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Phytolith Analysis of Archeological Soils:

Evidence for Maize Cultivation in Formative Ecuador

Abstract. Soil samples from the archeological sites of Real Alto and OGCh-20,
Santa Elena Peninsula, Ecuador, show the presence of cross-shaped silica bodies
identifiable as maize (Zea mays L.) phytoliths by size comparison with known wild
grass and maize phytoliths. These results support arguments for the cultivation of

maize at 2450 B.C. in coastal Ecuador.

In attempting to reconstruct the sub-
sistence systems of prehistoric peoples,
archeologists have come to rely on tech-
niques such as soil flotation and pollen
analysis to recover the remains of uti-
lized wild plants and cultigens. The re-
covery of phytoliths, silica bodies pres-
ent in the epidermal cells of some plant
groups, is a technique less known to
American archeologists. It has been used
in Europe, the Middle East, and Japan to
indicate the presence of cultivated
grasses in sites with poor botanical pres-
ervation (/). During the University of II-
linois excavations of the Valdivia culture
(3000-1500 B.C.) site Real Alto and the
Machalilla (1500-1000 B.C.) site OGCh-
20 in the Santa Elena Peninsula, Ecua-
dor, soil samples were taken for phyto-
lith analysis to test for the presence of
maize (Zea mays L.) at these sites (2).
Preliminary efforts to distinguish maize
phytoliths from phytoliths present in the
native grasses of the peninsula have giv-
en positive results. Cross-shaped phy-
toliths distinguishable as maize have
been found in ten archeological soil sam-
ples.

As plants grow and take up water from
the soil, they absorb dissolved minerals,
including silica. Silica is deposited in the
epidermal cells of the leaves, both across
the veins and between them. In many
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taxa, distinctively shaped bodies are
formed when the silica completely fills a
cell 3, 4). In the grasses, phytolith types
can be associated with distinctive tribes
or genera and distinguished from herba-
ceous or tree phytoliths. Identification of
the parent plant from phytoliths depos-
ited in the soil is possible, particularly
when quantitative data on the frequency
of occurrence of the types are available
(5). Agronomists and soil scientists have
used the occurrence of phytoliths depos-
ited in soils as the result of plant decay or
burning to determine the composition of
an area’s flora in previous epochs. Areas
of grassland vegetation can be distin-
guished from those of woodland on this
basis (6).

Leaves of maize and ten genera of wild
grasses occurring in coastal Ecuador
were used as comparative materials in
this study. During the 1975 rainy season
on the Santa Elena Peninsula, I collected
native grasses and identified them to ge-
nus. I selected from this collection the
genera Aristida, Bouteluoa, Cenchrus,
Chloris, Dactyloctenium, Eleusine, Era-
grostis, Panicum, and Ischaemum for
this study. Tripsacum grown in Illinois
was also included. These genera were se-
lected to include a variety of phytolith

types, including the cross-shaped type
which characterizes maize (). The
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Table 1. Percentages of cross-shaped phytoliths in each of the four size categories for three
genera of wild grasses, for each race of maize studied, for the average of these races of maize,
and for the archeological material. The size categories are: small, 6.87 to 11.40 wm; medium,
11.45 to 15.98 um; large, 16.03 to 20.56 wm; and extra large, 20.61 to 25.19 um,

Size
Material
Small Medium Large Extra
large

Wild grasses

Tripsacum 25 75 0 0

Cenchrus 20 80 0 0

Eleucine 100 0 0 0
Races of maize

Mischa 12 63 25 0

Mischa-Huandango 0 46 52 2

Sabanero 7 81 12 0

Morochon 9 50 41 0

Purple flint 77 23 0 0

(C) Patillo 6 79 15 0

Canguil 12 74 14 0

(O) Patillo 0 50 48 2

Cuzco 0 25 62 13
Maize, average 13 S5 30 2
Archeological 12 52 36 0

maize material used for comparison was
grown in Illinois from seed collected in
Ecuador. Nine races were included in
the comparative study (7).

The phytoliths of all the comparative
materials exposed through epidermal
peels of mature leaf segments were stud-
ied at a magnification of 312. I examined
100 phytoliths occurring across the leaf
veins for each genus and determined the
overall percentage occurrence of the
cross-shaped type. This type is defined
here as phytoliths having a dimension of
N by N to N by (N + 2), with indenta-
tions on at least three sides (§). Only the
genera Zea, Tripsacum, Cenchrus, and
Eleusine had cross-shaped phytoliths.
This type of phytolith made up an aver-
age of 51 percent of the across-the-vein
phytoliths in the Zea races, but less than
13 percent for the other genera.

Since Zea, Tripsacum, Cenchrus, and
Eleusine all are characterized by cross-
shaped phytoliths, 1 hypothesized that
phytolith size could be used to distin-
guish maize cross-shaped phytoliths
from those of the other grasses. Table 1
shows the size distribution of cross-
shaped phytoliths in the races of maize
studied. The races Mishca-Huandango,
Patillo from Otavalo, and Cuzco Ecuato-
riano are distinctive in forming the larg-
est cross-shaped phytoliths observed.
The race purple flint is unique in forming
predominately small cross-shaped phy-
toliths. The other races studied show
similar cross-shaped phytolith size distri-
butions. From the data on phytolith size
variation between races of maize, an av-
erage cross-shaped phytolith composi-
tion for maize was calculated. Table 1
shows the comparison of the size distri-
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bution of the cross-shaped phytoliths in
maize with the size distribution of cross-
shaped phytoliths in the grasses Trip-
sacum, Cenchrus, and Eleusine. Maize
can be distinguished by the presence of
large or extra large cross-shaped phyto-
liths, which do not occur in the other
genera.

The archeological soil samples se-
lected for phytolith extraction came from
securely dated strata in various types of
occupation areas at the Real Alto and
OGCh-20 sites. Soil from hearth areas,
living floors, storage or garbage pits, and
general midden deposits was included.
Most samples came from Valdivia II-III
strata (2450-2150 B.C.), with a few sam-
ples from later Machalilla deposits (1500
B.C.) 9). The samples were processed
with the procedure published by Rovner,
with some minor modifications (5, 10).
One hundred phytoliths were examined
for each of 17 samples. All samples con-
tained phytoliths of varying types, but
only 12 contained cross-shaped phyto-
liths, for a total of 42 of this type. The
size distribution of the cross-shaped phy-
toliths from the archeological soil sam-
ples is shown in Table 1. Although cross-
shaped ‘‘archeological phytoliths’’ of the
small and medium size range cannot be
identified definitely on the basis of size
as maize, the archeological phytoliths in
the ‘‘large’” category can be distin-
guished as maize rather than wild grass.
Thirty-six percent of the archeological
cross-shaped phytoliths fall within the
maize category. These phytoliths of the
maize category came from ten samples,
including hearths, floors, and pits from
Valdivia II-III and Machalilla strata.
The smaller types could also have come

from maize or from wild grasses used as
roof thatch or bedding.

The phytolith classification scheme
and the conclusions presented here are
preliminary tests of a promising method
for identifying the presence of maize in
archeological contexts. The method
needs to be tested further with other
grasses and to explore other distinguish-
ing criteria. Phytolith analysis is particu-
larly promising for areas where the pres-
ervation of archeological macrobotanical
remains or pollen is poor. Because in
most cases it can be assumed that grass
litter decayed in situ, such as in a pit or
on a floor, there is less danger of phyto-
liths being blown in, as is often the con-
cern with pollen (/7). Since phytoliths
come from vegetative and flowering
structures, their presence at the Real Al-
to and OGCh-20 sites cannot be ex-
plained by occasional importation of a
few cobs, but instead implies on-site cul-
tivation of maize by at least 2450 B.C.

DEBORAH M. PEARSALL
Department of Anthropology,
University of Illinois, Urbana 61801
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