
MAIZE: ORIGIN,

DOMESTICATION,

AND ITS ROLE IN THE

DEVELOPMENT OF

CULTURE

DUCCIO BONAVIA

Translated by javier florjes espinoza

with appendix by ALEXANDER grobman

grg Cambridge
UNIVERSITY PRESS



Contents

Figures List

/lcknowledjjmoits from the Spanish Edition

Acknowledgments to the English Edition

1 The Maize Problematic

The Geographical Distribution ofMaize

Description ofthe Plant

Origin of the Name

Taxonomy

2 Maize as Seen by Europeans
The First News

Early Data on Maize in South America

A History ofthe Name

3 The Origin of Maize

Wild Maize

Teosintc

Tripsacum
'The Hypotheses Rejjardinjj the Origins ofMaize: Proposals and

('onn tcrproposaIs
Less Important Hypotheses

Tripsacum as a Hybrid ofMaize and Manisuris

A Comprehensive Overview

The Fossil Pollen from Bellas Artes (Mexico)

4 The Domestication of Mai/e

'The Hypothesis of Domestication in Alesoamerica Alone

'The Hypothesis of hidependent Domestication in the

Mesoamcrican and Andean Areas

Cause* That Led to Domestication

Causa 'lhat Led to the Disappearance of Wild Maize

Factors 'lhat Broujjht about the Major Evolutive

Chatiges in Maize

'Fhc Diffusion of Maize to South America

pajje xi

xiii

xvii

1

6

6

7

8

14

14

17

18

22

23

24

32

38

48

53

S3

55

61

62

66

77

78

78

79



viii

Genetic Information
Chromosome Knobs

Pollen

Phytoliths

5 The Archaeological Evidence

Canada

United States

Mexico

Guatemala

Belize

Honduras

El Salvador

Costa Rica

Panama

Dominican Republic
Puerto Rico

Venezuela

Colombia

Ecuador

Peru

Chile

Brazil

Uruguay

Argentina

6 The Role of Maize in Andean Culture

7 Maize as Seen by the First Europeans

8 The Dispersal of Maize around the World

9 Chicha

10 Discussion and Conclusions

Appendix. Origin, Domestication, and Evolution ofMaize: New

Perspectivesfrom Cytogenetic, Genetic, and Biomolecular Research

Complementing Archaeological Findings
ALEXANDER GROBMAN

Introduction

Maize Origin, Domestication, and Evolution

Theories on the Descent ofMaize and Its Relatives: I

Maize Domestication and the tbl Gene

Theories on the Descent ofMaize and Its Relatives: II

Origin and Preservation ofMaize Genes

Allelic Diversity in Maize Gene Sequences
The Early Phases ofMaize Domestication

Reduction ofthe Variability ofMaize after Domestication

Anthocyanin Synthesis and Its Relation to Maize Evolution

Contents

88

106

113

115

118

119

119

122

138

139

139

139

139

140

142

143

143

144

145

156

210

215

215

216

221

234

250

258

272

329

329

330

333

358

360

366

368

370

372

373



Contents ix

The Evolution of Inflorescence Development in

Maize and Teosinte 376

The Directional Evolution ofMicrosatellite Size in

Maize 377

Evidence ofTeosinte Introgression 379

Biochemical Techniques Used in the Taxonomy ofthe

Maydeae 384

Gene Evolution and Species Evolution 384

Plant Molecular Genetics and the Needfor
Additional Research 389

Estimation of Gene Number in Maize 390

B Chromosomes and the Evolution ofMaize 392

miRNA in Maize 399

The Structure of the Maize Plant 400

Key Genes Involved and Their Variation in the Process

ofMaize Domestication 402

Supervenes 415

Domestication Genes 416

Protracted Age ofPlant Domestication 419

The Origin ofGenome Diversity in Maize 423

Gene Duplication 423

The Role ofGene Flow in Plant Speciation 431

The Effect of Cytoplasm on the Evolution ofZea 435

Maize Chromosome Divergence 439

The Evolution ofthe Maize Nuclear Genome 443

Genomic Imprinting 447

Recent Research on the Races ofMaize 451

Transposons or Transposable Elements 456

Paramutation 463

Heterochromatin 465

Chromosome Knobs 466

The Time ofArrival ofMaize in South America 474

Final Thoughts 476

Concluding Statement 484

Afterword 487

Bibliography 489

Index 559



Figures List

1.1. A sample of modern maize specimens. page 12

1.2. Another sample of modern maize specimens. 13

2.1. One of die earliest drawings of maize made in Europe. 19

3.1. The various hypotheses regarding the origin and variability
of maize according to Alexander Grobman. 41

5.1. Cobs from the Tehuacan Valley, Mexico, showing the full

evolutive sequence of domestication from c. 5000 BC

(the small cob, on the left) to AD 1500 (the largest cob,
on the right). 128

5.2. The Guild Naquitz Cave, 5 km to the northwest of Mitia

(Mexico). 134

5.3. A Proto-Confite Morocho cob fragment with eight rows of

kernels and prominent outer glumes, apparently coriaceous

(Cerro Guitarra). 161

5.4. A Proto-Confite Morocho cob with eight rows of kernels

(Cerro Guitarra). 161

5.5. A reconstruction of Los Gavilanes (Huarmey) by
Felix Caycho Quispe, following guidelines laid down

by Duccio Bonavia. 167

5.6. A tassel with primary branches distributed along a central

branch that ends in a formation of virtually polystichous

spikelets from Los Gavilanes. 170

5.7. A Proto-Confite Morocho cob showing soft and

extended membranous glumes of a semi-tunicate type

(Los Gavilanes). 171

5.8. A typical Confite Chavinense cob with 16 irregular rows,

fasciated, with large glumes and slightly tripsacoid

(Los Gavilanes). 171

5.9. Three Confite Chavinense cobs that correspond to

semispherical, short-length ears, similar in length to the

remains found in the most ancient strata at Tehuacan

(Mexico) (Los Gavilanes). 172



xii Figures List

5.10. A typical Proto-Kculli cob from Los Gavilanes. 173

5.11. An ideotype of ramified ears tiiat may have been die

original form of wild maize, with axillary hermaphroditic
inflorescences. 174

5.12. Pollen grain, Los Gavilanes, Epoch 2, with its surface

enlarged by 10,000 and showing the uniform distribution

of the spinules. This corresponds to a pure maize. 175

5.13. Pollen grain, Los Gavilanes, Epoch 2, with its surface

enlarged by 10,000 and showing the loss of the spinules

(see arrow), which according to Umesh Banerjee
indicates a relation with Tripsacum. 177

5.14. A fragment of a preceramic cob (ASID-1 = 2) from

Aspero. It is an evolved form of Proto-Confite Morocho. 183

5.15. A fragment of a preceramic cob (AS1V-3 = 3) from

Aspero. It is a more evolved race than Proto-Confite

Morocho and may mark the transition toward more

advanced races. 183

5.16. A preceramic cob from Aspero (ASIV-4 = 5) with 10

spiraling irregular rows, possibly of a purple cob color and

an overall cylindrical form, with horny glumes. It is a race

that is more evolved than Proto-Confite Morocho. 184

6.1. A drawing by Felipe Guaman Poma de Ayala

(1936: 1047 [1157]) showing the harvest of maize in

May, "... when they have to pile up the maize, peel it and

shell it, removing die seeds and having the best maize

placed aside to eat, and setting out the worst to make

chicha...." 223

6.2. A drawing by Felipe Guaman Poma de Ayala
(1936: 776 [792]) showing a cacique principal
(Indian chieftain). 228

9.1. A drawing from Girolamo Benzoni's Historic del Mondo

Nuovo. It shows Indians preparing hicha in the Antilles. 259

A.l. A phylogeny of selected grass tribes and species. 445


