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ABSTRACT: This research studies archaeological samples of maize (Zea mays mays) and cassava (Manihot
esculenta), from Januaria, MG, Brazil, for samples between 1010 (for the oldest sample) and 570 years (for the
most recent) as estimated through radiocarbon dating. Maize cobs were morphologically analysed by using length,
basal and apical diameters, largest diameter, number of rows, number of grains per row, and number of grains per
row per length parameters. The maize cob length presented increases through time, allowing an increase on the
number of seed per cob, but the size of seeds did not vary significantly. Starch present in the reserve organs of the
maize and cassava were analysed morphologically through Scanning Electron Microscopy, and compared to
indigenous and modern samples, aiming to estimate the diversity of the material and, for the cassava, to assure that
samples were truely Manihot sp. The starch of the maize and cassava reserve organs was in excellent state of
conservation and the morphology of the starch grains allowed the separation of maize varieties. More than one
variety of maize was found on a same period of time, suggesting that the old indigenous people of the area planted
different varieties of maize simultaneously and these varieties changed through the studied period of time. Finally
archaeological starch grains of maize presented more diverse standards than modern grains.
Key words: Zea mays, Manihot esculenta, archaeology, indigenous, starch

MATERIAL ARQUEOLÓGICO PARA O ESTUDO DE
EVOLUÇÃO DE PLANTAS CULTIVADAS

RESUMO: Amostras arqueológicas de milho (Zea mays mays) e mandioca (Manihot esculenta), oriundas da
região de Januária, Minas Gerais, Brasil, com idades estimadas entre 1010 anos para a amostra mais antiga, até
570 anos para as mais novas, foram estudadas morfologicamente. No caso do milho, tomaram-se medidas de
comprimento da espiga, diâmetro basal, diâmetro apical, diâmetro maior, número de fileiras, número de grãos por
fileiras e número de grãos por fileiras por comprimento. O tamanho da espiga aumentou com o tempo, permitindo
aumento da quantidade de sementes, mas sem que estas sementes sofressem uma variação significativa em seu
tamanho. Amostras de grãos de amido das sementes de milho e do tubérculo de mandioca foram estudados por
meio de microscopia eletrônica de varredura e comparadas com amostras de raças indígenas e etnovariedades,
para estimar a diversidade deste material e, no caso do tubérculo, para certificação que se tratava realmente de
mandioca e não uma outra espécie. O amido dos órgãos de reserva do milho e mandioca encontram-se em excelente
estado de conservação e, através da morfologia dos grãos de amido foram separadas raças ou variedades de milho.
Constatou-se a presença de mais de uma raça de milho em um mesmo período de tempo e estas raças foram
variando ao longo do período analisado (de 1010 a 570 anos atrás). A variabilidade dos grãos de amido das
amostras arqueológicas de milho se apresentou maior do que as amostras atuais utilizadas.
Palavras-chave: Zea mays, Manihot esculenta, arqueologia, indígena, amido

INTRODUCTION

The study of the domestication of plants practically
began in 1886 with the pioneer work of Alphonse
de Candolle (Candolle, 1959), and increased with the
development of the methodology of differential
fitogeography of Vavilov (1926), quoted by Harlan (1975),
Today it is experiencing great expansion as a result of joint
analyses methodologies (Harlan, 1975). These methodolo-

gies deal with evidences obtained from the plants them-
selves, including the live material (experimental taxonomy,
ecology, genetic systems, variation patterns, genetic recon-
struction) and archeological material (archaebotanic,
palinology, paleobotanic), the activity of contemporary men
(language, oral tradition, techniques, nutrition) and the past
(history, art, archeology, physical anthropology) and other
sources (geology, hydrology etc.) (Harlan & De Wett,
1973).
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The studies on the origin of agriculture and, conse-
quently, on the domestication of plants and animals, impli-
cate in different aspects. Four fundamental questions have
been formulated for decades: Where did agriculture begin?
When did it happen? Which processes were used? And why
did men stop being a collector and a hunter, and start pro-
ducing its food systematically?

During the long evolutionary history of human race,
man has survived gathering plants, hunting and fishing, but
only about 10 to 15 thousand years ago he started the de-
velopment of agriculture and the domestication of animals.
Research, as expected, has concentrated its attention to an-
cient civilization areas, where there is a large amount of ar-
cheological evidences. In tropical areas, like Brazil, these
studies are still restricted to only a few groups of work. Nev-
ertheless, archeological work in Brazil (Prous, 1986; 1991;
Roosevelt, 1996) has evidenced the existence of rupestre art
indicating vegetal gather activity and agriculture, and what
is extremely important, have found vegetal archeological
material in large amounts and in excellent preservation con-
ditions, allowing taxonomic analysis of the material with the
possibility of establishing relations to races still cultivated
nowadays by indigenous people.

In this context, the recent discoveries of cultivated
materials in several archeological sites of Brazil, mainly in
the north of the Minas Gerais State, allow to know a little
more about the agriculture, as it was performed during the
pre-colonial Brazil, bounding archeological, historical and
contemporary data. The analysis of these archeological ma-
terials contributes effectively, not only to classify them taxo-
nomically, but also to understand the evolutionary dynam-
ics of the plant domestication process in tropical areas.

Complementing this context, the analysis of the pro-
cess of handling plants, traditionally cultivated by indig-
enous Brazilian people, is offering important information that
has allowed to formulate hypothesis on the evolutionary dy-
namics of these plants, and the elaboration of models on the
evolution of crops in the lowlands of South America (Mar-
tins, 1994).

MATERIAL AND METHODS

The material used was divided in two parts: one made
up by archeological material and the other by accessing the
Germplasma Genebank of CNPMS, EMBRAPA. This mate-
rial was obtained through archeological excavations of late
1970s, in old rock shelters used by pre-historical man in the
Vale do Peruaçu, in the region of Januária-MG (15° 29’ 27”S,
44° 21’ 32”W), North of the State of Minas Gerais (Figure
1), by the co-workers of Dr. André Prous, the “Museu de
História Natural de Minas Gerais - UFMG”. Throughout this
valley, a high amount of vestiges that man was in that region
since at least 10,000 years ago can be found, a fact revealed
first by the enormous quantity of rupestre paintings present
in many archeological sites of the region, and later the mate-

rials found in escavations, like tools made of stone, ceramic
pots, human skeletons and vegetal vestiges.

The vegetal material is made up, in its major part
of maize cobs (Zea mays mays), some of them complete with
seeds and husk, but most of them were cob without seeds.
Also present were a great amount of maize seeds, besides
coal fragments, “coconut” Guariroba (Syagrus oleracea);
manioc (Manihot esculenta); cotton seeds (Gossypium sp.);
peanut (arachis sp.); passion fruit (Passiflora sp.); “cabaça”
(Legenaria Vulgans); “urucum” (Bixa orellana), among oth-
ers. All this material is characterized by its excellent state
of preservation.

This vegetal material was buried and arranged in an
underground storage “silo”, made up of an interlaced palm
fiber basket in which the vegetal material was deposited and
then covered with the same interlaced fiber, put inside a hole
dug on the ground, and over the “silo”, soil and fire ash was
added, diminishing insect attack.

The analyzed material came from 10 “silos” of 2 ar-
cheological sites of the Vale do Peruaçu: 1. Boquete (most
part of the material) and 2. Lapa da Hora. In this first pe-
riod of research, the analyses were concentrated over
samples of maize (Zea mays mays) and manioc (Manihot
esculenta) samples.

For comparison, 21 accesses of indigenous maize
seeds and of ancient commercial varieties were obtained
from the Germplasma Genebank of “EMBRAPA – Milho e
Sorgo”, in Sete Lagoas, Minas Gerais, Brazil. The date of
the archeological material was estimated using the method-

Figure 1 - Map with the localization of the region where the samples
were found, in caves and shelters of Vale do Peruaçu,
Januária, Minas Gerais, Brazil.
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ology of radiocarbon dating, by spectrometry of liquid scin-
tillation with benzene (Pessenda & Camargo, 1991).

For the time dating, samples of “coconut” (Syagrus
oleracea) fragments and charcoal were found inside the “si-
los” in such a way that the samples of maize and manioc
could be preserved, were used. Related to morphology, the
following measurements were made on maize cobs (female
inflorescence): major, basis and top cob diameters; cob
length; number of seed rows; number of seeds per row; and
relation between the length of the cob and the number of
seeds per row.

Data were then analyzed statistically (Steel &
Torrie, 1960; Sneath et al., 1973; Caanings & Hoppensteadt,
1982), trying, throughout the external morphology, to com-
pare different “silos” to know if the maize belonged to an
unique race or to more than one, and if there is any differ-
ence in the material found inside the “silos”, among the “si-
los”, among the archeological sites, and along the past and
present time.

Starch, present in the storage organs of the plants is,
after cellulose, the most abundant component processed by the
vegetal cell (Swinkels, 1985). The starch morphology is spe-
cific for each species (Hall & Sayre, 1970; Gallant & Bouchet,
1978; Galliard, 1987; Freitas, 1996), a fact that is used to iden-
tify species when they cannot be clearly identified by external
morphology (Ugent et al., 1986), as it is the case in the present
study, with the fragments of the archeological tubercle, which
could be of a manioc or any other species. The starch is used
to compare present species with archeological materials to
verify if some evolution in the structure of the starch through
time could be detected and, in the case of maize, if it could
be used to distinguish different races of that species (Evans,
1941; Boyer et al., 1976; Gallant & Bouchet, 1978; Freitas.
1996).

For that purpose, a small quantity of starch from the
storage tissue of the maize seed and of the tubercle were
used, which were analyzed in an scanning electron micro-
scope – SEM, model Zeiss DSM 940A, using 5kV. A small
sample of starch was collected and placed on a carbon ad-
hesive tape pair-face, prepared directly on the microscope
blade (stub), and covered with gold for 120 seconds. From
each sample of the material 300 grains of starch were mea-
sured, in a total of 6300 grains of starch measured from the
accesses of the germplasma genebank, and 4800 grains from
the archeological material. From each grain of starch two
measurements were taken, the longest length and the long-
est orthogonal in relation to the first measurement. The re-
lation between these two measurements was also calculated
to have a pattern of the form of the grains, since some grains
were well rounded and others longer or elliptical.

A statistical analyzes was made for the interpreta-
tion of the data, using the analyses of variance, and later,
the test of Turkey, to compare the averages of starch grains
(Steel & Torrie, 1960).

RESULTS AND DISCUSSION

Age of the material
The determined age of corn ranged from 1010 ± 80

years for the oldest sample, until 570 ± 60 years for the most
recent one, with other samples with intermediary ages. The
manioc tubercle is 860 ± 60 years old. These samples of cul-
tivated crops are among the oldest dated in Brazil in a de-
finitive way, indicating the importance of the material and
of the archeological sites.

On the other hand, all this material belongs to the
pre-colonial period, which has no documented history in
written records, the dating remaining as a researcher duty
in order to have the history of the native population, better
elucidated. These dates indicate that the population of this
region was already cultivating maize for at least 1000 years
ago, and continued this process during the 500 following
years. However, there are evidences of the use of these shel-
ters for at least 10,000 years, and the number of “silos” dated
is only a small sample of what exists. There is a great chance
that the maize could have been introduced to this region be-
fore 1000 years, mainly because of the diversity of races that
already existed in that period of time, determined by the ana-
lyzes of the starch of seeds from this “silo”, and also from
the great morphological difference existing among the dif-
ferent samples of maize cobs, as well the color and morphol-
ogy of the seeds.

Attention must be paid to the fact of the existence
of untouched maize ears belonging to the same “silo”. These
ears have different forms, and distinct aleuronic color, some
orange and others purple-brown, with no segregation of
color in a same ear, i.e., apparently there are different “pure”
races in one “silo”. A difference in color and form among
them, without indication of segregation in a same maize ear,
suggests that the inhabitants of that place owned more than
one field of plantation, or they planted distinct races of maize
in different periods, so that the crossing among them was
not allowed, because if it happened, it would result in ears
with seed segregation, i.e., with more than one color in the
same ear. This fact suggests that the maize was already im-
portant in the culture of these people, and that they knew
the maize reproductive habit, so that their contact with the
maize must have happened before this specific time, as sug-
gested by Prous (1986) and Bird e. al. (1991), who believe
that the maize was already grown in that region before the
year 4000, fact based upon the sedimentary time level in
which some samples were found, still needing a more di-
rect dating to confirm this fact.

Regarding the nature of the “silos”, an alternative
hypotheses is that they were, in fact, part of religious ritu-
als and not objects to store for further consumption, mainly
because the large amount of “silos” found, presented no
signs that at any moment they have been used after been bur-
ied. An observation that reinforces this hypothesis is that part
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of this material seems to have been used before it was stored,
is shown for one manioc fragment, which present signs that
it has been grated. In addition, all fragments of Guariroba
“coconut” indicates that they were broken for the possible
use of their almonds, and only their broken barks were put
in the “silo”.

Ear analyzes
From all the analyzed data, the one that required

more attention was the number of seed rows in the ear that,
depending on the sample, varied from 6 to 18 rows, indi-
cating the existence of a great diversity, even inside of an
unique “silo”, appearing since primitive race types, charac-
terized by the presence of a few rows of seeds in the ear,
until more elaborated races, with a higher number of rows,
(Freitas, 1996). In addition, the comparison among the num-
ber of seeds per row and the number of seeds per row per
length is interesting, because when these data are analysed
together with the age of the material, it could be seen that
there was a tendency of the number of seeds per row per
length to be maintained constant along the time, whereas the
number of seeds per row increased with the time. The in-
crease of this relation and a certain stability in the other
means that, in terms of evolution, the length of the maize
ear was becoming higher with the time, allowing an increase
in the quantity of seeds, but with no significant variation in
the seeds size.

Starch analyzes
The first observed fact through the scanning elec-

tron microscope was the integrity of the starch grains, show-
ing that these resist very well along the years they were bur-
ied and that they are an important object for study.

Sixteen archeological maize seeds from seven “silos”
were analyzed and were compared to 21 accesses from the
germplasma genebank, in which the archeological material
presented a variability at least two times greater than the
germplasm samples together, confirming the existence of a
great diversity of races in the archeological material, due to
several patterns found, as in relation to the morphology of the
grains, as in the distribution in size classes. For a better de-
scription of these data and analyses see Freitas (1996).

All the analyzes with the archeological material pre-
sented a great diversity of races, in the same period of time.
The characterization of these races is very important as a tool
for the understanding of possible human/plants migration
routes, or to know human contact areas among ancient pre-
historical population. Knowing where and when some races
appeared in Brazil and in South America, leads to a better
idea of where given crops entered and spread along Brazil,
and which were the races that were there developed.

In addition, the valorization and study of contem-
porary indigenous populations can allow to understand how
people in the past handled their plants, and how these ways

of handling contributes to the generation of new crop races,
so that models on the evolutionary history of some kinds of
species could be better formulated.
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