red at maturity. 
Shape ellipsoid, with apex rounded 
sometimes with a small mucro. External 
layer (0.2-0.5 cm) fleshy, thicker in the 
apical region; has abundant latex when 
immature. Infructescences develop from 
ramiflorous inflorescences in a raceme. 
One propagule per infructescence. 

PROPAGULE small: length 1.5 
(0.9-1.8) cm; width 1.2 (0.8-1.5) cm; 
thickness 0.9 (0.6-1.1) cm; weight 1.1 
(0.3-1.7) g. Colour light green with 
light brown bundles, with a relatively 
firm consistency. Shape ovoid to 
globose. Propagule with a translucent, 
membranaceous pericarp, which when 
dried becomes an opaque film. Endocarp 
yellowish where the bundles converge; 
smooth, shiny, opaque when covered 
by the pericarp. When cut, propagules 
exude white latex. DEVELOPMENT: shoots emerge after 25 (19-37) days and seedlings are fully formed 15 

days later. After root protrusion the cotyledons open slightly to form a right angle. The stem 
elongates a few centimetres without forming a hook before the first leaves expand. The 
roots, initially yellow, become red, a distinguishing character of the species. The seedlings 
can be confused with those of the genus Brosimum.
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152 Helicostylis tomentosa (Poepp. & Endl.) Rusby Moraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in the 
propagule. Epicotyl-first leaf axis  
(2-5 cm) light green, becoming brown; 
covered with sparse indumentum and 
abundant tiny, punctiform, dark lenticels. 
Cataphylls 2-5. Subsequent internodes 
(0.4-2.0 cm) brown, soft, covered with 
very short golden hairs, more abundant in 
the apical region. First leaves (ca. 2 cm) 
simple, elliptical, papyraceous, alternate. 
Petiole (ca. 0.2 cm) light green, circular, 
smooth and tomentose, with short, golden, 
adpressed and abundant hairs. Leaf blade 
slightly discolourous; adaxial side green 
and abaxial side light green; slightly 
asperous and glabrous on both sides. 
Base cuneate and apex acute, mucronate; 
margin serrulate. Venation pinnate, midvein 
raised convex to carinate. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial side. 
Intersecondaries present. Next leaves 
share most of the characters described for 
the first leaves, but are larger (3-18 cm), 
chartaceous, and spiralled. Stipules 
(0.2-0.3 cm) green to brown, linear and 
tomentose, leaving scars when they fall. 
Petiole longer (0.2-0.7 cm). 

Leaf blade with abaxial side pubescent, 
especially the venation. Apex acute to 
acuminate and mucronate; margin with 
glandular, golden, erect hairs. Midvein 
raised convex, pubescent, with long 
tangled hairs on the adaxial side and 
short erect hairs on the abaxial side. 
Intersecondaries abundant and tertiaries 
reticulate. Terminal stipule (0.3 cm) green, 
densely covered with short, erect, light-
coloured hairs. 

ADULT

Characters that differ in adults: leaves 
usually larger (10-25 cm), orbicular to 
oblong, chartaceous to coriaceous. Petiole 
longer. Leaf blade discolourous, abaxial 
side light green to yellowish. Indumentum 
of the leaves and twigs very variable. Base 
rounded; margin entire to denticulate 
at the apex. Venation more evident. 
Quaternaries areolate. Latex creamy brown, 
exuded by leaves, twigs, and trunk when 
wounded. 

SEEDLING

SEEDLING

ADULT

2 
cm

5 
cm
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Letter Wood

PROPAGULE very small: length 0.9 
(0.7-1.0) cm; width 0.8 (0.5-0.9) cm; 
thickness 0.6 (0.4-0.7) cm; weight 
0.25 (0.12-0.36) g. Colour dark 
brown to black, opaque, with a woody 
consistency. Shape variable and slightly 
flattened. When dried, the pericarp 
becomes a white film covering the 
pyrene. Endocarp firm, but very fine 
(0.02 cm), smooth, glabrous. Removing 
it reveals one seed with a dark brown, 
shiny and membranaceous integument, 
below which are the light yellow 
cotyledons. 

INFRUCTESCENCE medium-sized: 
length 1.9 (1.7-2.1) cm; width 2.3  
(2.1-3.0) cm; thickness 2.1 (1.8-2.5) cm; 
weight 5.3 (4.0-8.2) g. Compound 
fruit, phenocarpi: sorosus, yellow 
when mature. Globose, with base 
truncate to rounded. External layer 
fleshy, succulent and composed of 
four lobules; surrounding the fruits at 
maturity but leaving cracks through 
which the persistent stigmas remain 
visible. Infructescence composed of 
monospermic drupes, with pericarp fine, 
translucent, gelatinous, adnate to the 
perianth. Infructescences develop from 
globose axillary inflorescences. Four to 
ten pyrenes per infructescence.

DEVELOPMENT: the seeds have both physical dormancy (due to the resistance of the 
endocarp) and physiological dormancy. When dormancy is not broken, shoots emerge in 
the greenhouse at 8 (2-20) months and the seedling 
is fully formed approximately four months later. 
When not consumed, the pulp decomposes rapidly, 
exposing the pyrenes. After root protrusion, the 
stem, bearing a few cataphylls, elongates a 
few centimetres before the first leaves 
expand. Development is slow, and 
several months are required for 
the seedling to reach 5-10 
cm in the greenhouse. 
Wounded seedlings do not 
exude any latex. 

1 
cm

1 
cm

1 
cm



154 Maquira sclerophylla (Ducke) C.C.Berg     Moraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

1-2

1-2

1-2

1-2

GERMINATION: hypogeal, 
cryptocotylar or phanerocotylar and 
unipolar, with the axis lateral to the 
cotyledons when cryptocotylar and between 
the cotyledons when phanerocotylar.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves. Epicotyl-first 
leaf axis (5-12 cm) ferruginous-green; 
more asperous on the upper part; covered 
with short, erect, whitish to ferruginous 
hairs; lenticels light yellow, punctate, 
abundant, scattered randomly. Cataphylls 
(0.2-1.0 cm), 1-2, triangular and caducous. 
Subsequent internodes (0.5-3.0 cm) 
green, with texture and indumentum similar 
to those of the axis, but with fewer hairs. 
Lenticels light yellow, linear, scant, and 
scattered. First leaves (3-17 cm) simple, 
elliptical to ovate, coriaceous, opposite 
or alternate. Petiole (0.5-1.0 cm) green, 
canaliculate; texture similar to that of the 
axis, indumentum similar to that of the 
internodes. Stipules (0.3-1.0 cm) 
light green, triangular, caducous, with 
indumentum similar to that of the 
internodes, leaving ring-shaped scars 
after falling. Leaf blade bullate, slightly 
discolourous, opaque; adaxial side dark 
green, smooth, glabrous; abaxial side 
green, asperous, with sparse, short, 
whitish, sometimes stellate, hairs on the 
leaf blade and venation. Base rounded 
and apex acute to retuse; margin entire. 
Glandular dots are sometimes present, 
especially on the abaxial side, near and 
along the midvein. Venation pinnate, 
midvein raised convex; indumentum 
similar to that of the leaf blade. Secondary 
venation brochidodromous, flat to raised 
convex. Presence of hairs and sometimes 
glandular dots in the axils of the secondary 
veins. Intersecondaries abundant.  

Tertiaries reticulate and quaternaries 
incomplete. Next leaves share most of 
the characters of the first leaves, but 
are larger (9-21 cm), alternate, and 
obovate. Apex apiculate to acuminate often 
with a mucro. Petiole longer (1.0-1.5 cm). 
Stipules usually smaller (0.5-0.7 cm). Apical 
bud (0.5-1.0 cm) conical, green, smooth, 
with hairs similar to those of the internodes. 
Latex white, exuded by leaves. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (16-30 cm), oblong, chartaceous. 
Petiole longer (1.0-3.5 cm) reddish-brown, 
asperous, with fissures, flaking off in 
small pieces, canaliculate, twisted, thick 
(ca. 0.5 cm). Leaf blade thick, green, 
smooth abaxially. Base rounded, sometimes 
asymmetric, and apex acuminate; margin 
revolute. Pinnate venation yellow, 
contrasting with the green blade; midvein 
raised convex. Secondary venation flat on 
the adaxial side and raised on the abaxial 
side. Intersecondaries absent, tertiaries 
percurrent parallel, and quaternaries fine 
areolate. Apical bud greyish and velvety.

2 
cm

5 
cm
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Hard-leafed Maquira

INFRUCTESCENCE large: length 
3.9 (3.5-4.3) cm; width 4.1 (3.7-
4.5) cm; thickness 4.0 (3.6-4.4) cm; 
weight 37 (24-48) g. Compound fruit, 
phenocarpi: sorosus, green when 
immature, becoming dark brown and 
then yellowish-orange when mature. 
Shape globose to irregular depending 
on the number of seeds. Wounded fruits 
exude abundant light yellow latex. Calyx 
persistent. External layer (ca. 0.1 cm) 
membranaceous, asperous, with dark, 
scaly, or papillose indumentum 
or glandular punctations. 
Pulp (0.5-1.5 cm) yellow, 
but darkening rapidly when 
oxidised. Consistency fleshy 
and sticky. Peduncle short 
(ca. 0.5 cm), circular. 
Fruits develop in axillary 
inflorescences. One to three 
propagules per infructescence.

DEVELOPMENT: seeds with a pericarp show a slow germination. When the pericarp 
is removed, shoots emerge in the greenhouse after approximately 3 (2-6) weeks and 
seedlings are fully formed approximately three weeks later.  
After the protrusion of the primary root many secondary roots  
form, after which the epicotyl emerges 
with a few cataphylls. The epicotyl 
lengthens and the first leaves, with 
strikingly different sizes, develop.

PROPAGULE medium-sized: length 
2.7 (2.1-3.3) cm; width 2.8 (2.1-3.3) cm; 
thickness 2.4 (1.9-2.8) cm; weight 9 
(5-13) g. Colour yellow when fresh, 
becoming greyish-brown. Consistency 
bony. Shape globoid. Pericarp smooth 
and opaque.

2 
cm

2 
cm

1 
cm



156 Naucleopsis caloneura  (Huber) Ducke Moraceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining 
covered by the integument, only their 
petioles are visible. Epicotyl-first leaf axis 
(5-9 cm) greenish-brown, slightly asperous, 
densely covered with light brown,  
short, erect hairs. Cataphylls (ca. 0.2 cm) 
5-7, light green becoming brown, triangular 
and caducous. Subsequent internodes 
(0.3-1.2 cm) with colour, texture and 
indumentum similar to those of the axis. 
First leaves (2-5 cm) simple, elliptical, 
chartaceous to coriaceous and alternate. 
Stipules amplexicaul (ca. 0.3 cm), 
green becoming brown, triangular to 
lanceolate, smooth, caducous, with  
scant hairs similar to those of the axis. 
Petiole (ca. 0.1 cm) green, canaliculate, 
smooth, with indumentum similar to that 
of the axis. In more developed seedlings, 
axis and petioles become brown, asperous, 
longitudinally striate, and glabrous. Leaf 
blade discolourous; adaxial side dark 
green and smooth and abaxial side light 
green, asperous and with hairs only on 
the venation; opaque on both sides. Base 
asymmetric, sometimes cuneate and apex 
acute; margin entire and slightly revolute. 
Venation pinnate, midvein raised convex, 
with sparse indumentum similar to that of 
the axis, but close to the base. Secondary 
venation brochidodromous, slightly raised on 
both sides. Tertiaries reticulate. Next leaves 
share most of the characters described for 
the first leaves, but are larger (4.5-20.0 cm), 
elliptical to obelliptical, coriaceous. 

Petiole longer (0.2-0.6 cm), circular to 
slightly canaliculate. Base attenuate 
and apex acuminate. Midvein 
glabrous. Intersecondaries present and 
quaternaries areolate. Apical bud (ca. 
0.4 cm) green, conical, smooth and 
sparsely pubescent or glabrous. Latex 
whitish and abundant, exuded by the 
leaves and stem when wounded.

SEEDLING

SEEDLING

ADULT

Characters that differ in adults: leaves 
larger (22-40 cm), oblong. Petiole longer 
(1.2-1.7 cm), greyish-brown, flat, twisted, 
asperous, glabrous. Leaf blade with 
abaxial side light yellowish-green slightly 
shiny. Base cuneate and apex acuminate 
to caudate. Margin revolute. Latex creamy 
brown, exuded by the trunk, twigs, and 
leaves when wounded.

2 
cm

10
 c

m
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Prickly-fruited Naucleopsis

PROPAGULE medium-sized: length 1.9 
(1.8-2.1) cm; width 1.7 (1.4-1.9) cm; 
thickness 1.3 (1.1-1.6) cm; weight 3.3 
(2.6-4.2) g. Colour dark brown, with 
a firm consistency. Shape variable, 
from globose, semi-globose to conical, 
depending on the number of fruits per 
infructescence. The pericarp is light 
brown, fine and fragile when dried. 
Outer layer slightly rugose, glabrous. 
In nature, normally the seeds are found 
still surrounded by the dried pericarp.

INFRUCTESCENCE large: length 
4.7 (3.7-5.4) cm; width 5.0 (3.9-5.6) 
cm; thickness 4.7 (3.7-5.5) cm; 
weight 52 (24-79) g. Compound fruit, 
phenocarpi: sorosus, green becoming 
yellow at maturity. Shape semi-
globose to globose, with a truncate 
base and a rounded to truncate 
apex. Infructescence fleshy, slightly 
succulent, asperous, spiny due to the 
hardened tepals. Infructescence sessile, 
supported by persistent pseudobracts, 
exuding white latex when immature. 
Fruits surrounded by a yellow pulp. 
Infructescences develop from axillary 
involucrate inflorescences, in a 
capitulum. One to five propagules per 
infructescence.

DEVELOPMENT: when seed dormancy is not broken, shoots emerge after 31  
(19-43) months and the seedlings are fully formed approximately one month later. After 
root protrusion the stem elongates a few centimetres and several cataphylls emerge 
before the expansion of the first leaves. The seedling can be confused with other species 
of Moraceae due to the presence of latex 
and the terminal stipule 
characteristic of the family.

1 
cm

1 
cm

1 
cm



158 Trymatococcus amazonicus Poepp. & Endl.       Moraceae

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

3-10

3-10

GERMINATION: hypogeal, 
cryptocotylar and unipolar, with the axis 
lateral to the cotyledons or rarely between 
the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in the 
pyrene; unequal, one large, globose and the 
other irregular, flat or discoid. Epicotyl-
first leaf axis (2.5-3.0 cm) green, becoming 
brown, asperous and with very short erect 
white hairs. Cataphylls (0.5-1.7 cm), 3-10 
lanceolate or linear, caducous, with stipules. 
Subsequent internodes (0.2-2.0 cm) 
green, smooth to slightly asperous, with 
indumentum similar to that of the axis. The 
axis and the subsequent internodes become 
striate longitudinally. First leaves (1.5-
3.8 cm) simple, elliptical to obelliptical, 
papyraceous or chartaceous, spiralled. 
Stipules (0.2-0.4 cm) green, lanceolate, 
with abundant white hairs, especially on 
the abaxial side. The stipules persist for a 
long time at the base of the node, which 
also has a large, conspicuous scar. Petiole 
(0.3-0.7 cm) green, canaliculate, asperous, 
with indumentum similar to that of the 
stipules. Leaf blade green, opaque on both 
sides; abaxial side asperous, with very short 
abundant white hairs; adaxial side smooth, 
with the same type of indumentum, but 
sparser. Base cuneate and apex acute to 
acuminate; margin dentate to denticulate, 
especially at the apex, ciliate, with 
indumentum similar to that of the leaf 
blade, but with longer, sparser hairs.  
Venation pinnate, midvein raised 

concave, with indumentum similar to 
that of the stipules. Secondary venation 
brochidodromous, flat on the adaxial 
side and convex on the abaxial side. 
Intersecondaries absent, tertiaries 
percurrent oblique to perpendicular near 
the midvein, and quaternaries areolate. 
Next leaves share the same characters 
described for the first leaves, but are larger 
(4.5-10.5 cm) and more variable in shape. 
Some have a toothed margin only near the 
apex, while others have an entire margin. 
Terminal stipule green, lanceolate, with 
axillary stipules that protect the bud. 
Apical bud (0.4-0.5 cm) often covered 
with erect stipules with long, whitish, erect 
hairs. Latex colourless in young plants, 
whitish in older plants.

SEEDLING

SEEDLING ADULT

Characters that differ in adults: leaves 
larger (14-24 cm), elliptical to oblong, 
coriaceous. Petiole longer (1.0-1.5 cm), 
ferruginous-green, slightly canaliculate, 
twisted. Leaf blade slightly bullate, 
discolourous; adaxial side green, shiny, 
with white, adpressed hairs scattered 
sparsely throughout the leaf blade but 
more abundant on the veins; abaxial side 
yellowish-green, opaque, with white erect 
hairs abundant on the leaf blade and 
especially on the secondary veins. Base 
asymmetric and apex acuminate; margin 
entire, revolute. Midvein submersed, with 
indumentum similar to that of the leaf 
blade on both sides. Secondary venation 
slightly impressed on the adaxial side. 
Intersecondaries abundant, tertiaries 
reticulate and quaternaries areolate. 
Terminal stipule (0.6-0.7 cm) triangular, 
ferruginous-green, densely covered with 
short, yellowish-white, adpressed hairs. 
Latex sparse, with a creamy brown colour.

ADULT

1 
cm

5 
cm
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Amazonian Trymatococcus

INFRUCTESCENCE large: length 4.8 
(4.0-5.6) cm; width 4.1 (3.5-4.8) cm; 
thickness 3.9 (3.4-4.7) cm; weight 29 
(22-46) g. Compound fruit, phenocarpi: 
sorosus, yellowish-green at maturity. 
Shape globoid, with a rounded base and 
apex; stigma persistent. External layer  
(< 0.1 cm), membranaceous, very 
asperous, totally covered with very 
short, erect, ferruginous hairs. Pulp 
(0.5-1.0 cm) whitish-yellow, fleshy, 
slightly succulent. Internal layer  
(< 0.1 cm) light brown, 
membranaceous, wet, fibrous, 
surrounding the pyrene. Odor very 
pleasant. Infructescences develop 
from axillary and/or ramiflorous 
inflorescences. One pyrene per 
infructescence.

DEVELOPMENT: Seeds have dormancy. In the greenhouse shoots emerge at 21 
(5-54) months and the seedling is fully formed approximately one week later. After root 
protrusion the stem elongates a few centimetres, bearing a few cataphylls, before the first 
leaves (usually three) expand.

PROPAGULE medium-sized: length 
2.2 (1.5-2.6) cm; width 2.4 (1.8-2.7) cm; 
thickness 2.2 (1.6-2.6) cm; weight 7  
(2-10) g. Colour light brown, opaque, and 
with a hard consistency. Shape globoid. 
Endocarp becomes firm and brittle when 
dry. Testa smooth and crustaceous. The 
seeds are typically found still surrounded 
by the endocarp attached to the testa. 
The seed may exude small amounts of 
creamy brown latex.

2 
cm

1 
cm

2 
cm



160 Compsoneura ulei Warb.    Myristicaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, covered by the 
integument, only their petioles are visible. 
Epicotyl-first leaf axis (ca. 5 cm) green, 
smooth, glabrous. Cataphylls  
(ca. 0.1 cm), 7-8, yellowish, linear to 
deltoid. Subsequent internodes (0.5-
1.0 cm) with colour and texture similar 
to those of the axis. First leaves (6.5-
8.0 cm) simple, elliptical, papyraceous, 
subopposite to spiralled. Petiole (0.5-
0.7 cm) green, canaliculate, smooth, 
glabrous. Leaf blade slightly discolourous 
and bullate; adaxial side dark green and 
abaxial side green; opaque, smooth, 
glabrous on both sides. Base cuneate and 
apex acuminate; margin entire and revolute 
at the base. Venation pinnate, midvein 
raised convex and glabrous. Secondary 
venation brochidodromous, especially from 
the midsection to the apex, impressed on 
the adaxial side and raised on the abaxial 
side. Intersecondaries present; tertiaries 
percurrent perpendicular and quaternaries 
incomplete. Next leaves share characters 
described for the first leaves, but are 
larger (10.5-14.0 cm) and sometimes 
obelliptical. Petiole longer (0.8-1.0 cm), 
slightly canaliculate, twisted distally. Leaf 
blade with tiny white dots; quaternaries 
areolate. Apical bud (ca. 0.1 cm) light 
green, conical, smooth, glabrous.  
Sap watery, slightly yellowish. 

7-8

ADULT

ADULT

SEEDLING

SEEDLING

Characters that differ in adults: 
leaves larger (12-17 cm), chartaceous, 
spiralled. Petiole usually longer (0.8-
1.5 cm). Leaf blade with adaxial side 
shiny. Apex caudate. Secondary venation 
eucamptodromous, flat on the adaxial 
side. Intersecondaries sparse. Sap reddish, 
exuded by injured leaves and twigs. 

1 
cm

3 
cm
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Ule’s Compsoneura

FRUIT small: length 1.8  
(1.7-1.9) cm; width 1.1 (0.9-1.2) 
cm; thickness 1.0 (0.9-1.1) cm; 
weight 1.4 (1.2-1.6) g. Rhexocarpic 
follicular fruit: coccum light green, 
becoming yellow at maturity. Shape 
ellipsoid, with base cordate and apex 
rounded with a persistent stigma. 
Pericarp (ca. 0.1 cm), firm, smooth, 
glabrous, opening in two valves via an 
invaginated suture. Internally yellow, 
smooth, glabrous. Fruits develop from 
axillary inflorescences in racemes. One 
seed per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 8 (7-10) weeks and seedlings 
are fully formed approximately two weeks later. After root protrusion the erect axis 
elongates, bearing a few cataphylls. Next, two to three leaves expand at almost the same 
time.

SEED small: length 1.6 (1.5-1.8) cm; 
width 0.9 (0.8-0.9) cm; thickness 0.9 
(0.8-0.9) cm; weight 0.8 (0.6-1.0) g. 
Colour greyish-brown, with dark brown 
streaks. Shape ellipsoid, with a firm 
consistency. Testa shiny, smooth, 
glabrous, surrounded by a red, 
membranaceous, smooth, glabrous aril.

1 
cm

2 
cm

1 
cm



162 Iryanthera juruensis Warb. Myristicaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

ADULT

5 
cm

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons without reserves, remaining 
in the seed, only their petioles are visible. 
Epicotyl-first leaf axis (9-14 cm) 
ferruginous-green, asperous, densely 
covered with short, golden, and adpressed 
hairs and sparsely covered with whitish 
hairs. Cataphylls 2-4, linear to triangular.  
Subsequent internodes (0.2-0.9 cm) with 
colour, texture, and indumentum similar 
to those of the axis. The first internodes 
are usually shorter. First leaves (3-7 cm) 
simple, elliptical or orbicular, chartaceous, 
opposite to subopposite. Petiole  
(0.7-0.8 cm) green, flat to circular, 
asperous, with indumentum similar to 
that of the axis, especially on the abaxial 
side. Leaf blade bullate and slightly 
discolourous; adaxial side green, shiny, 
glabrous; abaxial side light green, opaque, 
with white and ferruginous hairs; smooth 
on both sides. Base cuneate and apex 
acuminate, sometimes retuse; margin 
entire. Venation pinnate, midvein raised 
convex, with indumentum only near the 
petiole, similar to that of the leaf blade. 
Secondary venation brochidodromous, 
flat to slightly impressed on the adaxial 
side and raised on the abaxial side. 
Intersecondaries abundant and tertiaries 
reticulate.  

Next leaves share most of the characters 
described for the first leaves, but are 
larger (6-15 cm), oblanceolate and 
spiralled. Petiole ferruginous-green, flat 
to canaliculate. Apex acuminate. Tertiary 
venation percurrent, perpendicular 
to slightly oblique, and quaternaries 
incomplete. Apical bud (0.4-0.6 cm) 
ferruginous-brown, conical, curved or erect, 
densely covered with ferruginous hairs. Sap 
yellowish, sticky, scant.

SEEDLING

SEEDLING

ADULT

Characters that differ in adults: leaves 
larger (17-23 cm) and oblong. Petiole 
longer (1.2-2.0 cm), canaliculate, rugose, 
glabrous, twisted. Leaf blade glabrous 
on both sides, but with indumentum on 
twigs and young leaves; has tiny white 
punctations on the adaxial side and larger, 
sparser punctations on the abaxial side. 
Secondary venation v-impressed. Sap 
reddish, watery and abundant, exuded by 
the stem, twigs, and leaves when wounded. 

2 
cm
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Jurua Iryanthera

SEED medium-sized: length 1.6 
(1.4-1.7) cm; width 2.7 (2.4-2.8) cm; 
thickness 1.5 (1.4-1.7) cm; weight 3.9 
(3.1-5.0) g. Colour brown with reticu-
latation whitish, opaque and with a 
hard consistency. Shape transversely 
ellipsoid, with base and apex truncate. 
Testa rugose and glabrous. There is a 
straight, deep groove on one side of the 
seed that appears to divide it into two 
parts. Aril (ca. 0.1 cm thick) bright red, 
shiny, oily, and smooth; surrounds the 
seed almost entirely and exposes the 
testa through small cracks. Removing it 
reveals the punctiform hilum at the base 
of the seed. The seeds can be easily 
confused with those of I. laevis (see 
page 164)

FRUIT medium-sized: length 2.4 
(2.3-2.7) cm; width 3.4 (2.4-3.7) 
cm; thickness 2.3 (2.1-2.4) cm; 
weight 10.4 (7.8-12.3) g. Rhexocarpic 
follicular fruit: coccum, light green, 
becoming yellowish at maturity. Shape 
transversely ellipsoid, with a rounded 
base and a rounded to truncate apex. 
Pericarp (0.3-0.4 cm) composed 
of two valves, fleshy, smooth, 
shiny, glabrous; internally light 
green, membranaceous, smooth, 
glabrous. The fruits open along 
two raised longitudinal sutures 
that extend up to the pedicel, 
in contrast to I. laevis. After 
opening, the seed remains 
attached to the fruit by a 
shiny, transparent film which 
surrounds the aril. Eleven-24 
fruits develop from cauliflorous 
inflorescences in panicles or 
compound umbels. One seed 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 7 (5-14) weeks and the 
seedling is fully formed approximately two weeks later. After a brief hook-shaped phase, 
the stem elongates a few centimetres before the expansion of the two first leaves. 
Afterwards, two other leaves usually expand at almost the same time. Seedlings exude 
sticky yellowish and not too abundant sap when wounded. In early stages of development 
can easily be confused with those of I. laevis (see next page). 

2 
cm

1 cm

1 
cm



164 Iryanthera laevis Markgr. Myristicaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons without reserves, remaining 
in the seed, only their petioles are visible. 
Epicotyl-first leaf axis (5-9 cm)  
reddish-brown, verrucose to striate, densely 
covered with short, yellowish, adpressed 
hairs. Yellowish, elliptical lenticels are 
distributed irregularly throughout the axis. 
Cataphylls 2-6, globular. Subsequent 
internodes (0.2-1.2 cm) ferruginous-
green, becoming reddish-brown; slightly 
asperous, densely covered with golden 
and ferruginous, short, adpressed hairs. 
Has circular to elliptical lenticels similar 
to those of the axis. The first internodes 
are usually shorter. First leaves (2-8 cm) 
simple, elliptical, papyraceous, alternate 
or opposite. Petiole (0.3-0.5 cm) green, 
flat, smooth, with indumentum similar 
to that of the internodes, especially at 
the base. Leaf blade slightly bullate and 
discolourous; adaxial side green and 
glabrous; abaxial side light green with 
yellowish, sparse hairs; smooth and 
opaque on both sides. Base attenuate 
to cuneate, sometimes slightly asymmetric 
and apex acute or retuse; margin entire 
and slightly revolute. Venation pinnate, 
midvein raised carinate, with ferruginous 
or golden, adpressed hairs. Secondary 
venation brochidodromous, flat to slightly 
raised on the adaxial side and raised on the 
abaxial side. Intersecondaries, tertiaries, 
and quaternaries absent. Next leaves 
share most of the characters described for 
the first leaves, but are larger (8-15 cm), 
elliptical and spiralled. Base cuneate and 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
slightly larger (13-17 cm), elliptical to 
obelliptical, chartaceous. Petiole longer 
(0.8-1.5 cm), canaliculate, asperous, 
glabrous, and slightly twisted. Leaf 
blade slightly shiny on the adaxial 
side and glabrous on both sides, but 
with indumentum on twigs and young 
leaves. Apex acuminate. Intersecondaries 
abundant, tertiaries percurrent oblique 
close to the margin and quaternaries 
areolate. Large, raised lenticels are 
frequent on older twigs. Sap red, watery, 
abundant, exuded by the stem, twigs and 
leaves when wounded.

apex acute to acuminate. Apical bud 
(0.2-1.0 cm) brown, conical, curved, 
densely covered with ferruginous 
hairs. Sap colourless or translucent 
yellowish and sticky.

2 
cm

5 
cm
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Ucuubarana-fedorentaBalsawood Iryanthera

SEED medium-sized: length 1.3 
(1.2-1.3) cm; width 2.1 (1.2-2.3) cm; 
thickness 1.2 (1.1-1.4) cm; weight 
2.4 (1.8-3.0) g. Colour brown with 
whitish reticulation, opaque, with a 
hard consistency. Shape transversely 
ellipsoid, with base and apex truncate. 
Testa rugose and glabrous. A straight, 
deep groove extends along one side of 
the seed, appearing to divide it into two 
parts. Aril (ca. 0.1 cm) bright red, shiny, 
oily, smooth; surrounds the seed almost 
entirely, exposing the testa through 
small cracks. Removing it reveals the 
punctiform hilum at the base of the seed. 
The seeds can easily be confused with 
those of I. juruensis (see page 163).

FRUIT medium-sized: length 3.5 
(3.0-4.0) cm; width 3.1 (2.7-3.3) cm; 
thickness 2.1 (1.9-2.3) cm; weight 8.1  
(5.5-10.1) g. Rhexocarpic follicular 
fruit: coccum light green, becoming 
yellowish-green at maturity. Shape 
transversely ellipsoid, with base 
truncate to cordate and apex acute. 
Pericarp (0.4-0.6 cm) composed of 
two valves, fleshy, smooth, glabrous 
and shiny; internally yellowish-green, 
membranaceous, smooth and glabrous. 
The fruits open along two raised sutures 
that do not extend up to the pedicel, in 
contrast to I. juruensis. After opening, 
the seed remains attached to the fruit 
by a shiny, transparent film which 
surrounds the aril. Few fruits develop 
from ramiflorous inflorescences in 
umbels. One seed per fruit. 

DEVELOPMENT: in the greenhouse shoots emerge after 3 (2-5) weeks and the seedling 
is fully formed approximately two weeks later. After a brief hook-shaped phase, the stem 
elongates a few centimetres before the expansion of the two first leaves. Afterwards, two 
other leaves usually expand at almost the same time. When wounded, leaves and axis exude 
a colourless, sticky sap. Seedlings in early stages of development can easily be confused 
with those of I. juruensis (see page 163).

2 
cm

1 cm
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cm



166 Osteophloeum platyspermum (Spruce ex A.DC.) Warb. Myristicaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, cryptocotylar 
and unipolar, with the axis lateral to the 
cotyledons.

SEEDLING: Hypocotyl elongated  
(6.5 cm), green, with reserves, slightly 
rugose, with small whitish papillae, 
especially at the base. Cotyledons without 
reserves, remaining in the seed. Epicotyl 
(ca. 1 cm) dark green, slightly asperous, 
densely covered with stellate ferruginous 
hairs. Subsequent internodes (ca. 0.2 cm) 
ferruginous and with texture and 
indumentum similar to those of the 
epicotyl. First leaves (4.0-4.5 cm) simple, 
opposite, elliptical, and papyraceous. 
Petiole (ca. 0.3 cm) green, flat, slightly 
asperous, densely covered with stellate and 
simple ferruginous hairs. Leaf blade bullate 
and discolourous; adaxial side green, 
smooth, glabrous; abaxial side light green, 
velvety, with ferruginous stellate hairs 
scattered throughout the leaf blade; both 
sides opaque. Base attenuate and apex 
acute. Margin entire. Venation pinnate, 
midvein flat, densely covered with stellate 
ferruginous hairs on the adaxial side and 
simple ferruginous hairs on the abaxial 
side. Secondary venation brochidodromous, 
flat on the adaxial side and raised on the 
abaxial side. Intersecondaries frequent and 
tertiaries percurrent oblique. Next leaves 
share most of the characters described for 
the first leaves, but are larger (7-14 cm), 
elliptical to obelliptical, and spiralled. 
Petiole longer (0.5-0.8 cm)  canaliculate. 
Leaf blade with base cuneate and apex 
acute or retuse. Margin revolute.  

Midvein impressed concave. Tertiary 
venation reticulate and quaternary 
incomplete. Apical bud (ca. 0.6 cm) 
ferruginous, curved, lanceolate, 
asperous, densely covered with stellate 
ferruginous hairs. Resin colourless, 
abundant, crystallising rapidly when 
exposed to air.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (10-15 cm) alternate distichous, 
obovate, chartaceous. Petiole longer (2.0-
2.5 cm), greyish-brown, canaliculate to 
square, covered with short whitish hairs. 
Leaf blade discolourous; adaxial side dark 
green and abaxial side light green, glabrous 
and smooth on both sides. Base attenuate 
and apex emarginate or slightly cuspidate. 
Margin strongly revolute near the base. 
Secondary venation eucamptodromous or 
sometimes slightly brochidodromous, cross-
section similar to that of the first leaves. 
Tertiary venation percurrent oblique.

1 
cm

3 
cm
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Clear-sap Osteophloeum

FRUIT medium-sized: length 3.0 
(2.5-3.3) cm; width 3.5 (3.3-3.7) cm; 
thickness 3.0 (2.7-3.2) cm; weight 17 
(15-20) g. Rhexocarpic follicular fruit: 
coccum light green. Shape globoid, base 
slightly cordate, apex rounded. Pericarp 
(0.5-0.7 cm) firm, smooth, shiny, 
and glabrous; internally light yellow, 
fleshy, smooth, sticky, glabrous. Fruits 
open along two impressed longitudinal 
sutures that do not extend to the 
pedicel. After opening, the seed remains 
attached to the fruit by a pinkish film 
that surrounds the aril. Fruits develop 
from solitary ramiflorous flowers. One 
seed per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 12 weeks and seedlings are 
fully formed approximately four weeks later. After root protrusion the hypocotyl elongates 
a few centimetres, passes through a brief hook-shaped phase, and thickens due to the 
transfer of reserves from the seed. At the base of the hypocotyl, the secondary roots make 
a crown-shaped structure. Next, the hypocotyl becomes erect and is freed from the seed 
coat. As the epicotyl grows, the first leaves expand and afterwards a single leaf emerges. 
The plant exudes scant colourless resin when wounded.

SEED medium-sized: length 2.0 
(1.9-2.1) cm; width 2.1 (2.0-2.2) cm; 
thickness 1.7 (1.5-1.9) cm; weight 4.3 
(3.6-5.0) g. Colour dark brown with a 
yellowish reticulation, opaque, with a 
firm consistency. Shape transversely 
ellipsoid, with the base slightly pointy 
in the hilum region, and the apex 
truncate. Testa rugose and glabrous. A 
straight, shallow groove is present on 
one side of the seed. Aril (< 0.1 cm) 
red, shiny, membranaceous, rubbery, 
and smooth, surrounding almost all the 
seed, with a webbed appearance such 
that the testa can be seen through small 
openings. Removing the aril reveals a 
punctiform hilum at the base of the 
seed. The seeds can easily be confused 
with those of the genus Iryanthera (see 
previous pages).

1 
cm

1 
cm
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168 Lacunaria jenmanii (Oliv.) Ducke Ochnaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, cryptocotylar 
and unipolar, with the axis lateral to the 
cotyledons.

SEEDLING: Hypocotyl slightly 
elongated (1.8-3.0 cm), light brown, 
asperous, with small brown hairs and 
longitudinal striae. The base of the 
hypocotyl is dark brown to blackish and 
swollen due to the transfer of reserves. 
Cotyledons without reserves, remain in the 
seed, only their petioles are visible. Epicotyl-
first leaf axis has the same characters as the 
hypocotyl, but is longer (2.0-3.5 cm), and 
greenish to light brown. Cataphylls absent 
or there is a pair of tiny, light green and 
linear cataphylls. Subsequent internodes 
with characters similar to those described 
for the hypocotyl, but smaller (0.4-2.0 cm), 
green, circular becoming light brown and 
striate. There is a greater concentration 
of brown hairs at the nodes. First leaves 
(1.1-1.8 cm) simple, papyraceous, and 
verticillate. The leaf blade is deeply 
dissected resembling a compound leaf 
with leaflets. Stipules green, abundant, 
linear, long, glabrous, with dark brown 
apiculi. Petiole (0.1-0.5 cm) light green, 
canaliculate, winged, glabrous. Leaf 
blade slightly discolorous; green on the 
adaxial side and slightly lighter green 
on the abaxial side. Opaque, smooth, 
glabrous on both sides. Base asymmetric or 
attenuate and apex rounded; margin serrate 
with brown apiculi. Venation pinnate 

with an inconspicuous cross-section. 
Secondary venation eucamptodromous, 
intersecondaries, tertiaries, and 
quaternaries absent.  
Next leaves share the same characters 
described for the first leaves, but are larger  
(3.2-5.5 cm), concolourous, and decussate. 
Petiole longer (0.5-2.5 cm), winged 
smooth; with an inconspicuous canaliculus, 
but often a very broad wing. Stipules 
abundant and with characters similar 
to those on the first leaves. Apical bud 
covered with stipules.

1 
cm

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: 
leaves larger (14-40 cm), elliptical, and 
chartaceous. Petiole longer (1.5-4.0 cm), 
light brown, asperous, slightly striate, 
and with a thickened base. Leaf blade 
discolourous; adaxial side green and 
glabrous; abaxial side yellowish-green and 
with erect, golden hairs in tufts on the 
secondary veins. Base slightly asymmetric 
or cuneate, apex cuspidate or retuse; 
margin slightly crenate. Venation pinnate, 
with midvein raised convex and strongly 
raised on the abaxial side. Secondary 
venation eucamptodromous, with a raised 
convex cross-section and equidistant veins. 
Stipules (< 0.1 cm) light brown, free, in 
tufts, interpetiolar, smooth and glabrous.

3 
cm
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PHENOLOGY JA N F E B M A R A P R M AY J U N J U L AU G S E P T O C T N OV D E C

Jenman’s Lacunaria

FRUIT very large: length 6.3  
(4.5-8.8) cm; width 6.0 (3.7-7.9) cm; 
thickness 5.4 (2.9-7.5) cm; weight 114 
(29-203) g. Simple, gymnocarpi, fleshy 
fruit: hesperidium light brown, greenish 
with golden fissures when mature. 
Shape ellipsoid, with base cordate 
and apex truncate to emarginate. 
Calyx and stigma persistent, but hard 
to see. Epicarp (0.5-0.6 cm) fibrous, 
longitudinally striate, glabrous, with 
lenticels. Mesocarp (ca. 0.1 cm) 
yellowish and spongy. Endocarp 
gelatinous, milky white, slightly 
translucent, sweet in taste.  
Pedicel 3 (2-4) cm ferruginous, circular, 
glabrous, with lenticels and striae. 
Several fruits develop from axillary or 
terminal inflorescences in racemes. Two 
to 35 seeds per fruit.

DEVELOPMENT: germination can be a very lengthy process. Shoots emerge in 
the greenhouse after 13 (2-47) months and seedlings are fully formed approximately 
2-6 months later. After root protrusion and lengthening of the hypocotyl, reserves 
are transferred to the base of the hypocotyl, leaving it swollen like a potato. 
The epicotyl elongates, lifting the seed coat, which hampers the 
expansion of the first leaves. Cataphylls may emerge 
before the first leaves appear, and very apparent 
stipules emerge with the first leaves.

SEED small: length 1.1 (0.7-1.6) cm; 
width 0.8 (0.5-0.9) cm; thickness 0.5 
(0.4-0.7) cm; weight 0.3 (0.1-0.5) g. 
Colour brown to golden, opaque and 
with a firm consistency. Shape ovoid, 
but flattened. Testa woolly, with long, 
golden, erect hairs in tufts covering the 
entire surface of the seed. The hairs are 
longer on one margin of the seed, and 
adpressed on the flattened surfaces. 

1 
cm

2 
cm
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170 Minquartia guianensis Aubl. Olacaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: epigeal, cryptocotylar 
and unipolar, with the axis lateral to the 
cotyledons.

SEEDLING: Hypocotyl elongated  
(ca. 12 cm), dark purple (almost black), 
rugose to slightly asperous, glabrous and 
thicker at the base. Cotyledons without 
reserves, remaining in the pyrene, only their 
petioles are visible. Epicotyl (ca. 1 cm) 
green and densely covered with ferruginous 
hairs. Subsequent internodes (0.5-2.0 cm) 
with colour, texture and indumentum 
similar to those of the epicotyl.  
First leaves (ca. 6 cm) simple, ovate to 
orbicular, coriaceous, opposite. Petiole 
(0.5-2.5 cm) green, canaliculate, twisted, 
smooth and covered with ferruginous 
hairs; a little thicker at the apex and base. 
Leaf blade discolourous; adaxial side dark 
green; abaxial side whitish-green, with 
ferruginous hairs on the veins; smooth 
and glabrous on both sides. Base rounded 
and apex rounded to acute, sometimes 
retuse; margin entire, revolute at the base. 
Venation pinnate, midvein flat. Secondary 
venation brochidodromous at the apex 
and eucamptodromous at the base, flat to 
impressed on the adaxial side and raised 
on the abaxial side. Tertiaries percurrent 
oblique, quaternaries areolate. Next leaves 
share most of the characters described for 
the first leaves, but are larger (5-25 cm), 
elliptical and spiralled. Base cuneate 
and apex acuminate, sometimes retuse. 

Possessing black 
punctations in the areoles 
of the quaternary venation, 
visible on both sides of the leaf 
blade, especially against the light. 
Apical bud (0.2-0.5 cm) curved and 
densely covered with ferruginous hairs, an 
excellent character for field identification.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaf blade 
with base cuneate to rounded and apex 
acute, sometimes rounded or retuse. 

3 
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Red Manwood

PYRENE small: length 2.2 (1.6-2.8) cm; 
width 1.1 (0.7-1.7) cm; thickness 1.1 
(0.7-1.6) cm; weight 1.5 (1.2-2.0) g. 
Colour light brown, woody consistency. 
Shape ellipsoid, rarely ovoid. Has 
prominent fissures at the apex of the 
pyrene. Endocarp thin (up to 0.1 cm), 
verrucose, glabrous. Removing the 
endocarp reveals the yellowish seed.

FRUIT medium-sized: length 2.3 
(1.7-2.8) cm; width 1.4 (1.1-1.8) cm; 
thickness 1.4 (1.1-1.8) cm; weight 
3.5 (2.7-4.6) g. Simple, gymnocarpi 
drupaceous fruit: drupe, dark green 
to light green, becoming yellow to 
dark purple (almost black) at maturity. 
Shape elliptical to ovoid. Epicarp 
fine, shiny, membranaceous, smooth, 
glabrous. Mesocarp fleshy. Immature 
fruit with abundant latex possessing 
an astringent taste; when mature, the 
mesocarp softens and acquires a sugary 
taste. Calyx pentalobate, sometimes 
persistent. Few fruits develop from 
axillary inflorescences in spikes, 
normally with a long axis.  
One pyrene per fruit.

DEVELOPMENT: the seeds are dormant due to the resistance of the endocarp 
and due to the rudimentary embryo. When dormancy is not broken, shoots emerge in 
the greenhouse at 3 (2-7) months and the seedling is fully formed approximately one 
month later. When not eaten or removed, the pericarp decomposes rapidly, exposing 
the pyrene. After root protrusion the hypocotyl elongates a few centimetres, 
passing through a hook-shaped phase. During this stage, the hypocotyl 
and root thicken due to the transfer of reserves from the endosperm. 
Afterwards, the cotyledon petioles fall from the axis and the 
hypocotyl slowly becomes erect, beginning a pole phase. As 
development proceeds, the two first leaves expand at the 
same time (bifoliate phase). Each of these phases may last 
multiple weeks or even months, and development is slow. 
The contrast between the dark purple hypocotyl and the 
light-coloured epicotyl and the opposite first leaves are 
excellent characters for field identification.

2 
cm

2 
cm

2 
cm



172 Matayba stenodictya Radlk.                Sapindaceae

LEAF MORPHOLOGY

Amazonian Fruits, Seeds & Seedlings

GERMINATION: hypogeal, cryptocotylar, 
and unipolar, with the axis lateral to the 
cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, showing only 
their petioles. Epicotyl (3.5-6.0 cm) light 
green, becoming brown as it grows, rugose 
and glabrous. Possesses abundant light 
brown, rounded to elliptical, and scattered 
lenticels. Subsequent internodes  
(0.4-6.5 cm) light brown, rugose, and 
glabrous. Lenticels similar to those of 
the axis, but more abundant and very 
conspicuous. First leaves (5-7 cm) 
compound unifoliolate, opposite to 
subopposite. Petiole (sessile or up 
to 0.5 cm) green, circular, rugose with 
abundant short white hairs. Pulvinus  
(ca. 0.5 cm) brown, woody, with hairs 
similar to those of the petiole. Leaflet  
(4.5-5.0 cm) elliptical and papyraceous. 
Leaf blade green, smooth, opaque, 
glabrous. Base cuneate, apex acuminate; 
margin entire. Venation pinnate; secondary 
venation brochidodromous, especially 
near the apex, intersecondaries absent, 
and tertiaries inconspicuous. Next leaves 
compound unifoliolate (6-13 cm) or 
compound paripinnate or imparipinnate 
(22-30 cm), up to six leaflets; alternate 
spiralled. Petiole similar to that of the 
first leaves, but differing in size between 
unifoliolate leaves (0.8-4.0 cm) and pinnate 
leaves (3.5-4.5 cm). Possessing lenticels 
identical to those of the epicotyl, but more 
abundant throughout the petiole (leaves 
pinnate) or especially at the base of the 
petiole and on the pulvinus (unifoliolate 
leaves). Pulvinus with characteristics 
similar to those of the first leaves.  

Pulvinulus (ca. 0.3 cm) only apparent in 
pinnate leaves, greenish-brown, woody, 
with indumentum similar to the petiole 
and slightly wrinkled. Petiolule reduced 
to a pulvinulus. Leaflets of different sizes 
on unifoliolate leaves (8.5-24 cm) and 
pinnate leaves (8-16 cm), elliptical and 
chartaceous. Leaf blade bullate, green, 
smooth, opaque, glabrous on both sides. 
Base attenuate, apex retuse to acuminate; 
margin entire. Venation pinnate, midvein 
raised quadrate. Sparse light-coloured hairs 
on the abaxial side of the venation, similar 
to those of the petiole, but less abundant. 
Secondary venation brochidodromous, 
raised carinate. Intersecondaries abundant, 
tertiaries percurrent oblique, and 
quaternaries areolate. Leaf transition: 
after the expansion of the unifoliolate 
compound leaves, pinnate leaves 
emerge, these paripinnate or more rarely 
imparipinnate. Finally, paripinnate leaves 

similar to those of the adult plant 
emerge. Apical bud (ca. 0.2 cm) 

dark brown, conical, curved, 
asperous, with hairs identical to 

those on the axis.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
sometimes smaller (15-22 cm) and sometimes 
imparipinnate, with 3-5 leaflets. Petiole 
longer (2.5-8.0 cm), greyish, circular, and 
asperous, with short yellowish hairs. Pulvinus 
longer (0.2-0.7 cm), greyish, and rigid. 
Pulvinulus (0.3-0.5 cm) greyish and woody. 
Leaflets larger (6-16 cm) and subopposite. 
Leaf blade slightly discolourous, adaxial 
side green and abaxial side light green, 
with short and sparse hairs, especially on 
the new leaves. Base cuneate and apex 
acute to retuse. Venation flat, abaxial 
side with more densely distributed hairs. 
Secondary venation eucamptodromous, 
cross-section flat to impressed. Quaternary 
venation incomplete. 

2 
cm
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Giant Matayba

FRUIT small: length 1.6 (1.3-1.7) cm, 
width 1.5 (0.8-2.0) cm, thickness 0.9 
(0.8-1.0) cm, weight 1.1 (0.5-1.8) g. 
Rhexocarpic capsular fruit: loculicidal 
capsule light green when immature, 
becoming pink to reddish-pink. Shape 
ovoid, with base rounded and apex 
emarginate and mucronate. Calyx 
persistent. Pericarp composed of two to 
six valves, ca. 0.1 cm thick, dry, firm, 
smooth, and glabrous. Internally the 
valves are light brown, fibrous, and 
glabrous. The fruits open along 
longitudinal sutures that run 
from the apex to near the base, 
exposing the seeds. Columella 
yellowish and fibrous, 
dividing between the 
locules when the fruit 
opens. Several fruits 
originate from 
inflorescences 
in terminal 
panicles.  
One to three 
seeds per fruit.

DEVELOPMENT: in the greenhouse shoots emerge at 3 (2-16) weeks 
and seedlings are fully formed approximately two weeks later. After root 
protrusion the epicotyl emerges between the cotyledon petioles and elongates 
without passing through a hook-shaped phase. The epicotyl elongates a few 
centimetres before the expansion of the first two opposite leaves. Next, a 
third compound unifoliolate leaf emerges.

SEED small: length 1.0 (0.8-1.1) cm, 
width 0.7 (0.6-0.8) cm, thickness 0.7 
(0.5-0.8) cm, weight 0.3 (0.1-0.4) g. 
Colour black, shiny, with a hard 
consistency, striate and glabrous. Shape 
ellipsoid, with a pointy base and a 
slightly rounded apex. Aril (ca. 0.1 cm) 
white, milky, fleshy, and thicker at 
the base. The testa is covered almost 
completely by the aril, leaving only the 
apex visible. Removing the aril reveals 
the white hilar region.

1 
cm

1 
cm

1 
cm
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LEAF MORPHOLOGY

GERMINATION: hypogeal, often 
phanerocotylar, rarely cryptocotylar, 
unipolar, with the axis between the 
cotyledons when phanerocotylar,  
and lateral when cryptocotylar.

SEEDLING: Hypocotyl not elongated 
or slightly elongated (up to 1.5 cm), light 
yellow, glabrous. Cotyledons with reserves, 
green, opposite, and sessile. Epicotyl 
(7.5-11.0 cm) yellowish-green, becoming 
light green and light brown; velvety, 
densely covered with long, yellowish, 
adpressed hairs. Subsequent internodes 
(0.4-3.0 cm) light green in the apical part 
of the seedling and brown in older parts; 
texture and indumentum similar to those 
of the epicotyl. First leaves (9-12 cm) 
simple, elliptical, papyraceous, opposite 
to subopposite. Petiole (0.4-0.6 cm) light 
green, circular, velvety, densely covered 
with indumentum similar to that of the 
epicotyl. Leaf blade slightly discolorous; 
adaxial side green, smooth and glabrous; 
abaxial side light green, slightly velvety 
and with indumentum similar to that of 
the epicotyl, but more abundant on the 
venation. Base cuneate and apex acute 
to acuminate; margin entire and ciliate. 
Venation pinnate, midvein raised convex, 
with long yellowish hairs on both sides. 
Secondary venation brochidodromous, 
impressed on the adaxial side and raised 
on the abaxial side.  

Intersecondaries absent, tertiaries 
percurrent oblique and quaternaries 
incomplete. Next leaves share most of 
the characters described for the first 
leaves, but are slightly larger (10-18 cm), 
elliptical to obelliptical, and spiralled. 
Petiole longer (0.4-1.0 cm), brown. 
Base attenuate to cuneate, sometimes 
slightly asymmetric and apex acuminate; 
margin revolute. Intersecondaries sparse. 
Apical bud (0.2-1.0 cm) pale yellow, 
curved, velvety and densely covered with 
indumentum similar to that of the epicotyl. 
Latex white, sticky. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (12-22 cm), obovate to obelliptical, 
and chartaceous. Petiole longer  
(1.5-3.0 cm), green, slightly winged or 
flat and slightly twisted; some leaves 
have a gland at the apex of the petiole. 
Leaf blade slightly asperous and glabrous 
on both sides. Base asymmetric or 
cuneate and margin without indumentum. 
Secondary venation raised on both sides, 
becoming hard to see near the margin. 
Intersecondaries absent and quaternaries 
areolate. Latex more abundant. 

5 
cm

2 
cm
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Guianan Pouteria

SEED medium-sized: length 2.6 
(1.9-3.1) cm; width 1.6 (1.3-1.7) cm; 
thickness 1.3 (1.0-1.6) cm; weight 3.3 
(1.7-4.6) g. Colour dark brown, with 
a hard consistency. Shape ellipsoid, 
sometimes flattened on one side. Testa 
smooth, shiny, glabrous. Hilum light 
greyish-brown, opaque and rugose, 
taking up one entire side of the seed; 
can measure up to 0.4 cm in width. 

FRUIT very large: length 5.9  
(4.8-6.6) cm; width 5.2 (4.5-5.7) cm; 
thickness 4.9 (4.5-5.5) cm; weight 
74.5 (55.2-93.6) g. Simple, gymnocarpi 
fleshy fruit: berry (bacca), dark green, 
becoming yellowish to orangish at 
maturity. Shape globose to ellipsoid. 
Epicarp (up to 0.1 cm) membranaceous, 
smooth to slightly asperous, glabrous, 
with yellowish punctations. Pulp 
consisting of a yellow fleshy layer (up 
to 1.5 cm), thicker at the base than at 
the apex, and a light yellow translucent 
gelatinous layer, which completely 
surrounds the seeds. Around the 
seeds a vascular fibrous, yellow tissue 
is present. The fruits develop from 
solitary ramiflorous flowers. One to 
three seeds per fruit. Cut fruits exude 
abundant white and sticky latex. 

DEVELOPMENT: in the greenhouse shoots emerge after 28 (17-38) days and 
seedlings are fully formed approximately five days later. After root protrusion the 
cotyledons expand a little, sometimes not enough to emerge from the testa. The 
cotyledons open to an angle of less than 180° and become green when exposed to light. 
As development proceeds, the epicotyl elongates and a pair of leaves expands. Even 
seedlings in early stages of development exude white latex when wounded. 

1 
cm

2 
cm
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LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(3-5 cm), glabrous, light green, becoming 
brown. Cotyledons with reserves (2-3 cm), 
green, opposite and sessile. Epicotyl 
(2-4 cm) green, becoming brown; 
smooth, sometimes covered with 
long, brown, adpressed hairs. 
Vertical linear lenticels form  
striae. Subsequent internodes  
(0.3-1.0 cm) light green near the 
apical bud and brown near the epicotyl; 
smooth and densely covered by golden 
to ferruginous, long, adpressed hairs. 
First leaves (4-7 cm) simple, elliptical, 
papyraceous, and opposite. Petiole  
(ca. 0.5 cm) green, circular, smooth, 
and densely pubescent. Leaf blade green 
and smooth on both sides; adaxial side 
glabrous and abaxial side with ferruginous 
hairs scattered across the leaf blade and 
venation. Base cuneate and apex acute 
to acuminate; margin entire and slightly 
revolute. Venation pinnate, midvein raised 
convex, with ferruginous hairs more 
abundant on the abaxial side. Secondary 
venation brochidodromous, raised on 
both sides. Intersecondaries absent and 
tertiaries reticulate. Next leaves share 
the same characters described for the first 
leaves, but are usually larger (2-10 cm) and 
spiralled. Apical bud ferruginous, smooth, 
totally covered with short ferruginous 
hairs. Latex white, sticky. 

Characters that differ in adults: leaves 
larger (8-24 cm), obovate or elliptical. Leaf 
blade and venation glabrous on both sides. 
Latex more abundant. 

SEEDLING

SEEDLING

ADULT

ADULT

1 
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Jari Pouteria

SEED small: length 2.1 (1.9-2.3) cm; 
width 1.0 (0.8-1.1) cm; thickness 0.9 
(0.7-1.0) cm; weight 1.3 (0.7-1.6) g. 
Colour dark brown to black when fresh 
and light brown when dry; with a hard 
consistency. Shape ovoid to ellipsoid. 
Testa shiny, smooth, and glabrous. 
Hilum whitish, opaque, rugose, taking 
up one entire side of the seed; can 
measure up to 0.4 cm in width. 

FRUIT medium-sized: length 3.1 
(2.9-3.3) cm; width 2.2 (1.7-2.8) cm; 
thickness 2.0 (1.7-2.4) cm; weight 
6.7 (4.6-8.9) g. Simple, gymnocarpi 
fleshy fruit: berry (bacca), yellow when 
mature. Shape ellipsoid or globose; 
apex sometimes with persistent stigma. 
Epicarp (up to 0.1 cm) membranaceous, 
smooth and covered with golden 
indumentum. Pulp consisting of a 
yellow fleshy layer (ca. 0.5 cm) and 
a translucent gelatinous layer, which 
completely surrounds the seeds. 
Around the seeds a vascular fibrous 
yellow tissue is present. Fruits develop 
from solitary axillary flowers. One 
to three seeds per fruit. Cut fruits 
exude abundant sticky white latex. 
Decomposing fruits underneath the tree 
give off a strong, disagreeable odor. 

DEVELOPMENT: in the greenhouse shoots emerge after 52 (36-94) days and the 
seedling is fully formed approximately three days later. After root protrusion the testa 
breaks and releases the cotyledons. Next, the hypocotyl elongates, lifting the seed 
and passing through a brief hook-shaped phase. In this stage, the cotyledons separate 
completely from the testa and open partially. As development proceeds, the epicotyl 
elongates and a pair of leaves expand. The epicotyl is thinner than the hypocotyl.  
Even seedlings in early stages of development exude 
white latex when wounded.

1 
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1 
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LEAF MORPHOLOGY

GERMINATION: epigeal, 
phanerocotylar and unipolar,  
with the axis between the cotyledons.

SEEDLING: Hypocotyl elongated  
(10-12 cm), thicker at the base, dark 
green, slightly asperous, densely covered 
with shiny, tiny, vertically aligned 
glandular dots. Cotyledons (1 cm) 
foliaceous, dark green, linear, curved, 
sessile; remaining attached to the 
seedling for a few months. Seedlings with 
three cotyledons are common. Epicotyl 
(0.2-1.0 cm) dark green, smooth, sparsely 
covered with whitish, short, adpressed 
hairs. Subsequent internodes with size, 
colour, texture, and indumentum similar 
to those of the epicotyl. First leaves 
(4-5 cm) simple, elliptical to obelliptical, 
papyraceous, spiralled. Petiole (0.2-0.4 cm) 
green, smooth, slightly winged, covered 
with hairs similar to those of the epicotyl, 
but less abundant, covered with glandular 
dots similar to those of the hypocotyl. Leaf 
blade bullate and slightly discolourous; 
adaxial side green and abaxial side light 
green; opaque, smooth, with indumentum 
similar to that of the epicotyl on both 
sides, throughout the leaf blade and 
venation. Base cuneate and apex acute 
to acuminate; margin entire. Venation 
pinnate, midvein impressed concave. 
Secondary venation brochidodromous, 
flat on the adaxial side, raised on the 
abaxial side. Intersecondaries present and 
tertiaries incomplete. Next leaves share 
most of the characters described for the 
first leaves, but are larger (5-10 cm). 

Petiole slightly longer (0.3-0.6 cm). 
Leaf blade with base cuneate, rarely 
rounded, and asymmetric. Tertiary 
venation reticulate, but hard to see. 
Apical bud (ca. 0.3 cm) whitish-
green, curved, and densely pubescent.

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
obovate or elliptical, chartaceous, 
alternate distichous. Petiole greenish-
brown, rugose, twisted, covered with short 
whitish hairs. Leaf blade discolourous; 
adaxial side dark green and glabrous; 
abaxial side light green and covered with 
glandular dots obviously clustered near the 
base. Apex rounded or acuminate; margin 
revolute. Midvein flat, with indumentum 
sparse, similar to that of the petiole, 
restricted to the abaxial side. Quaternaries 
areolate or incomplete. 

2 
cm

5 
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Monkey’s Paintbrush

PYRENE large: length 5.8 (4.7-6.8) cm; 
width 3.0 (2.4-3.8) cm; thickness 2.8 
(2.1-3.6) cm; weight 29 (14-47) g. 
Colour light brown, consistency  
bony. Shape ovoid. Endocarp thick  
(up to 0.5 cm), covered with long fibres. 
The embryos are elongated, normally 
curved, and inserted in the endosperm.

FRUIT large: length 6.3 (5.3-7.2) cm; 
width 4.0 (3.4-4.8) cm; thickness 3.9 
(3.2-4.6) cm; weight 50 (23-81) g. 
Simple, gymnocarpi drupaceous fruit: 
drupe, green, becoming yellowish-
orange at maturity. Shape ovoid, with 
base truncate and apex acute. Calyx 
persistent. Epicarp thin (ca. 0.1 cm), 
shiny, succulent, smooth and glabrous. 
Mesocarp (ca. 1.5 cm) yellowish, fleshy, 
with fine long fibres attached to the 
pyrene. The fibres are persistent and 
give rotting fruits the appearance 
of brushes, which facilitates field 
identification. Sawing the fruit open 
reveals the endocarp and two elongated 
cavities that can contain one or two 
embryos. Fruits develop from terminal 
inflorescences 
in racemes. 
One pyrene 
per fruit.

DEVELOPMENT: in the greenhouse shoots emerge after 10 (7-11) months and 
the seedling is fully formed approximately two months later. During germination, the 
endosperm reserve is transferred to the hypocotyl, which passes through a brief hook-
shaped phase. Once the seed is released, the hypocotyl becomes erect and two or three 
small cotyledons expand. Next, the epicotyl elongates slightly and three leaves usually 
expand at the same time. The presence of three cotyledons is a very rare 
and primitive character among dicotyledons, and in early 
stages of development can facilitate field identification 
of the species. Another good field character is the 
distinctive yellow collar.

2 
cm

2 
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180 Pourouma melinonii Benoist subsp. melinonii Urticaceae

Amazonian Fruits, Seeds & Seedlings

LEAF MORPHOLOGY

GERMINATION: hypogeal, 
cryptocotylar and unipolar,  
with the axis lateral to the cotyledons.

SEEDLING: Hypocotyl not elongated. 
Cotyledons with reserves, remaining in 
the pyrene, only their petioles are visible. 
Epicotyl (10.5-17.0 cm) initially yellowish, 
becoming green; asperous and densely 
covered with short, rigid, ferruginous hairs.  
Subsequent internodes (0.3-1.5 cm) 
initially pinkish, becoming green and 
then brown, with texture and indumentum 
similar to those of the epicotyl.  
First leaves (7-9 cm) simple, ovate, 
coriaceous to chartaceous, and opposite. 
Petiole (0.4-1.0 cm) reddish-brown, flat 
to circular, velvety, and covered with long 
ferruginous hairs. Leaf blade discolourous; 
adaxial side green, with sparse rigid 
yellowish hairs; abaxial side whitish-green, 
with long yellowish to whitish hairs, more 
abundant on the venation; asperous and 
opaque on both sides. Base cordate to 
rounded; apex acute to acuminate; margin 
serrulate, especially from the middle 
section to the apex, ciliate and slightly 
revolute. Venation pinnate, midvein 
impressed concave, especially at the base, 
with indumentum on both sides. Secondary 
venation brochidodromous, flat on the 
adaxial side and raised on the abaxial side. 
Intersecondaries absent, tertiaries percurrent 
oblique, and quaternaries areolate.  
Next leaves share most of the characters 
described for the first leaves, but are 
larger (7-24 cm), elliptical to lobate, and 
spiralled. Petiole longer (1-12 cm) and with 
shorter hairs.  

Adaxial side smooth and glabrous, 
except on the venation; abaxial side 
whitish-green to greyish-green, 
with shorter hairs. Base cuneate to 
cordate; margin serrate to sinuate, 
especially from the middle section 
to the apex. Venation pinnate to 
trinervate, midvein impressed concave 
to flat. Terminal stipule (0.6-4.0 cm) 
amplexicaul, reddish, velvety, and 
with yellowish hairs. Apical bud 
reddish-brown, lanceolate to slightly 
conical, velvety, and with abundant 
short yellowish hairs. Sap watery 
and colourless. 

SEEDLING

SEEDLING

ADULT

ADULT

Characters that differ in adults: leaves 
larger (17-45 cm) and ovate to lobate. 
Petiole longer (7-18 cm), brownish-green, 
smooth, with long sparse hairs; thicker 
at the base and apex. Leaf blade with 
white hairs on the midvein on both sides. 
Base cordate, margin entire and revolute. 
Terminal stipule longer (6-8 cm), purplish-
green, conical, smooth, and densely 
covered with hairs. 

2 
cm

20
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Purple Pourouma

PYRENE: small: length 1.8 (1.4-2.0) cm; 
width 1.0 (0.8-1.7) cm; thickness 0.8 
(0.7-1.6) cm; weight 0.8 (0.6-0.9) g. 
Colour light green and shiny, becoming 
greenish-brown with light brown 
and opaque spots; consistency bony. 
Shape ellipsoid, slightly flattened 
dorso-ventrally, with base cordate and 
apex acute mucronate. Has two valves 
joined by a longitudinal dorso-ventral 
fissure. Endocarp reticulate, smooth, 
glabrous. Breaking the endocarp reveals 
one yellowish-white seed with pinkish 
cotyledons.

FRUIT small: length 3.1 (2.5-3.5) cm; 
width 1.3 (1.0-1.5) cm; thickness 1.1 
(1.0-1.4) cm; weight 1.9 (1.1-2.2) g. 
Simple, angiocarpi fruit: pseudodrupe, 
green with yellowish punctations, 
becoming purplish. The punctations 
become more obvious in mature fruits. 
Shape ellipsoid with persistent stigma. 
External layers (up to 0.1 cm) fleshy 
to fibrous, smooth, covered with short 
white hairs. Internal layers greenish and 
fibrous. The pedicel forms a small hood 
that covers the base of the fruit. Several 
fruits (6-16) develop from axillary 
inflorescences in panicles. Wounded 
fruits release colourless exudate.

DEVELOPMENT: in the greenhouse 
shoots emerge after 6 (5-12) weeks and the 
seedling is fully formed approximately one 
week later. Valves first open at the apex 
of the propagule, where root protrusion 
takes place. Next the epicotyl elongates 
and passes through a rapid hook-shaped 
phase, and the first pair of leaves begins 
to expand. The epicotyl becomes erect and 
continues to lengthen for some time, as 
the leaves expand. Expanding leaves are 
reddish. Several parts of the plant exude a 
colourless sap when wounded.

1 cm

1 
cm

2 
cm
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A
ABAXIAL Adj. Prefix ab: away from or outside; axial: relative to 
the axis. Abaxial thus refers to the part farthest from the axis. In 
leaves, the underside of the leaf. Opposite of adaxial.

ACHENE (see fruit, simple dry fruits p. 188 and Fig. 2, p. 186)

ACULEUS (plural aculei) Noun. A sharp pointed projection on 
a plant, a rigid trichome, such as a thorn or a spine. The origin is 
plainly epidermal.

ACUMINATE (see leaf apex Fig. 7, p. 196)

ACUTE (see leaf apex Fig. 7, p. 196)

ADAXIAL Adj. Prefix ad: close to; axial: 
relative to the axis. Adaxial thus refers to 
the part closest to the axis. The upperside of 
the leaf. Opposite of abaxial.

ADNATE Adj. A synonym of adherent or 
concrescent, used to describe the fusion 
of two different structures. Examples include stipules fused to 
petioles, stamens fused to petals, or pericarps fused to perianths. 
To qualify as adnate, structures must be organically fused.

ADPRESSED (see indumentum p. 191 and Fig. 3, p. 192)

ADULT LEAF A leaf of a potentially reproductive (i.e., adult) 
plant. Synonym of nomophyll and metaphyll.

ALTERNATE (see phyllotaxis Fig. 16, p. 200)

ALVEOLATE (see texture p. 205)

ANTI-RAPHE (see raphe p. 202)

AMPHISARCUM (see fruit, simple fleshy fruits p. 188 and Fig. 2, 
p. 186)

AMPHORA Noun. In botany the basal portion of a pyxidium, or 
the pyxidium without the operculum (see Fig. 18, p. 202)

AMPLEXICAUL Adj. Describes leaves, bracts, stipules, or other 
structures that encircle the stem. Scars of amplexicaul stipules 
form a complete or slightly interrupted (opposite to the leaf 
insertion) ring around the stem. 

ANGIOCARPIC FRUITS (see fruit type, simple fruits p. 187 
and Fig. 2, p. 186)

ANGULAR (see volumetric shapes Fig. 21, p. 206)

APICULATE (see leaf apex Fig. 7, p. 196)

APICULUM (plural apiculi). Noun. A small, fine, delicate tip at 
the apex of the leaves. 

APOCARPOUS Adj. Carpels of flower, fruit or ovary are not 
joined together, contrasting with syncarpous.

AREOLATE (see leaf venation types Fig. 13, p. 198)

ARIL Noun. A typically fleshy growth 
originating from the funiculus, which may 
surround the seed partially or entirely. 
Arils vary in shape, color and nutritional 
value, and may facilitate seed dispersal.

ARILLODE Noun. Synonym of 
pseudoaril (false aril). Describes a growth analogous to an aril that 
develops from the micropyle, raphe, chalaza etc., and thus differs 
from the aril in origin. Like arils, arillodes are typically fleshy and 
entirely or partially surround the seed of some species.

ARISTATE (see leaf apex Fig. 7, p. 196; petiole cross-section 
Fig. 12, p. 197)

ASPEROUS (see texture p. 205)

ATTENUATE (see leaf base Fig. 8, p. 196)

AURICULATE Adj. Having one or more structures shaped like 
an ear or ear lobe (see leaf base Fig. 8, p. 196)

AXIL Noun. The upper angle formed by a leaf petiole, bract etc., 
with the stem axis. Buds originate from axils.

adaxial
abaxial
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B
BACCA (plural baccae) Noun. (see fruit, simple fleshy fruit  
p. 188 and Fig. 2, p. 186). Synonym of berry.

BACCETUM (see fruit, multiple fruits p. 189 and Fig. 2, p. 186)

BERRY (see fruit, simple fleshy fruit p. 188 and Fig. 2,  
p. 186). Synonym of bacca.

BICONCAVE (see leaf midvein cross-section Fig. 11, p. 197 and 
petiole cross-section Fig. 12, p. 197)

BICONVEX (see leaf midvein cross-section Fig. 11, p. 197)

BIFID Adj. Describes an organ (stipule, stigma etc.) divided into 
two parts partially or totally.

BIFOLIOLATE (see leaf p. 194)

BIPINNATE (see leaf p. 194)

BIPOLAR (see germination p. 190)

BONY (see consistency p. 184)

BRACT Noun. A leafy organ located near or associated with the 
flowers. Bracts may be similar to or very different from leaves, 
petals, or scales in size, shape, consistency, colour etc. They 
can be solid or modified into spines, hooks, or persistent woody 
structures surrounding fruits. Just as a leaf axil may contain a leaf 
bud, a bract axil may contain a floral bud.

BRITTLE (see consistency p. 184)

BROCHIDODROMOUS (see leaf venation Fig. 13, p. 198)

BUD Noun. The growing meristematic region of plants, responsible 
for producing vegetative and reproductive organs. Buds may be 
apical (terminal) or axillary (lateral), and have a variety of shapes. 
The apical bud is located at the apex of the stem and is typically 
protected by young leaves. Axillary buds are located in the leaf 
axils and may be protected by stipules or cataphylls. Axillary buds 
generally remain dormant unless the apical bud is damaged.

BULLATE (see texture) 

C
CADUCOUS Adj. Synonym of deciduous. Characteristic of some 
leaves, stipules, cataphylls, calyces, and other structures that 
detach from the plant after a short period.

CALYCINE Adj. Pertaining to the calyx (see pyxidium details 
Fig. 18, p. 202)

CALYX (plural calyces) Noun. The outermost floral whorl. 
The calyx is composed of modified leaves called sepals. In 
dialysepalous calyces the sepals are free, while in gamosepalous 
calyces they are fused. The calyx may be caducous and fall after 
flowering, or persistent and remain present until the fruit matures.

CAMARA (see fruit, simple dry fruit p. 188 and Fig. 2, p. 186)

CAMPANULATE (see volumetric shapes Fig. 21, p. 206)

CANALICULATE (see petiole cross-section Fig. 12, p. 197)

CANALICULUS Noun. Longitudinal channel, duct or groove.

CANESCENT (see indumentum p. 191 and Fig. 3, p. 192)

CAPITULUM (see inflorescence p. 192 and Fig. 4, p. 193)

CAPSULAR Adj. Pertaining or relating to a capsule. One of the 
categories of rhexocarpic fruits, including several types of fruits. 
(see p. 188 and Fig. 2, p. 186)

CAPSULE Noun. Structure related to a dry, dehiscent and 
rhexocarpic fruit. There are several types of capsules (see p. 188 
and Fig. 2, p. 186)

CARCERULUS (see fruit, simple dry fruit p. 188 and Fig. 2, p. 186)

CARINATE (see texture p. 205; leaf midvein cross-section Fig. 11, 
p. 197)

CARUNCLE Noun. A small fleshy growth 
such as those observed in seeds of some species 
of Euphorbiaceae. The caruncle is an arillode 
that differs from the aril by originating from 
the integument around the micropyle. Usually 
whitish, shiny, hard, or fleshy, and sometimes oily. 
Caruncles sometimes facilitate seed dispersal.

CATAPHYLL Noun. Prefix cata: lower in position or 
down + phyllon: leaf. A modified leaf, reduced to the 
leaf base, occasionally with stipules. The leaf blade is 
absent or rudimentary, as well as the petiole. Cataphylls 
are located between the cotyledons and the first proper 
leaves, but also occasionally in subsequent nodes. 
Cataphylls are membranaceous or coriaceous and often 
lack chlorophyll (see seedling diagram Fig. 19, p. 203)

CAUDATE (see leaf apex Fig. 7, p. 196)

CAULIFLOROUS Adj. Describes trees and shrubs that exhibit 
cauliflory (cf. ramiflorous).

CAULIFLORY Noun. A feature of some trees and shrubs, in 
which flowers are borne on the trunk.

CHALAZA (plural chalazae) Noun. A merely topographic 
term to describe the region at the base of the ovule where the 
integuments are inserted. Funiculus, chalaza and raphe form a 
continuous tissue without any sharp delimitations. 

CHARTACEOUS (see consistency p. 184)

CILIATE (see leaf margin Fig. 9, p. 196)

CIRCINATE Adj. A type of prefoliation in which  
the leaf unrolls transversely from the base to the apex  
(cf. convolute).

cataphyll

caruncle

seed

(Bacca - Circinate)

bud

circinate
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Having a membrane or the appearance of a membrane.

Oily Adj. Fleshy but permeated with oils. Containing or appearing 
to contain oils.

Papyraceous Adj. Fine and flexible, like paper.

Pasty Adj. Soft, viscous. Having the nature of paste.

Pulverulent Adj. Powdery or covered with powder; having the 
appearance of being covered in dust. Used to describe plants 
with structures or organs that are covered with a fine powder.

Spongy Adj. Soft and porous, like a sponge; having air-filled cells.

Succulent Adj. Fleshy and juicy.

Viscous Adj. Sticky, glutinous, and gummy, with the consistency 
of a thick liquid.

Woody Adj. Having the aspect or qualities of wood.

CONVEX (see leaf midvein cross-section Fig. 11, p. 197)

CONVOLUTE Adj. A type of prefoliation 
in which the leaf unfolds longitudinally and 
forms a tube. Synonym of imbricate.  
(cf. circinate)

CORDATE (see leaf shape Fig. 6, p. 195)

CORIACEOUS (see consistency p. 184)

CORRUGATE (see texture p. 205)

CORYMB (see inflorescence p. 192 and Fig. 4, p. 193)

COTYLAR Adj. Pertaining to the cotyledon. 

COTYLEDON Noun. The first leaf or leaves of the embryo, also 
called for that reason primordial, embryonic, or seminal leaves. 
Cotyledon number is an important character for distinguishing 
between large taxonomic groups: one in monocotyledons, two in 
dicotyledons, and several in gymnosperms. Exceptionally, cotyledons 
may be fused (concrescent), or rudimentory in hypocotyledonar 
embryos. Depending on the germination type, cotyledons may remain 
inside the seed (cryptocotylar) or be exposed (phanerocotylar). 
During the maturation of the seed, cotyledons may be haustorial and 
absorb the seed reserves to permit embryo develpment. If exposed 
after germination, the leaflike cotyledons turn usually green and 
are photosynthetically active. Leafy cotyledons can be described in 
the same way as leaves. During seed maturation the cotyledons may 
absorb and store seed reserves, which turns them thick. If exposed 
after germination thick cotyledons have reduced or no photosynthetic 
activity. (see diagram of seed longisection Fig 1, p. 186 and 
classification of seedlings according to seedling type Fig 20, p. 204)

CRASPEDODROMOUS (see leaf venation types Fig. 13, p. 198)

CRENATE (see leaf margin Fig. 9, p. 196)

CRENULATE (see leaf margin Fig. 9, p. 196)

CRUSTACEOUS (see consistency p. 184)

CRYPTOCOTYLAR (see germination p. 190)

CUNEATE (see leaf base Fig. 8, p. 196)

convolute

collar

(Circular - Cuneate)

columella
coccum

coccarium

CIRCULAR (see petiole cross-section Fig. 12, p. 197)

COCCARIUM (see fruit, schizocarpic  
fruits p. 188 and Fig. 2, p. 186)

COCCUM (plural cocca) Noun. A typically 
globose, ellipsoid or ovoid carpel. Rhexocarpic 
dehiscent fruits, splitting along 2 sutures, ventral 
and dorsal. May contain 2 to 3 and occasionally more  
cocca. (see fruit, follicular fruits p. 188 and Fig. 2, p. 186)

COLLAR Noun. The region of transition 
between the root and the stem in woody 
plants.

COLUMELLA Noun. A small column. The 
central and persistent axis around which the 
carpels of some fruits are organized. The 
axial portion of a plurilocular ovary. Present in 
schizocarpic fruits, such as some species of Euphorbiaceae.

COMPOUND FRUITS (see p. 189 and Fig. 2, p. 186)

COMPOUND LEAF (see leaf diagram Fig. 5, p. 195)

COMPOUND UMBEL (see inflorescence p. 192 and Fig. 4, p. 193)

CONCAVE (see leaf midvein cross-section Fig. 11, p. 197)

CONCOLOUROUS Adj. Having the same colour. In a 
concolourous leaf the adaxial and abaxial sides are the same 
colour. The opposite of discolourous.

CONCRESCENT. Adj. Grown together, conveying with the idea 
of uniting, related to parts of the plant, tissues or cells.

CONICAL (see volumetric shapes Fig. 21, p. 206)

CONSISTENCY Noun. The degree of firmness or density. In 
botany the term is used to refer to structures and organs, and 
the following terms are commonly used:

Bony Adj. Hard and difficult to break, like a bone.

Brittle Adj. Easy to break, fragile.

Chartaceous Adj. Dry and flexible, like thick paper or parchment. 
Cracks when folded.

Coriaceous Adj. Flexible and resistant, like leather.

Crustaceous Adj. Hard, fine, dry, and brittle, like a crust.

Farinaceous Adj. Dry and powdery, like flour. Covers some leaves, 
branches, and flower parts.

Fibrous Adj. Containing or having the appearance of fibres.

Firm Adj. Solid, dense, and lacking cavities.

Fleshy Adj. Succulent, firm, and easily cut. For example, the 
mesocarp of many drupes has a fleshy consistency.

Foliaceous Adj. Leafy or with a leaflike appearance.

Gelatinous Adj. Having the aspect or qualities of gelatin.

Membranaceous Adj. Fine and semitransparent, like a membrane. 



185Glossary

CUPULE Noun. A cup-shaped structure 
originating in the floral receptacle 
and composed of fused bracts. 
Formed during fruit development and 
enveloping the base of the fruit to a 
greater or lesser degree. Very frequent 
in fruits of the Lauraceae family. 

CUSPIDATE (see leaf apex Fig. 7, p. 196)

CYME (see inflorescence p. 192 and Fig. 4, p. 193)

D
DECURRENT Adj. Leaf blade extends down to the point of leaf 
insertion in a stem.

DECUSSATE (see phyllotaxis Fig. 16, p. 200)

DEHISCENCE Noun. The spontaneous opening of a plant  
organ upon reaching maturity. Usually used to refer to fruits  
that disperse seeds, and anthers that disperse pollen.  
See dehiscent.

DEHISCENT Adj. Opening naturally when mature. Used in this 
book to describe fruits that open in a regular, consistent manner 
to disperse seeds.

DELTOID (see leaf shape Fig. 6, p. 195)

DENTICULATE Adj. From latin indicating toothed (see leaf 
margin Fig. 9, p. 196)

DICHASIUM (see inflorescence Fig. 4, p. 193)

DISCOCARPIC FRUITS (see fruit, multiple fruits p. 189 and 
Fig. 2, p. 186)

DISCOID (see volumetric shapes Fig. 21, p. 206)

DISCOLOUROUS Adj. Having more 
than one colour. In a discolourous leaf 
the adaxial side has a different colour 
from the abaxial side. Opposite of 
concolourous.

DOMATIUM (plural domatia). 
Noun. A cavity, pit, pouch, or sac 
located at the apex of the petiole, at 
the base of the leaf blade, or on 
vein branches, which plays a key 
role in plant-animal associations. In 
contrast to galls, domatia are formed 
even in the absence of the animal 
with which they are associated. 
Domatia may also be associated with 
the production of food or nectar. The 
term is also used to describe the tuft 
of hairs typically located in the axis 
between the primary and secondary 
veins of a leaf, which serves as a 
shelter for insects, acarids, ticks, and 
other such organisms.

DORMANCY Noun. Used in this book to refer to the inactive 
phase of seeds, in which germination does not occur in spite of 
favourable water, temperature, and oxygen conditions. Dormancy 
is the temporary suspension of the germination process, caused 
by some mechanism inherent to the embryo or its enclosures 
(endosperm, seed coat, endocarp or pericarp). There are various 
types and combinations of dormancy, each requiring specific 
treatments to be broken.

Mechanical dormancy: caused by mechanical resistance, often 
involving parts of the fruit, which prevents the growth of the 
embryo. This type of dormancy can be broken by removing the 
components creating the obstacle.

Morphological dormancy: caused by an immature or not fully 
developed embryo, even after seed dispersal. This type of 
dormancy can be broken by hormonal treatments or by heating, 
which accelerates the metabolism. Normally, however, it is 
preferable to wait and allow the embryo to reach maturity 
naturally.

Physical dormancy: caused by the impermeability of the seed 
components (typically the seed coat and occasionally parts of 
the fruit), which impedes imbibition and metabolic activation. 
This dormancy can be broken by treatments to overcome 
impermeability, such as mechanical or chemical scarification.

Physiological dormancy: caused by a physiological mechanism 
of the embryo and structures surrounding the embryo, such as 
the endosperm, seed coat, and indehiscent structures of the 
fruit, which inhibit the protrusion of the radicle. Normally, seeds 
with this type of dormancy have a seed coat that is permeable 
to water. This dormancy can be broken by cold (5 °C) or hot (> 
15 °C) stratification for 5 to 90 days, or chemical stratification, 
hormones or light.

DRUPACEOUS Adj. (see fruit, simple fruits p. 187 and Fig. 2,  
p. 186)

DRUPE Noun. (see fruit, simple drupaceous fruits p. 187 and  
Fig. 2, p. 186)

E
ELLIPSOID (see volumetric shapes Fig. 21, p. 206)

ELLIPTICAL (see leaf shape Fig. 6, p. 195)

EMARGINATE (see leaf apex Fig. 7, p. 196)

EMBRYO Noun. The precursor of a future plant, consisting 
of an axis with root and shoot growth apices, more or less 
differentiated, and with one, two or several lateral embryonic 
leaves (the cotyledons). Embryos may be cotyledonary, 
hypocotyledonary, or conferruminate. In cotyledonary embryos, 
the hypocotyl-radicle axis and the cotyledons are easily 
distinguished; in hypocotyledonary embryos, the hypocotyl-radicle 
axis is strongly developed while the cotyledons are vestigial; in 
conferruminate embryos, a homogeneous mass develops without 
apparent delimitation between the major parts. The embryo is a 
miniature plant with rudimentary organs protected by a seed coat. 
It can remain in a dormant stage for a short or long period. When 
mature, non-dormant, and under favourable conditions, an embryo 
develops into a seedling (Fig. 1, p. 186 and Fig. 19, p. 203)

cupule

domatium

(Cupule - Embryo)
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EMERGENCE Noun. The first visible aboveground sign of 
the germination of seeds. Used in nurseries as a criterion of 
germination.

ENDOCARP Noun. The innermost layer of the pericarp, 
corresponding to the internal or upper epidermis of the carpel  
(see fruit layers of pericarp Fig. 14, p. 200)

ENDOSPERM Noun. The reserve 
tissue of seeds. In angiosperms the 
endosperm is typically a triploid tissue 
derived from the fusion of a male 
gamete and two female polar nuclei. 
A compact tissue lacking intercellular 
spaces and capable of storing starch, 
hemicelluloses, proteins, oils, and 
fats. During maturation these reserves 
may be completely absorbed by the 
embryo (in which case mature seeds 
lack endosperm) or partially absorbed, 
in which case reserves are used during 
germination.

ENTIRE (see leaf margin Fig. 9, p. 196)

EOPHYLL Noun. Prefix eo: dawn, indicating precocity. Eophylls 
are the first proper leaves of a plant, located above the cotyledons. 
They differ from cataphylls in possessing an expanded leaf blade, 
and from metaphylls, which are leaves of the adult plant. Eophylls 
typically have simpler structures than leaves of the adult plant, 
but in exceptional cases they can be more complex. Eophylls can 
occur in both the seedling and the juvenile phases, as long as they 
differ morphologically from the leaves of adult plants. Synonym of 
protophyll.

EPICARP Noun. The outer layer of the pericarp, originating 
from the portion of the ovary wall that corresponds to the outer 
epidermis of the carpel (see pericarp diagram Fig. 14, p. 200). 
Some authors regard the epicarp as a synonym of the exocarp, while 
others consider the exocarp an additional layer beyond the pericarp 
of anthocarpous fruits, as used in this book. In anthocarpous fruits, 
flower parts have enlarged during post-fertilisation to aid in the 
dissemination of the seed.

Achenarium
Baccarium
Camarium
Coccarium
Diclesarium
Druparium
Follicarium
Glandarium
Lomentarium
Microbasarium
Polachenarium
Samarium
Trymarium

Schizocarpic Fruits

Angiocarpi

Acrosarcum
Anthecium
Balausta
Cypsela
Diclesium
Glans
Pome
Pseudanthecium
Pseudodrupe
Pseudosamara
Tryma

Simple Fruits

Bilomentum
Craspedium
Lomentum

Drupe
Nuculanium

Achene
Camara
Carcerulus
Caryopsis
Samara
Utricle
Amphisarcum
Bacca
Hesperidium
Pepo

Gymnocarpi

Coccum
Follicle
Legume

Ceratium
Coccarium
Denticidal Capsule
Fissuricidal Capsule
Foraminicidal Capsule
Glandispermidium
Loculicidal Capsule
Polospermatium
Poricidal Capsule
Pyxidium
Septicidal Capsule
Septifragal Capsule
Siliqua

Rhexocarpic Fruits

Diclesetum
Glandetum
Pomarium
Pometum
Syncarpium
Trymetum

Achenetum
Baccetum
Camaretum
Coccetum
Drupetum
Follicetum
Lomentetum
Samaretum

Multiple Fruits

Acenoconum
Catoclesium
Syconium
Trymoconum
Trymosum
Achenosum
Bibacca
Capsiconum
Folliconum
Glandosum
Sorosus

Anthecarium
Anthecetum
Anthecium
Anthecoosum
Follicular Anthecetum
Infructarium
Infructum
Polyanthecetum
Racharium

Compound Fruits

Lomentaceous  
Fruits

Drupaceous  
Fruits

Simple Dry  
Fruits

Simple Fleshy  
Fruits

Capsular Fruits

Follicular Fruits

Etaerionari

Discocarpi

Cryptocarpi

Phenocarpi

Anthecocarpi

Figure 2. Fruit classification (based on Spjut, 1994). Fruit 
types marked in brown are illustrated in this book and 
described under Fruit. 

cotyledon

seed coat

meristem
epicotyl
cotyledon  
insertion
hypocotyl
radicle

micropyle

hilum

endosperm

embryonic
axis

raphe anti-raphe

first leaves

Figure 1. Diagram of seed longisection

endosperm

(Emergence-Epicarp)
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EPICOTYL Noun. Prefix epi: above; - cotyl: cup-shaped or 
pertaining to the cotyledon. Epicotyl thus refers to the portion of 
the stem axis located above the cotyledonary node; up to the first 
node is the first internode (see seedling diagram Fig. 19, p. 203)

EPICOTYL-FIRST LEAF AXIS In this book, refers to the 
portion of the stem between the insertion of the cotyledons 
and the insertion of the first proper leaf or leaves (eophylls, 
nomophylls, protophylls), without counting the nodes where 
cataphylls occur (see seedling diagram Fig. 19, p. 203)

EPIDERMIS Noun. The primary external tissue of a plant, which 
protects it against water loss. Typically composed of a layer of 
tightly bound cells, or exceptionally with various layers (multiple or 
multiseriate epidermis). The thickness of the external cell membrane 
varies with a plant’s need for protection; in some cases the epidermis 
of the aboveground portion of plants is covered with a cuticle.

EPIGEAL (see germination p. 190)

ETAERIONARIC FRUITS (see fruit, multiple fruits  
p. 189 and Fig. 2, p. 186).

EUCAMPTODROMOUS (see leaf venation types Fig. 13, p. 198)

EXOCARP (see epicarp, pericarp and Fig. 14, p. 200)

EXUDATE Noun. The scant or profuse liquid released by injured 
plants. Exudates may be fluid, in which case the liquid flows 
rapidly after injury (sap and latex); sticky like glue (gums, resins, 
and latex); or viscous, thick, and dense (latex). Some exudates, 
such as the resins of some Anacardiaceae species, can cause 
allergic reactions.

F
FALCATE (see volumetric shapes Fig. 21, p. 206)

FARINACEOUS (see consistency p. 184)

FIBROUS (see consistency p. 184)

FIRM (see consistency p. 184)

FIRST LEAF The first leaf of a seedling to have a completely 
expanded blade. Synonym of eophyll and protophyll.

FISSURE Noun. A crack, usually long, narrow, and longitudinal, 
caused by the separation of two or several parts of an organ or 
opening on an organ’s surface. Fissures may have a concave, 
convex, flat, or acute edge.

FLAT (see leaf margin cross-section Fig. 10, p. 197, leaf midvein 
cross-section Fig. 11, p. 197 and petiole cross-section Fig. 12, p. 197)

FLESHY (see consistency p. 184)

FOLIACEOUS (see consistency p. 184)

FOLLICETUM (see fruit, multiple fruits p. 189 and Fig. 2, p. 186)

FOLLICLE (see fruit, rhexocarpic fruits p. 188 and Fig. 2, p. 186)

FOLLICULAR (see fruit, rhexocarpic fruits p. 188 and Fig. 2,  
p. 186)

FRUIT Noun. A structure originating from the development of 
the ovary after fertilisation. Angiosperm fruits typically contain 
seeds and may be fleshy or dry, dehiscent or indehiscent. Other 
structures outside of the gynoecium, such as the receptacle or 
perianth, are occasionally incorporated into the formation of 
the fruit. According to Spjut (1994), fruits can be classified 
into five categories: simple, rhexocarpic, schizocarpic, multiple, 
and compound. See below for short descriptions of the fruit 
types found in this book. See also Fig. 2, p. 186 for fruit 
classification after Spjut, 1994.

 SIMPLE FRUITS 

Originate from the pistil of a single flower. The gynoecium does 
not divide into fruitlets. Seeds are dispersed together with parts 
of the carpel (indehiscent). Simple fruits can be divided into two 
types: angiocarpic and gymnocarpic fruits.

 SIMPLE ANGIOCARPIC FRUITS

Those which include structures derived from the perianth and 
the bracts in addition to the pericarp (angiocarpi). This book 
includes species with the following angiocarpic fruit types: glans 
and pseudodrupes 

Glans (acorn) Noun. An indehiscent fruit 
with a pericarp that is typically coriaceous 
or fleshy, enveloped to some degree by 
a cup-shaped involucre. Cupules originate 
from swollen bracts, pedicel, receptacle or 
perianth. Common in Lauraceae, in this book: 
Aniba rosaeodora.

Pseudodrupe Noun. An indehiscent fruit, 
morphologically similar to a drupe but 
composed of structures originating from 
other parts as perianth, bracts etc. In this 
book: Pourouma melinonii subsp. melinonii.

 SIMPLE GYMNOCARPIC FRUITS

Fruits formed exclusively by the pericarp (gymnocarpi). This 
book includes species with the following fruit types: drupaceous 
fruits (drupe and nuculanium), lomentaceous fruits (lomentum), 
simple dry fruits (achene, camara, carcerulus) and simple fleshy 
fruits (amphisarcum, bacca and hesperidium) 

 Drupaceous Fruits 

One of the categories of gymonocarpic simple fruits. Relating 
to a drupe or like a drupe. Fruits without any involucre. 
Indehiscent, fleshy or fibrous with one or more pyrenes in its 
interior, include two types of fruits: drupe and nuculanium. 

Drupe Noun. An indehiscent, fleshy fruit with 
one or more hard, well developed pyrenes 
(stones) in its interior. The pyrenes contain one 
or more seeds. In this book: Acioa longipendula, 
Buchenavia grandis, Byrsonima spicata, Calophyllum 
brasiliense, Duckeodendron cestroides, Glycydendron 
amazonicum and Minquartia guianensis.

Nuculanium Noun. An indehiscent, fibrous, dry or 
coriaceous fruit with one or more pyrenes.  
During maturation, the pericarp sometimes 
opens in longitudinal valves. In this book: Protium 
apiculatum, Protium decandrum, Protium hebetatum, 
Protium klugii, Protium peruvianum and Protium 
spruceanum.

nuculanium

glans

pseudodrupe

drupe

(Epicotyl- Fruit)
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 Lomentaceous Fruits 

One of the categories of gymonocarpic simple fruits, that breaks 
transversely into segments when mature. 
Include three types of fruits: lomentum, bilomentum and 
craspedium, the last two types were not illustrated in this book.

Lomentum Noun. Monocarpic indehiscent 
fruit that breaks transversely into single-
seeded segments and disperses the seeds 
individually.  
In this book: Cedrelinga cateniformis.

 Simple Dry Fruits

A group of fruits characterized by being dry and indehiscent 
composed of one to many united carpels.

Achene (achaenium) Noun. An indehiscent 
fruit with a pericarp contiguous to the seed. 
Pericarp usually has the same shape as the 
seed and may bear spines or short wings.  
In this book: Scleronema micranthum.

Camara Noun. An indehiscent or late-
dehiscent, dry, monocarpic fruit with one 
or more seeds. The pericarp consists of two 
fused valves. In this book: Dinizia excelsa, 
Hymenaea intermedia, Hymenaea parvifolia, 
Parkia multijuga and Parkia nitida.

Carcerulus Noun. An indehiscent 
multicarpellate fruit consisting of one or 
more seeds and an air space enclosed by 
an undifferentiated pericarp. In simpler 
terms a carcerulus could be described as an 
“indehiscent capsule”. In this book:  
Gustavia elliptica.

 Simple Fleshy Fruits

A group of fruits characterized by being 
fleshy and indehiscent, composed of one 
or more united carpels.

Amphisarcum Noun. An indehiscent 
fruit characterized by a pericarp whose 
exterior layer becomes a dry crust and 
whose interior becomes one or more 
fleshy layers. In this book: Catostemma 
albuquerquei.

Bacca (plural baccae) Noun (berry). An 
indehiscent, monocarpic or syncarpic 
fruit with one or more seeds. Typically 
possesses a very thin epicarp and 
poorly differentiated, fleshy, and 
more or less succulent mesocarp and 
endocarp. In this book: Ambelania 
acida, Couma guianensis, Goupia 
glabra, Mouriri collocarpa, Pouteria 
guianensis and Pouteria jariensis.

Hesperidium Noun. Indehiscent 
fruit with axillary placentas and a 
pericarp that is externally leathery 
and internally fleshy. In this book: 
Lacunaria jenmanii.

 RHEXOCARPIC FRUITS

Originate from the pistil of a single flower. The gynoecium is 
not divided into fruitlets. Seeds are dispersed with no carpel 
parts (dehiscent), and are typically released via openings in the 
pericarp such as long sutures, fissures or pores. Rhexocarpic fruits 
can be classified into two types: those possessing just one carpel 
(follicular) and those formed by two or more carpels (capsular).  
In this book, the following types of follicular fruits are shown: 
cocca, follicles, and legumes. Capsular fruits are represented by 
loculicidal and septifragal capsules and pyxidia.

 Follicular Fruits (only one carpel)

Pertaining or relative to a follicule. Mono-carpellate, dry and 
dehiscent fruit. One of the categories of rhexocarpic fruits, including 
three types of fruits: follicle, coccum and legume.

Coccum (plural cocca) Noun. A dehiscent fruit 
that opens along two sutures (ventral and 
dorsal) and contains one to many basally 
fused seeds, not belonging to Fabales. 
The coccum differs from most legumes by 
possessing just one or two basally fused 
seeds instead of some to many fused along a 
ventral suture; and differs from a follicle by 
opening along two sutures rather than one. 
In this book: Compsoneura ulei, Iryanthera 
juruensis, Iryanthera laevis and Osteophloeum 
platyspermum.

Follicle (foliculum) Noun. A dehiscent 
fruit that opens along a ventral suture and 
contains one or more seeds. The seeds are 
typically arranged along the ventral suture. 
In this book: Parkia pendula.

Legume (legumen) Noun. A dehiscent fruit 
that opens along two sutures (ventral and 
dorsal) that form two valves. The length of 
the fruit varies from a few millimetres to more 
than half a metre long. The shape is extremely 
variable, but is long and thin in the majority 
of legumes. Contains a variable number of 
seeds. The valves may twist to release all the 
seeds. Legumes are typical of Fabaceae but also 
found in other families. In this book: Abarema 
cochleata, Copaifera multijuga, Eperua duckeana, 
Peltogyne paniculata, Swartzia polyphylla, Swartzia 
recurva, Swartzia reticulata and Swartzia tessmannii.

 Capsular Fruits (more than one carpel)

Pertaining or relating to a capsule. One of the categories of 
rhexocarpic fruits, including several types of fruits composed of 
more than one carpel and dispersing the seeds as a result of the 
opening of the pericarp.

Loculicidal capsule (capsularis loculicidalis) 
Noun. Capsule + Adj. loculicidal (pertaining to 
the locule). A dehiscent, syncarpic fruit with 
one or more seeds. The pericarp is typically 
dry and opens via longitudinal dorsal sutures 
that split the locules in two equal parts. The 
valves thus consist of two halves of the fused 
carpels. In this book: Guarea carinata, Guarea 
silvatica and Matayba stenodictya.

legume

hesperidium

coccum

follicle

amphisarcum
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camara

(Fruit)

lomentum

loculicidal capsule
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 Etaerionari

Multiple fruit formed by independent carpels from a single flower 
giving rise to a group of independent fruitlets.

Baccetum Noun. A multiple fruit consisting 
of fleshy indehiscent apocarpous carpels 
that generate various fruitlets. Each fruitlet 
has a poorly differentiated pericarp. 
A collection of berries. In this book: 
Bocageopsis multiflora, Ephedranthus 
amazonicus and Guatteria olivacea.

Follicetum Noun. A multiple fruit 
of dehiscent apocarpous fruitlets 
(follicles) that open along only one 
dorsal or ventral suture.  
In this book: Xylopia amazonica.

 COMPOUND FRUITS

Are derived from two or more flowers composed of two or more 
pistils. Compound fruits can be classified as anthecocarpi, 
cryptocarpi or phenocarpi. In anthecocarpi fruitlets are separate, 
dry or coriaceous, with modified bracts or scales. In cryptocarpi 
fruitlets are covered by bracts, receptacles, peduncle, pedicel 
etc. In phenocarpi at least the fruitlet apex is exposed, and 
occasionally the pericarp is covered by the perianth. Only one 
type of phenocarpi fruit is represented in this book: sorosus.

 Phenocarpi

One of the categories of compound fruits. Characterised by an 
aggregate of pericarpia that mature on a peduncle or receptacle, 
however the fruits have no adhesion to surrounding parts.

Sorosus Noun. A compound fruit 
composed of many succulent pericarpia 
that develops on a peduncle. In this 
book: Brosimum parinarioides, Clarisia 
racemosa, Helicostylis tomentosa, Maquira 
sclerophylla, Naucleopsis caloneura and 
Trymatococcus amazonicus.

FRUITLET Noun. A small fruit 
comprising part of a multiple fruit 
(see multiple fruits above)

FUNICULUS Noun. A small 
vascularized cord or filament 
that connects the ovule to the 
placenta. Found in the seeds  
of some species, the funiculus 
may be short and inconspicuous or 
very well developed. The funiculus 
is sometimes differentiated to 
form an aril that covers the seed 
partially or completely.  
When the seed detaches from 
the funiculus it leaves a scar 
known as the hilum. When the 
funiculus fuses to the integument 
in anatropous or campylotropous 
ovules, it forms a raphe. 

Pyxidium (plural pixidia) Noun. A dehiscent 
syncarpic fruit with transverse dehiscence; 
typically dry and woody. The fruit is divided 
in two parts: an amphora and an operculum. 
Pyxidia may have one or several locules, but 
always have multiple carpels. Typical of the 
family Lecythidaceae (see pyxidium details 
Fig. 18, p. 202). In this book: Cariniana 
micrantha, Eschweilera amazoniciformis, 
Eschweilera coriacea, Eschweilera cyathiformis, 
Eschweilera pseudodecolorans, Eschweilera 
romeu-cardosoi, Eschweilera truncata, 
Eschweilera wachenheimii, Lecythis barnebyi 
and Lecythis prancei.

Septifragal capsule (septum + fragalis 
capsularis): Noun. Capsule + Adj. septifragal. 
A capsular fruit that incompletely opens 
along the dorsal or ventral sutures (septum) 
by a break in the partitions near the central 
axis, leaving a persistent columella after the 
valves have separated. In this book: Carapa 
guianensis, Carapa surinamensis, Cedrela 
odorata and Pachira nervosa.

 SCHIZOCARPIC FRUITS

Originate from the pistil of a single flower. The gynoecium is divided 
into fruitlets. Schizocarpic fruits may be dehiscent or indehiscent. 
Seeds are maintained in separate dispersal units; each unit is 
formed by one carpel or half of a carpel. The fruitlets are often 
organized radially in a receptacle, or are derived from a lobed ovary 
that separates into its constituent carpels at maturity. Only one type 
of schizocarpic fruit is represented in this 
book: the coccarium. 

Coccarium Noun. A fruit derived from a 
schizocarpic gynoecium. Characterized by 
fruitlets that open along sutures, as they 
separate from each other and from a central 
axis. When mature the fruit splits into its 
constituent parts. In this book: Conceveiba 
hostmannii, Hevea brasiliensis and Hevea 
guianensis.

 MULTIPLE FRUITS 

Are derived from a single flower with two or more pistils. Multiple 
fruits can be classified into two types: discocarpi and etaerionari, 
distinguished by a developed or undeveloped receptacle, respectively. 
Only one type of discocarpi (syncarpium) and two types of etaerionari 
fruits (baccetum and follicetum) are represented in this book. 

 Discocarpi

Multiple fruit formed by concrescent carpels from a single flower, 
giving rise to a carpic unit of a group of fused fruitlets.  
The fused base of multiple fruits may have a discoid format.

Syncarpium Noun. A multiple fruit 
derived from a flower with distinct 
carpels in the flowering stage that 
become fused together (concrescent) 
at maturity. In this book: Duguetia 
chrysea.

funiculus

baccetum

syncarpium

septifragal capsule

pyxidium

coccarium

(Fruit - Funiculus)

sorosus

follicetum
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GERMINATION TYPES BASED ON 
COTYLEDON EXPOSURE

Cryptocotylar Prefix crypto: concealed, hidden; + Adj. cotylar: 
pertaining to the cotyledons. In this type of germination the 
cotyledons remain covered by the seed coat, or in more complex 
dispersal units, by additional layers of the pericarp.

Phanerocotylar Prefix phanero: visible, present; + Adj. cotylar: 
pertaining to the cotyledons. In this type of germination the 
cotyledons are visible.

GERMINATION TYPES BASED ON 
HYPOCOTYL ELONGATION

Epigeal Prefix epi: above, on top of; + geo: pertaining to the 
ground or soil. In this type of germination the cotyledons 
are raised a considerable distance above the ground by the 
lengthening hypocotyl.

Hypogeal Prefix hypo: beneath; + geo: pertaining to the ground 
or soil. In this type of germination the cotyledons remain at 
or below ground level, since the hypocotyl does not lengthen 
notably.

GERMINATION TYPES BASED ON  
PRESENCE OR ABSENCE OF RESERVES  
IN THE COTYLEDONS

In mature seeds, nutrients for seedling development may be stored 
in tissues outside the embryo (endosperm, nucellus) or in tissues 
within the embryo (cotyledons, hypocotyl, root). According to the 
major function, two types of cotyledons are considered in this book: 
cotyledons with reserves (thick cotyledons) or cotyledons without 
reserves (leafy cotyledons). Cotyledons with and without reserves 
may occur in phanero- and cryptocotyledonar germination types. For 
classification in the nine seedling types, seeds of cryptocotyledonar 
seedlings have to be opened or cut to distinguish between thick 
and leafy cotyledons. (see cotyledon and classification of seedlings 
according to seedling type Fig 20, p. 204)

Cotyledons without reserves in this type of germination 
the cotyledons are leafy and maintain haustorial function in 
cryptocotylar germination. In phanerocotylar germination may turn 
green and become photosynthetic active.

Cotyledons with reserves in this type of germination the 
cotyledons are thick and contain the nutrients. In cryptocotylar 
germination the cotyledons may be conferruminate.

G
GALL Noun. An abnormal growth of tissue of any plant organ in 
response to attacks by insects, fungi, bacteria, nematodes etc. Galls 
typically occur on leaves, stems and roots, and have a broad range 
of structures, ranging from a simple intumescence to histologically 
complex structures. Gall-inducing animals often attack a single 
species, and it is sometimes possible to identify plants based on the 
shape of the galls they produce, as in various species of the genus 
Protium (Burseraceae). The interaction between galls and hosts is 
not always negative; 
some galls may benefit 
plants, such as those 
that form nodules in 
the roots of leguminous 
species and facilitate 
nitrogen fixation.

GELATINOUS (see consistency p. 184)

GERMINATION Noun. A combination of physiological and 
physical processes that reproductive bodies such as seeds, pollen 
grains, spores, or zygotes undergo immediately before and at the 
first visible sign of growth. The process only occurs if internal and 
external conditions are favourable (e.g., when water supply and 
temperature are adequate). In seeds, various factors that cause 
dormancy must be overcome for germination to occur. During the 
germination process, the respiration rate increases, food reserves 
are tapped, and protein synthesis begins. The primary root is 
normally the first organ to protrude, followed by the shoot.

GERMINATION TYPES Various types of germination can be 
distinguished depending on where the roots and shoots protrude, 
whether the hypocotyl elongates, whether the cotyledons are 
exposed and store the reserves or are leafy. (see classification of 
seedlings according to seedling type Fig 20, p. 204)

GERMINATION TYPES BASED ON  
ROOT AND SHOOT PROTRUSION

Bipolar Adj. Germination in which the root and shoot protrude 
from opposite ends (poles) of the seed. This germination type may 
be apical or lateral. In apical bipolar germination, the embryonic 
axis arises from the major axis of the seed, while in lateral bipolar 
germination, it arises from the minor axis of the seed.

Unipolar Adj. Germination in which the root and the shoot 
protrude from the same pole of the seed. As the seedling develops, 
the axis may be located lateral to the cotyledons or between them.

Epigeal Hypogeal

Cryptocotylar Phanerocotylar

(Gall - Germination Types)

Gall

Apical bipolar Lateral bipolar

Unipolar germination:  
axis between cotyledons

Unipolar germination:  
axis lateral to cotyledons

Cotyledons without reserves Cotyledons with reserves
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GLABROUS Adj. Free of hairs or other covering, no 
indumentum.

GLAND Noun. A cell or group of cells capable of secreting 
substances. Glands vary in shape, organization, origin, location, 
and the function they serve. The term is commonly used for 
epidermal glands, but also applies to glands located internally. 
Secretions may emerge externally, from floral and extrafloral 
nectaries, glandular hairs and punctations; or internally, from 
glands that secrete resins, essential oils or latex.

GLANDULAR HAIR Adj. A piliform epidermal gland. 
Glandular hairs have different shapes, but consist of two parts:  
the gland itself, round in shape and unicellular or pluricellular; 
and a pedicel of varying length supporting the gland. In some 
cases the pedicel is absent and the gland is sessile.

GLANS (see fruit, angiocarpic fruits p. 187 and Fig. 2, p. 186)

GLOBOID (see volumetric shapes Fig. 21, p. 206)

GLOBOSE (see volumetric shapes Fig. 21, p. 206)

GYMNOCARPIC FRUITS One type of simple fruits  
(see p. 187-188 and Fig. 2, p. 186)

H
HAIR Noun. A type of trichome, similar to a bristle, located on 
various plant organs. There are many different types of hairs, from 
the simplest (unicellular) to the most complex (pluricellular). Simple 
hairs are more common and typically consist of a single elongated 
epidermal cell. The presence and type of hairs are taxonomically 
informative characters (see indumentum p. 191, Fig. 3, p. 192)

HESPERIDIUM (see fruit, simple fleshy fruit p. 188 and  
Fig. 2, p. 186) 

HILUM (plural hila). Noun. A scar left on the seed after the 
detachment of the funiculus or the placenta (if the funiculus 
is absent). The hilum may be raised or sunken, and may have a 
different color than the testa. Hila have different shapes and 
sizes, but are constant within species.  
Anatomically, hila consist of vascularized 
tissue that is more permeable than the 
testa. The structure is very useful for 
identifying seeds, e.g., for species of 
Sapotaceae.

HIRSUTE (see indumentum p. 191 and Fig. 3, p. 192)

HYPOCOTYL Noun. Prefix hypo: beneath; + Adj. cotylar: 
pertaining to cotyledons. The portion of the stem axis located 
below the cotyledon node and above the collar of the radicle.  
The hypocotylar axis is 
already present in the  
embryo and may 
develop considerably 
in epigeal germination. 
In some cases of 
epigeal germination, 
endosperm reserves 
may be transferred 
during germination to 
the hypocotyl.  

Hilum

Testa

(Glabrous - Indumentum)

In some species of 
Lecythidaceae and 
Caryocaraceae, seed 
reserves are stored 
in the hypocotyl 
and germination 
is bipolar; the 
hypocotyl remains 
covered by the seed 
coat (see seedling 
diagram Fig. 19,  
p. 203 and Fig. 20,  
p. 204)

HYPOCOTYLAR Adj. Pertaining to the hypocotyl.

HYPOGEAL (see germination types based on hypocotyl 
elongation p. 190)

I
IMPARIPINNATE (see leaf, pinnate leaf p. 194)

IMPRESSED (see leaf midvein cross-section Fig. 11, p. 197)

INDEHISCENCE Noun. The state of being indehiscent.

INDEHISCENT Adj. Not opening at maturity. Applied to fruits that 
do not open in a regular or well defined manner to disperse seeds.

INDUMENTUM Noun. A covering on various plant organs. A 
set of trichomes or appendages including hairs, glands, scales 
and aculei. A large number of terms exist to describe variation 
in indumentum. The following terms are used to describe the 
indumentum types of species in this book, see also Fig. 3, p. 192:

Adpressed Adj. Pressed close to or lying flat against something. 
Synonym of appressed.

Canescent Adj. Covered densely by whitish, soft, short, and 
flexible hairs that give surfaces a mouldy appearance.

Hirsute Adj. Covered by rigid, short bristly hairs (same as hispid).

Lanuginous Adj. Characterizes the surface covered with long, 
soft, tangled hairs. Synonym of wooly.

Papillose Adj. Covered by soft papillae of varying lengths.

Pilose Adj. Covered by long, fine, soft, flexible erect hairs. In a 
broad sense, pilose is also used to describe the presence of short 
or long hairs (i.e., the same as pubescent).

Puberulent Adj. Covered by thin, short, light, sparse hairs.

Pubescent Adj. Covered by short, fine, soft, flexible hairs. In a 
broad sense, pubescent is also used to describe the presence of 
short or long hairs (i.e., the same as pilose).

Tomentose Adj. Covered by curving or curly hairs that are neither 
very short nor very long, giving the appearance of a carpet.

Velvety Adj. Covered by very short, curving or curly hairs, neither 
especially fine nor bristly or rigid, giving a velvety appearance.

Villous Adj. Sparsely covered by long, flexible, curving or curly 
hairs.

Seed reserves  
stored in hypocotyl

Hypocotyl

Hypocotyl short in  
hypogeal germination

Hypocotyl

Seed reserves  
transferred to hypocotyl

Hypocotyl

Hypocotyl elongated in  
epigeal germination

Hypocotyl
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INFLORESCENCE Noun. A structure formed by multiple 
flowers, consisting of an axis on which flowers are arranged in 
a variety of ways. Inflorescences may be cauliflorous (p. 183), 
ramiflorous (p. 202), arise from the end of a stem (terminal) or 
from the axil of a leaf (axillary). Inflorescence types vary based 
on the branching of the axis and the arrangement of the flowers. 
Each new branch or ultimately a flower arises in the axil of a 
leaf (a bract) which is frequently dissimilar to foliage leaves 
on the same plant. Some or all of these bracts may be absent. 
Monopodial or racemose inflorescences have a central axis with 
meristematic acitvity at the apex. Pedicellate flowers arise from 
axillary meristems. However a terminal flower limits inderminate 
growth. Spikes, umbels, and capitula are derived from racemes 
with a terminal flower. Sympodial or cymose inflorescences are 
composed of an axis of determinate growth. The apical tissues 
lose meristematic capacity and differentiate into flowers. New 
growth arises from axillary meristems. Figure 4B, p. 193 shows the 
inflorescence types found in this book.

Capitulum Noun. A monopodial (racemose) inflorescence with 
terminal growth, sessile flowers are inserted on a short, flat or 
convex, commonly enlarged receptacle.

Compound Umbel Noun. A monopodial (racemose) inflorescence 
with terminal growth, in which the rays lead not to flowers but 
to other smaller umbels, known as umbellules.

Corymb Noun. Monopodial (racemose) inflorescence with 
terminal growth, in which the flowers are formed on lateral stalks 
of different lengths, resulting in a flat-topped cluster of flowers.

Cyme Noun. A sympodial inflorescence composed of an axis 
of determinate growth. The apical tissues lose meristematic 
capacity and differentiate into flowers. New growth arises from 
axillary meristems. In its simplest form, a cyme consists of a 
series of flowers.

Dichasium Noun. A sympodial (cymose) inflorescence in which two 
flowers at opposite or subopposite lateral axes originate from the 
axil of the bracteole of the previous flower. These three flowers are 
sufficient to constitute a dichasium, but development may continue 
to include a large number of flowers (multi-flower dichasia).

Panicle Noun. A compound, monopodial inflorescence (compound 
raceme) with terminal growth. The shape is conical or pyramidal 
as the basal axes are larger than the apical ones. 

Pleiochasium Noun. Sympodial (cymose) inflorescence 
underneath the main finished flowering axis. There are also three 
or more flowering lateral branches.

Raceme Noun. A monopodial inflorescence with an axis of 
indeterminate growth. Meristematic activity continues at the 
apex and pedicellate flowers develop more or less equidistantly 
from each other, from axillary meristems. Spikes, umbels, and 
capitula are derived from racemes.

Spike Noun. A simple, monopodial (racemose) inflorescence 
of sessile or subsessile flowers inserted along an axis, with or 
wihout a terminal flower.

Umbel Noun. A simple monopodial (racemose) inflorescence with 
a terminal flower. From the elongated axis originate pedicels with 
flowers at the same position. The upper surface of an umbel may 
be flat or almost spherical.

INFRACALYCINE Adj. Prefix infra: below or beneath; + Adj. 
calycine: pertaining to the calyx. The zone below the calycine ring, 
typical of pyxidium-type fruits (see pyxidium details Fig. 18, p. 202)

(Inflorescence - Infracalycine)

Figure 3. Indumentum types presented in this book (based on 
Harris & Harris, 1994)

Velvety Villous

Papillose

Lanuginous
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Hirsute
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INFRUCTESCENCE Noun. A compound fruit originating 
from the fusion of the floral parts of contiguous flowers in an 
inflorescence.

INTEGUMENT Noun. In general, any organ, structure, or 
involucre that surrounds another and protects it. The term is most 
commonly used for the outer covering of an ovule, which later gives 
rise to the seed coat. The ovule may have one or two integuments. 
In most angiosperms there are two integuments, which may or 
may not be fused. In gymnosperms and in dicotyledons with fused 
petals there is just one integument. Integuments maintain a 
continuous vascular connection with the mother plant through the 
funiculus.

INTERNODE Noun. The portion of the stem between two 
consecutive nodes (see seedling diagram Fig. 19, p. 203)

INTERSECONDARY (see leaf venation types Fig. 13A, p. 198)

INTRAMARGINAL (see leaf venation types Fig. 13A, p. 198)

INTUMESCENCE Noun. Swelling or dilatation caused by watery 
fluids, making tissues hyperhydric. Generally refers to parenchymal 
tissue.

INVOLUCRATE Adj. Possessing an involucre.

INVOLUCRE Noun. A set of bracts that surrounds and/or 
underlies a flower or inflorescences to some degree. Commonly 
found in umbels and capitula. Often has the shape and function of 
the calyx in a solitary flower (see also the cupule of glans p.187)

INVOLUTE Adj. Characteristic of the leaf margin when it is 
rolled toward the adaxial surface of the leaf. It is the opposite of 
revolute (see leaf margin cross-section Fig. 10, p. 197)

(Infructescence - Leaf)

Figure 4. (B) Inflorescence types in this book with monopodial 
and sympodial growth. 
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Figure 4. (A) Monopodial and sympodial growth types. 
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Trifoliolate Adj. With three leaflets. 
Synonym of trifoliate.

Pinnate Adj. A type of compound leaf 
with more than three leaflets. Leaflets 
may be arranged in a variety of ways 
(opposite, subopposite, or alternate) 
along the rachis. Pinnate leaves may 
be paripinnate (i.e., the rachis ends 
with a pair of leaflets) or imparipinnate 
(the rachis ends with a single terminal 
leaflet).

Bipinnate Adj. A doubly pinnate 
compound leaf. Each pinna corresponds 
to a leaflet of a pinnately compound 
leaf and consists of pinnules.

LEAF ARRANGEMENT (see phyllotaxis Fig. 16, p. 200)

LEAF BLADE Noun. The expanded portion of a leaf, connected 
to the stem via a petiole and/or sheath, or connected directly 
when both are lacking. The blade is the primary photosynthetic 
organ of the plant. The shape of the leaf blade is a taxonomically 
informative feature. See the leaf diagram (Fig. 5, p. 195)

LEAF MARGIN Noun. The edge of a leaf blade. Different types 
of margins are taxonomically informative features. Figure 9, p. 196 
shows the types of leaf margins found in the species in this book. The 
leaf margin can be straight or rolled towards the abaxial or adaxial 
surface of the leaf (see leaf margin cross-section Fig. 10, p. 197)

LEAF MIDVEIN CROSS-SECTION Noun. The cross-
section of the midvein can be categorized and is a taxonomically 
informative feature (see Fig. 11, p. 197)

LEAF SHAPE Noun. Leaves have different forms that are 
typically classified by their resemblance to geometrical shapes. 
They may be divided into groups depending on the location of 
their major axis: near the apex (obovate, oblanceolate etc.), 
near the base (ovate, deltoid etc.), or in the middle of the 
blade (elliptical, oval etc.)(Fig. 6, p. 195). Leaf apex (Fig. 7, p. 
196), base (Fig. 8, p. 196), or margin (Fig. 9, p. 196) are also 
important characters for distinguishing species. 

LEAF VENATION Noun. The pattern formed by the veins in a 
leaf blade (see leaf venation types Fig. 13, p. 198)

LEAFLET Noun. The subunit of a pinnate leaf, inserted on the 
rachis of a leaf. A leaf that consists of one or more leaflets is a 
compound leaf (see leaf diagram Fig. 5, p. 195)

LEGUME (legumen) Noun. (see fruit, follicular fruits p. 188 and 
Fig. 2, p. 186)

LENTICEL Noun. A protuberance in the epidermis of woody 
plants with a lenticular opening, not always visible to the naked 
eye. May develop beneath the epidermal stomata and carry out 
their gas exchange. Lenticels may be elliptical, circular or linear. 
They may be grouped in horizontal or vertical lines, or scattered. 
They also vary in number, size, prominence and color (but are 
mainly black, white, yellow or red). Lenticels mostly occur on 
trunks, branches and fruits, and are rarely found on the rachis of 
compound leaves or on petioles.

LENTICELLATE Adj. Describes surfaces with lenticels. 

LINEAR (see leaf shape Fig. 6, p. 195)

L
LANCEOLATE (see leaf shape Fig. 6, p. 195)

LANUGINOUS (see indumentum p. 191 texture p. 205 and Fig. 3, 
p. 192)

LATEX Noun. A milky, generally sticky fluid exudate, produced by 
special cells of many plants, and released following injury. Latex 
is an emulsion of a watery liquid containing various insoluble 
substances, especially resins. It also contains sugars, gums, and 
small quantities of albuminoids, alkaloids etc. Typically white, 
but sometimes yellow, orangish, red, or brown. Latex aids in 
the chemical and physical protection against insects, fungi, and 
microorganisms. Common in species of Apocynaceae, Clusiaceae, 
Euphorbiaceae, Moraceae and Sapotaceae.

LEAF Noun. A lateral organ arising along the stems usually with 
determinate growth in a laminar form. Leaves show a variety of 
arrangements along the stem (phyllotaxis Fig. 16, p. 200). Most 
leaves consist of a blade, petiole and a base, a slightly expanded 
area where the leaf attaches to the stem. Stipules, when present, 
are located on the base. The petiole is a stalk that connects the 
blade with the base, if absent the blade is attached directly to 
the stem (sessile) (see leaf diagram Fig. 5, p. 195). Leaf blades, 
the major photosynthetic organ of the plant show a great variation 
in shapes (Fig. 6, p. 195), apices (Fig. 7, p. 196), bases (Fig. 8, 
p. 196), margins (Fig. 9, p. 196), venation (Fig. 13, p. 198), and 
cross-section (Fig. 10, p. 197, Fig. 11, p. 195 and Fig. 12, p. 197). 
Leaf blades may be simple (not divided) or compound (with 
subunits or leaflets Fig. 5, p. 195)  

 SIMPLE LEAF 

Simple Adj. A type of leaf consisting of a single blade. 
Can resemble a compound leaf when the blade is 
lobed, perforated, or split, and may also be confused 
with unifoliolate compound leaves.

 COMPOUND LEAF 

Compound Adj. A type of leaf in which the blade consists of 
subunits (leaflets or pinnules). Compound leaves are classified 
by the number of leaflets (see below: unifoliolate, bifoliolate, 
trifoliolate, tetrafoliolate, pentafoliolate etc.). In palmately 
compound leaves, the leaflets radiate from a single point.  
In pinnate compound leaves, the leaflets are arranged in rows 
at either side of an extension of the petiole (rachis) and may 
be paripinnate (even-pinnate, lacking a terminal leaflet) or 
imparipinnate (odd-pinnate, unequally pinnate); some compound 
leaves branch again (multiple pinnae) and develop further sets 
of compound leaflets (bipinnate and tripinnate). See short 
descriptions of leaf types and characterístics below. (see pinnate, 
bipinnate and leaf diagram Fig. 5, p. 195):

Unifoliolate Adj. A type of compound leaf 
consisting of a single leaflet. May be confused 
with simple leaves, but differs in the presence of 
pulvinus at the base and pulvinulus at the apex 
of the petiole. Some seedlings of species with 
compound leaves may have unifoliolate leaves 
early in their development (e.g., Protium spp.)

Bifoliolate Adj. With two leaflets. 
Synonym of bifoliate.

pinnate leaf

bipinnate leaf

simple leaf

unifoliolate leaf

trifoliolate leaf

bifoliolate leaf

(Lanceolate - Linear)
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Deltoid

OrbicularOvate

Linear

Obovate

Cordate

Oblong

Oblanceolate

Lanceolate Oval

Elliptical

Obelliptic

Figure 6. Leaf shape

Vein

 Leaf blade

Petiole

Simple leaf

Leaf baseStipule

Leaflet

Pulvinulus Petiolule

Rachis

Petiole

Pulvinus

Compound pinnate leaf

Compound bipinnate leaf

Pinna
Pinnule

Rachis

Petiole

Pulvinus

Petiolule

Figure 5. Leaf diagram

 Leaf blade

 Leaf blade

Leaf baseStipule

Leaf baseStipule

Pinnae may have  
Pulvinuli and Stiples

Leaflets may have  
Pulvinuli and Stiples
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Figure 7. Leaf apex

Apiculate

Acuminate

Emarginate

Cuspidate

Acute

Retuse

Obtuse

Caudate

Entire Ciliate Sinuous Denticulate

Crenate Crenulate Serrate Serrulate

Figure 9. Leaf margin (based on Hickey & King, 2000).

Figure 8. Leaf base.  
Bilateral symmetry is typical, when the leaf shows asymmetry 
at the base this is called oblique.

Obtuse

Assymetric

Auriculate

Cuneate

Attenuate

Truncate

Aristade
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LOBED Adj. Partially divided into segments or 
into relatively shallow, rounded lobes. Used both 
for two- and three-dimensional shapes. Compound 
terms for leaves depend on their venation: 
pinnatilobate, palmatilobate etc. Compound terms 
for fruits depend on the number of lobes: trilobate, 
pentalobate, multilobate etc.

LOCULE Noun. A cavity in an organ, 
typically a fruit, where the seeds are 
located. Also applies to cavities in sporangia 
or anthers where spores or pollen grains 
are located, respectively. Fruits may be 
unilocular, with just one cavity (locule),  
or plurilocular, with multiple locules.

LOCULICIDAL CAPSULE (see fruit, capsular fruit  
p. 188 and Fig. 2, p. 186)

LOMENTACEOUS (see simple fruits p. 188 and Fig. 2, p. 186)

LOMENTUM (see fruit, simple gymnocarpic fruits p. 188 and 
Fig. 2, p. 186) 

M
MARGIN (see leaf margin Fig. 9, p. 196)

MEMBRANACEOUS (see consistency p. 184)

MEMBRANOUS Adj. Synonym of membranaceous (see 
consistency p. 184)

MESOCARP Noun. An intermediate layer of the pericarp, 
located between the epicarp and the endocarp. May be reduced or 
indistinguishable from the other layers, but is generally the most 
developed portion of the pericarp (see pericarp: fruit layers Fig. 14, 
p. 200)

METAPHYLL Noun. Prefix meta: pertaining to what comes 
next; means change. Metaphylls are the normal or proper leaves 
of an adult plant. Typically laminar and chorophyllous, their 
primary functions are photosynthesis and transpiration. Metaphylls 
are distinguishable from leaves of seedling and juvenile stages. 
Synonym of nomophyll.

MICROPYLE Noun. A tiny opening in the ovule and seed. In 
the ovule, the micropyle is the hole the pollen tube enters for 
fertilisation. In the seed, it is the region where the integuments 

Figure 11. Leaf midvein cross-section.  
Based on Ribeiro et al. (1999).

Concave Biconcave

Impressed in “V”

Impressed

Convex Biconvex

Quadrate Carinate

Raised

Flat Submersed

Flat

Involute

Revolute

Figure 10. Leaf margin cross-section.

trilobate

Circular Flat

Canaliculate Winged

Figure 12. Petiole cross-section (adapted from Ribeiro et al. 
1999).

Biconcave

Aristate

(Lobed - Micropyle)

two locular 
fruit
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may fail to close. In dormant seeds with an impermeable seed coat, 
a set of cells seals the micropyle, allowing water only to exit. 
When dormancy is broken, the micropyle allows water to enter 
the seed, thereby facilitating the start of germination. In mature 
seeds the micropyle may or may not be visible. Its location with 
relation to the hilum varies with the inclination of the ovule in 
the ovary wall and is characteristic of the species (see diagram of 
longitudinal seed cut Fig. 1, p. 186)

MIDVEIN (see leaf midvein cross-section Fig. 11, p. 197)

MONOSPERMIC Adj. Containing just one seed. Describes a 
monosperm.

MUCRO Noun. A short, straight structure, 
more or less sharp and protuberant, occurring 
at the end of any organ.

mucro

(Micropyle - Mucro)

Figure 13. (A) Leaf venation types:  
primary and secondary venation

Primary Venation

Secondary Venation

Pinnate Palmate

Trinerved Plinervate

Craspedodromous

Brochidodromous

Eucamptodromous

Intersecondary

Intramarginal

Tertiary Venation

Reticulate

Tertiary Reticulate

Perpendicular Oblique Parallel

Quaternary Venation

Areolate Incomplete

Tertiary Percurrent

Figure 13. (B) Leaf venation types:  
tertiary and quarternary venation
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MUCRONATE Adj. Describes structures having a mucro. At the 
apex of a leaf the mucro projection is abrupt. Different to cuspidate 
where the leaf blade is concavely constricted (Fig. 7, p. 196)

MULTIPLE FRUITS (see fruit, multiple fruits p. 189, Fig. 2, 
p. 186)

N
NECTARY Noun. A gland capable of secreting a sugary solution 
(nectar) and/or volatile oils (odors). Commonly present in flowers 
(as floral nectaries) or on other parts of the plant (as extrafloral 
nectaries), such as rachises, leaves, branches and spines.

NEXT LEAVES In this book, the term refers to the expanded 
leaves of a seedling, formed above the node of the first leaf or 
leaves. The next leaves may differ morphologically from the first 
leaves and from the leaves of an adult plant (nomophylls) (see 
seedling diagramm Fig. 19, p. 203)

NODE Noun. The region of the stem where one or more proper 
leaves or rudimentary leaves (e.g., cataphylls) emerge. Nodes 
are formed of harder tissue and are clearly visible. The interval 
between two nodes is called the internode. The node and the 
internode below it form a growth module of a plant. Each node is 
capable of producing leaves, branches, flowers, and adventitious 
roots (see seedling diagram Fig. 19, p. 203)

NOMOPHYLL Noun. Prefix nomo: regulating, normal, 
legitimate. A normal or proper leaf. Synonym of metaphyll.

NUCULANIUM (see fruit, simple drupaceous fruits  
p. 187 and Fig. 2, p. 186)

NYCTINASTIC Adj. Pertaining to nyctinasty. 
Nyctinasty is the movement of plant parts, 
especially leaves and flowers, which assume a 
characteristic position at night (e.g., self-closing 
leaflets in some species of Fabaceae).  
In many cases it is not possible to determine how 
variation in light and temperature affect plant 
movements. In some species the movements 
appear to be photonastic, with plants closing 
their leaflets at nightfall, while other species 
maintain periodic movements even when kept in 
the dark. In the latter case, movements are clearly 
endogenous rather than nastic.

O
OBELLIPTIC (see leaf shape Fig. 6, p. 195)

OBLANCEOLATE (see leaf shape Fig. 6, p. 195)

OBLIQUE (see leaf venation types, tertiary venation Fig. 13B, 
p. 198)

OBLONG (see leaf shape Fig. 6, p. 195)

OBOVATE (see leaf shape Fig. 6, p. 195)

OBTUSE (see leaf apex Fig. 7, p. 196 and leaf base Fig. 8, p. 196)

OILY (see consistency p. 184 and texture p. 205 )

OLEAGINOUS (see consistency p. 184)

OPERCULUM Noun. The upper portion of a pyxidium-type 
fruit, which opens by transverse dehiscence, like a lid. Some 
characteristics of the operculum are helpful in identifying species 
of Lecythidaceae (see pyxidium details Fig. 18, p. 202)

OPPOSITE (see phyllotaxis Fig. 16, p. 200)

ORBICULAR (see leaf shape Fig. 6, p. 195)

OVAL (see leaf shape Fig. 6, p. 195)

OVATE (see leaf shape Fig. 6, p. 195)

OVOID (see volumetric shapes Fig. 21, p. 206)

P
PALMATE (see leaf venation types Fig. 13A, p. 198)

PANICLE (see inflorescence Fig. 4B, p. 193)

PAPILLA (plural papillae) Noun. The simplest trichome, reduced 
to a short, rounded growth of the epidermal cell membrane.

PAPILLOSE (see indumentum p. 191, texture p. 205 and Fig. 3, 
p. 192)

PAPYRACEOUS (see consistency p. 184)

PARALLEL-VEINED (see leaf venation types Fig. 13B, p. 198)

PARIPINNATE (see compound leaf, pinnate p. 194)

PASTY (see consistency p. 184)

PEDICEL Noun. Stalk of an individual flower or fruit; stalk 
attaching individual flowers of an inflorescence to the principal 
axis (peduncle)

PEDUNCLE Noun. Stalk, principal axis supporting an 
inflorescence or compound fruit.

PENTAFOLIOLATE Adj. Compound leaf with five leaflets. 
Synonym of pentafoliate (see compound leaf p. 194)

PENTALOBATE (see lobed p. 197)

PERIANTH Noun. A broad term to describe the collection of 
floral whorls that form the calyx and corolla. The perianth plays 
several roles, including protecting the reproductive parts of 
flowers. It may persist and become fleshy in some infructescences.

extrafloral nectary  
on rachis

extrafloral nectary 
on petiole

(Mucronate - Perianth)
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PERICARP Noun. The wall of the ovary at the fruiting stage 
consists of three layers (epicarp, mesocarp and endocarp) typically 
differentiated in drupes (Fig. 14, p. 200). In fleshy and dry 
fruits the parts are often indistinguishable to the naked eye. In 
such cases the entire external structure of the fruit is called the 
pericarp, without distinguishing between its constituent layers. 
Additional layer(s) beyond the pericarp of anthocarpous fruits are 
regarded by some authors as exocarp. 

 
PERICARPIUM (plural pericarpia) Noun. A ripened ovary 
including the seed(s) without any further parts (Spjut, 1994). 

PETIOLE Noun. A small stalk of a leaf, which joins the blade to 
the stem. May be longer than the blade, or completely absent in 
sessile leaves. Some species have twisted petioles that present  
the blade at an angle. The presence or absence, length, and cross-
sections of petioles are taxonomically informative. Petioles may 
occasionally be reduced to the pulvinus (see leaf diagram  
Fig. 5, p. 195 and petiole cross-section Fig. 12, p. 197)

PETIOLULE Noun. The petiole of each leaflet or pinnule of 
a compound leaf. Typically short and sometimes reduced to a 
pulvinulus (see leaf diagram Fig. 5, p. 195)

PHANEROCOTYLAR (see germination p. 190)

PHASE, hook an early 
developmental stage of some 
species in which the hypocotyl or 
epicotyl (in epigeal and hypogeal 
germination, respectively) remains 
apically curved like a hook as it 
lengthens. Generally a short phase 
that ends when the axis becomes 
erect (Fig. 15A, p. 200)

PHASE, pole an early stage of 
development of some species in which 
the erect axis is leafless and resembles 
a flagpole (Fig. 15B, p. 200)

PHENOCARPIC FRUITS (see fruit, compound fruits  
p. 189 and Fig. 2, p. 186)

PHENOLOGY Noun. The study of the periodicity of biological 
phenomena such as budding, flowering, fruiting, fruit maturation 
etc. These phenomena are natural and their periodicity is often 
related to climate or season.

PHYLLOTAXIS (leaf  arrangement) Noun. The subfield of plant 
morphology that focusses on how leaves are arranged on the 
stem. The pattern is genetically determined, also referred to in 
this book as leaf arrangement. Leaf arrangement is described 
below and is illustrated in Fig. 16, p. 200.

Alternate Adj. A type of leaf arrangement featuring one leaf per 
node. Leaves are arranged on alternating sides of the stem, in a 
distichous or spiral manner. 

(Pericarp - Phyllotaxis

Figure 14. Pericarp: Fruit layers

endocarp

embryo

mesocarp
epicarp

integument

Figure 15. (A) Hook phase 
(B) Pole phase.

A B

Decussate Adj. A type of leaf arrangement in which leaves are 
opposite and the leaf pairs oriented at right angles to those at 
contiguous nodes. In some species, the angle between leaf pairs 
is less than 90º, giving the leaves a spiral aspect, as seen in 
Ambelania acida. 

Distichous Adj. A type of leaf arrangement in which leaves are 
held in the same plane. Leaves can be alternate distichous or 
opposite distichous.

Opposite Adj. A type of leaf arrangement in which leaves are 
attached in pairs at the same node, one leaf on each side of the 
stem. May be distichous, decussate, or verticillate. 

Pseudoverticillate Adj. A false verticillate leaf arrangement, but  
appearing to be attached at the same position on the stem. The 
leaves originate from closely-spaced node. 

Spiral Adj. A type of leaf arrangement in which leaves are 
attached in different planes along the stem. An imaginary line 
drawn through the insertion points of spirally arranged leaves 
forms a spiral around the stem.

Subopposite Adj. A type of leaf arrangement that is intermediate 
between opposite and alternate (often nearly opposite).

Verticillate Adj. A type of leaf arrangement in which three or  
more leaves originate from the same node, forming a whorl.

       

Figure 16. Phyllotaxis 

Decussate

Alternate Spiralled

Opposite Distichous

Subopposite Verticillate

Alternate Distichous

2

3 4

5

5

12

3

4
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PLINERVATE (see leaf venation types 
Fig. 13A, p. 198)

POLYEMBRYONY Noun. 
Formation of more than one embryo 
in an ovule. This may develop by 
division of a fertilised zygote or 
can arise from somatic maternal 
tissue, in which case, the embryos 
have the same genetic composition 
as the mother plant. More than 
one seedling may develop from a 
polyembryonic seed.

PREFOLIATION Noun. The manner in which leaves are stored 
in a vegetative bud before unfolding, also known as vernation. 
The term ptyxis is used for the type of individual leaf folding. 
The different forms of prefoliation and ptyxis are taxonomically 
informative characters (see circinate and convolute).

PROPAGULE Noun. Any structure whose function is 
propagation or dispersal. In this book, the term is used for fruits, 
infructescences, pyrenes and seeds.

PROTOPHYLL Noun. Prefix proto: first + phyllon: leaf, primordial 
leaf. Synonym of eophyll.

PROTRUSION Noun. The growth or lengthening of an organ 
that places it in front of other organs. With some exceptions, the 
protrusion of the root out of the seed is the first visible sign of 
germination and is typically considered by plant physiologists as a 
criterion for germination.

PSEUDOARIL Noun. A false aril or arillode. A structure similar 
to an aril, but not arising from the funiculus, such as a caruncle.

PSEUDOBRACT Noun. A false bract.

PSEUDODRUPE (see fruit, angiocarpic fruits, p. 187)

PSEUDOVERTICILLATE Adj. A false verticillate leaf 
arrangement, but similar (see phyllotaxis).

PUBERULENT (see indumentum p. 191)

PUBESCENT (see indumentum p. 191 and Fig. 3, p. 192)

PULVERULENT (see consistency p. 184) 

PULVINULUS (plural pulvinuli) Noun. The pulvinus of leaflets 
of compound leaves (see leaf and leaf diagram Fig. 5, p. 195)

PULVINUS (plural pulvini) Noun. 
A swollen structure at the base of 
the petiole composed of parenchymal 
tissue capable of moving water in and 
out of vacuoles. By varying turgor, 
the pulvinus can bend like a hinge, 
resulting in nastic movements in the 
petiole or pinna (articulated pulvinus). 
Pulvini are very common in Fabaceae 
and often helpful for distinguishing 
between simple and unifoliolate 
compound leaves (see leaf and leaf 
diagram Fig. 5, p. 195)

PUNCTATION Noun. A translucent point, depression, or gland 
typically occurring on the surface of leaf blades or propagules.

PILOSE (see indumentum p. 191 and Fig. 3, p. 192)

PINNA (plural pinnae) Noun. The primary division of a compound 
leaf. In compound bipinnate leaves, the pinna is the set of pinnules 
corresponding to the leaflet of a pinnate leaf (see leaf, leaf diagram 
Fig. 5, p. 195 and leaf venation types Fig. 13A, p. 198)

PINNATE (see leaf, leaf diagram Fig. 5, p. 195, leaf venation types 
Fig. 13A, p. 198)

PINNULE Noun. The subunit of a bipinnate leaf. Also called a 
secondary leaflet (see leaf, leaf diagram Fig. 5, p. 195)

PLEIOCHASIUM (see inflorescence p. 192 and Fig. 4B, p. 193)

PLEUROGRAM Noun. A visible line 
on the surface of some seeds, which 
may open at the end of the hilum. 
Pleurograms are common in the seeds of 
some Fabaceae. They may be U-shaped, 
totally closed, or trace the edge of the 
seed. Pleurograms often have a colouration 
that contrasts with the testa, and those on opposite sides of a seed 
may be connected. There is evidence that pleurograms function as a 
hygroscopic valve (see pleurogram diagram Fig. 17 below)

polyembryonic 
seed

Figure 17. Pleurogram diagram (adapted from 
Gunn, 1984).

Types of symmetry

IrregularEqual Distinct

Percentage of coverage

50% 75% 90% 100%

Types of connection

Lateral Connection

Apical Connection

(Pilose - Punctation)

Pulvinulus

Pulvinus
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RAPHE Noun. A longitudinal mark left by the fibrovascular 
bundle, representing the part of the funiculus that is fused to the 
ovule or seed. Also known as the internal funiculus, the raphe 
maintains communication between the hilum and the chalaza. 
The side of the ovule or seed that lies opposite the raphe may 
be called anti-raphe. Raphes only occur in seeds orginating from 
anatropous ovules (in which the micropyle is next to the hilum) 
or campylotropous ovules (in which the chalaza and micropyle 
are close to each other and in the same plane) (see diagram of 
longitudinal seed cut Fig. 1, p. 186)

RECEPTACLE Noun. The axis of the flower on which the floral 
organs are borne. In inflorescences the expanded region that serves as 
a seat for various flowers of an inflorescence. Receptacles are typically 
convex, but may be flat or concave, and can persist through the 
maturation of the fruits.

RENIFORM (see volumetric shapes Fig. 21, p. 206)

RESERVES Noun. Nutrients (carbohydrates, proteins and oils) 
contained in the seed to be used during germination and initial 
seedling development. In mature seeds, reserves may be stored in 
tissues outside the embryo (endosperm, nucellus) or in tissues within 
the embryo (cotyledons, hypocotyl, root) (see cotyledon p. 184 and 
classification of seedlings according to seedling type Fig 20, p. 204)

RESIN Noun. An exudate of certain plants, seen especially 
where they are wounded. In contact with air, resin loses its 
volatile elements, oxidises, and may harden. In contrast to other 
types of exudates, resins are not water-soluble, but are soluble in 
ethanol. Resin formation may result from normal plant metabolism 
(physiological resins) or from trauma (pathological resins). Sticky, 
opaque, and/or translucent sometimes colourful and typically 
aromatic.

RETICULATE (see leaf venation Fig. 13B, p. 198 and texture p. 205)

RETUSE (see apex of leaf shape Fig. 7, p. 196)

REVOLUTE Adj. Characteristic of the leaf margin in cross-section 
when it is rolled toward the abaxial surface of the leaf. It is the 
opposite of involute (see leaf margin cross-section Fig. 10, p. 197)

RHEXOCARPIC FRUITS (see fruit p. 188 and Fig. 2, p. 186)

RUGOSE (see texture p. 205)

RUMINATE Adj. The surface may be called 
ruminate if it presents cracks and grooves, giving 
an appearance similar to a brain. Ruminate seeds 
show any degree of irregularity due to ingrowths 
of the seed coat into the endosperm and may be 
found in Annonaceae and Myristicaceae.

S
SARCOTESTA Noun. The fleshy tissue derived 
from the testa (outer integument), partly or 
entirely covering the seed.

SCALE Noun. Plaque-like covering formed by epidermal 
projections. Flat and hard trichomes which cover certain plant 
organs.

SCALY (see texture p. 205)

PUNCTIFORM Adj. Very small structures (pores, glands etc.) 
similar to a point, puncture or dot.

PYRENE Noun. Commonly known as the stone of drupaceous 
fruits, and sometimes mistaken for a seed. Pyrenes consist of 
one or more seeds surrounded by a typically hard endocarp. The 
mechanical resistance of the endocarp may delay germination. 
Propagation programs typically treat pyrenes as seeds (see fruit, 
drupaceous fruits p. 187). In this book: Burseraceae (Protium spp.), 
Chrysobalanaceae (Acioa longipendula), Clusiaceae (Calophyllum 
brasiliense), Combretaceae (Buchenavia grandis), Euphorbiaceae 
(Glycydendron amazonicum), Malpighiaceae (Byrsonima spicata), 
Olacaceae (Minquartia guianensis), Solanaceae (Duckeodendron 
cestroides) and Urticaceae (Pourouma melinonii subsp. melinonii). 

PYRIFORM (see volumetric shapes Fig. 21, p. 206)

PYXIDIUM (see fruit, capsular fruits p. 189 and Fig. 18,  
p. 202)

Q
QUADRATE Synonym of squared (see leaf midvein cross-section 
Fig. 11, p. 197)

R
RACEME (see inflorescence p. 192 and Fig. 4B, p. 193)

RACHIS (plural rachises) Noun. The elongated petiole of a 
compound leaf on which the leaflets are inserted, the rachis 
corresponds to the midvein of a simple leaf. The term is also used to 
describe the axis of any inflorescence (see leaf diagram Fig. 5, p. 195)

RADICLE Noun. Latin radicula, diminutive of radix = root. Part 
of the embryo of seed-bearing plants that develops into the main 
root (see Fig. 1, p. 186 and germination p. 190)

RAISED (see leaf midvein cross-section Fig. 11, p. 197)

RAMIFLOROUS Adj. Describes a plant that produces flowers 
and fruits on the branches (cf. cauliflorous).

(Punctiform - Scaly)

Figure 18. Pyxidium details.
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Infracalycine Zone
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SCHIZOCARPIC FRUITS (see fruit p. 189 and Fig. 2, p. 186)

SEED Noun. The primary element of reproduction, propagation, 
and dispersal in spermatophytes (gymnosperms and angiosperms). 
In angiosperms, seeds are developed after the fertilisation of the 
ovule and are protected by fruits. Generally consists of three parts: 
integument, reserves and embryo. The reserves may be located in 
the perisperm, endosperm or embryo. Seeds of some species lack 
reserves. Once a seed has finished developing, it may germinate 
immediately or remain dormant after dispersal.

SEED COAT Noun. Protective layer of the seed usually produced 
by the integument(s) or rarely by the chalaza.

SEEDLING Noun. A young plant that has recently developed after 
seed germination. Seedlings are initially dependent on nutrients 
stored in seeds, and later on their own photosynthetic capacity. 
Seedling habit and morphology typically differ from those 
of the adult plant. In this book, the seedling 
stage is defined as the stage in which all 
the essential structures of the plant are 
in an appropriate state of development, 
able to develop further into a satisfactory 
plant under favourable conditions. Essential 
structures in this context refer to the 
aboveground stem with a functional meristem 
up to the third or fourth node with expanded 
leaves (see seedling diagram Fig. 19, p. 203 and 
classification of seedlings Fig. 20, p. 204)

SEMI-GLOBOSE (see volumetric shapes Fig. 21, p. 206)

SEPAL Noun. A leaf, modified to some degree, that comprises 
the outermost whorl of the flowers, the calyx. Sepals may be 
completely free of each other (in a dialysepalous calyx) or fused 
(in a gamosepalous calyx). Sepals are typically green, but in some 
species they are colourful and assume the role of petals.

(Schizocarpic fruits - Striae)

Figure 19. Seedling diagram based on symbols of this book 
(see p. 28 and Fig. 20, p. 204)

Internode

Node

Next leaves

Cataphyll

Cotyledons
Hypocotyl

Epicotyl-
first leaf 
axis

Epicotyl

First leave

SEPTIFRAGAL CAPSULE (see fruit, capsular fruits p. 189 
and Fig. 2, p. 186)

SERRATE (see leaf margin Fig. 9, p. 196)

SERRULATE (see leaf margin Fig. 9, p. 196)

SESSILE Adj. Pertaining to any organ or structure that lacks a 
stem or base. Sessile leaves lack petioles, while sessile fruits lack 
pedicels.

SIMPLE LEAF (see leaf, leaf diagram Fig. 5, p. 195)

SIMPLE FRUITS (see fruit p. 187 and Fig. 2, p. 186)

SINUOUS (see leaf margin Fig. 9, p. 196)

SOROSUS (see fruit, compound, phenocarpic fruits p. 189 and 
Fig. 2, p. 186)

SPIKE (see inflorescence Fig. 4B, p. 193)

SPIRAL (see phyllotaxis Fig. 16, p. 200)

SPONGY (see consistency p. 184)

STAGE Noun. A period or phase, especially with regard to plant 
development.

STELLATE HAIR Adj. A branching, radiate, star-shaped hair, 
with three or more rays emerging from a single point. May be 
sessile or have a short pedicel.

STIGMA Noun. The portion of the female reproductive organ 
where the pollen grain is retained and can germinate. Frequently 
located at the apex of a style, or, more rarely, directly at the apex 
of the ovary (sessile). The stigma may correspond to a single 
carpel or to various fused carpels. Occasionally persistent in 
mature fruits.

STIPE Noun. Stemlike elongation of the fruit. 

STIPITATE Adj. Having or supported by a stipe.

STIPEL Noun. A small stipule, generally occurring in 
pairs, present at the base of the leaflets of some species 
with compound leaves.

STIPULE Noun. A leafy appendage commonly occurring in 
pairs at the base of the leaf. Generally symmetric, stipules may 
be axillary, opposite, amplexicaul or terminal. They may also be 
free, adnate to the petiole or fused. When fused they may be 
interpetiolar or intrapetiolar. Two fused intrapetiolar stipules form 
a ring around the node, called an ochrea, which only occurs in 
alternate leaves. In general, stipules serve to protect buds.

STRIAE (singular stria) Noun. Similar to streak, stripe, striation. 
Characteristic of streaked or striped surfaces with different or 
contrasting colour patterns, as observed in the testa of many seeds.

Stipe

Terminal
stipules

Stipule
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STRIATE (see texture p. 205)

STRUMOSE (see texture p. 205)

SUBMERSED (see leaf midvein cross-section Fig. 11, p. 197)

SUBOPPOSITE (see phyllotaxis Fig. 16, p. 200)

SUCCULENT (see consistency p. 184)

SULCUS (plural sulci) Noun. A long depression on a surface.

SUPRACALYCINE Adj. Prefix supra: above or on top of; + Adj. 
calycine: pertaining to the calyx. The zone above the calycine ring, 
typical of pyxidium-type fruits (see pyxidium details Fig. 18, p. 202)

SUTURE Noun. A line of junction, visible to varying degrees, seen 
along the fused edges of the carpels and later on the developed 
fruits. Typically plays an important role in fruit dehiscence.

SYNCARPIUM (see fruit, discocarpic fruits p. 189 and Fig. 2, 
p. 186)

SYNCARPOUS Adj. Carpels are united in flowers, fruits and 
ovaries. 

T
TEPAL Noun. Each segment of the floral perianth, sepal, or petal, 
in which there is no distinction between the calyx and the corolla.

TESTA Noun. The tissue of a seed, derived from the outer or 
unique integument of the ovule after fertilisation. The outer 
integument may remain fleshy or become lignified, to form 
a sarcotesta or sclerotesta, respectively. The fusion of the 
integuments to form a hard, dry layer, except around the micropyle 
is considered a derived character. In some species, 
the testa is covered by mucilage, hairs or fibres.

TETRAFOLIOLATE (see leaf p. 194)

TEXTURE Noun. The tactile character of a surface, distinguishable 
by touch. The following kinds of tissue textures are discussed in 
this book: 

Alveolate Adj. Describes a surface with a series of small pits, like 
a honeycomb.

Asperous Adj. Describes an uneven, irregular surface that is 
rough to the touch.

Bullate Adj. Describes a blistered leaf surface that is raised 
between the secondary veins. 

Carinate Adj. Describes a surface with raised parallel ridges, 
resembling keels.

Corrugate Adj. Describes a surface with raised parallel ridges 
similar to those on a carinate surface but rounded.

Lanuginous Adj. Characterises a surface covered with long, soft 
and tangled hairs. Synonym of wooly.

Oily Adj. Describes a greasy surface that contains or appears to 
contain oil.

Papillose Adj. Describes a surface with papillae. Covered by small 
growths, soft trichomes of varying sizes or papillae.

Reticulate Adj. Describes a surface with a network-like pattern.

Rugose Adj. Describes a surface with wrinkles, folds or pleats.

Scaly Adj. Describes a surface with scales.

Smooth Adj. Describes a surface lacking depressions or bumps, 
with a texture that is homogeneous to the touch.

Striate Adj. Describes a surface marked by lines of depressions or 
grooves.

Strumose Adj. Describes a surface with a covering of cushion-like 
swellings. Bullate.

Velvety Adj. Describes a soft surface, like velvet. Not necessarily 
associated with a particular kind of indumentum.

Verrucose Adj. Describes a surface with wart-like outgrowths.  
A verrucose texture is often associated with surfaces that are 
densely covered with lenticels.

Waxy Adj. Describes a smooth surface with a waxy film, usually 
arising from wax produced by plants. Waxed.

Wooly Adj. Characterises a surface covered with long, soft and 
tangled hairs, like wool. Synonym of lanuginous.

TOMENTOSE (see indumentum p. 191 and Fig. 3, p. 192)

TRANSLUCENT Adj. Almost transparent. Characterises an 
object that allows light to pass through but does not allow seeing 
clearly through it. Diaphanous.

TRICHOME Noun. Any unicellular or multicellular epidermal 
outgrowth, regardless of its shape, that forms a protuberance on 
the surface of plant organs. While hairs are the most common 
type of trichome, the term is broad and also encompasses other 
structures, varying from simple (e.g., papillae) to very complex 
(e.g., scales). When structures involve subepidermal cells, they 
are referred to as emergences. A hand lens can help distinguish 
between simple hairs and other, more complex structures such 
as bifid, trifid, stellate, dendritic, uncinate, arachnoid, T-shaped 
(malpighian), and glandular hairs, as well as bristles, aculei, 
scales, lepidote scales and papillae.

TRIFOLIOLATE (see leaf p. 194)

TRINERVED (see leaf venation types Fig. 13A, p. 198)

TRUNCATE (see leaf base Fig. 8, p. 196)

TURBINATE (see volumetric shapes Fig. 21, p. 206)

U
UMBEL (see inflorescence p. 192 and Fig. 4, p. 193)

UMBO Noun. A conical protuberance with a rounded tip, typically 
occurring in the centre of convex structures, such as the opercula of 
some Lecythidaceae fruits (see pyxidium details Fig. 18, p. 202)

UMBONATE Adj. Possessing an umbo.

(Striate - Umbonate)
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Figure 21. Volumetric Shapes.

Ellipsoid Falcate

GloboidGlobose

Campanulate

Conical Discoid

Angular

Ovoid Pyriform Reniform

TurbinateSemi-globose

UNDULATE Adj. Describes a smooth surface, 
but with ups and downs resembling little waves  
in the water surface.

UNIFOLIOLATE (see leaf p. 194)

UNIPOLAR (see germination p. 190)

UNISERIATE Adj. Characterises the arrangement of seeds in a 
pericarp in which they are organized in a single line.

V
VALVE Noun. Each portion of a dehiscent fruit, which typically 
has the same number of valves as carpels (or twice as many valves 
as carpels). Fruits that have two, three, or four valves are known 
as bivalve, trivalve, and quadrivalve, respectively. The term can 
also be applied to pyrenes and other structures. 

VEIN Noun. Each of the fibrovascular bundles present in the leaf 
blade and in other leaf-like organs. In most leaves veins are easy to 
see. Veins transport absorbed materials and assimilated products and 
also support the foliar parenchyma. The leaf midvein cross-section is 
a taxonomically informative feature (Fig. 11, p. 197)

VELVETY (see indumentum p. 191, texture p. 205 and Fig. 3, p. 192)

VENATION (see leaf venation types Fig. 13, p. 198)

VERNATION Noun. Synonym of prefoliation.

VERRUCOSE (see texture p. 205)

VERTICILLATE (see phyllotaxis p. 200 and Fig. 16, p. 200)

VILLOUS (see indumentum Fig. 3, p. 192)

VISCOUS (see consistency p. 184)

VOLUMETRIC SHAPES (see Fig. 21, p. 206)

Angular Adj. Irregular shape with sharp angles, edges and corners.

Campanulate Adj. Shaped like a bell. Synonym of campaniform.

Conical Adj. Shaped like a cone. 

Discoid Adj. Shaped like a disc. Thin, flat, and circular.

Ellipsoid Adj. Shaped like an ellipse.

Falcate Adj. Shaped like a sickle. More or less flat and curved. 
The term can be used for any degree of curvature. Synonym of 
falciform.

Globoid Adj. Shaped like a globe, but not perfectly regular and 
rounded.

Globose Adj. Shaped like a globe, regular and spherical.

Ovoid Adj. Egg-shaped.

Pyriform Adj. Pear-shaped.

Reniform Adj. Kidney-shaped.

Semi-globose Adj. Shaped like a semi-globe, one hemisphere.

Turbinate Adj. Shaped like an inverted cone, narrow at the base 
and broad at the apex.

(Undulate - Volumetric shapes)
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W
WAXY (see texture p. 205)

WING Noun. Any laminar, foliaceous, or membranaceous dilation 
or expansion that extends from the surface of organs such as 
branches, petioles, fruits or seeds. On seeds, wings may be a 
consequence of excess growth of the hilum, raphe, anti-raphe or 
integument(s).

WINGED (see petiole cross-section Fig. 12, p. 197)

WOODY (see consistency p. 184)

WOOLY (see texture p. 205)

WRINKLY Adj. Describes a surface with wrinkles.

(Waxy - Wrinkly)

wingseed
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Abarema cochleata  
(Willd.) Barneby & J.W.Grimes

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal

(a) 277473  
(b) 1301-5548

Acioa longipendula  
(Pilg.) Sothers & Prance

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237775

Acioa longipendula  
(Pilg.) Sothers & Prance

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277472

Acioa longipendula  
(Pilg.) Sothers & Prance

Brazil, Amazonas, Rio Preto da Eva - 
Eletrical power line (a) 277486

Ambelania acida Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237768

Aniba rosaeodora Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237807

Bocageopsis multiflora  
(Mart.) R.E.Fr.

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237769  
(b) 1202-1934

Bocageopsis multiflora  
(Mart.) R.E.Fr.

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-1968

Brosimum parinarioides Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 17220

Brosimum parinarioides Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277459

Buchenavia grandis Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237770  
(b) 1202-1066

Buchenavia grandis Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Porto Alegre (3114)

(a) 277471  
(b) 3114-242

Byrsonima spicata  
(Cav.) Rich. ex Kunth

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (a) 237771

Calophyllum brasiliense  
Cambess.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237772

Carapa guianensis Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 258149

Carapa guianensis Aubl. Brazil, Amazonas, Manaus - INPA Campus III (a) 258151

The records of fruits and seeds of numbered trees with a specimen deposit at INPA Herbarium (a) and/or BDFFP’s botanical collection (b).
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Carapa guianensis Aubl. Brazil, Amazonas, Manaus -  INPA Campus 
III (a) 258157

Carapa guianensis Aubl. Brazil, Amazonas, Manaus - Tropical 
Forestry Experimental Station - INPA (a) 268724

Carapa surinamensis Miq. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 258150

Carapa surinamensis Miq. Brazil, Amazonas, Manaus - INPA Campus III (a) 258152

Carapa surinamensis Miq. Brazil, Amazonas, Manaus - INPA Campus III (a) 258158

Carapa surinamensis Miq. Brazil, Amazonas, Manaus - Tropical 
Forestry Experimental Station - INPA (a) 268723

Cariniana micrantha Ducke Brazil, Amazonas, Manaus - BDFFP - ECA - 
Colosso (1202)

(a) 237773  
(b) 1202-3252

Cariniana micrantha Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57536

Cariniana micrantha Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57548

Catostemma albuquerquei Paula Brazil, Amazonas, Manaus - BDFFP - ECA 
Colosso (1202)

(a) 237774  
(b) 1202-1715

Cedrela odorata L. Brazil, Amazonas, Manaus - INPA Campus I (a) 161417

Cedrela odorata L. Brazil, Amazonas, Manaus - INPA Campus I (a) 277456

Cedrela odorata L. Brazil, Amazonas, Manaus - INPA Campus I (a) 277476

Cedrelinga cateniformis  
(Ducke) Ducke

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 179458

Cedrelinga cateniformis  
(Ducke) Ducke

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57711

Clarisia racemosa Ruiz & Pav. Brazil, Amazonas, Manaus - BDFFP - ECA 
Colosso (1202)

(a) 237808  
(b) 1202-2928

Compsoneura ulei Warb. Brazil, Amazonas, Manaus - BDFFP - ECA (a) 277465

Conceveiba hostmannii Benth. Brazil, Amazonas, Manaus - BDFFP - ECA 
Colosso (1202)

(a) 237776  
(b) 1202-4885

Conceveiba hostmannii Benth. Brazil, Amazonas, Manaus - BDFFP - ECA 
Colosso (1202)

(a) 277460  
(b) 1202-1881

Copaifera multijuga Hayne Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237777

Copaifera multijuga Hayne Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 55747
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Copaifera multijuga Hayne Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57696

Couma guianensis Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277461

Couma guianensis Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 55357

Dinizia excelsa Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (a) 237778

Dinizia excelsa Ducke Brazil, Amazonas, Manaus -  INPA Campus 
III (a) 277489

Dinizia excelsa Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57718

Duckeodendron cestroides Kuhlm. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237779  
(b) 1202-1667

Duckeodendron cestroides Kuhlm. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 55715

Duguetia chrysea Maas Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 277462 
(b) 1301-4097

Duguetia chrysea Maas Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 277463  
(b) 1301-4097

Duguetia chrysea Maas Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1302-1155

Eperua duckeana R.S.Cowan Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 179555

Eperua duckeana R.S.Cowan Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 179555

Eperua duckeana R.S.Cowan Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277487

Ephedranthus amazonicus R.E.Fr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (a) 277467

Ephedranthus amazonicus R.E.Fr. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277488

Ephedranthus amazonicus R.E.Fr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1113) (b) 1113-106

Eschweilera amazoniciformis  
S.A.Mori

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 180072

Eschweilera amazoniciformis  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 239545  
(b) 1202-5683

Eschweilera coriacea  
(DC.) S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237780  
(b) 1301-5108

Eschweilera coriacea  
(DC.) S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-1458
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Eschweilera coriacea  
(DC.) S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-1659

Eschweilera cyathiformis  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237781  
(b) 1202-4892

Eschweilera cyathiformis  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-5528

Eschweilera cyathiformis  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-5662

Eschweilera pseudodecolorans  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 277474  
(b) 1202-5738

Eschweilera pseudodecolorans  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 277479  
(b) 1202-3807

Eschweilera pseudodecolorans  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-2363

Eschweilera romeu-cardosoi  
S.A.Mori

Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Florestal (1113)

(a) 237782  
(b) 1113-33

Eschweilera romeu-cardosoi  
S.A.Mori

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-3094

Eschweilera truncata A.C.Sm. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237783  
(b) 1301-4027

Eschweilera truncata A.C.Sm. Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Dimona (2206)

(a) 277480  
(b) 2206-3378

Eschweilera truncata A.C.Sm. Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Florestal (1113) (b) 1113-475

Eschweilera truncata A.C.Sm. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-3287

Eschweilera wachenheimii  
(Benoist) Sandwith

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237784  
(b) 1301-28

Eschweilera wachenheimii  
(Benoist) Sandwith

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 277458  
(b) 1202-4688

Eschweilera wachenheimii  
(Benoist) Sandwith

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-2049

Eschweilera wachenheimii  
(Benoist) Sandwith

Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Dimona (2206) (b) 2206-146

Glycydendron amazonicum Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 189712

Glycydendron amazonicum Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 239546

Goupia glabra Aubl. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (a) 277464

Guarea carinata Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237809  
(b) 1301-4625
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Guarea carinata Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-57

Guarea silvatica C.DC. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237785  
(b) 1202-2409

Guatteria olivacea R.E.Fr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Porto Alegre (a) 237786

Guatteria olivacea R.E.Fr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202/7400

Gustavia elliptica S.A.Mori Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 277457  
(b) 1202-1527

Gustavia elliptica S.A.Mori Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277477

Helicostylis tomentosa  
(Poepp. & Endl.) Rusby

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237810  
(b) 1202-2029

Helicostylis tomentosa  
(Poepp. & Endl.) Rusby

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 54767

Hevea brasiliensis  
(Willd. ex A.Juss.) Müll.Arg. Brazil, Amazonas, Manaus - INPA Campus I (a) 237787

Hevea guianensis Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 185539

Hevea guianensis Aubl. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237788  
(b) 1202-156

Hevea guianensis Aubl. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 57786

Hymenaea intermedia (Ducke)  
var. intermedia

Brazil, Amazonas, Manaus - Industrial 
District (a) 237811

Hymenaea parvifolia Huber Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237789  
(b) 1202-563

Iryanthera juruensis Warb. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237790

Iryanthera juruensis Warb. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 60198

Iryanthera laevis Markgr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237812  
(b) 1301-5100

Lacunaria jenmanii (Oliv.) Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 185469

Lacunaria jenmanii (Oliv.) Ducke Brazil, Amazonas, Manaus - INPA Campus I (a) 277468

Lacunaria jenmanii (Oliv.) Ducke Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277483

Lecythis barnebyi S.A.Mori Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (a) 237791
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Lecythis barnebyi S.A.Mori Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-1000

Lecythis prancei S.A.Mori Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237792  
(b) 1301-3758

Lecythis prancei S.A.Mori Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-4337

Maquira sclerophylla  
(Ducke) C.C.Berg

Brazil, Amazonas, Manaus - Tropical 
Forestry Experimental Station - INPA (a) 277469

Matayba stenodictya Radlk. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 188267

Minquartia guianensis Aubl. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237813  
(b) 1202-4992

Minquartia guianensis Aubl. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Cabo Frio (3402) (b) 3402-162

Mouriri collocarpa Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237814  
(b) 1301-3566

Naucleopsis caloneura  
(Huber) Ducke

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237793  
(b) 1301-1778

Naucleopsis caloneura  
(Huber) Ducke

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 277478  
(b) 1301-1778

Naucleopsis caloneura  
(Huber) Ducke

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-3313

Naucleopsis caloneura  
(Huber) Ducke

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301) (b) 1301-3700

Osteophloeum platyspermum 
(Spruce ex A.DC.) Warb.

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 175378  
(b) 1301-3257

Pachira nervosa  
(Uittien) Fern.Alonso

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 179382

Pachira nervosa  
(Uittien) Fern.Alonso

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277481

Pachira nervosa  
(Uittien) Fern.Alonso

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 55380

Parkia multijuga Benth. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (a) 237794

Parkia multijuga Benth. Brazil, Amazonas, Manaus - INPA Campus I (a) 277490

Parkia multijuga Benth. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-3970

Parkia multijuga Benth. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-4608

Parkia nitida Miq. Brazil, Amazonas, Manaus - Vivenda Verde (a) 237795
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Parkia pendula  
(Willd.) Benth. ex Walp.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237796

Parkia pendula  
(Willd.) Benth. ex Walp.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 55704

Peltogyne paniculata Benth. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237797

Pourouma melinonii Benoist 
subsp. melinonii

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237817  
(b) 1202-5315

Pouteria guianensis Aubl. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237798  
(b) 1301-0002

Pouteria jariensis  
Pires & T.D.Penn.

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237799  
(b) 1202-373

Pouteria jariensis  
Pires & T.D.Penn.

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-5109

Protium apiculatum Swart Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 235303  
(b) 1202-834

Protium apiculatum Swart Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Dimona (2206)

(a) 235304  
(b) 2206-460

Protium apiculatum Swart Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237800  
(b) 1301-3744

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus,  BDFFP-ECA - 
Porto Alegre (3209)

(a) 235306  
(b) 3209-2068

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (a) 237801

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 277455  
(b) 1202-2465

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 277482  
(b) 1301-3170

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1113-97

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-1174

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-3463

Protium decandrum  
(Aubl.) Marchand

Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-4128

Protium hebetatum D.C.Daly Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 235300  
(b) 1202-1593

Protium hebetatum D.C.Daly Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 235301  
(b) 1202-2041



219

Amazonian Fruits, Seeds & Seedlings

Botanical Records

SPECIES LOCATION SPECIMENS

Protium hebetatum D.C.Daly Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237802  
(b) 1202-173

Protium hebetatum D.C.Daly Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-192

Protium hebetatum D.C.Daly Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202) (b) 1202-596

Protium klugii J.F. Macbr. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 184966 

Protium peruvianum Swart Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 239547  
(b) 1202-519

Protium spruceanum  
(Benth.) Engl.

Brazil, Amazonas, Manaus - Tropical 
Forestry Experimental Station - INPA (a) 237803

Scleronema micranthum  
(Ducke) Ducke

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237804

Scleronema micranthum  
(Ducke) Ducke

Brazil, Amazonas, Manaus - Tropical 
Forestry Experimental Station - INPA (a) 277485

Swartzia polyphylla DC. Brazil, Amazonas, Manaus -  INPA Campus 
III (a) 237805

Swartzia recurva Poepp. Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 188453

Swartzia recurva Poepp. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (1202)

(a) 237815  
(b) 1202-6055

Swartzia reticulata Ducke Brazil, Amazonas, Manaus - BDFFP-ECA - 
Florestal (1301)

(a) 237806  
(b) 1301-475

Swartzia tessmannii Harms Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 178947

Swartzia tessmannii Harms Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 237816

Swartzia tessmannii Harms Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277484

Trymatococcus amazonicus  
Poepp. & Endl.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 183501 

Trymatococcus amazonicus  
Poepp. & Endl.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277466

Trymatococcus amazonicus  
Poepp. & Endl.

Brazil, Amazonas, Manaus - Adolpho Ducke 
Forest Reserve (a) 277470

Xylopia amazonica R.E.Fr. Brazil, Amazonas, Manaus - BDFFP-ECA - 
Colosso (a) 277475
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Strategically knowing the natural history of trees



The Guide to the Amazonian Fruits, Seeds & Seedlings 
provides details of 75 tree species including description 

of fruits, seeds and seedlings, the germination process, 
comparative foliar morphology of seedlings and adults, 
and reproductive phenology. Images and texts are 
organized to facilitate the recognition of species at 
different stages of development.
The authors hope that this book will increase knowledge 
about the natural history of species and the understanding 
of forest dynamics, thus contributing to the conservation 

responsible manner.
The book will also be useful for nurseries, farmers, 
conservationists and technicians concerned with the 
rehabilitation of degraded areas, students and teachers of 
courses such as Ecology, Biology, Botany, Agronomy and 
Forestry Engineering.


