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Ecological Benefits

Although the Tarahumara practice of leaving the weeds in the field for extended periods
(Fig. 7) may appear uneconomical, this strategy may be ecologically sound. Unconscious
dispersal of weed seeds by Tarahumara movements while harvesting maize during the
previous year and turning over the soil for planting enables the weed seed bank to build up in
the so0il and to be closer to the surface to insure high rate of germination. When the weeds
emerge, they are not weeded out until 6-8 weeks later. Subsequent weeding of cultivated
fields at similar intervals allows for the establishment of new weed populations which
provide emergency food reserves. This system allows weeds to be the first crop with the
second crop, maize, being available later. This double crop system allows for the harvest of
reliable yields of one type of net productivity in an environment where maximum yields of
one crop systems are not possible due to poor soil fertility, limited moisture and
unpredictable pests and weather.

Only recently have the practical aspects of multiple cropping systems been considered in
applied techniques and theoretical terms (Papendick etal. 1976). The essence of the multiple
cropping is the complementary use of growth resources by different components of the
system. The rate of exploitation of each resource by each component is separated by space
and/or in time. Hence, the shallow rooted amaranth weeds should be extracting water and
nutrients in the upper soil surface above the deeper planted maize seeds. After a certain
period of growth the roots of both species would be competing for the same resources in the
same space and time, o the detriment of each species. Future research will investigate the
hypothesis that the Tarahumara remove weeds when they begin to compete with maize for
the same resources. Before that tire (6-8 weeks) the weeds do not compete with maize and
therefore should not negatively affect the maize yield. Net produttivity of reliable yield
therefore has 2 temporal peaks — early in the growing season with weed seedlings or quelites
and late in the growing season with the harvested maize.

Tentative support for this reasoning can be seen in experimental work carried out at
Chapingo, Mexico{Alcalde Blanco and Hernandez X. 1972). Plots of maize were treated with

FiG. 7.—A field consisting of two crops: 1) edible weeds (Amaranthus, Chenopodium, Bidens and
Cosmos) and 2) maize. (June 1973; San Ignacio Arareco, Chihuahua).



118 JOURNAL OF ETHNOBIOLOGY Vol. 1, No. 1

different weeding practices. It was found that the weeds left in the fields for days 1 to 30 and
for days 1 to 62 after planting had no effect on the maize yield compared to the control
(weed-free plots). Maize yield decreased if weeds were leftin the fields after these periods (Fig.
8). The 2 weeds used in this experiment were Amaranthus and Simsia, 2 Tarahumara
quelites.

The Tarahumara concept of multiple, reliable yields appears to illustrate multiple
cropping ecological theory. Weeds may also provide other ecologocial benefits such as soil
protectors, dispersion of food resources for various predators, and other factors which merit
further investigation.

Domestication

The exploitation of weeds may represent one pathway to domestication and subsequent
agriculture. Weeds and domesticates represent end products of genetic and ecological
alterations mediated by human activities (Fig. 9). Domesticates appear to be the result of
human directed evolutionary changes in plants in order 1o increase and stabilize genetically
the valued plant parts. These plants produce valued yields in a manipulated environment.
Weeds, on the other hand, are not directed by conscious human selection but are
evolutionary responses to human disturbed habitats which vary in time and space. As we
know more about domestication, the more important weeds become in understanding this
evolutionary process (De Wet and Harlan 1975).

This domestication process recognizes weeds as one type of progenitor which was
suggested by Vavilov (1951) with respect to secondary centers of origin of crop plants (e.g.,
1ye, originally a weed in wheat fields, became the domesticated grain when wheat did poorly
in cultivation in northern Europe). People’s response to edible resources found in human
disturbed environments could trigger conscious sowing and selection of weed seeds.
Domesticated amaranths and chenopods are derived from weed progenitors (Fig. 10) (Sauer
1967; Wilson and Heiser 1979) in both the northern and southern continents of the Western
Hemisphere. This North-South pattern may also be present with peppergrass, Lepidium.
Cultivated Lepidium meyeniiisarestricted domesticate of high altitudes of South American
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Fic. 8.—Competition study of maize and weeds (dmaranthus and Simsia) (based upon data from
Blanco and Hernandez X. 1972). A, maize free from weeds at all times (control); B, maize free from weeds
days 1-30 (after planting); C, maize free from weeds days 31-62; D, maize free from weeds days 63-94; E,
maize and weeds together during total growing season; F, weeds alone.
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FiG. 9.—A generalized pathway of domestication involving weeds and domesticates,

Amaranthus — grain amaranths

A. powellii —» 4. hypochondriacus
{sw US; nw & ¢ Mex.)

A. hybridus P A. cruenius
(s Mex. & Cent. Amer.)

A. quitensis P 4. caudatus
{S. Amer. Andes)

Chenopodium — grain chenopods

C. berlandieri P C. nuttalliae
{c & s Mexico)

C. hircinum P C. quinoa
{S. Amer. Andes)

F16. 16.—Weed progenitors of domestjcated food plants.

Bolivia and Peru (Gade 1976; Leon 1964). Although no native Lepidium is known to be
domesticated in North America, the Tarahumara plant seeds of Lepidium virginicum as a
weedcrop in culuvated fields (Fig. 11). Perhaps the domestication of Lepidium in the
northern latitudes is proceeding slower, An “experiment” to examine this domestication
hypothesis started nearly 300 years ago and is still in progress. Brassica campestris, a weedy
mustard introduced by the Spaniards, has been considered a potential candidate for
domestication in South America although there has been no conscious sowing and selection
of this weed (Gade 1972). In North America, the Tarahumara presently have Brassica as a
weed-crop (Bye 1979).

Future Resources
As we begin 1o understand the evolution, ecology and nutritional values of edible weeds,
these plants can become more beneficial in the future. Strategies of germplasm conservation
of economically important plants should incorporate sampling surveys of weedy relatives as
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FiG. 1la.—Cultivated plot of Lepidium virginicum, a weed-crop.

FiG. 11b.—Plants of culiivated weed-crop, L. virginicum, from plotin Fig. 11a. (Bye 7040; 7119; 10, 15
Oct. 1975; east of Cusarare, Chihuahua}.
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well as wild progenitors. Domesticates, weeds progenitors and weed byproducts result from
ongoing plant-man interactions and represent a process and notan event. These interactions
involve degrees of symbiosis as well as synergism between plants and man with changes in
response to various biological, ecological and culwral factors.

For our agroeconomic societies, quelites should provide new stimuli for evaluating
productivity, cultural perception and value systerns. A few grams of certain edible weedy
greens grown in low energy input ecosystems may be more nutritious and cheaper than
cultivated vegetables from high energy input industwrialized ecosystems. Despite negative
cultural pressure, some edible weeds (e.g., Portulaca, Chenopodium) are still available in
Mexican open air markets and supermarkets (Fig. 12). Perhaps our young, modern civiliza-
tion has a lot o learn about subsistence and productivity from older civilizations which have
survived thousands of years by eating weeds as one component of their subsistence.

CONCLUSIONS

Survival of the agricultural Tarahumara populations is dependent upon edible weedy
greens from cultivated fields. The diversity of plants and the ecological and evolutionary
bases of their exploitation of quelites suggest that certain generalities could be drawn and

F16. 12a and b.—Weeds sold as quelites in Chihuahua market. a, Chenopodium berlandieri (Bye 9322;
30 March 1979); b, Portulaca oleracea (Bye 9100, 9101, 9102; 2 September 1978).
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applied to the development of ethnoecological principles. One principle appears to be that
disturbance of the ecosystem in order to push the ecosystem back to the early developmental
stages and to maintain the communities at these stages is important to the biological
existence of human populations. Net productivity is available for exploitation in the early
stages of succession and is subjected to variation in quantity and quality depending on
human activities.

We are able to study the processes of plant-man interactions today in order to elucidate
ethnoecological principles. Edible weeds are consumed by the Tarahumara. This plant-man
interaction appears to be based upon biological and ecological theory. The principle of this
resource exploitation should apply to other present-day cultures as well. Because these
processes are evolutionary in nature, we should expect evidence of weed food resource
exploitation from archaeological studies in the forms of phytoliths and epidermal tissues
from coprolites, field soils, and preparation implements. This principle should also apply
to the future. Once it is understood and applied, we should expect a more realistic basis for
developing relationships between human populadons and their ambient vegetal
environment,
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NOTES

'Ethnoecology 15 the area of study which
examines the ecological bases of human
interactions with and relauonships to the
ambient environment.

2Ecological diversity is generally considered to
consist of 2 components: richness and evenness.
For the purpose of this paper, the emphasis
is upon richness, which can be defined as the
variety of species present in a given community.
given community.

3Anthropogenic community is a plant commun-
ity initiated and maintained by human
activities and represents an early secondary
successional community.

$Net productivity represents the amount of energy
which accumulates in the ecosystemn over a
period of time (usually on an annual basis). It
can be defined by the difference between Gross
Productivity and Respiration in a given
community or ecosystem.



