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ABSTRACT

Papago Indian fields located in southern Arizona and northern

Sonora, Mexico are examples of a food production strategy that was

developed within the constraints of a water-limited environment.

Although only a small percentage of the fields cultivated at the turn

of the century remain in cultivation, extant fields are vestiges of an

agricultural tradition that has persisted in arid lands for centuries.

An examination of the documentary history of non-Indian observations of

Papago agriculture and water control from 1697 to 1934 reveals numerous

practices and features that are no longer apparent within or around

remaining fields. Yet by learning from oral historical accounts of

elderly Papago, and analyzing O'odham lexemes (native Papago terms)

which guide farmers' management of fields, it is possible to gain a

sense of folk science which Papago developed to successfully farm

without permanent surface water reserves.

Selected concepts from the folk science of the Papago are used

as a point of departure in understanding the ecological processes which

function within their fields. Standard field ecology methods were

adapted to empirically test certain hypotheses relating to these

ecological processes. Results include confirmation that Papago fields

are situated in a variety of physiographic positions, and that  

arroyo mouth' farming is a misnomer. Papago crops exhibit many of the

same drought-escaping adaptations as wild summer desert ephemerals for

xii
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seed production during the brief summer rainy season, which varies from

year to year in the date of its initiation. These adaptations greatly

contribute to crop success. There are no significant differences in

the diversity of herbaceous plants found in Papago fields compared to

the diversity found in adjacent, uncultivated environments. Of the

many nutrients analyzed in cultivated and uncultivated floodplain

soils, only potassium was significantly richer in fields than in

uncultivated floodplains; other differences were statistically

insignificant. Floodwashed organic detritus, rather than the

floodwaters themselves, appear to play the major role in renewing field

soil fertility in certain localities. It is concluded that indigenous

concepts which have long guided the management of traditional

agricultural systems are of heuristic value in understanding how these

farming systems function ecologically.



CHAPTER 1

ETHNOBOTANICAL APPROACHES TO THE STUDY
OF NATIVE AGRICULTURAL FIELDS

Natural resources are in fact cultural appraisals.

Carl Ortwin Sauer
(1969: 3)

The purpose of this introductory chapter is to trace the

historic development of ethnobotanical approaches to the study of

native agriculture, and to relate these approaches to the one taken by

this present study. Although technical works of both natural and

social sciences are part of materials covered, the theme of this

dissertation can be simply stated: "Which native (0'odham) terms and

folk scientific concepts give us insight into the distinctive ways in

which Papago agricultural fields work?"

Ethnobotany, first termed as such in the 1890s by John B.

Harshberger, can be defined as "the study of plants in their relations

to human culture" (Hough 1898). During the latter half of the

nineteenth century, studies in "aboriginal botany" or ethnobotany

emphasized the native uses of plants, and their potential for

incorporation into another, colonizing culture (Ford 1978). Eugene

Hunn (1982: 831) observed that "Pre-ethnoscientific ethnobiology was

primarily concerned with the practical value of native distinctions.

The typical ethnobiological account of this period is a list of

scientific species known to the people of culture X, with a summary of

1



2

native uses under each species' heading." This view of ethnobotany as

a subdiscipline or starting point of economic botany continues today,

as wild plants historically used by native Americans are being screened

as potential crops for arid lands (Felger et al. 1981). Perhaps the

rationale for this approach has never been put more succinctly than the

idealistic statement by Melvin Gilmore (1919: 43):

We shall make the best and most economical use of all our land
when our population shall have become adjusted in habit to the
natural conditions. The country cannot be wholly made over and
adjusted to a people of foreign habits and tastes. There are
large tracts of land in America whose bounty is wasted because
the plants which can be grown on them are not acceptable to our
people. This is not because the plants are not useful and
desirable but because their valuable qualities are not known. .
• • The adjustment of American consumption to American
conditions of production will bring about greater improvement
in conditions of life than any other material agency.

Yet early in the history of ethnobotany, workers attempted to

expand its scope beyond that of "shopping lists" of edible or medicinal

plants, to include linguistic and mythological data on plants in human

culture (Fewkes 1896; Hough 1898). As trained anthropologists added

their contributions to a field formerly dominated by botanists and

medical doctors, the strict concern with practical, utilitarian uses of

plants was suspended (Ford 1978). A. L. Kroeber (1920) suggested that

problem-oriented studies be initiated, particularly in terms of why

certain plants were relatively more important in some cultures than in

others. Soon, ethnobotanical information was seen as a data base with

which to test cultural theories. In some studies, botanists were

simply relegated to providing data points which anthropologists would

then interpret. More recent work regarding ethnoscience--"the attempt

to comprehend scientific knowledge and scientific systems from the
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perspective of the [cultural] group, rather than from a single

perspective, as that of Western, Anglo or European culture (Kidwell,

in Green 1981: 205)--includes methodological studies which show little

interest in content. Hunn (1977: 3) noted that the Metzger and

Williams (1966) often-cited study of Tzeltal Mayan categories of

firewood "was certainly not motivated by an interest in firewood."

Recently, Hunn (1982: 830-831) further observed that in such studies

"the fact that cultural knowledge of the natural world might also be

practically useful has been treated as beside the point, almost as an

embarrassment."

In contrast to this trend, certain botanists have studied the

evolutionary and ecological dynamics of crops, weeds and pests in

primitive agricultural systems with little regard to native farmers'

knowledge or classification of them (Pickersgill and Heiser 1976).

Snaydon (1980: 131), a plant demographer, views the "wide diversity of

agricultural systems" simply as an opportunity to study "a wide choice

of populations and conditions"; more simple systems enable theoretic

ecologists "to obtain results and derive principles more easily." Such

ecologists may conceivably study the genetics of a weed/crop complex in

a native agricultural field without ever consulting the farmer who

manages the populations, concerning his perception or intentional

selection of them. To borrow an analogy, a "primitive farmer" is seen

merely as a vehicle for a seed in its production of other seeds.

By the mid-1960s, ethnobotany appeared to be polarized, as its

students heeded either advances made in anthropological theory and

methodology, or those made in ecological theory and methodology, but
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seldom both.	 The differences between those participating in these

diverging approaches were made obvious in the critical review by Bye

and Zigmond (1977) of the Berlin, Breedlove and Raven's (1974) 660-page

ethnolinguistic classic, Principles of Tezltal Plant Classification.

Bye and Zigmond (1977: 171-173) note:

There is often a key publication that stimulates new interest
and controversy when an old field of study is in the stage of
modernization. Principles of Tzeltal Plant Classification may
make such an impact in the development of ethnobotanical
studies. . . . The emphasis is cultural, with the primary
focus on folk classification of locally recognized plants from
the highlands of Chiapas. . . . It is disappointing to see
only six pages devoted to introduced plants and agriculture,
both important ethnoecological variables. No consideration of
anthropogenic plant communities and their cultural significance
is given. . . . Are all attempts to record . . . 'how the
Indians used the plant' to be abandoned? . . . Such a narrow
linguistic approach to this broad field may be potentially
misleading to the future development of ethnobotany as an
interdisciplinary science.

More recently, Hunn (1982) has demonstrated that the

ethnoscientists' failure to consider adequately the utilitarian factor

in folk biological classification has led to theoretical contradictions

and fallacies regarding the principles governing the form and content

of ethnotaxonomies. Usefulness very often does influence the degree to

which taxa are distinguished from one another, and these distinctions

are often one factor guiding human behavior. The process of

distinguishing and naming two related species, one poisonous, the other

edible, certainly has adaptive significance. Once we recognize this,

Hunn (1982: 842-843) hopes "we will be in a much better position to

appreciate why one group of organisms is more highly differentiated

than another, why one culture concentrates here, another there . .
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and how changes in folk biological knowledge affect the environment

(and vice versa)."

Fortunately, by the mid-1970s, the work of several

ethnobiologists interested in both ecology and ethnolinguistics served

as a depolarizing influence in the field. They were truly intereted in

how human-influenced ecological systems function, and utilized

information derived from native classification systems, folk biological

knowledge, and traditional practices to gain insight into these

systems. Agroecological research by Mexican scientist Efraim Hernandez

and his colleagues may have pioneered this synthesis (see, for example,

Hernandez 1981)

The work of Brush, Carney and Huaman (1981: 70-71) provides an

excellent example of such integrated ethnobiological research when

applied to:

• • . the dynamics of the agricultural systems being affected
by genetic erosion. . . . Human cultural diversity plays an
essential role in the continuing evolution of these primitive
crop resources . . . major cultural patterns of traditional
potato agriculture in the Andes must be examined in relation to
the genetic diversity of that crop. These patterns include the
identification and naming of varieties, the selection and
planting patterns of different varieties, and the exchange of
varieties within and between localities.

Brush et al. (1981) then demonstrated how the sorting of named

varieties of potatoes, the exchange and interplanting of certain

selections, and tolerance of others affects introgression,

differentiation and overall genetic diversity within Solanum species.

The resulting genetic diversity was shown to be of adaptive value to

Andean potato farmers, serving to make them less vulnerable to

unpredictable climate, pest and disease conditions.
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More directly relevant to this present study is Rea's (1979:

113) "emic approach to studying the lexemic categories the Pima

themselves used to classify their experiences related to the

procurement of animal foods. . . . The hunting/fishing niche of the

Riverine Pimans (south central Arizona) can best be understood in terms

of their own linguistic categories."

Rea (1979) relates six hunting and fishing strategies utilized

by the Pima, including two types of "garden hunting." From

conversations with elderly Pima regarding these two garden hunting

strategies, Rea (1979: 118) hypothesized that the Pima formerly

practiced "concentrated exploitation of certain animals such as cotton

rats, cottontails, jackrabbits, and granivorous birds which greatly

increased in numbers in man-made habitats (gardens and fields) as a

result of greater availability of vegetative food and shelter

(fencerows)."

Rea's hypothesis is supported by quantitative data gathered in

the fields of another group of Northern Pimans, the western Papago at

the Quitovac oasis (Nabhan et al. 1982). In this case, it was the

recognition of emic (language group-specific) categories of the O'odham 

and their potential ecological significance (from an outsider's

viewpoint!) which stimulated research on a previously overlooked aspect

of human ecology in the Sonoran Desert.

A recent study of the non-crop component of traditional

tropical agricultural ecosystems has also balanced ethnolinguistic and

ecological data. Chacon and Gliessman (1982) reported a classification

system of Chontaltpan mestizo farmers which considers the beneficial as
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well as detrimental ecological qualities of plant disturbance that

frequent their fields, rather than judging these plants - all to be

noxious weeds (malezas). While some non-crop plants (buen monte) were

considered fresco, or producing a temperature with positive effects and

others (mal monte) were considered to heat or dry the soil for the

crop, empirical studies have detected no temperature differences in

field plots with or without these particular plants. Allowing that a

continuous plant cover over the soil might account for slightly lower

soil surface temperatures, the authors then observed that the buen 

monte in the fields were considered soil improvers, human food, or

medicine and livestock forage (Chacon and Gliessman 1982) and that mal

monte may generate allellopathic effects on crops. While temperature

effects have not been confirmed, the followup on this emic category of

plants has led to the discovery of several beneficial characteristics

that these plants share.

Rather than simply attempting to confirm or deny the validity

of native concepts as they appear at face value, these studies utilize

such concepts as a point of departure to provide insights into

phenomena which otherwise might have been overlooked. In the final

analysis, the resulting insights may differ from both the

ethnoscientific concept, and current western scientific dogma.

Biologist W. I. B. Beveridge (1980) has provided several case

studies of how the interaction between two such entirely different

approaches has led to new scientific discoveries. If we allow the

possibility that science may be a creative endeavor, then utilizing a
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Papago folk concept of desert phenomena to guide us into new areas of

scientific inquiry is not so pretentious:

• . . Arthur Koestler developed the thesis that most new ideas
are discovered by perceiving the relationship or analogy
between two quite different fields of activity, what he called
'matrices.' A 'matrix' is a scientific discipline, profession,
craft, skill, or any activity governed by a recognized pattern
of behavior or thought. When one succeeds in seeing the
connection or analogy between two matrices the result may be a
new idea or a joke. Many writers have pointed out that sudden
flash of illumination in science is similar to cracking a joke
in that you suddenly switch from one way of looking at the
subject to another--you see points of resemblance between two
apparently unrelated subjects, a mating of incompatibles. . . .
There is a striking analogy here with conception in the
biological sense, the bringing together of two gametes in
fertilization to create a new individual. The interface
between two scientific disciplines is often a fertile field to
cultivate (Beveridge 1980: 2).

The Papago Lexicon and Its Use 
in Ethnobiological Studies 

To learn what a group perceives and how it classifes its
environment, is to identify what it considers relevant and
worthwhile for human use and activity.

Nietschmann (1973: 8)

This study has as its base the Papago Indian (0'odham) terms,

concepts and routine practices which guide their management of

agricultural fields. I will place particular emphasis on those terms

and practices which influence how floodwater farming along ephemeral

watercourses functions; their notions of field placement and water

control; soil renewal; crop selection; and the contrast between

"in-field" and "open-country" annual plant populations in relation to

their management of in-field annuals.

I studied these culturally defined topics utilizing a variety

of modern scientific tools and methodologies, treating the Papago
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population as but one of many ecological factors influencing their

field ecosystems. I selected the methodologies utilized in terms of

their efficacies in providing insights into the ecological process

being focused upon, rather than a priori deciding to systematically

utilize one discipline's standard methods or "tricks of the trade." In

certain cases, I utilized paired sampling of controls and "treated"

sites. In other instances, such a range of Papago field variants

exist, with only a small sample size available of each, that no

statistical comparison of types was possible. I utilized a range of

tools and techniques: aerial photos; chemical analyses of soil, organic

debris and water samples; point frame transects of herbaceous cover;

and physiological instrumentation. I interpreted the data obtained

with these tools in the context of current literature on desert

ecosystems and traditional agricultural ecosystems, and I hope these

interpretations will shed light on the efficacy of Papago concepts in

guiding the long-term management of agriculture in desert floodplain

environments.

If one agrees with Hunn and French (1979) that through cultural

recognition, potential resources are realized as such, then it is

useful to turn to the Northern Piman lexicon which the Papago (Tohono 

O'odham) have utilized probably for centuries in order to understand

their agricultural resouce management strategies. Mathiot (1967:

708-709) discussed the nature of a lexicon on an unwritten language:

The lexicon is the system of . . . reference to the various
basic types of phenomena . . . distinguished by the culture
. • . the basic types of phenomena with a high probability of
being differentiated in many cultures includes entities,
actions, events and qualities. However, these should not be
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regarded as absolute universals . . . the relation of objective
reality to culturally differentiated phenomena may vary a great
deal from culture to culture.

For instance, after asking several Papago farmers [in English] about

where the floodplain near their village was located, I realized that

their answers may have been vague because this geomorphic term does not

have a precise correlate in the O'odham language, although they do have

terms for geomorphic features located on floodplains, e.g., 'aki, 'ak-

cill. When enough rain occurs in a Papago village to make the e akT

overflow its channel, quite often all lowlands are temporarily flooded

as well--not simply the alluvium on what geomorphologists define as a

50- or 100-year floodplain.

A culture's lexicon is made up of labels for elementary units

of meaning which linguists term lexemes (Conklin 1962). Native

speakers of a language use these to name and classify culturally

differentiated phenomena, and these two behaviors have been the primary

focus of ethnobiological studies which analyze linguistic data (e.g.,

Mathiot 1962; Berlin 1973). However, the ways in which people define 

and paraphrase to explain a name or lexeme provide insight into how

people identify and distinguish one object from another. Few

ethnobiological studies have emphasized the characters utilized by a

culture when assigning an organism to a particular class (Berlin 1973).

Additionally, one can observe how a people characteristically respond

to or act upon the phenomena which they have culturally differentiated.

In the Chacon and Gliessman (1982) study, a plant considered to be a

maleza by a Mexican agricultural scientist might be weeded out or

sprayed, whereas a Chontaltpan mestizo farmer may spare and later
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utilize the same plant, because he recognizes it as buen monte. While
_

working with Papago farmers in their fields, I have seen them concern

themselves with plants or other objects that most other Arizona farmers

would not notice or bother with. Again, they are acting upon the

concepts labelled by O'odham lexemes which may not have counterparts in

mainstream western culture.

In this study, I have drawn upon the relatively detailed and

precise lexicographic inventory assembled by Mathiot (1973), as well as

other ethnolinguistic or ethnobiological works which include Northern

Piman terms related to agriculture and the environment (Saxton and

Saxton 1973; Curtin 1949; Castetter and Underhill 1935). However,

these works were utilized largely to orient my own first-hand

interviews with Papago farmers, or to corroborate and analyze data

which I obtained from these interviews.

A brief discussion of the context of my interviews with Papago

farmers is necessary. From autumn 1976 to the present, I have worked

intermittently in the capacity of an elementary and junior high school

guest teacher; as a bean and devil's claw germ plasm collector; as a

"community agriculturalist" assisting in workshops on nutrition,

gardening, fruit tree care, and seed saving; and as a researcher

investigating current food production problems as well as traditional

practices. Many informal discussions with Papago preceded my inquiries

into the topics discussed here. Although most of these discussions and

interviews were largely in English, some were in Spanish, and a few

were conducted with the help of a native speaker/translator. I have

learned some Papago informally, but primarily my limited understanding
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of O'odham language structure has come from taking classes taught by

Ofelia Zepeda and Tony Chana. None of my interpretation of Papago

lexemes should be taken as definitive or all-inclusive, since certain

terms (e.g., 'oidag) are polysemous, and not all meanings (even in

normal conversational Papago) are covered here. A final, obvious

apology: as an outsider who has only studied Piman, I do not have the

depth of context that a native speaker would, nor the "balance" of

interpretation. It is altogether likely that I am making too much of

certain native terms and not enough of others. My hope is that in the

long run, these studies will encourage native speakers to record more

of the agricultural knowledge of the Wodham.

My knowledge of Papago terms and practices related to plants

and agriculture was derived primarily from six Tohono O'odham men and

women, all over sixty years of age; I have spent 20 to 100 hours with

each of these people over the years, discussing these and related

topics. Another 15-20 individuals, ranging in age from 30 to 86, have

spent from 5 to 20 hours working with me in fields and/or discussing

agriculture.

Few of these individuals have spent their entire lives within

Papago-dominated communities; some have lived as many as 30 years off

the reservation, working in irrigated fields owned by Anglo or

Mexican-American families. While familiar with and to some extent

influenced by agricultural practices learned from these other cultures,

they are often vocal about the differences between these techniques and

their own people's traditional practices. Nevertheless, none of the

Papago farmers I know manage their fields without the aid of Western
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technology, so that their agriculture is not exclusively "native" or

"aboriginal" in the purist's sense. Since only a small percentage of

the fields cultivated at the turn of the century are still maintained

(Applied Remote Sensing Program (ARSP), 1982), and since Papago farmers

probably spend less of their time farming than they did even 30 years

ago, it is difficult to appraise how representative the current

practices are of the longer tradition. I have therefore analyzed

historic documents to provide background on the former context of

Papago agriculture and water control (Chapter 2).

Because of the question of individual or local variation in

concepts and techniques, I have included the initials of the

consultant, and the Papago name of his or her village following all

verbatim quotes, and following paraphrases or discussions of concepts

or practices relatively unique to that consultant. All consultants

remain anonymous in this report, out of respect for their privacy.

It should be stressed that although a lexicon theoretically is

shared by all individuals participating in a language and culture

through time, much of the knowledge regarding Papago farming practices

is no longer shared by the general community on the reservation. This

study represents a composite of the folk scientific knowledge and

practices of a small sample of Papago individuals over a short period

of time, and should not be elevated to the status of the Papago way of

farming. Nevertheless, I am confident that some of the concepts

discussed here are scientific contributions of the O'odham; not just of

my present consultants, but of their Piman-speaking predecessors as

well. I agree with Green's (1981: 205) challenge to us to consider:



• . . 'science' in the broadest sense, as human attempts to
explain material phenomenon. . . . I will argue that 'science'
is not the exclusive property of any group and that every group
has a 'science' based on observation, experiment and tradition,
whether the 'science' is called 'belief' or 'hypothesis';
whether 'science' is imparted traditionally through 'shamans'
or 'books,' whether scientific knowledge is developed through
'experiment' or 'trial and error observation,' and whether
knowledge is organised into a 'systematic body' or diffused
throughout the range of cultural expression and behavior.

14



CHAPTER 2

HISTORIC PAPAGO AGRICULTURAL AND HYDROLOGICAL
PRACTICES, 1697-1935

The Papago Indians have lived for centuries in the Sonoran

Desert of southern Arizona, and northern Sonora, Mexico, where surface

water is scarce and rains are infrequent. The severity of their arid

environment has been particularly striking to visitors from temperate

zones: "The entire region is a hopeless desert, and few if any

Americans reside in it. It is unadapted for agriculture, yet when the

July rains commence, the Indians forsake their rancherias and hasten to

their temporales, where they plant crops of corn, pumpkins, melons,

squashes, etc." (Gaillard 1894: 293).

An Indian agent to the Papago in the 1880s took this point one

step further, adding a bit of black humor as well: "Place the same

number of whites on a barren, sandy desert such as they live on, and

tell them to subsist there; the probability is that in two years they

would become extinct" (Howard 1887: 47).

Because the Papago have adapted their crops and land management

strategies to such marginal conditions, agricultural botanist Edgar

Anderson (1954: 26-28) has called them "One of the world's most

remarkable agricultural civilizations . . . they produce a usable

harvest on fewer inches of rainfall than are used anywhere else in the

world." Accordingly, there has been much scientific interest generated

15
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over the years in the drought-adapted crops, and the desert storm water

control that the Papagos use for food production without irrigation.

Unfortunately, less than four percent of the nonriverine

acreage cultivated by the Papago near the turn of the century continues

to be farmed by their descendants (Clotts 1915; ARSP 1982). Papago

farming systems are but a shadow of what they once were. Water control

structures have atrophied, and much of their desert-adapted crop germ

plasm has been lost (Teiwes and Nabhan 1983; Miksicek 1979).

To understand how Papagos successfully produced crops in a

riverless region where evapotranspiration is six times greater than

precipitation, we must consider what Papago farming systems were like

prior to their demise. One cannot simply assume that the remaining

fields and practices are a representative sample of those formerly

used. For instance, the extant fields are spatially isolated rather

than adjacent to one another. Formerly, as many as ten fields were

continuous upon one ephemeral watercourse, drawing upon the same

floodwaters (Joseph, Spicer and Chesky 1949). A local community of men

shared the responsibility of keeping the watercourse and associated

ditches clean and free from brush; these men also repaired any erosive

damage to the water control structures which resulted from floods

(Spicer 1943). Today's isolated fields are not supported by such

communal work crews. Thus, a more complex social organization and

field management strategy may have eroded over the decades as well.

It seems necessary, then, to get a sense of how Papago farming

formerly worked, to appraise its legacy. The following historic

documents are analyzed, with special reference to elucidating practices
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that are not now used on the same scale as in the past, and to learning

of historic environmental and social changes affecting rainfed

agriculture in Papaguerfa.

Methods 

I surveyed a number of bibliographies and computerized data

bases for their possible inclusion of references to non-riverine Papago

Indian agriculture (Mast 1970; Warren et al. 1980; ALIS n.d.). I then

scanned between sixty and seventy-five citations for their mention of

Papago agriculture. Secondary sources, or those which simply mentioned

that crops were grown in a particular Papago village, were not

considered any further. The survey was limited to selected unpublished

archival materials and published articles or books which reflect

first-hand observations of Papago agricultural crops and water control.

The archives from which unpublished soucres were obtained are noted in

parentheses at the end of each literature citation.

The first-hand accounts presented here are in approximate

chronological order. The accounts are grouped into time periods, each

of which is introduced by a few comments that highlight the general

sociohistoric context within which the observations took place.

Throughout, I have attempted to analyze which differences between

historic accounts suggest historic change, and which reflect only the

differences between the mentality of the observers.

Jesuit Spanish Colonial Period 

Although the Spanish explorers first encountered Papagos in

1540, the colonial frontier did not reach the southern margins of
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Papagueria until 1687 (Dobyns 1972). Padre Eusebio Kino, a Tyrolese

Jesuit trained in Germany, then began missionization among the Northern

Pimans, including the non-riverine Papagos. His own journals and

letters mention only a few native cultivated foods the Papago gave him,

the many Mediterranean crops which he introduced to them, and villages

with fields planted. However, at least one of his travelling

companions did describe water harvesting and agriculture away from

permanent streams. In November 1697, Lieutenant Cristobal Martin

Bernal observed Northern Piman (presumably Papago) water harvesting in

the vicinity of Picacho Peak, Arizona (Smith and Davis 1966: 43): "I

set out marching and at about five leagues I found a waterhole. . • •

The tank is on a flat close to a small arroyo, the water entering it

ingeniously, the edge is of the same soil, and it is about 200 yards in

circumference; the valley is very barren and dry and has no pasture

whatsoever."

Later in the day, he encountered an agricultural site:

• • • a rancheria called Santa Catalina which is about fifteen
leagues [9.6 km] from the tank . . • the place is very dry and
without water. For drinking they go to bring it from some
little springs which are very far to the west. They do this in
order to have this advantageous place for planting. . . . They
had contas of squashes, beans and jugs of water for me (Smith
et al. 1966: 43).

Beans are also a part of Velarde's 1716 relacien which suggests

a possible derivation of the word Papago: "Those Indians who live on

these sterile lands are the Papabotas, this is to say the

Pima-bean-eaters, their principal harvest being beans called Japavi"

(Velarde in Manje 1954: 236).
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This bean is likely the white tepary, called s-tota bavi in

some Papago dialects. Mathiot (n.d.) has recently written the

bean-derived nickname of the Papago as Babavi O'odham. Although there

is some doubt that Papago originated from this term (Fontana 1981: 35),

certain Papago suggest that Bawi Kuadam 'Tepary Eaters' is a

long-standing nickname for their people.

The other known documents of this period mention Papago

floodwater farming villages such as Ak-ci fr being located essentially

where they are today, but also refer to Papago transhumance (Fontana

1981: 36).

Franciscan Spanish Colonial Period 

In 1767, Carlos III of Spain expelled the aggressive Jesuits

from the western hemisphere, ending their mission-building activities.

A year later, Franciscans arrived in the Americas as part of their

expanding mission program, but in the northern Sonoran Desert they

confined their activities to riverine communities (Dobyns 1972). Pedro

Font, however, commented on O'odham water harvesting and agriculture

while travelling with Garces to Gila River Pima villages: "The road

from El Tuquison to the Gila River is through open and level country in

the main, but it has scanty pasturage and very little water, for this

is found only when it rains, and in pools in the flats where the Papago

Indians make something like canals for collecting it" (Bolton 1931:

32).

Font later discusses the Kohatk Papago fields "fenced with

poles and laid off in divisions, with very good irrigation ditches"
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(Bolton 1931: 32). Dobyns (1974) has interpreted this to indicate that

northern Papagos during this period seasonally moved from their summer

floodwater fields to utilize the Gila floodplain, probably to grow

Spanish-introduced wheat with diverted river water.

In 1774, Fray Antonio Ramos visited San Xavier and Tumacacori,

and reported that the land in the Santa Cruz valley yielded very

little. He suggested that Indian laziness and wandering contributed to

this (Baldonado 1959: 24): "Even though at planting time they get crops

in the ground, then, as they are accustomed to wander, they leave them

unattended. Finally they return, each getting but little from a

limited harvest."

Although such transhumance may have meant that crops were not

as diligently cared for, it probably allowed the seasonal harvest of

wild masts such as saguaro, acorns and mesquite.

Mexican Frontier Period 

In 1821, Mexico won its independence from Spain. Franciscan

contact had already waned, and the intensification of Apache raids in

the region isolated the non-riverine Papago even further. During a

Mexico-Papago war in the early 1840s, it was briefly reported that the

Papago in Cubo, west of the Baboquivaris (Ge Wo t o of today?), were

harvesting saguaro in order to make syrup to sell so that agricultural

seeds could be bought (Garcia 1841). This indicates that their

food-producing activities had already been integrated into the Mexican

economy. The few Anglo-American journal-keeping travellers of this

time, such as James Pattie, kept to the Gila River. It was not until
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the California Gold Rush that travellers experimented with other, more

southerly routes. Yet even Camino del Diablo travellers who crossed

western Papaguerfa missed most areas where non-irrigated fields would

be.

Anglo Frontier Period 

With the Gadsden Purchase area that the United States acquired

from Mexico in 1854, roughly half of Papaguerfa became U.S. territory.

Accordingly, an Indian Agent was appointed for the Papago in 1857, and

he immediately began to distribute metal tools among the farmers. With

the diminution of Apache raids, Anglo-Americans began to bring their

own livestock into the region. Proposals were made to collect all the

"nomadic Papagos" on the lands west of Tucson for relocation at the

riverine oasis of San Xavier, but this was never attempted. In 1874,

an Indian reservation was established at San Xavier, and in 1884

another area was set aside for Papagos near Gila Bend. The riverless

bulk of Papaguerfa was still "open range," but Indian Agents at Sacaton

or San Xavier took some responsibility for the Papagos there. Many of

the following observations are from these agents, who often commented

on the "nomadic Papago" by contrasting them with the riverine Pima and

Papago with whom they were familiar.

It is notable that many Anglo-American observers of this period

saw no value in at all in Papaguerfa. William Emory wrote in his 1857

boundary survery report that the land west of the 112th meridian (to

the Colorado River) was sandy, barren, and "a hopeless desert,"

incapable of supporting agriculture without artesian wells (Emory 1857:
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94). However, Nathaniel Michler, who actually travelled the Papago

section of the boundary for Emory, noted that: "This tribe is

comparatively well off in wordly goods, they plant and grow corn and

wheat, and possess cattle and many fine horses" (Michler, in Emory

1857: 123). Michler (1857: 122) also viewed the range just west of the

Baboquivaris as luxuriant in grass and mesquite, though further west

"there is no water except in charcos and ponds, filled by drainage

after heavy rains . . . until you strike the valley of Sonoyta."

Joseph Pratt Allyn passed through Papago villages in February

1865, but commented only on how the poor Papago move from waterhole to

waterhole as each one dries out (Nicholson 1974). Levi Ruggles (1867:

164), an Indian Agent, did at least offer that the land was fertile and

cultivation was an important Papago activity: "They are an agricultural

people, and depend mostly upon the cultivation of the soil for their

means of subsistence. In nearly all of the valleys in which their

farming lands are located, water is very scarce during a greater

portion of the year; in fact, drought is the rule."

After the Civil War, Anglo-Americans began to arrive in

Papagueria to take advantage of its mining and range resources. Land

use conflicts are reported for the first time by Indian Agent R. A.

Wilbur (1872: 321): "Little by little, settlers are hedging them in,

using the water for irrigating their own fields." Five years later,

Indian Agent J. H. Stout (1877: 33) emphasized climatic

unpredictability as the problem, not cultural competition for limited

resouces: "the Papago not raising wheat in quantities, but cultivating

patches of corn, melons, pumpkins, etc., which they cannot do this
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season for lack of water." One decade later, Agent Elmer A. Howard
_

(1887: 6) again underscored the severity of Anglo-American's

competition with Papagos for resources:

The country is fast filling up with cattlemen (whites), and now
at almost every spring or well some white man has a herd of
cattle, and the inevitable result follows, the Indian is forced
to leave, and the "superior race" usually enforces such an
order. . . . I have travelled one hundred miles over a desert
to secure an Indian the privilege of taking water from a well
that he had dug himself. The mesquite wood is rapidly being
exhausted, being cut to supply mining camps and towns, thus
depriving them of mesquite beans, which have always been one of
their principal articles of food.

Oddly, Howard (1887: 6) claims that the Papagos "raise

absolutely nothing from the soil," and that whether he secured them 160

acres of land or 1000 acres would not make any difference, since it

could not then be irrigated. It is tempting to interpret this to mean

that white cattlemen had usurped most of the watering and farming

sites, so that many Papagos were forced to give up the agriculture that

earlier agents had described. It is clear from Howard's statement that

mesquite cutting and grazing were of sufficient intensity to contribute

to environmental change in Papagueria by the 1880s.

Advent of Scientific Inquiry in Papagueria 

Although a trained anthropologist, H. F. C. ten Kate (1885)

visited the Pima and Papago in the 1880s, another decade lapsed before

scientists regularly entered Papagueria. In 1891, the University of

Arizona began classes and research, including surveys of native

resources and practices of potential use to new settlers. The U. S.

Bureau of Ethnology also began active reserch on Sonoran Desert tribes

around this time. In 1902, the Carnegie Desert Botanical Laboratory
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was established in Tucson as the first station devoted to arid land

research in the world (McGinnies 1981). The investigators of these

institutions contributed greatly to the understanding of Papago

agriculture, and encouraged others to study Papago ethnobiology.

D. D. Gaillard (1894: 293), a soldier-surveyor on the

international boundary resurvey, was the first to note that the Papago

irrigated from floodwaters collected in reservoirs, a practice which

others say was not introduced until much later: "they plant crops of

corn, pumpkins, melons, squashes, etc., which they irrigate by means of

water drawn from natural or artificial dams (charcos and represos)

respectively. These crops mature rapidly and are generally harvested

before the water entirely disappears."

Gaillard's 1894 note that Papago agriculture had persisted

despite the three-year drought must be counterbalanced by his later

(1896: 601) more pessimistic comment about the same period: "in June

1893, a drought of nearly three years had destroyed their crops,

exhausted their waterholes, cut off their supply of fruit and seeds,

and killed many of their cattle."

In southern Arizona in general, this drought triggered 50 to

75% mortality of livestock herds, such that "you could actually throw a

rock from one carcass to another" (Land 1934: unnumbered). The drought

may have also reduced what remained of the overgrazed vegetative cover,

so that subsequent storm events resulted in "flashier," more damaging

floods. By fall 1891, permanently downcut arroyos had already

developed on the Rio Santa Cruz near Tucson, and on the other side of

Papagueria, on the Rio Sonoyta near the international boundary
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(Hastings and Turner 1965). However, judging from Bryan's (1922) later

comments on the absence of downcutting on key watercourses west of the

Baboquivaris, there is less evidence that arroyo cutting began at this

same time on the ephemeral streams of Papagueria.

Given such devastating conditions pervading the region at the

time, it is remarkable that Gaillard (1896: 601) observed so much

vitality in Papago farming settlements:

At many places on the desert where fertile land can be found
near water holes, or convenient to their artificially
constructed dams, they establish "Temporales" and fence in with
mesquite brush small fields, to which they promptly repair when
the first summer rain falls. Where silence reigned before, all
is now full of activity. Houses and fences are repaired;
irrigation ditches are put in order; new dams built or old ones
repaired; and often within 24 hours after the first drop of
rain falls the entire crop of melons, pumpkins, squashes, beans
and Indian corn are planted.

Gaillard's brief accounts of the Papago struggle against

drought preceded several others interested in studying native

adaptations to the desert. Among the first was ethnologist W. J.

McGee, who was clearly disappointed to find that Sonoran Papagos had

already adopted many European ways. He nevertheless emphasized the

native practices and plants which they maintained: "in his southward

migrations he obtained seeds of corn and pumpkin as well as native

beans • • . in the rainy season these were planted about the water

holes and arroyo deltas, and in time the crop was gathered" (McGee

1895: 371).

McGee was the first to note that Papagos cultivate arroyo

deltas, which we now know they call t ak-ciii 'mouth of a wash,' where

floodwaters spread out. More importantly, after observing the Papago,
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McGee (1895: 375) hypothesized that agriculture began in arid lands,

and was a coevolutionary outgrowth of the necessity for cooperation

between organisms "under the hard environment." Ethnohistorian Bernard

Fontana (1963: 128) has pointed out that McGee was a half century

before his time in suggesting that agriculture may not have begun in

the fertile river valleys, but instead in more marginal environments

where humans needed to buffer themselves from "the prevailing aridity."

In 1897, after a second expedition through Papaguerfa, McGee

discussed sheetflooding, gullying (arroyo downcutting), and associated

processes which he observed in the desert. He reports on a

flotsam-marked area and flood-carved water-holding basin in Fresnal

Wash, which runs from the Baboquivari Mountains toward the Papago

village of Topawa. Such storm-formed basins or tina'as, as he called

them, are lined: "with impervious silt which held water for months, and

. . . refilled from season to season for some years, [and] drew about

themselves agricultural rancherias of Papago Indians, who built houses

and planted fields around the banks in order that they might enjoy the

priceless gift of their most important diety" (McGee 1897: 367).

McGee described in detail the "abundant detritus" or flotsam of

twigs, branches, fine sand and silt which accumulates in flat areas

after each flood. He returned to this topic a year later, in an

article which proposes the fertilizing effect of this floodwash which

the Papago today call wako:la:

The location of the temporale, like that of all other things
human in the desert, is deterined primarily by the occurrence
of water, and secondarily by character of soil. A favorite
situation is the seaward terminus of the arroya on whose middle
reach the rancheria is located; thither flows the unevaporated
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residue of the winter storm floods, soaking the soil and
fertilizing it with a veneer of fine mud, just as the valley of
the Nile is fertilized by the Nilotic flood; and even if the
storm freshet fails on the surface, its waters permeate the
subsurface sands within reach of the roots. Sometimes the
temporale is located where a single deluge, the product of a
single storm, soaks the soil and vivifies the plants into a
short-lived oasis (McGee 1898: 367).

The subsurface irrigation of fields, and the fertilization of

fields not by floodwaters, but by flood-carried flotsam, are both

processes which Papagos today discuss in their own terms, yet which are

phenomena that Anglo-Americans have difficulty recognizing. McGee

(1898: 367) also discussed the landscape of Papago temporales:

• . . nearby [are] the narrow fields whose few acres are all
but lost in the vast extent of the intermontane valleys.
Sometimes the fields are open, when the watchers rely on their
own vigilance for the protection of the growing crops; usually
they are enclosed by flimsy fences of mesquite and cactus.
There may be but a single field in a temporale, and that may be
cropped but a single season, though usually there are half a
dozen or more fields in a locality, and these may be used
during several successive seasons; but the Papago husbandman is
constrained by an intuitive geometry; and usually saves fencing
by making his field elliptical or circular rather than
rectangular; and in most village line fences are unknown.

McGee (1897) further noted that fields are often 5-10 acres in

extent; asociated with them are temporary shelters or bowers erected

around mesquite trees in the fields or near their living fences. These

observations may be helpful to archaeologists who care to locate and

document former field sites.

In April 1910, Godfrey Sykes of the Carnegie Desert Botanical

Laboratory accompanied Yale geographer Ellsworth Huntington through the

Sonoran Desert. An important proponent of environmental determinism,

Huntington sought data for his classic, The Climatic Factor as

Illustrated in Arid America (Huntington 1914) which related how the
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sparsity of water influenced human settlement patterns (James 1972).

His handwritten field notes contain many observations of Papago

agriculture, including the first report of the diversity of legumes in

the Papago repertoire:

Papagos raise wheat chiefly as winter crop,  , some
barley, & beans called garvanzo, but only a few because
jack-rabbits eat them, and some peas to dry. Summer crops of
corn, planted with first rains, and a doz. kinds of beans
planted at end of July and first two weeks of Aug.   with
first good rain at that season.

The pumpkins & melons are planted along with corn, i.e. at
the same time but not with it. In a good year like 1909 corn,
bean & pumpkins will grow almost everywhere. For instance,
some grew on the hill around Mr. Jos. Menager's house close to
Artesa. The Papagos won't steal most things, but can't resist
watermelons (Huntington 1910: 2).

The hillside cultivation of crops seems puzzling, unless it is

remembered that Artesa is named for its artesian wells, and that

Menager was not Indian and did not necessarily garden in the same kinds

of sites that his Papago neighbors used. Menager, a trading post

owner, provided Huntington and Sykes with other information: that 4000

Papagos lived then in the riverless part of Papaguerla (about one

Indian to the square mile, while another 1000 did wage work elsewhere);

and that the Indians did not raise onions, chilies or potatoes in their

fields, although they used these produce (Huntington 1910: 4-6). These

observations suggest that a considerable number of Papagos were already

integrated into the cash economy of the region, and were not simply

subsisting on local resources. Significant environmental change had

apparently occurred by this time: "The Indians have a tradition that

once the country was covered in tall grass wh. has now disappeared. It
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used to rain more than  . They know the names of the grasses wh.

have disappeared" (Huntington 1910: 8).

Huntington (1910: 8), in contrast to McGee, viewed Papago

farming practices as unsophisticated:

The method of cultivation of the Indians is here most
primitive. They simply plant the seed at the end of an arroyo
where the floodwater spreads out. Last year, i.e. 1909, was an
unusually good year for summer rain. The Indians lost a large
portion of their crops simply by flooding. No dams are built
for irrig., altho there are some for ponds for drinking water.

Huntington further noted that at least one of these charco 

ponds was dry six months of the year, and that villages were located

away from and downsteam from wells in order to avoid contamination of

drinking water.

On April 15, Huntington (1910: 4) heard of the same drought in

the 1890s that Gaillard had reported on earlier: "At Juivak they told

us of three dry yr.s 20 yr.s ago . yr.s 1891-2-3. In those yr. both

summer & winter crops did not fail absolutely at same time, but were

very poor."

Oddly, Huntington's (1914) book did not mention this, but

instead reported an eighteen-month drought in 1903-04 when the Papagos

did have a complete crop failure. At Maisk, a section of Covered

(Desert) Wells, Huntington (1910: 12-16) took the following fieldnotes

on geomorphology that are later elaborated upon for his text:

We have seen that all the present Papago agri. land is located
out in the very middle of the flats where the water stands
longest, or at the mouths of the largest valleys such as those
of Juiwak or Desert Wells & Covavi, i.e., where the valleys
de  into the broad playa. . . . He Mr. Sykes suggests that
in some cases there may have been diversions of drainage. I
saw no evidence of this, for most of the villages lie at the
lower ends of well defined valleys cut into old gravel.
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Finally, in Corn Vahia Wash, Sykes does show Huntington evidence of

diversion: "we found . . . some short ridges of gravel suggesting flood

water ditches. • • . It appears as if there were formerly some

scattered farms along here in pre-Papago days. There is now no

cultivation until several miles downstream near Maish's Ranch"

(Huntington 1910: 7).

In his book, Huntington (1914: 62) commented that the

present-day fields downstream from these abandoned ditches were

located: "where the floods finally spread into a thin, playa-like sheet

and slowly sink into the ground; the Indians from the villages beside

the wells at the base of the mountains live for a time, and sow their

seed."

In contrast to this t ak-ciii position of fields on an ephemeral

stream, Huntington (1914: 86) later observes Papagos cultivating "a

considerable quantity of land" 12 miles below Caborca, Sonora on the

Altar River [Rio Magdalena]. In general, Huntington was more impressed

by evidence of prehistoric hillside trincheras terraces and floodplain

diversions than by the extant cultivation of the Papago.

About the same time that Huntington visited Papaguerfa, another

astute observer was making his way through the Indian-inhabited lands

of northwest Mexico. The work of Carl Lumholtz is known primarily to

ethnographers, yet his books also contain many of the first reports of

plant and animal life associated with native American habitats in

remote areas. After noting the Papago move "to broad, flat valleys" to

practice rain-fed agriculture, Lumholtz (1912: 330) added that "they do

not usually pursue irrigation beyond the diverting of rain water into
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ditches." He listed four winter and four summer crops grown "according

to Indian habits" (Lumholtz 1912: 25-26), with wheat being the most

important. He also noted the dietary importance of field weeds such as

amaranths.

Lumholtz supplemented this general description of Papago

farming with other information specific to particular localities. He

was told that at Pozo Verde, Sonora, the water in dam-formed ponds

adjacent to fields lasted only three to four months, "and is not used

for irrigating purposes" (Lumholtz 1912: 37). Like McGee, he noticed

the relationship between field fertility, detritus deposition, and

geomorphology of valleys:

• • • this great abra or valley, like the others, of recent
gravel formation and rising slightly toward the base of
mountains, contains in its middle course a fine detritus of
much fertility. To be sure, there is no water here except the
short river of Sonoita. But both Mexicans and Indians find a
profitable field for dry farming, depending solely on the few
showers of the summer, and without irrigating (Lumholtz 1912:
162).

At that dry farming area south of Sonoyta, Sonora, Lumholtz

described a jacal food procurement shelter in the midst of a field, and

a Yuma Indian corn that matured in two months. It is now known that

the Yuma and Papago shared the same supra-race of small-eared,

sixty-day flour corn; this so-called Pima-Papago supra-race is perhaps

the quickest maturing dry corn in the world (Carter and Anderson 1945;

Anderson 1954).

Lumholtz (1912: 330) also recorded what may be two of the most

arid agricultural localities in the New World: Suvuk, southeast of

Tinajas de Emilia, and Caravajales' field near Tinaja de los Papagos.
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He noted that maize, tepary beans and squashes were formerly planted

there by people from Batamote, who may or may not have been the Sand

Papago "proper." Located in the present-day Zona Protectada of the

Pinacate, these sites are known as Sand Papago camps, and may or may

not be the same Sand Papago fields later recalled by Thomas Childs,

Jr., who visited Pinacate Sand Papago families from the 1870s onward

(Dobyns 1954).

The year 1912 was also that of the first of several University

of Arizona Agricultural Experiment Station publications which noted the

Papagos' drought-adapted crops and farming practices. Much of this

interest was generated by Station Director Robert Forbes, a long-time

friend of the Papago, who studied both Papago plants and introduced Old

World crops to them. He and colleague George Freeman spent two weeks

collecting Papago beans in 1910 as part of a landmark study of which

Freeman became the author only after a dispute with his brother-in-law,

Robert Clothier (Colley 1977). Freeman (1912: 3) wrote with apprecia-

tion of the desert adaptations of Papago crops: "Domesticated from the

neighboring canyons and cultivated in small patches, attended at best

by crude husbandry and dependent upon the precarious summer rains and

uncertain floods from the mountain washes for irrigation, the tepary

has lost none of its native hardiness."

A year later, station agriculturist Robert Clothier, in his own

publication, reiterated Forbes' message that while setlers had much to

learn from the Papago cropping strategy:

The Indians southwest of Tucson have farmed more or less
successfully with floodwater for generations, and their dams
for the deflection of such water may be found thrown across the
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arroyos. By adopting their quick-growing and early maturing
crops, along with their methods of using floodwater, there is
considerable opportunity in southern Arizona for the white
settler to profit by imitation (Clothier 1913: 770).

Clothier noted that one floodwater-supplemented plot in

southern Arizona produced four paying crops in five years, but it

appears that he was referring to an experimental plot, not a Papago

field. The 1918 revamp of Clothier's dry farming bulletin was written

by A. M. McOmie, and includes one of the first published photos of a

Papago floodwater diversion ditch. Although McOmie (1918: 531) allows

that the Pima and Papago are "expert in the utilization of floodwaters

for supplemental irrigation," he argued that their conscious role in

selecting hardy crops had been overestimated:

While the Piman family has contributed to a number of very
drought resistant varieties, natural selection must be given
the credit. These Indians farm under extreme conditions, and
destruction of the unfit through a long period of time has left
only drought resistant strains. Since "seed is seed" with
Indians, varieties are badly mixed.

Ironically, it may have been the genetic diversity and

interplanting of Papago and Pima crop varieties that buffered them from

problems other than drought: insect population explosions, disease

outbreaks, seasonal weather, etc.

In 1914, H. V. Clotts began working on a survey of desert

resources of the "nomadic Papagos," a term then used for all those

dwelling in the riverless heart of Papaguerfa, as opposed to those

settled on the San Xavier, Gila Bend, or most recent (1912) Ak-Chin

reservations. His Nomadic Papago Surveys report of 1915, and his

History of the Indians and Irrigation on Indian Reservations summary in

1917, form the first systematic, village-by-village treatment of Papago
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water harvesting and cultivation.	 Completed just before the final

Papago (Sells) reservation was established in 1916, Clotts' field work

proves an invaluable benchmark from which we can gauge subsequent

agricultural change.

In his first report, Clotts (1915) noted the timing of

plantings, crops grown, the use of one horse, six-inch plows, and

threshing practices. He was the first to note the use of diversion

dikes or water-spreading weirs made of brush, which the Papagos call

sai'ijida koli, 'brush fences.' He was also the first to observe that

the Papagos counter minor gullying:

The fields are always located where a large wash spreads out.
Sometimes long wing dikes are built to focus more water on the
field. Considerable ingenuity is shown in constructing small
brush dikes to divert water and to check the rush of water
through a field. By these latter the hollows are gradually
filled up and the field leveled. Sometimes levees are built
around the field to hold the water until it can soak into the
ground (Clotts 1915: 11).

In his 1915 report, Clotts (1915: 28) estimated that there were

9,177 acres cultivated with floodwaters in the U.S. Papago lands. He

described a 1/2-mile-long communally dug ditch at Cowlic that fed

several fields, as well as other features that illustrate considerable

complexity in water control. Topawa village had 878 acres in

cultivation at that time, more than any other village. The amount of

acreage in cultivation per person was 1.75 for Topawa, and 1.62 for

"nomadic" Papago country as a whole (Clotts 1915: 27).

In his 1917 report, Clotts described water control features,

their efficiency, and construction in fine detail. Already one can

sense that the technology was changing considerably: "Less than twenty
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years ago the ordinary slip scraper was unknown to these people, and

the dirt used in building their charcos (ponds) was packed by hand in

baskets of their own make. These charcos are earthen ponds in which

storm waters are collected and stored for domestic and stock watering

purposes" (Clotts 1917: 66).

This quote is notable in that ponds were no longer recognized

for irrigation as Gaillard had observed earlier, and that another

intermediate technology was missed. In addition to iron scrapers drawn

by horses, Papago once used animal skins stretched over a supple branch

frame as scrapers for excavation of charcos and ditches. Today, Papago

in their late sixties recall this device, which has now been completely

replaced by metal fresno scrapers which they call komikacud 'iastakud,

'turtle back scrapers.'

Clotts (1917: 39) was also aware that environmental change had

already occurred: "as late as 1873 the valley was covered with grass.

Probably as much rain fell than as now but it did not run off as

quickly and the effect of the floods was that of thorough irrigation."

Clotts (1917: 41) succinctly described how Papago water control

concentrated the rains of a large watershed onto a particular arable

site:

• . . they have a very ingenious plan of throwing out long
dykes or wings which converge on a few acres something like the
sides of a funnel. These dykes are frequently several miles in
length, running traversely across the valleys. Thus the
rainfall from hundreds of acres is diverted into a "pocket" of
a few acres where the soil is suitable for cultivation. • . .
In the same manner they divert water from a large surface are
into the charcos heretofore described, these charcos being so
situated as to secure a more or less impervious subsoil in
order to prevent loss of water by seepage.
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The precision of their placement of water control features

profoundly impressed Clotts. He attempted to warn future Indian agents

that they should not try to disrupt the traditional farming system:

The Papago Indians, by several hundred years of desert
experience, are thoroughly conversant with the conditions in
their country, and with consummate judgement have so located
their charcos and fields as to secure maximum results from the
limited rainfall available. We cannot go into their country
with the idea of teaching them farming or irrigation as we find
them in other parts of the country. Any attempt to introduce
modern farming methods, as we understand them elsewhere, would
result in disaster. The most we should do for these people is
first protect them in the possession of the land which they
have benefically used for hundreds of years (Clotts 1917: 42).

Assimilation Into the Arizona Economy 

After 1917, the majority of Papagos lived on Indian

Bureau-supervised reservations. All units of the Papago reservation

were consolidated into a single political unit via the Indian

Reorganization Act of 1934. During this period, numerous technological

and political introductions had become entrenched in the Desert

People's ways: 32 deep wells were dug; Catholic schools and chapels

were built; the Civilian Conservation Corps began government-subsidized

wage labor programs; and the older order of village headmen was

eclipsed by that of elected officials (Dobyns 1972). Off-reservation

wage labor in cottonfields also accelerated during this period.

Indian Agent McDowell (1920: 279) claimed that by 1919 the

nomadic Papago were precariously dry-farming 16,000 acres: "it is

doubtful if agriculture is adventured under more adverse conditions

than obtained in this land. With a persistence which years of repeated

disappointment have failed to discourage, the desert Indians continue
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to force the arid land to yield wheat, corn, beans, melons and other

produce."

McDowell (1920: 281) marvelled at the remarkable "engineering

instincts" of Papagos, who precisely located their villages and charcos 

"with reference to the lay of the land and the character of the soil."

He continued:

The same engineering instinct leads them to select farm areas
in the flats to which the surface water, deposited by rains, is
directed by dikes and ditches, to the end that each farm shall
receive a good soaking at least once a year. . . . One of the
engineers of the irrigation division of the Indian Service told
me that the Papagos had nothing to learn from the white men in
the conservation of surface water (McDowell 1920: 281).

Yet despite their skills, an abnormal two-year drought "caused complete

crop failure and dried up all the stored water, and the Santa Rosa

Indians were forced to find work in the mines and cotton fields

(McDowell 1920: 282).

From the fieldwork done about the time the Sells Reservation

was established, geomorphologist Kirk Bryan published three important

articles in the 1920s. The first, in 1922, discussed the origin of the

desert landforms which exercise "complete control over the lives of the

Papagos" (Bryan 1922: 20); the second was a guide to the watering

places of Papaguerfa (Bryan 1922); and the third included many plans

for technological development of surface and subsurface water resouces

(Bryan 1925). In the process of this work, he became interested in

arroyos, alluvial fans and how Indian agriculture interacts with these

landforms. Bryan's (1929) article is the first account which surveys

floodwater farming techniques used in the Southwest.
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Despite much discussion of alluvial fans and sheetflooding in

Papaguerfa, Bryan made remarkably little note of Indian agriculture in

his first article. His 1925 article was critical of the design of

Papago-constructed reservoirs, but showed the logic of their field

placement. For the Baboquivari Valley, Bryan (1925: 445) observed that

fields are in depositional environments:

. • . so much more debris comes from the Baboquivari Mountains
than from the smaller ranges that the outward sweep of this
alluvium controls the slope. . • . The streams on passing from
the pediment to the alluvial slope lose their dissecting habit
and form extensive adobe flats, which, with the resulting
floodwater fields, are characteristic of the floor of the
valley.

There are similar obsevations for other areas, such as the

Perigua Valley, where "modern and abandoned fields" are located in "the

absence of channels" (Bryan 1925: 237).

In his next article, Bryan turned to a discussion of how

arroyo-cutting had been debilitating floodwater farming throughout much

of the Southwest since 1880. His comments on this process of

environmental change, as well as those on the general floodwater

farming process are pertinent:

The usually clear distinction between irrigated and unirrigated
farmland breaks down in the consideration of marginal lands
irrigated by floodwaters . . . in the western United States
there are many areas, usually of small acreage where the growth
of a crop is dependent on sporadic and muddy floods. No
regular system of diversion or of conveyance of water is
maintained; but areas selected as likely to be flooded are
planted (Bryan 1929: 444).

Bryan then describes the kinds of sites which receive the right

amount of "overflow from higher ground." The first type is slopes

below escarpments; Papago field sites fall within his second type: "The
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locations of the second type fall into two classes: those where the

water of a stream channel spreads out over an alluvial fan at the

so-called 'arroyo mouth' and those adjacent to large streams which

overflow the flood plains" (Bryan 1929: 445).

Speaking in part from his experiences in northern New Mexico

and in part from southern Arizona, Bryan (1929: 454) hypothesized that

"the accelerated erosion that has been going on since about 1880 has

restricted flood-water farming to smaller and more scattered areas and

terminated it in the main valleys."

This hypothesis has placed an important role in subsequent

studies of prehistoric and historic demography in the Southwest, yet it

is still unclear if Bryan felt the hypothesis was already evident in

Papagueria as it was in other areas. Certainly his own descriptions of

Papago country reveal little arroyo cutting by the time he had done his

fieldwork.

The same decade W. J. Spillman (1928: 3) wrote an explanation

of "how the Papago Indians manage to grow wheat on five inches of rain

a year." They did so, he claimed, by utilizing floods: "where the wash

spreads out on a broad plain . . . these the Indians concentrate [it]

on their fields by means of extensive systems of dikes and ditches that

often bring to a single field the water that falls on several square

miles" (Spillman 1928: 3).

Notably, Spillman provided enough detail to give a sense of

yield crop per yield of water. He commented that one good soaking was

needed to prepare the land for plowing and planting, and another four

or five soakings were needed to insure wheat harvests, which amounted
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to as much as twenty-five bushels an acre. Unfortunately, Spillman

included some data which appear questionable. His five-inch annual

rainfall figure is certainly not the average for the Big Fields area;

nor did Big Fields have "one tract of 8,000 acres of fine looking

grain" during this century (Spillman 1928: 3), if Clott's figures are

correct.

In one of several of his Papago articles, J. W. Hoover (1929:

53) discussed the cultural geography of the Papago, and suggested that

Indian farmers buffer themselves from the erosion Bryan discussed:

The Indians are effective agents in checking natural erosion as
they spread the waters from the washes over their fields.
Above the temporals or villages the washes may be deep erosion
channels, while below they may not be at all apparent. Shallow
ditches sometimes extend out from the fields for more than the
rains are uncertain, and sometimes the crop must be reseeded,
and sometimes there is no harvest. The bean crop in 1927 had
to be put in three times on some parts of the reservation. If
planted too near the washes, the crop may be washed out; if too
far away, it may dry up. This year a dry spring was followed
by a record-breaking rain, which washed out much of the seed
planted for summer crops and made it necessary to replant. The
spring drought resulted in an almost complete failure of the
wheat crop except with the Kaka Indians who had the largest
yield.

Hoover (1929: 51-52) noted the volcanic features of Kaka's

location which may have shed additional runoff:

The fields lie on a flat alluvial fan at the emergence of a
canyon in low basalt hills which are outliers of the Sand Tank
Mountains. The lavas almost surround the fan, and the houses
are mostly located on this elevated land. The Indians assist
nature in spreading over the fan the waters which pour down the
canyon after the occasional heavy summer rains.

Hoover also noted that wells, cattle and mesquite wood sales to

cities were playing an increasingly important role in the economy,
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whereas in villages such as Santa Rosa wheat production had already

waned.

Summary 

By 1936, the new Papago government was functioning. 	 The

publication of Castetter and Underhill's (1935) The Ethnobiology of the

Papago Indians also began a new area of scholarship on Papago

agriculture. Due to Underhill's holistic approach to Papago culture,

agriculture could now be seen in its socioeconomic, and even religious

context. Castetter's works on the plants used by other tribes allowed

the first comparisons of crop repertoires and farming technologies.

Subsequent researchers could no longer ignore the works written before

them, so there was much more continuity of thought. On the other hand,

preconceptions gained from the literature may have limited later

observers; there was much redundancy in the general descriptions of

Papago agriculture and little comment on variants.

Later studies did, however, have different foci. Castetter and

Bell (1942) emphasized crop taxonomy and agronomy. Dobyns (1951)

discussed the failure of Papagos to accept the introduced bolsa form of

floodwater catchment. Woodbury and Woodbury (1962) attempted to assess

the acreage still in cultivation in 1960, and its contemporary economic

importance. Nevertheless, none of the post-1935 studies reveal the

complex environmental management techniques which the Papagos evidently

practiced in earlier times. We are fortunate that there are these

earlier fragments of documentation, since they elucidate aspects of

water control and field placement strategies that can no longer be



42

observed today on the same magnitude. These accounts document a range

of technologies and crops utilized by the Papago which buffered them

from the erratic desert. Rather than being "primitives" at the mercy

of the elements, they were effective agents of water and soil

management, capable of sustaining crop production over centuries in a

water- and nutrient-poor environment.



CHAPTER 3

'AK-CIR 'ARROYO MOUTH' AND THE ENVIRONMENTAL
SETTING OF THE PAPAGO FIELDS

The primary purpose of this chapter is to provide basic

information regarding the environmental setting of each Papago

floodwater-fed field that I have been able to visit, to serve as

background for interpreting the results in other chapters. I also use

more detailed information regarding the physiographic position of

extant fields to correct an historic misuse of the Piman term t ak-cifi

by scientists.

Papago agriculture was formerly more extensive than it is today

(Woodbury and Woodbury 1962; ARSP 1982). The sites remaining in

cultivation in Papagueria may or may not be representative of "typical"

field locations in former decades, since considerable environmental

change has occurred (Cooke and Reeves 1976). Nevertheless, most extant

fields are on sites that have been cultivated off and on for more than

one-half century (Clotts 1915), and in localities where the Papago

lived and farmed for centuries (Bolton 1931). As such, remaining

cultivated areas give some insight into the kind of environments Papago

farmers have historically selected for cultivation. Though change has

occurred in these environments since cultivation was first initiated

there, that these sites still serve for crop production suggests that

certain features have remained functional.

43
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The following tables provide information from a partial survey

of localities where there exist fields that were cultivated at least

once between 1977 and 1982. They are intended to characterize both the

intrinsic (i.e., 'natural') features of each field environment, as well

as the extrinsic, engineered features by which the Papago have modified

these environments.

Table 3.1 provides for each field the Papago place name,

latitude and longitude to the nearest tenth of a degree, and the

elevation to the nearest 20 meters. Using these coordinates and

elevations, mean annual precipitation projections were calculated for

each locality. Following the computerized system described by Warren

(1979), an autumn 1982 United States Geological Survey (USGS) data base

of Sonoran Desert precipitation records was drawn upon to make the

calculations, with the assistance of Tony Burgess.

Table 3.2a describes the physiographic position of each Papago

field surveyed, following Peterson's (1981) basin and range landform

classification. See Peterson's (1981) excellent cross-section diagrams

of landforms, for further understanding of his definitions. Table 3.2a

also lists the soil association generally found in the vicinity of each

field, as mapped for Arizona by Jay et al. (1983). The field itself

may have only one of these major soils within its perimeter, or several

minor soils intergrading. Additionally, Table 3.2a lists a code for

dominants of vegetation associations in field vicinities, based on my

transects and field notes on common trees, shrubs and succulents found

immediately outside the cultivated area. Plant associations are coded

at the "sixth level" of classification in the Brown and Lowe (1974)
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Table 3.1. Geographic data on Papago fields.

Farmer's Papago Eleva- Mean Annual
Initials Village Latitude Longitude tion (m) Rainfall (mm)

_. F. Kohadk 32.6 112.0 488 233

•	 • AkciW 32.3 112.0 563 244

J.	 A. Queenswell 32.3 111.6 618 269

J.	 A. Jiawull Dak 31.9 111.8 801 292

M.	 G. Ali Cuk ison 31.9 111.8 792 280

J.	 A. Ali Cukvi on 31.9 111.8 805 274

D.	 L. Ge Oidag 31.9 112.0 627 249

J.	 L. Ge Oidag 31.9 112.0 634 250

J.	 K. Topawa 31.8 111.8 777 283

E.	 C. Topawa 31.8 111.8 746 277

A.	 P. Topawa 31.8 111.8 740 277

G.	 A. Topawa 31.8 111.8 740 277

K.	 M. Topawa 31.8 111.8 740 277

F.	 M. Ali Jek 31.8 112.6 527 204

L.	 H. S-wegi 31.7 113.4 760 124-
(Suvuk) 138*

F.	 V. S-gogogsig 31.6 111.8 850 296

L.	 N. Kitovak 31.5 112.5 350 192

* Suvuk in the Pinacate is a former Sand Papago camp, farmed by the
Romero family (now of Puerto Penasco, and not Papago) since 1941. It
lies near the boundary of the AJ/AQ climate zones at 150 m, so mean
annual rainfall estimates were made for both zones.
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Table 3.2.	 Ecological setting of Papago fields.

3.2a.	 Eco-geographic data on Papago fields.*

Field's Phys-
Farmer's	 Papago	 iographic
Initials	 Village	 Position

Soil Asso-
ciation in
Vicinity

Adjacent Plant
Associations

_. F.	 Kohadk	 Alluvial flat Torrifluvents 154.125; 254.721.

__. __.	 Ak-ciff	 Alluvial flat Torrifluvents 154.125; 224.522;
254.721

J. E.	 Queenswell	 Alluvial flat Tremant- 143.165; 154.125;
Coolidge; 224.522; 254.721
Mohall

J. A.	 Jiawuli Dak Fan apron Tremant- 143.164; 224.1522;
Coolidge- 254.711; 254.721
Mohall

M. G.	 Ali Cukson	 Fan apron Tremant- 143.163; 154.121;
Coolidge- 154.125; 224.522;
Mohall 254.721; 254.731

J. A.	 Ali Cukson	 Fan apron Tremant- 143.164; 143.165;
Coolidge- 254.721
Mohall

D. L.	 Ge Oidag	 Alluvial flat Torrifluvents 143.165; 224.522;
254.711; 254.721

J. L.	 Ge Oidag	 Alluvial flat Torrifluvents 143.165; 224.522;
254.711; 254.721

J. K.	 Topawa	 Fan apron Torrifluvents 143.165; 154.121;
224.522; 254.721

E. C.	 Topawa	 Fan skirt Torrifluvents 154.121; 224.522;
254.711; 254.721;
254.731

A. P.	 Topawa	 Fan skirt Torrifluvents 154.121; 224.522;
254.721

G. A.	 Topawa	 Fan skirt Torrifluvents 154.121; 224.522;
254.711; 254.721



47

Table 3.2a. -- Continued 

Farmer's
Initials

Papago
Village

Field's Phys-
iographic
Position

Soil Asso-
ciation in
Vicinity

Adjacent Plant
Associations

K. M. Topawa Fan apron Torrifluvents 154.125; 224.522;
254.721

F. M. Ali Jek Alluvial flat Torrifluvents 154.121; 154.125;
or Gunsight 244.741; 254.721;

254.731; (264.711)

L. H. Cu:lik Alluvial flat Torrifluvents 154.125; 224.522;
254.721; 254.731

R.	 R. S-wegi Inset fan (Tremant- 154.111; 154.115;
Coolidge- 254.721
Mohan?)

F.	 V. S-gogogsig Alluvial flat (Torriflu- 143.163; 224.522;
vents?) 254.721; 254.731

L.	 N. Kotiwak Alluvial flat (Gunsight- 154.171; 154.174;
Rillito- 224.515; 244.711;
Pinal?) 244.741; 244.811;

254.731; 264.711

* See Table 2.b for terms. Parentheses indicate that the category
assigned is highly speculative, due to little or no coverage on
reference maps to the site area.
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Table 3.2b. Definitions of terms and codes used in Table 3.2a.

PHYSIOGRAPHIC POSITIONS (after Peterson 1981)

Fan Piedmont: Part of the piedmont slope above basin floors, fan
piedmonts are comprised of numerous, triangular or elongated-
diamond-shaped alluvial mantles and fan remnants. It may be the
least dissected, coalescing part of the piedmont, ending at (or
above) the fan skirt or basin floor. As part of this component
landform, there are two individual land features where Papago fields
are known to be located:

Fan aprons: These are sheet-like mantles of young alluvium in
poorly differentiated strata. They are located downstream from
gullies where erosional events are depositing materials, and
relict fan-piedmont surfaces may lie downslope from them.

Inset fans: These are ephemeral stream floodplains confined
between other features (such as ballenas). In this case, the
floodplain was set in between two lava flows.

Fan skirt: The fan skirt is a belt of gently sloping, coalescent
alluvial fans extending from the piedmont and merging with the basin
floor along its lower boundary. It has smooth topography, being
undissected or with very slightly incised channels. Its soils are
less gravelly than those of the piedmont, and are often of loamy
alluvium with excellent agricultural potential.

Basin floor: This component landform is nearly level, smooth, and very
extensive. Ephemeral floods may not ever drain beyond it (if it is the
floor of a bolson), or may only drain beyond it during major floods (as
in a semi-bolson).

Alluvial flat: This vegetated but nearly level surface extends
from the toe slope of a fan skirt, to the barren playa of a
bolson, or to the axial-stream floodplain of a semi-bolson.

SOIL ASSOCIATIONS (after Jay et al. 1983)

Hyperthermic Arid Soils: These are soils which develop generally where
mean annual precipitation is less than 250 mm. Soils at the surface
have mean annual temperatures of more than 22 0 C.

Torrifluvents: These are deep, stratified, coarse- to fine-
textured, nearly level to gently sloping soils on floodplains
and lower alluvial fans.
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Table 3.2b. -- Continued 

Gunsight-Rillito-Pinal Association: Deep and shallow, limy,
gravelly, medium and moderately coarse-textured, nearly
level to strongly sloping on alluvial surfaces and valley
plains.

Tremant-Coolidge-Mohall Associations: Deep, moderately coarse
and gravelly, moderately fine-textured, nearly level and
gently-sloping soils on low fan surfaces and valley plains.

VEGETATION ASSOCIATIONS (after Brown and Lowe 1974)

143.1 Scrub-Grassland (Semidesert Grassland)
143.16 Shrub-Scrub Disclimax Series

143.163 Isocoma tenuisectus-Prosopis velutina 
143.164 Isocoma tenuisectus-mixed scrub
143.165 Gutierrezia sarothrae-Prosopis velutina 

154.1 Sonoran Desertscrub
154.11 Creosote-Bursage (Lower Colorado subdivision)

154.111 Larrea divaricata 
154.115 Cercidium floridum-Olneya tesota-Psorothamnus 

spinosus (riparian)
154.12 Palo verde-Mixed Cacti (Arizona Upland subdivision)

154.121 Ambrosia-Cercidium-mixed scrub
154.125 Larrea divaricata-mixed scrub

154.17 Saltbush series (in more than 1 subdivision)
154.171 Suaeda torreyana 
154.174 Atriplex-Lycium-Prosopis scrub

224.5 Sonoran Riparian and Oasis Forests
224.51 Palm Series

224.515 Phoenix dactylifera-Washingtonia filifera 
224.52 Mesquite Series

224.522 Prosopis velutina-Celtis-Condalia-Lycium-short
trees

224.7 Sonoran Interior Marshland
244.71 Cattail Series

244.711 Typha domingensis 
244.74 Threesquare Tule Series

244.741 Scirpus olneyi 
244.8 Sonoran Alkaline Marshland

244.81 Saltgrass Series
244.811 Distichlis spicata 

254.7 Sonoran Interior Strand
254.71 Mixed Scrub Series

254.711 Baccharis-Solanum-Nicotiana-Rumex-Hymenoclea 
254.72 Annual series

254.721 Amaranthus palmeri-Chenopodium-Monolepis nutalliana 
254.73 Perrennial Introduced Grass Series

254.731 Sorghum halapense-Cynodon dactylon
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Table 3.2b. -- Continued 

264.7 Sonoran Inland Submergents
264.71 Pondweed series

264.711 Potamogeton pulvanitus-Zannichellia palustris 



51

biotic community system, which is equivalent in detail to "habitat

type" sensu Daubenmire and Daubenmire (1968). Wherever possible, these

data were checked for possible errors against those correlated in the

15-minute maps of natural resources of the Papago Indian Reservation

and Pima County, prepared for the Pima Association of Governments (ARSP

1977). Table 3.2b defines terms and codes used in Table 3.2a.

Table 3.3 lists the approximate area of each field as defined

by the plowline perimeter; the maximum percent of this field area in

crop production during my visits; the presumed levels of relative

importance (first being most important) of various water supplies to

the cropped area; and a list of water control structures in the field

vicinity functioning at the time of my visits.

It can be seen that few fields are alike in their combination

of intrinsic and extrinsic features. How these variables interact is

largely site-specific. These data are too general and from too small a

sample size to be used in predictive models to determine other suitable

sites for farming using floodwaters from ephemeral watercourses.

Geographical literature has perpetuated the notion that the key

variable in determining where Papago fields are located is the presence

of an t ak-ciW 'arroyo mouth' (Castetter and Bell 1942; Bryan 1929).

Because the success of Papago agriculture is presumed by some writers

to be dependent upon the location of fields at thse arroyo mouths,

their tradition of cultivation and floodwater irrigation has been

called the tak-ci5 farming system (Bowden 1977; Coe 1979). A review of

the genesis of this term, and its present use is given below, in the



Water Supplies to Field
	

Water Control
(1	 Largest)
	

Structures

1. Unchanneled through-
flow. 2. Shallow ditch
conducting throughf low.
3. Direct rainfall.

1. Diverted flow from
dissected watercourse.
2. Direct rainfall.
3. Unchanneled through-
flow.

Shallow ditch 30-50 m
long on floodplain

1. Deep ditch 50-100 m
long from watercourse
2. Divergon weir
(atrophied)

1. Diverted flow from	 1. Deep ditch 50-100 in
slightly dissected water- long from minor water-
course. 2. Unchanneled	 course.
throughf low. 3. Direct
rainfall.

1. Diverted flow from
dissected watercourse.
2. Direct rainfall

1. Diverted flow from
several watercourses,
2. Direct rainfall.
3. Hillslope overflow.

1. Managed flow across
plain. 2. Diverted flow
undissected watercourse.
3. Direct rainfall.
4. Supply of collected
runoff stored in charco.

1. 150-200 m ditch
from moderate-sized
watercourse, recently
"improved" by BIA.
2. Diversion weir
(atrophied). 3) Over-
flow valve-weir (BIA-
built, non-functional)
4. Spreading weir
(atrophied).
5. Border berms for
spreading.

1. Several berms and
50-100 m long divert-
ing and conducting
flow from major
watercourses.
2. Border berms block-
ing dissected water-
courses.

1. 25-50 m berms con-
ing flow from plain to
field or to charco.
2. Brush clearing on
plain above field to
increase runoff.
3. 14 by 6 m hand-dug
charco reservoir.
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Table 3.3 Field and water management

Farmer's	 Papago
Initials	 Village

Field
Area

% of Area
In Crops

__.	 F. Kohadk 0-1 ha. 50-75%

Ak-cifi 0-1 ha. 25-50%

J.	 E. Queenswell 2-3 ha. 10-25%

J.	 A. Jiawuli Dak 2-3 ha 10-25%

M.G. Ali Cukson 5-7 ha. 25-50%

J.	 A. Ali Cukson 1/4 ha. 75-100%



Table 3.3. -- Continued

Farmer's Papago Field % of Area
Initials Village Area In Crops

D. L. Ge Oidag 1-2 ha. 25-50%

J.	 L. Ge Oidag 2-3 ha. 25-50%

J.	 K. Topawa 1/2 ha. 10-25%

E. C. Topawa 1-2 ha. 25-50%

A.	 P. Topawa 2-3 ha. 10-25%

G.	 A. Topawa 3.5 ha. 10-25%
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1. Unchanneled flow
	 1. Water spreading

across floodplain.	 berms, low weirs and
2. Direct rainfall.	 borders.

1. Unchanneled flow
	

1. Shallow ditch 25-50
across floodplain.	 m long conducting flow
2. Direct rainfall.	 on floodplain.
3. Shallow ditch
conducting throughf low
across floodplain.

1. Shallow ditches
conducting throughf low
across plain. 2. Diver-
ted flow from slightly
dissected watercourse.
3. Direct rainfall

1. Two shallow ditches
50-100 m long con-
ducting flow on plain.
2. One deeper ditch/
berm combination 100-
125 m long diverting
flow.

1. Unchanneled through-	 1. Numerous (5-10)
flow on fan. 2. Managed diversion and conduc-
throughf low farther	 weirs far upstream.
upstream conducted toward 2. Shallow ditches 20-
fields. 3. Direct	 25 m long conducting
rainfall,	 flow across flood-

plain?

1. Unchanneled through-	 1. Shallow ditches 10-
flow on fan. 2. Managed 25 m long conducting
throughf low conducted
	

flow across flood-
upstream. 3. Direct
	 plain?

rainfall.

1. Diverted and conducted 1. Levee-size dike
flow across fan. 2. Di- 100-200 in long
verted flow from dissec- diverting and con-
ted watercourse. 3. Un- ducting flow.
channeled flow on fan.	 2. Low berms 50-100 in

Water Supplies to Field
(1 = Largest)

Water Control
Structures

4. Direct rainfall. long conducting
throughf low onto
cropped area.
3. Numerous (6-8)
parallel weirs spread-
ing flow and backing
it up on cropped
area.

K. M.	 Topawa	 3-5 ha. 5-10%
	

1. Unchannelled through- 1. Low borders?
flow across plain.
2. Direct rainfall.



Water Supplies to Field
(1 = Largest)

Water Control
Structures

1. Supply of collected
runoff in dammed reser-
voir. 2. Direct rain-
fall.

1. Channeled flow
through dissected water-
course. 2. Direct rain-
fall. 3. Pumped water
through a hose.

1. Unchanneled through-
flow across inset fan.
2. Supplemental watering
in 1982 by tanker trucks
supply from well near
Rio Sonoyta. 3. Diverted
flow from adjacent water-
shed "downstream"
4. Direct rainfall.

1. Managed throughf low
conducted across plain.
2. Diverted flow from
undissected watercourse.
3. Supply of runoff
stored in charco reser-
voir. 4. Direct rain-
fall.

1. Spring water diverted
from holding ponds.
2. Spring water conducted
directly to field/orchard
3. Managed floods from
adjacent watercourse
overflowing into second-
ary fields. 4. Direct
fall.

1. 100 ha reservoir
held by large engin-
eered dam. 2. 1000 m
mother canal. 3. Pro-
visional axillary
ditches.

1. Levee-size 25 m
long dike conducting
flow and protecting
areas vulnerable to
erosive meander.

1. Levee-size dike
diverting floods from
adjacent watershed;
only occasionally
functional.

1. Numerous (7) berm/
shallow ditch combina-
tions diverting and
conducting flow to
field. 2. Mother
canal from charco
reservoir to field.
3. Spreading berms.
4. 30 x 20 m machine-
excavated reservoir.

1. Hand-excavated
spring basins (4-5)
and conducting
ditches 50-200 m long
2. Machine-deepened
oasis pond and holding
levee. 3. Mother
canals with flood-
gates. 4. Waffle
garden berms and
borders. Woven fence-
row flood control.
6. Minor ditches.
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Table 3.3. -- Continued 

Farmer's
Initials

Papago
Village

Field
Area

% of Area
In Crops

F.	 M. Ali Jek 3-5 ha. 25-50%

L.	 H. Cu:lik 1-2 ha. 5-10%

R.	 R. S-wegi 3-7 ha 25-50%

F.	 V. S-gogogsig 5-7 ha. 10-25%

L.	 N. Kitowak 5-7 ha. 25-50%
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context of the data collected regarding the physiographic position of

extant fields.

Ethnological Literature 

The Papago term 'ak-cig was translated by Mathiot (n.d.: 379)

to mean 'mouth of a wash, place where a wash looses [sic] itself in the

sand or ground.'	 It is a unitary complex lexeme derived from 'akY

'wash, arroyo' (Mathiot n.d.: 379) and from ci	'mouth, beak, bill'

(Mathiot 1973: 209). 'Arroyo mouth' has been a typical translation of

this term as a place name for two Papago villages (Lumholtz 1912: 377),

although Russell (1975: 22) translated the name of two Akimel O'odham 

villages that "depended upon floodwaters" as 'Creek Mouth.' AkY is

clearly a term for a (usually dry) ephemeral watercourse or wash in

contradistinction to l akimel, 'river' or literally 'running wash.'

Although translated as arroyo or arroyo seco, 'aki does not necessarily

imply a gully or entrenched channel as arroyo does in much of the

current literature or geomorphology of arid lands (e.g., Cooke and

Reeves 1976).

The term 'ak-ciff as a northern Piman lexeme may have first been

printed in 1908 by Russell (1908; 1975). However, in McGee's (1895:

371) description of the Papago planting "native beans . . . about the

water holes and arroyo deltas," it is possible that the concept of

'arroyo delta' is simply a translation from Papago. Later McGee (1898:

397) noted that "favorite situation [of a temporale  planting] is the

seaward terminus of the arroya on whose middle reach the rancheria is

located." In both of these quotes, this geomorphic feature is not the
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exclusive site of Papago floodwater-fed agriculture, although it is a

preferred one. Yet according to the observations of Clotts (1915: 11),

"the fields are always located where a wash spreads out" [emphasis

added].

Without quoting these earlier obsevations, Bryan (1929: 449)

articulated much the same concept, but with added precision:

In the Papago country of southern Arizona the flood run-off of
the mountain areas is gathered in streams with well defined
channels which on reaching the great undissected alluvial
basins spread out in sheets. The place where this spreading
occurs is called by the Papago Indians Ak-Chin, "arroyo mouth."
These are favorite situations for flood-water fields, and more
than six villages or localities once inhabited in Arizona and
Sonora are called Ak-Chin or a corrupted form of the same name.

Bryan also observed that site selection involved intimate

knowledge of local conditions, so that a field would receive enough

runoff, but not too much to cause erosion or the burying of plants.

Bryan's great influence on subsequent workers investigating

geomorphology and native American agriculture is evident in the long

quotes or paraphrases from him in Castetter and Bell (1942), Hack

(1942), Kirkby (1973), Cooke and Reeves (1976) and Nabhan (1979).

However, additional connotations have been added to the concept

'ak-ci, perhaps unintentionally. Hack (1942: 26-28) noted that the

most common location for a flood-water field in the Hopi country is on

an arroyo mouth or t ak-ci, thereby extending the use of the term

beyond Pimerla Alta:

Further down the stream gradient flattens and the load of silt
being carried in the water increases. Finally a point is
reached where the stream can no longer erode but must deposit
its load. Here the channel cases rather atruptly and a shallow
fan is built up, over which the water spreads. This is the
arroyo mouth, caled the "akchin" by the Papago Indians and
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accepted as a technical term by Bryan. The akchin is a favored
place for a location of a field because the runoff of the
entire watershed of the arroyo, which has been concentrated in
the stream channel, spreads out naturally over a relatively
smooth surface without the aid of artificial spreading 
[emphasis added].

Hack's (1942) geophysical description of deposition on the

alluvial fan of an ephemeral watercourse is excellent, but diverged in

emphasis from observers in Papaguerla such as Clotts (1915), who

clearly notes artificial spreading of waters at field sites. Hack was

the first to state in print that 'ak-ciil is useful as a technical term

for any natural alluvial fan site where water spreads out, although he

attributed the adoption of this as formal terminology to Bryan.

Castetter and Bell (1942: 125) asserted that "Papago farming

plots were almost without exception located at the mouths of washes,

where they could be watered by flood water of the summer rains," yet

elsewhere (p. 168) they noted modifications of stormflows that imply

other locations were common: "In many cases shallow ditches and dykes,

or wings, were constructed starting a mile or more from the fields in

order to collect the surface run-off for the few acres on which they

converged." Castetter and Bell (1942: 125) noted other features

associated with the field sites:

In the Papago country every suitable plot of ground of this
[arroyo mouth] kind was utilized. . . . These pieces of
alluvial land had few or no stones. . . . They were not very
particular as to the type of soil, unless it contained
considerable salts, for the deciding factor was the ease with
which the land might be flooded during the rains. Nevertheless
these Indians knew that a good growth of weeds or the presence
of large mesquite or paloverde trees indicated good soil.

These various references, when juxtaposed, make apparent a

contradiction.	 If fields are located at 1 ak-cin sites where floods
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naturally spread "almost without exception," why were mile-long

ditches, dikes and water-spreading berms constructed at all? One would

not need to construct a mile-long ditch to bring water to a site unless

sites closer to the wash were: (1) already being cultivated; or (2) too

vulnerable to erosive floods. If water control structures forced the

water to spread out in areas where it would not have otherwise, were

Papago farmers actually "making" new   sites? An additional

problem becomes apparent in the context of Bull's (1981: 49) concept of

the threshold of critical power in desert stream flows:

The threshold of critical power is merely a ratio of those
factors affecting stream power that tend to promote sediment
transport . . . as opposed to those that tend to promote
sediment deposition. . . . Where stream power is insufficient,
part of the saltating bed load will be deposited as the stream
bed aggrades. . . . Critical power may change rapidly in
response to changes in the amount and size of sediment . . .
the stream power available to transport sediment . . . can be
estimated by measurements of discharge and stream gradient
. . . sediment transport is highly sensitive to changes in
slope and discharge.

Although slope changes little from storm event to storm event,

volumes of flood discharge and sediment vary dramatically, such that

stream flows may reach their threshold at different points along a wash

with different storms. If this varies from flood to flood, how can

"the place where the water spread out" be a natural, fixed location?

In response to these questions, I will provide information from

contemporary Papago, and then from a geographic analysis of field

locations.

Oral Interviews with Contemporary Papago 

Although negative evidence never entirely answers a question,
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it is pertinent that I have never heard a Papago call his cultivated

plot an   'oidag, or speak of   fields, farming or

agriculture. The term 'ak-ci, when used by Papago, is used either for

particular villages with that place name or for specific geographic

locations along a watercourse at a specific time. While Papago clearly

make a connection between the place of the t ak-ciri and the place of

certain fields, there are   places that do not necessarily have

fields associated with them.

At Ge Oidag, on the edge of the field furthest upstream, an

elderly Papago responded this way when I asked him if there was an

  around there:

Right there by our field was the place where the water spread,
the t ak-cill [pointing to the south and west of the field
several hundred meters to some taller trees]. And over on the
other side too [nodding toward a place to the south, out of
sight] there's an 'ak-ciV on the other wash. The wash had a
divide near where the road crosses to go to Kowulik. There
used to be fields stretching on both forks [motioning
downstream, westward toward the church]. There used to be
houses close to the edge of the fields, but then the wash
changed and they had to move them (C. M., formerly of Ge Oidag,
now living in Topawa).

This description reiterates the dynamic aspects of stream

morphology through time.

Another Ge Oidag farmer has told me that when the washes

changed their meanders, it starved some fields of their waters and they

were never planted again. Subsequent dike or levee building to keep

floods from washing out other houses starved additional fields. The

divide in the wash is not exactly where it was previously, due to road

construction and clearing (D. L., Ge Oidag).
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The 'ak-ciff, for this other farmer, was not the only location

for fields:

'Ak-cill--the water stops there, and goes down two feet. The
seeds get covered up [by the wako:la that comes with the water
down the wash]. There are fields in other places too. They
can get the water from the wash, or from running across s-kawk 
jewed [hard-packed soil]. But the fields are always by the
wash . [whether near the 'ak-cill or not] (D. L., Ge Oidag).

This farmer also used soil textures as an indicator of where to

put fields within areas that would generally receive enough runoff to

support crops. He began a new field on a small drainage after his field

was starved of flows from the big wash.

An elderly woman in Topawa recalled that her father moved his

planting efforts from ner Fresnal Wash to a smaller drainage, and used

both soil and plant cover as indicators of where to place his new

field: "He was looking for dark soil underneath and found it, there

where the kuawul (Lycium) was. The little bush kuawul was all over

that place. It is usually near washes in sandy places, sand on top and

dark soil underneath (L. K., Topawa).

A younger farmer in Ali Cukson was asked about the location of

his field just upstream from a black volcanic hill that forced the wash

to spread: "The old people, they liked to plant at the base of the

foothills because that's where the floodwaters are deposited and

accumulate" (M. G., Ali Cukson).

Judging from these few accounts, it is possible that downstream

proximity to an t ak-cin* is one of several options used in placing

fields. Streamf lows may change through time and influence erosion and

deposition patterns as well as slope. Papago farmers abandon or move



61

their fields to adjust to where the water tends to spread out

naturally, as well as encouraging it to spread out more in places where

it normally wouldn't. Within the last five years at Topawa, bulldozing

a major wash into a high-banked, narrow channel has changed the site

which used to be identified as the l ak-ci. The water now erodes front

of the first field and dumps large stones into its upstream side, only

spreading out when it is well into the middle of the field. Such

dramatic changes within a short period of time would be ideal tests for

future studies to ascertain if Papago farmers would state that the

'ak-ci71 has "moved." In any case, it is questionable whether all

Papago fields should be termed 'ak-ciF fields.

Map and Aerial Photo Analysis of Field Positions 

In order to determine whether or not particular fields are

situated at the deltas or "mouths" of washes, I have established

certain criteria for interpreting how floods flow as they reach the

fields. If a watercourse is in a zone where tributaries are joining

into it, I define this as a zone of flow concentration. If, as on an

alluvial fan, stream channels are diverging, I define this as a zone of

flow distribution. The transition point between these two zones, which

usually occurs with a gradient change, is the   apex. Just

downstream from it the flow is being distributed, but downstream beyond

the fan proper is a zone where flow is unchanneled and linear, neither

being distributed nor concentrated until other landforms or slope

changes influence it.
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To interpret gradient changes along a watercouse, I have

compared two arbitrarily chosen lengths of the watercouse: that which

falls within the first 3 km upstream from the upstream edge of a field,

and that which falls within the first 3 km downstream from the upstream

edge of the field. The changes in elevation of the watercourse over

each of these 3 km lengths were compared. If the elevation change in

the upstream length was more than 5 m compared to the change in the

downstream length, the watercourse was said to have realized a

significant gradient change somewhere near the field site. For small

watersheds less than 3 km in length, this test was not considered to be

applicable.

I have also attempted to determine whether or not the presence

of certain kinds of water control structures or man-made features are

diagnostic of certain physiographic positions of fields. Upstream from

an 'ak-ci, I will predict that water-concentrating features such as

berm-ditch combinations are needed to funnel the flows into a

particular area. Diversion from one or several small tributaries,

using much the same features, is a related strategy. For fields at the

t ak-ci ii apex, I predict that water spreading or distributing features

are needed at the upstream edge of the field, or within it. In

addition, since it is in a zone of transition, there may often be other

features (brush diversion weirs) near the tak-cill apex, designed to

keep water from spreading too much so that floods remain targeted for

the field. On the 'ak-ci ii fan, I predict that water spreading features

may be needed, unless flows are so naturally distributed that none are
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required. Downstream from the fan, I predict that flows may be blocked

and either spread in place or diverted to an adjacent area.

To test the combined diagnostic value of these criteria in

describing the physiographic position of fields, I have utilized them

to evaluate the position of nine fields located between Sells Wash and

the International Border, east of Vamori Wash and west of the

Baboquivari Mountains. In deciding which categories fit particular

fields, I utilized notes and hand-drawn maps from my on-ground surveys,

1979 U.S.G.S. 1:24,000 topographic quadrangle maps, and 1:30,000

natural color aerial photos taken on May 17, 1980 by Exploration

Associates of Tucson, in possession of the Office of Arid Lands

Studies.

The results presented in Table 3.4 confirm that within this

century at least, not all Papago floodwater fields have been situated

at or near the 'ak-cmn position on alluvial fans. Aerial photos were

most useful for determining whether or not streamf low is being

concentrated or distributed, or is in a transition zone between the

two. These criteria were of greatest value in identifying the

placement of a field in relation to an 'ak-cin position.

Although changes in stream gradient should theoretically

diagnose the same position, the arbitrary 3 km streamcourse length

criterion may be too artificial to detect gradient changes which

actually do cause floodwaters to spread out. Two of the three fields

located at or near an 'ak-cin apex were in a zone of gradient change,

as were two of three fields situated below the 'ak-cin apex on fans.

Nevertheless, a more precise indicator of significant gradient change
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Table 3.4. Physiographic position of Papago fields in relation to
stream flow and water control.
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Is the field in a zone
where ephemeral streamf low
is:

Being concentrated
In transition (near

(threshold?)
Being distributed
Unchanneled

Does the stream gradient
drop more than 5 m. in
the 3 km. above the field
than in the 3 km. below?

Yes, gradient change
No gradient change 	 x?
Not applicable, stream
length less tha 3 km.

Are there water control
features or structures in
or upstream from the field
that serve to:

Concentrate flows 	 x	 x	 x	 x
and/or divert flows	 x	 x	 x	 x	 x	 x

Spread flows	 x	 x	 x
No adjacent structures 	 x	 x
or major features

It appears that the field
position is

Upstream from an 'ak- cm n 
At or near the e ak cin 
apex

Downstream, on 'ak-cm n 
fan

Downstream, below fan
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is needed, in addition to recognition that this factor will never in

itself have high predictive value. Bull's (1981) threshold of critical

power concept identifies slope change as only one factor of many

causing floods to deposit sediment and spread their waters.

Likewise, the kinds of water control features found at any site

have somewhat limited diagnostic value in identifying the physiographic

position of a field. This may be because certain fields need both

water-concentrating and -spreading structurs to efficiently place

non-erosive floodwaters on the cropped area. Fields at or near the

'ak-ci Ff apex typically utilize a variety of water control measures, to

the extent that it is questionable whether being located where "waters

naturally spread out" is enough to insure crop success. Two of the

three fields with no major water control features lie fairly far

downstream on a fan, so that floodwaters are considerably slower and

evenly dispersed by the time they reach the crops. Fields upstream

from the t ak-ciri typically have structurs to concentrate waters in the

field's path. The one upstream field that did have water-concentrating

features apparently needed them, for in the one year I observed it the

crop was lost due to drought stress, despite other fields producing

crops nearby.

The format developed here for defining field positions in the

context of streamf low characteristics can benefit from further

refinement. Yet it is at present useful in demonstrating that not all

current Papago fields are   fields, and that the generalization

that all Papago floodwater farming is 	  farming is unwarranted.
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A remaining question has to do with the historic placement of

fields in particular positions. Cooke and Reeves (1976) have

documented arroyo-cutting on major Papago washes. In certain places I

have observed formerly utilized diversion ditches perched 1-1.5 m above

the present wash flood, left high, dry, and largely dysfunctional by

recent arroyo entrenchment. Because of such environmental change this

century, Papago farmers have sometimes begun new fields in smaller,

tributary watersheds. In two of the cases presented in Table 3.4,

newer fields are in upstream positions. Has the degradation of major,

favored 'ak- ciN sites caused Papago farmers to use non-'ak-ci'

environments for fields more than they did in the past?



CHAPTER 4

SOPOL 'ESIABIG MASAD, AND THE EPHEMERAL
NATURE OF Tii-TT6 SUMMER CROPS

The purpose of this chapter is to relate the O'odham 

expression, so ol 'esiabig masad, or 'short planting season moon,' to

the selective pressures on, and adaptations of summer crop varieties

regularly planted in Papago fields. I will provide evidence that this

expression is used by certain Papago individuals in ways which

recognize two key characteristics of desert ephemeral plants that

germinate during this designated season: (1) a shortened life cycle;

and (2) a phenotypic plasticity (Levitt 1972; Mulroy and Rundel 1977;

Turner and Begg 1981). I will then argue on the basis of an analysis

of Sells, Arizona weather records that the timing of the first and last

major late summer/early fall rainstorms, more than frost-free season,

or day lengths, may have provided the critical pressures selecting for

a shortened life cycle. I will hypothesize that to be able to mature

within this short season, Papago crop ecotypes have evolved adaptations

which parallel those of wild desert ephemeral plants. Evidence to

support this argument will be presented from comparisons of the

maturation time of crops available to the Papago; from a partial survey

of morphological and physiological adaptations expressed in Papago crop

varieties; and from comparisons of these adaptations with those

currently recognized to be characteristic of wild desert ephemerals.

67
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The ephemeralized nature of Papago crops, I will argue, is of critical

importance to the success of rainfed field crop production in the

Sonoran Desert.

Ethnolinguistic and Ethnographic Literature 

Mathiot (n.d.: 423) noted that the nominal expression sopol 

'esiabig masad, literally means 'short planting season moon,' and

corresponds to September. Elsewhere, she noted that it corresponds to

August, and that it literally means 'month of the short planting

season,' "thus called because things have to be planted before August

15" (Mathiot n.d.: 54). It will be seen that there are several

differing presentations of the Gregorian calendric dates to which sopol 

'esiabig masad period corresponds. This is in part due to the

traditional Papago calendar being essentially lunar. Since lunar

cycles are each about 29.5 days long, they appear to "shift" in

relation to the modified Gregorian calendar used today. Additionally,

there is not one Papago calendar, but several; most with 12 moons per

year, and at least one with 13 moons (Underhill et al. 1979).

A coufounding problem is that many contemporary Papago are more

aware of the timing of English- or Spanish-named months in the modified

Roman calendar than they are of lunar positions and their

interpretations in O'odham. They therefore attempt to use Wodham 

terms as direct one-to-one correlates of the modern calendric months

upon which their work and school schedules are based (e.g. San Simon

School 1980). For the sake of this immediate discussion, it will be

assumed that the sopol 'esiabig masad falls sometime betwen the middle
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days of July and early September, and that any dates given refer to the

particular year in which the interview was recorded.

To understand how the expression sopol 'esiabig masad and its

variants are utilized by Papago.farmers, it may be worthwhile to learn

the range of meanings associated with each element of this composite

lexeme. To begin with, individual Piman speakers generally mean the

same thing when they use the variants sopolk 'esiabig masad, sopol 

'usapik malsat, depending either upon their dialect or personal

pattern. The expression consists of three terms which were each

treated as separate, definable entries by Mathiot (1973). Sopol and

sopolk mean 'short in length' (Mathiot n.d.: 349). Sopolk may be used

to point to a characteristic of a general class rather than to an

individual, as in "clothes for the short men" (Ofelia Zepeda: personal

communication). These terms are related to sopod and sopodk, or 'short

in height' (Mathiot n.d.: 349). 'Esiabig or esabig appear to be used

only as part of complex or composite lexemes, and the -big suffix may

be a grammatical element of no intrinsic meaning, functioning as part

of these composites (Ofelia Zepeda: personal communication). 'Esiabig 

is included in ha'icu 'esiabig, or 'planting season,' in 'esiabigai or

'planting season for a specified seed,' and is related to 'es, 'to

plant seed,' te'esa, 'to plant seeds repeatedly,' and t e'es 'plants

growing from seeds' (Mathiot n.d.: 423, 427, 428). It may also be

related to l u:s, 'stick' or 'tree' (Mathiot 1973b: 488), or to the

seventeenth century Piman term for sowing seeds, 'usa, recorded in

central Sonora (Pennington 1979: 108). Masad means 'moon' or 'month,'

with a designated month beginning when the moon rises in the morning
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(Mathiot n.d.: 54). It may also refer to menstrual periods (Saxton and

Saxton 1969: 30).	 The term 'masada, 'moon' or 'month,' was recorded

among the Pima Bajo historically (Pennington 1979: 73, 108). 	 In

outlining the Papago year, Underhill et al. (1979: 18) discussed the

short planting moon as part of a four-moon season which generally falls

betwen summer solstice (June 21) and fall equinox (September 21):

The first segment concerns rain and farming--from "Saguaro
ripe moon" to "Dry grass moon" (meaning that the rains are over
and the earth is dry again). The second concerns the
cold--from "Surviving moon" (meaning that the frosts have come
and not all plants can survive (Saxton and Saxton 1969: 179) to
"Lean moon" (meaning that deer and rabbits are lean and not
fat.

It is pertinent to later discussion that certain plants dry out

and presumably die due to drought prior to the cold months, when others

succumb to frosts. Underhill et al. (1979: 19) also showed that in one

of the four northern Piman calenders presented, the short planting moon

is also known as the big rain moon, and is preceded by a rainy/saguaro

ripe moon. The others all show the moons of saguaro ripening, rain,

and short planting being separate, consecutive entities.

The following citations focus on the short planting season with

regard to weather, and its constraints on agricultural crops. Lumholtz

had already recorded the name "short planting moon" at Pozo Verde when

he visited the Sonoita-Quitovac area and commented on the rapid

maturation of maize (Lumholtz 1912: 169):

At the so-called Temporales, where Mexicans from Sonoita and
Quitovac practise dry farming, besides the usual forms of
Indian corn, a kind of maize that matures in about two months
is cultivated. It is called maiz de Yumas, is white in color,
and the ears are small. I saw some that had been planted in
the beginning of August and which was ripe by the middle of
October. The rains rarely fall here before August. Frost
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usually appears the 1st or 2nd of November. This year it came
on November 14, and sometimes it comes as early as the middle
of October. However, frost does not injure maize that has
reached maturity.

The implication was that Yuman maize matures more rapidly than

the (presumably Papago) Indian corn common in the area. However, when

planted late, both must mature within the following 8 to 10 weeks to

avoid frost damage. Although the small white maize variety known to be

common among the Yumas is now classified as part of the same

Pima-Papago supra-race as is Papago flour corn, it may indeed mature

more rapidly. As demonstrated in a 1981 Tucson planting of Papago-Pima

flour corns, long with a Mohave flour corn very similar to Yuma flour

corn, the Mohave corn matured slightly more rapidly, with two-thirds of

the plants in tassel in 40 days. Castetter and Bell (1942: 81-82)

believed that no variety of the Pima, Papago, Yuma or Mohave called

sixty-day corn could actually mature in that length of time; that

perhaps the sixty-day reference related to the period from planting to

flowering. However, they based their conclusions on field studies in

the Albuquerque vicinity, in ways quite dissimilar to the Sonoran

Desert. This typic will be treated in a more thorough manner later in

this discussion.

Castetter and Underhill (1935: 30) emphasized that the timing

of the summer rains was pivotal to the next half hear's activities of

Papago who historically gathered as intensively as they farmed:

July is known among them as the "Month of Rains" and August as
the "Month of Short Planting." If the heavy rains are delayed
until August, these people sometimes do not plant at all since
the growing season is too short to allow the crops to mature
before frost. In this event they change their whole scheme of
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living: they eat the seed-corn and beans and spend the rest of
the summer in food gathering and the winter working wherever
employment can be obtained.

This account suggested that August plantings may have their

maturing production limited by frost, a slightly diffferent emphasis

than that of Lumholtz, who saw an August planting mature without

damage. It also presented the option of not planting if rains are

delayed, a choice frequently made by contemporary Papago.

Castetter and Bell (1942) devoted considerable discussion to

the timing of planting:

All Piman groups whose agriculture anciently depended upon
flood water from washes made but a single planting„ the time
of which was in no way governed by a [spring] frost-free date
since planting had to await the beginning of summer rains, from
late June to mid-July, and thus corresponding with the end of
sahuaro harvest (p. 145).

The season in Papagueria was concentrated in July and August,
when almost all of the meagre annual rainfall occurred. . . .
It was immediately after the ground had been moistened by these
rains that the Papagos did their temporal planting, which was
thus governed by rains rather than season or temperature. As
these rains might be local, some variation occurred in the
planting season in different areas (p. 149).

The emphasis on local variation in timing of planting was well

justified, as comparison of various accounts indicates. Castetter and

Bell also anticipated the hypothesis presented here that the duration

of rains or drought are the controlling factors of crop duration more

than day lengths ("season") or frosts. They qualified this in the

following discussion, the first to compare the maturation time of

individual Papago crops (Castetter and Bell 1942: 150).

. . . if the heavy rains were delayed beyond this [mid-August]
the Papagos sometimes did not plant at all since the growing
season would be too short before frost. The latest safe date
for sowing maize is now regarded as about August 17; for
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teparies, August 20-25. Under especially favorable moisture
conditions two sowings of teparies might be made, the early one
after the first summer rains, the second as "short planting" in
mid-August. At present this late planting period is regarded
as much more desirable for common pink beans and limas, since
they go mostly to stems and leaves if planted early. . . . Due
to the erratic rainfall, a crop often had to be reseeded, and
even then there might be no harvest. In 1927 the tepary crop
had to be planted three times on some parts of the Reservation.

Suggested in the comment that common beans put on so much

vegetative growth with early planting is the notion that the later

planting has a more favorable seed/vegetative weight ratio. This

implies the phenotypic plasticity of Papago crops as well.

A discussion of the Papago year by a young girl, Alturia

Eilawallo, first recorded by Goldie Tracy Richmond, indicated that

planting extended into September on the western side of the reservation

(Poe 1964: 94-96):

If the rain comes in August or the first of September, we plant
our fields. We plant melons, red beans, brown tepary beans,
and squash. We get the family ready to go to Sonora Mexico. .
. . We reach home on the ninth or tenth of October . . . soon
we are busy looking after our fields again. We are eating the
little green squash, green corn, and new beans. . . . From the
early part of November until the middle of December we are bush
gathering in the beans, [black-eyed] peas, corn, melons, and
pumpkins.

This passage places dry harvest times after the dates which

Lumholtz offered for the termination of the frost-free season, but also

suggests that a portion of the crop is harvested quite early (6-8 weeks

after planting?) while still immature, as fresh produce.

The brief calendar recorded by Saxton and Saxton (1969:

178-180) has the two-village Papago moving away from their villages

within two months of the late planting:
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The comes Short Planting Month, August, when late crops are
sown and the summer rains end. . . . By September the sun has
baked the desert soil dry again for Dry Grass Month. . . . In
old times when people moved from their summer fields to their
mountain well villages, it was very important to know what
flood plants survive the frost. Surviving Month was October.

Finally, Crosswhite (1980) has provided interpretations of

references regarding the relationship between the Papago saguaro

harvest and their crop cycle. One of his most emphatic arguments is

that the saguaro wine feast preceded and enabled the crop planting

(Crosswhite 1980: 5, 48, 49):

As a prelude to the seasonal "de temporal" agriculture, the
Papago have oserved a rain-making wine feast, the nawait 
ritual, with memorized speeches thought to bring down the
clouds. . . . After the saguaro harvest provided food that
could be stored and eaten, and after the wine ceremony brought
rain, it was time to plant seeds of corn, beans and cucurbits.
Underhill (1946: 43) stated that in days past crops could not
be planted until after the saguaro wine ceremony. . . . After
a growing season of no more than 100 days, the crops were
harvested in October.

This rather rigid view of sequential scheduling of activities

can be questioned since historically, sometimes the wine feast occurred

in August, and recently as late as August 31, well after fields were

planted (Nabhan 1982). Crosswhite's (1980: 14) own summary of the

August/short planting month implies that nawait ceremonies continue

after the rains have begun (and fields are planted): "This is the last

chance of the year to get crops into the ground. If the nawait ritual

at one village has already started the rains, now other villages should

have ceremonies to ask for the rains to continue."

These ethnological documents provide the following outline:

Papago planting of floodwater fields was dependent upon rainfal which

was relatively unpredictable in its arrival time. If the rains did
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begin soon after the saguaro harvest, an "early" planting of several

crops was done. If the rains began later, if the early planting

failed, or there was still more field area to be planted, a "late

planting" was undertaken. The time of this short season planting varied

from year to year, area to area, and certain crops (beans) put on less

vegetative growth with it than with the early planting. Some produce

was harvested early, while still green. For crops to mature, however,

they were generally planted before a certain "cut-off" date." If

planted later than this date (August 15 to early September, depending

on locality), they were too vulnerable to either frost or to

late-season drought. Various observers did not weigh the relative

importance of these two factors equally.

These accounts, while providing many insights, leave many

questions unanswered. The following information was collected in an

attempt to understand more thoroughly the late summer planting season

and crop adaptations to it.

Recent Interviews With Papago 

Many Papago use the same marker as Sonoran mestizos for the

earliest onset of the summer rains--San Juan's Day (June 24):

We began to look for rain in the middle of June. It would
begin to come around San Juan's Day. Now it's different. It
rains any time. . . . My father, he'll go up on the ridge
every evening and watch. Then he'll come down and he'll say
"Gather [saguaro] fruit for two days now, then we'll start
walking back [from the cactus camp to the fields]. Last night
I saw lightning at the edge of the world. So the rains will be
coming gradually. We'll hide our things at the camp, go home,
and gather firewood. Then we'll put out puts to catch the rain
when it comes to that we'll have the drinking water. The wind
always comes from the south. In two days [the storm] comes up
(L. K., Topawa).
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One Papago farmer observed that if the first rains were slight

he would still hold off planting. "The dirt is still too hot. It will

just dry up again. The second one might make it so it stays wet. Then

I will plant" (D. L., Ge Oidag).

The same farmer suggested that his field required runoff to

moisten the soil deep enough for plowing and planting. His walking

plow drawn by draft animals turned soil over 8 inches (20 cm), or less

where slick clays were on the surface. He explained the difference

between "when there is just water from above," and when "water from the

sky and from the earth meets": "When it just rains from the top it just

runs and won't go down even four or five inches. If the water floods,

that's the one that will go way down, one foot or a foot and a half"

(D. L., Ge Oidag).

To most Papago farmers and gardeners today, planting can be

initiated ant time in the summer that such rains and floods arrive.

Since so few cactus wine feasts are organized anymore, any constraints

which this ceremony formerly had on the scheduling of planting are not

evident today. Even individuals participating in and devoted to the

wine feast do not see it as a constraint: "It's okay to plant before

the nawait if it rains in June or July. That's what they had to do if

the rains came early. Then the field will be ready before (D. L., Ge

Oidag).

Of 19 Papago gardeners and farmers interviewed who planted

traditional crops in 1982, 10 planted in late July or early August,

although the late arrival or rains was not the only factor invoved in

their decision. Nevertheless, most of these people did have well water
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available to their gardens so that water availability was not a

limiting factor. Only six of them, however, used faucets and garden

hoses exclusively. Ten specified that their gardens were watered both

by rains and faucets. Three of the ten clearly indicated that well

water was the supplement since their gardens were watered "mostly by

rains." Because of their continued (at least partial) dependence upon

rains and floods, it appears that Papago are more likely to plant late

in the summer (if that is when rains arrive) than non-Indian gardeners

in southern Arizona.

Many Papago regard these August plantings as the short

plantings. One Papago woman explained the term sopol epbig in this

way: "Sopol--it can mean a short plant, the same way we say a short

man. But here it means a short season because you have to hurry to get

the crops in" (D. W., Wo:g Hudunk).

Others agreed that the expression as a whole refers to a

shortened season: Mamsad 'o wud sopolk.	"The months (season) are
.	 •

short" (L. K., Topawa).

While some plants such as cushaw squash (Cucurbita mixta) are

used exclusively in the immature stage if planted during the short

season (S. P., Komatke; L. K., Topawa), other crops planted then are

selected so tha they will mature within the available time: "even if

planted late they will mature in the cold, as long as there is no

frost" (D. L., Ge Oidag).

These same crops, if planted earlier as well, look different to

the Papago.	 Several comments indicate that they are aware of the

phenotypic plasticity associated with crops that can be planted at
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different times over a 8-10 week period. With the short planting

season "the plants make flowers early, and a lot of fruit comes quick.

The early planting, squash vines run a long way and cover everything.

The sopolk 'esa, they flower right away (L. K., Topawa).

For tepary beans:

In the early planting, the vines go down further [across the
ground]. In late July and August, they'll blow, and underneath
they'll have wihogdag [pods]. If planted in July the plants
get big and have long strings. If planted in August, the beans
are down uner the plant, together in one bunch. . . . Maybe
more pods for the plant, too (D. L., Ge Oidag).

Certain Papago specify crops which are suited to the short
planting season, but these listings differ: Au2ust is bean
planting time. Chile, corn and melon, earlier. If too late,
the frost will kill them (G. R., S-hepi 'Oidag).

You can't do the sopol 'esa with the ge'eged hu:Z [June corn]
or kaffa [sweet carie sorghtim]. August is the deadline for the
rest (M. P., Topawa).

Another Papago noted that teparies and beans could mature if

planted before August 15; cushaw squash and corn could be planted until

the end of August, but were then used in immature "green" form; and

watermelons could not mature with a late planting. She was not sure if

there was a "cut-off date" for devil's claw (L. K., Topawa).

One Papago farmer received less than optimal rain and floods in

his field in July, so he planted there only the crops he felt could not

mature in a late planting if more substantial rains came later. These

early planting "obligates" included watermelon, cane sorghum and

devil's claw. In his floodwater field, he planted these, as well as

squash, tepary and common beans (that he felt he could plant later as

well). When more substantial rains and floods did not arrive, he

abandoned the idea of planting more area in his floodwater field, and
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undertook an August planting in his well-water supplemented, backyard

runoff garden. There he planted black-eyed peas, white and brown

teparies, and squash. By late September, bean plants in both planted

areas had pods, but the farmer pointed out that the early plants were

largely vegetative--with indeterminate vines completely covering the

ground and obscuring the view of any beans. In his garden, he pointed

out the compact growth of teparies to confirm his earlier statements to

this effect (D. L., Ge Oidag).

It is clear from these accounts that certain Papago still take

advantage of the quick maturation time of selected crops in order to

produce food largely upon rains and floodwaters. They are aware that

only certain crops can be planted if the rains are late, because the

others are unlikely to mature before the frosts would kill them. The

crops adapted to this late planting may also be planted earlier, but

their growth forms are then much different. A farmer may make several

plantings over a season, utilizing combinations of late-intolerant and

late-tolerant crops in a fairly complex manner fit to the particular

season's rains. At this point, it is worth observing that today the

Papago grow a number of annual crops in their well-water supplemented

gardens that they hardly ever try to plant in floodwater fields (Table

4.1). Trial and error may have already demonstrated to them that these

other crops may need too long a time to mature, or cannot tolerate

short mid-season droughts to the extent that their traditional crops

can. Certainly, the acceptance of Old World summer crops such as cane

sorghum, black-eyed peas and watermelons indicates that "new" crops

were occasionally tried in floodwater fields, and when found to be
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Table 4.1. Herbaceous crops in Papago summer gardens and fields
observed between 1975 and 1982 on the Sells reservation
or in northern Sonora.

Common English Name
	

O'odham Name	 Scientific Name

Artichoke*	 Cynara scolymus 

Bottlegourd*	 wapko	 Lagenaria siceraria 

Black eyed pea	 'u'us bawi	 Vigna unguiculata 

black-eyed	 'u'us mu: ff	 spp. unguiculata 
crowder	 huhuda wu:pkam

Black gram*	 Vigna mungo 

Cheese pumpkin 	 saiskat	 Cucurbita moschata 
or nepi?)

Chile*	 kolokol	 Capsicum annuum 
var. annuum 

long green	 cehedagi ko'okol
yellow gap	 s-oam ko'okol
jalapen

Chiltepine	 'u'us ko'okol	 Capsicum annuum 
Mitoi ko t okol	 var. glabriusculum 
'ah i ko'okol

Common bean	 mu:ff	 Phaseolus vulgaris 

pinto	 pi:ntu mu:ff
mo:ms. mu:ff

red	 wepegi mu:n

string

Coriander*	 silantlo	 Coriandrum sativum 

Corn	 Zeanayst

Papago	 s-moik hu:F	 Pima-Papago suprarace
'ahi hu:F

Mexican June	 ge'eged hu:F

Cucumber*	 Cucumis sativus 
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Table 4.1. -- Continued 

Common English Name
	

O'odham Name	 Scientific Name

Cushaw squash

Devil's claw

Leek*

ha:1	 Cucurbita mixta 

'ihug	 Proboscidea parviflora 
ge'eged 'ihug	 var. hohokamiana 
s-moik 'ihug
(ban) 'ihug-ga	 var. parviflora 

Allium porrum 

Melon	 milon	 Cucumis melo 
geli ba:p

Onion*	 siwol	 Allium cepa 
Pitoi siwol	 Allium sp.

Radish*	 Raphinus sativus 

Sorghum	 ka:ria	 Sorghum bicolor 

tall cane	 s'o'oi ka:?la

Summer squash*	 Cucurbita pepo 

zucchini
crookneck

Tepary bean	 bawl 	Phaseolus acutifolius 

white	 s-tota bawl
yellow-brown	 s-oam bawl

Tomato*	 toma:di	 Lycopersicon esculentum

Watermelon	 gepi	 Citrullus lanatus 

black
red

* Found only in irrigated fields or gardens and not in floodwater
fields.
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suitable were widely accepted. However, these three crop species

include many cultivars adapted over millenia to arid environments in

the Old World, and in a sense were "pre-adapted" to Papago agriculture.

Other relatively adapted crops, such as Hopi blue corn, African millet

and bean varieties from many places have been planted by Papago farmérs

periodically, but have never persisted.

The point is that the Papago regularly grow only a handful of

summer crop varieties in their floodwater fields, although they have

had other options available to them for quite some time. They can be

quite experimental and innovative with their water-supplemented

houseyard gardens, where some individuals cultivate 20-30 species of

food, fiber, medicine and ornament plants with origins from around the

world. Yet, like other, so-called "traditional" agricultural peoples,

they appear conservative in the crop selections and practices not so

much because they are unaware of other possibilities, but because they

are acutely aware of the constraints which control agriculture in

marginal environments (Johnson 1972). Their own repertoire of crops

and practices has proven effective in working within these constraints.

In the following section, I provide empirical evidence regarding the

nature of some of these constraints.

Analysis of Weather Data 

In areas with temperate climates, growing season is generally

considered to be the frost-free season. Because the temperature at

which plants are killed varies with the species or variety,

climatologists now report the number of days between the first and last
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records of 0 degrees Centigrade or less. The mean number of days of

this freezing-temperature-free season at Sells, Arizona is 264 (n

32), and ranges from 181 days to more than 333.

However, the duration of the frost-free season is only the

potential growing season. It may have little to do with the actual

growing season of summer crops or weeds that are dependent upon

rain-derived soil moisture in the Sonoran Desert. The initiation of

the Papago cropping season is dependent upon the arrival of rains

substantial enough to guarantee the germination of seeds. These rains

must either saturate the soil to depths below that from which seeds can

emerge. Storm events which presumably accomplish this will be referred

to as season-initiating rains in the following discussion and figures.

Nor is the growing season's end necessarily determined by the

onset of freezing temperatures. In Figure 4.1, climatic diagrams

derived from my interpretation of 1941-1973 Sells weather data reveal

tha rainless periods of varying length often precede the first subzero

temperatures. The duration of the growing season may be controlled

less by frosts than by long rainless periods that reduce soil moisture

below the level that can support plant growth. For the moment, the

termination of the growing season can be dictated by either subzero

temperatures or by long droughts that follow the season-initiating

rains.

Given this new definition of growing season, I can provide

rules-of-thumb for the amount of rainfall needed to initiate the

season, and the length of drought needed to terminate it.
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Shreve (1914) •studied rainfall as a determinant of soil

moisture on the slopes of Tumamoc Hill in Tucson. The climate and the

basalt-derived clay soils there are most similar to those on isolated

basaltic hills near Topawa, S-cuk and Ali Cu4on, which are immediately

above fields and contribute runoff to them. A rain of approximately 1

inch (2.5 cm) falling at the start of July 1911--two months after the

last significant rain--immediately saturated the soil to a 15 cm depth.

When such storm events come after a sizeable rainless period, they

provide moisture which is retained at 15-30 cm depths for a relatively

long period of time. It is clear from Shreve's figures that such a

major storm event (2.5 cm or greater) affects soil moisture to depths

below those which Papago typically plant.

Tevis (1958) studied minimal natural and "artificial" rain

waterings needed to germinate both summer and winter ephemerals in the

Sonoran Desert. He observed that no germination of summer ephemerals

took place on ground receiving less than 2.5 cm of artificial (garden

sprayer) waterings, although 2.3 cm of real rain later germinated

winter ephemerals. At increments above these presumed thresholds,

germination frequencies varied with the species.

For the Mohave Desert, Beatley (1974: 857) reported that

"seasonal biological behavior is under the control of the one heavy

rain (25 or more millimeters, with 25 mm marginal and increasing

effectiveness to the maximum known)." She believed this 2.5 cm

"phenological trigger" to be critical for the germination of both

winter annuals and summer ephemerals. In the Mohave Desert, summer

ephemeral species germinate with a heavy August or September rain, then
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"flower and fruit until time of subfreezing temperatures in the autumn,

and the photosynthetic and reproductive season usually lasts only a few

weeks" (Beatley 1964: 862). Her flow chart of environmental triggers

and phenological events show summer ephemerals dormant again by late

September.

As a result of these studies, I have begun to model planting

season in Figures 4.1 and 4.2 with the week of the first post-summer

solstice rainfall event greater thah 2.5 cm. In years when such an

event did not occur before autumnal equinox, I used the rainfall event

of greatest size occurring between the solstice and equinox. Data

including years of potentially insufficient "initial" rains (1941,

1952, 1957, 1970, 1962) are marked by dotted lines in figures, so as

not to skew analyses. A rainfall event is defined as the highest

cumulative total of rain for two consecutive days, rather than a single

day's total.

How does this 2.5 cm phenological trigger relate to the

threshold of rain needed to generate runoff on soils such as those on

the Papago reservation? Using SCS (1964) runoff equations and data

pertinent to soils on the plains west of the Baboquivari Mountains

(ARSP 1981), I estimated that a minimum of 3.1 cm of rain is needed to

generate runof on poor condition soils (of SCS hydrologic group 2)

after 5 days or more without rainfall.

However, data from Shreve (1934: 144-145) suggested that

rainfall event intensity may affect the quantity of runoff generated in

a way having no direct relation to amount of rainfall during a single

event:
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The first heavy rain of the summer period is usually a
thunderstorm of relatively brief duration. Falling on a
surface which has been thoroughly dried by two or three months
of light and infrequent rain there is usually heavy runoff from
it. In 1930 the rain of 1.08 in. of June 18 yielded .81 in. of
runoff. In 1931 the rain of 1.65 on June 30 yielded a very
heavy runoff which was estimated at .85 in. with the
possibility of a plus or minus error of .10 in. In 1932 the
rain of .73 in. on July 2 yielded .11 in. of runoff. In 1933
the rain of .42 in. on June 16 yielded only .01 in. of runoff.
Examination of the records for these four rains shows that the
first two were of 35 and 45 min. in duration respectively, and
the second two of 60 and 55 min. respectively. . . . All other
conditions being the same in each case it would appear that the
greater runoff in 1930 and 1931 . . . must be attributed to the
intensity factor.

It may be that in certain conditions, rains of less tha the 3.1

cm threshold may produce sufficient runoff to saturated Papago field

soils to a depth suitable for planting. Moreover, 2.5 cm of rain

recorded at Sells may be associated with 3.1 cm or more somewhere in

the Sells Wash watershed. Thus, a storm event of 2.5 cm or more at

Sells is a reasonable indicator of cropping initiating in watersheds

just west of the Baboquivaris. It will be assumed that when such an

event occurs, Papago farmers would plant within the same week.

Season-terminating events are more difficult to define. Papago

summer crops are not known to have cold tolerance, so I will assume

that a frost (00C) will kill them. Most Papago fields are on

floodplains that receive cold air drainage, so that a freezing night

reported at the Sells station would be sufficient to kill nearby plants

at nearby floodplain fields.

In considering drought as a phenological control on the length

of the growing season, no precise relationship between rainfall and

plant water status can be claimed. Intensity and infiltration of the
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last rainfall, soil moisture holding capacity, evaporative demand and

rooting depth are all variables which make any given situation too

complex for generalization to be of much service.

A drought that may not be a definitive season-terminator may

nevertheless accelerate the completion of a plant's life cycle. It has

been observed by many farmers that tepary beans "need" a mid or late

season drought to trigger seed production and complete maturation (e.g.

Giff, in Nabhan and Felger 1978: 11). Nabhan et al. (1980: 75)

suggested that mid to late season rains or irrigation prolong the

vegetative phase of the tepary life cycle:

• . . at the expense of protein accumulation in the seeds. In
addition, Leleji and others (1972) observed that bean plants
with high seed protein contents more efficiently translocate
protein precursors out of the foliage into the seeds. Mature,
drought-stressed tepary plants often have numerous pods yet
hardly any green leaves left [prior to frosts]. Such plants
are common in Papago floodwater fields prior to harvest.

As plant water potential status becomes increasingly negative

with decreasing soil moisture after a rainfall event, it may reach

maturity for harvesting due to accelerated or abbreviated seed set

before wilting and dying, or simply die prior to maturity. Either way,

drought exerts a control on the season's length. Turner (1969) has

confirmed that mild water stresses between floral initiation and

anthesis actually hasten the maturity of wheat.

Shreve (1964) suggested that late season droughts of only 2 or

3 weeks in duration may serve to hasten the completion of the life

cycles of many summer ephemerals, resulting in growing seasons as short

as 6 to 8 weeks for these wild plants.
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I observed the effects of a waterless period on Papago flour

corn late in its development during greenhouse experiments done with

plants in two-gallon pots filled with one of two soil mixes (n = 25 per

treatment). On April 6, 1981 these corn plants--most of them already

tasseling--were watered to the point of soil saturation, and never

watered again. Leaf water potential measurements were taken in early

morning and late afternoon until leaf tissue ws drought-damaged to the

extent that replicate readings could not be made. The mean of both

treatments had dropped below the presumed wilting point of -15 bars by

April 17. All plants appeared dead by April 21, the beginning of the

third week without water (Nabhan and McLaughlin, unpublished notes).

Corn planted in field soils would have more extensive roots with a much

larger reservoir of soil moisture to draw upon. Pot experiments may

not accurately reflect field environments for this and other reasons.

Less-constrained corn plants in field environments may also have more

biomass to support, and a greater evaporative surface from which to

lose water. A three-week drought may not have as severe effects on

field plantings, but a rapid death of plants a few days after reaching

permanent wilting point may occur during longer droughts.

On the basis of these considerations, the initiation of a

period of more than three weeks with no rain or traces of rain will be

considered a triggering event which completes the growing season.

In Figure 4.1, a great range is obvious in the dates of

initiation and triggering of completion of the postulated cropping

seasons. Figure 4.2 summarizes data for the timing of the season-

initiating events. The fifth week after solstice is the mode of this
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0
Jun Jun Jul Jul Jul Jul Aug Aug Aug Aug Aug
21 28	 6	 13 20 27	 3	 10 17 24 31

Figure 4.2. Frequency diagram of season-initiating storm events,
Sells, 1941-1973. -- Broken lines indicate additional
years when largest storm events were less than 1 cm, but
still may have initiated germination in a particular week.
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frequency distribution; the mean and standard deviation are 5.6 + 1.8

weeks for season-initiating events of greater than 2.5 cm. However, if

a "late planting" is defined as any planting following July 27, 48% of

plantings could be so defined. For plantings based only on season-

initiating events of greater than 2.5 cm, 44% of the plantings would be

"late."

Turning then to the season's end, it appears that 9 of the 33

seasons (27%) were ended by days of subfreezing temperatures, assuming

that these years' longest "droughts"--all 3 weeks or less-were

insufficient to terminate growth. Figure 4.3 shows that most droughts

were, however, longer than 3 weeks. The mode of the distribution is

four weeks, whereas the mean and standard deviation are 5.2 + 2.6

weeks. With 7.3% of the years having rainfall periods of 4 weeks or

more, and 45% having periods of 5 weeks or more, drought rather than

later subzero temperatures can be considered the predominant critical

factor controlling the season's end.

Figure 4.4 provides a frequency distribution of the weeks in

which the longest droughts are initiated. The distribution is somewhat

bimodal, with September 14 to 21 and October 5 to 12 being the weeks in

which the longest drought is most frequently initiated. Figure 4.5

provides the frequency distribution for the weeks in which the first

subzero Centigrade temperature fall. The mode is November 16 to 23,

with the following weeks being nearly as frequent.

Table 4.2 summarizes the length of growing seasons with respect

to various season-initiating dates in relation to the timing of dates

initiating droughts of more than three weeks. The duration of eight
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2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12

NUMBER OF WEEKS OF LONGEST MID-SEASON DROUGHT

Figure 4.3. Length of longest mid(summer/fall)-season drought, for
Sells, 1941-1973.
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24 31	 7	 14 21 28	 5	 12 19 26	 2	 9	 16

Figure 4.4. Week of initiation of longest mid-season drought, Sells,
1941-1973.
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Figure 4.5. Week ending the frost-free season in Sells, 1941-1973.
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Table 4.2.	 Growing season lengths calculated from Sells data.

Number of Weeks
Between Season-
Initiating Rain
and Initiation

Season-Initiating Event Arriving:

of Season's Before 20 Jul.- 3 Aug.- After
Longest Drought 20 Jul. 3 Aug. 17 Aug. 17 Aug. Total

8 Weeks or less 3 4 7 (9) 1 15 (1)

8 or 9 Weeks 1 4 (4) 0 0 2 (0)

10 or 11 Weeks 1 3 0 0 4

12 Weeks or more 4 6 (0) 2 (0) 0 12 (0)

Total 9 14 9 1 13
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weeks or less between the season's initiation and drought's initiation

occurred in 45% of the years. Late plantings (after August 3) were

responsible for most of these short seasons.

In contrast, seasons of twelve weeks or more occurred in 36% of

the years, with early and mid season plantings being predominant.

These two extremes would provide interesting selective

pressures on crops over a long period of time. If, in nearly half the

years, crops had only eight weeks or less after planting before drought

set in, this would serve as a strong pressure favoring quick

maturation. In fact, genotypes which could mature only with longer

seasons would be quickly selected out of the population if they began

to tassel later than other components of the population, their pollen

would contribute relatively less genes to the subsequent generations.

If they could not mature their ears before longer droughts set in, they

would not contribute seed to the next generation. Genotypes capable of

quick maturation would soon predominate in the population.

However, with this rigorous selective pressure relaxed in over

a third of the years (with growing seasons of twelve weeks or more),

genotypes also capable of being more productive when longer periods of

soil moisture were available would also gain numerically. The overall

effect, theoretically, would be for a flexible genotype, with enough

phenotypic plasticity to do well in either of these two seasonal

extremes. A crop capable of being planted in the short (late) planting

season, but also of great phenotypic plasticity is essentially one with

the ephemeral plant characteristics mentioned earlier. This prediction

based on climatic data fits well with characteristics the Papago
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associate with crops that can be seeded in the sopol 'esiabig masad.

It is now worthwhile to survey Papago crops to see which of their known

adaptations potentially fit this prediction, allowing them to mature

quickly and take advantage of seasons of variable length.

Phaseolus Beans: A Comparison 

To evaluate the extent to which Papago crops behave like wild

desert ephemerals, I will report on a comparison made of three

Phaseolus bean species during summer and autumn 1982. Since teparies

have long been an important crop of O'odham farmers in the Sonoran

desert (Nabhan and Felger 1978), the physiological responses of

domesticated topary beans, Phaseolus acutifolius Gray are assumed to be

representative of Papago crops in general. A second domesticated

species, Phaseolus vulgaris L., has also been utilized by the Papago

for some time, but the particular pinto bean variety used here was a

commercial one bought in a Mexican market (Ricardo Romero, personal

communication), of recent introduction and not necessarily adapted to

desert conditions. The third species, Phaseolus filiformis Benth.

(senso lato), is a wild summer ephemeral inhabiting the most arid

portions of the Sonoran Desert. It is called frijolillo by northern

Sonorans, who use both the green pods and later, the dried seeds

(Nabhan and Hutchinson, in prep.). I will hypothesize that under the

same conditions, the tepary beans respond more like wild beans than

pinto beans in terms of (1) selected physiological responses of their

leaves, and (2) days to maturity.
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The study site where these three bean species were found

together is the Romero family field, formerly utilized by western

Papago at Suvuk in the Pinacate region of Sonora. The field receives

runoff from a 16-18 km 2 watershed of sparsely vegetated basalt flows on

the east slope of Pinacate Peak. On occasion, an additional 10-12 km 2

watershed centered on Carnegie Peak also contributes floodwaters to the

field. Mean annual rainfall at the field is calculated to be between

125 and 140 mm, with slightly greater rainfall on the slopes above.

The field lies within a valley of medium textured soil with excellent

moisture holding capacity. It was planted by the Romeros following a

July 30 rain which brought substantial runoff into the field--water

reportedly flowed .5 m deep or more through for several hours (Ricardo

Romero, personal communication). A provisional weather station set up

in the field in June 1982 recorded 68 mm of rain through October, all

of which the Romeros claim came in two storm events--that on July 30,

and one in early September.

Figure 4.6 shows transpiration rate changes over a day's time

approximately 8 weeks after temperatures became too extreme. This fits

well with laboratory data comparing teparies with other head and

drought susceptible common beans (Coyne and Serrano 1963; Sullivan and

Kinbacher 1967; Kinbacher and Sullivan 1967; Parsons and Davis 1978).

The three species showed little response differences in leaflet

temperatures (Figure 4.7). The upper surfaces of the same sample

leaflets described above were measured with Li-Cor porometer. Although

tepary and wild bean samples did reach higher mid-day temperaturs than

pintos, possibly due to greater surface exposure to direct sun,
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Figure 4.7. Comparison of leaflet and canopy temperatures of three
beans at the Suvuk field, Sonora.
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differences are probably insignificant. Canopy temperatures measured

with an infrared thermometer suggest consistently higher temperatures

of wild beans. This may be a sampling problem since it is more

difficult to target the smaller leaflets of wild beans without getting

background "environmental noise."

Table 4.3 provides measurements of leaf water potential made at

the Suvuk field on two dates with a PMS pressure chamber. All three

species averaged or exceeded -15 bars during mid-day of October 22. If

late night and dawn leaf water potentials exceed -15 bars, Phaseolus 

species typically wilt. Such a condition appeared to be imminent,

since there was no rain in subsequent weeks and soil moisture was

rapidly being depleted. Yet there was no significant difference

between the water potential values of the three species, despite the

indication that tepary and wild beans had been transpiring more water

earlier. This suggests that the tepary and wild beans do not have less

negative water potential status while transpiring more water than

piinto beans because (1) their root systems are more extensive and tap

a large reservoir of soil moisture and/or (2) their total (cumulative)

leaflet surface areass may still be less than that of pintos. Neutron

depth moisture probe studies have indicated that under the same field

conditions, teparis can root deeper than 2 m, whereas common beans were

not observed to extract water from deeper than 1 m (Thomas and Waines

1982). Leaf-area-per-plant comparisons have not been investigated.

Estimated yields from small samples of the three species on

October 22, when the mid-day water potentials reached -15 bars (Table

4.4). In the twelfth week after planting, 88% of the tepary pods were



Table 4.3. Leaf water potentials at Suvuk field, 1982 (expressed in
bars).

P. acutifolius 	P. vulgaris 	P. filiformis _
_ 1 tepary'	 'wild bean'
x 0	 n	 ; 

'pinto'
0 n	 x	 O	 n

August 28
post dawn _ _ _ -10.0 0.3 4 _ _ _

(8:20)

mid-day -10.2 3.6 3 -12.0 1.7 3 _ _ _

(12:00)

October 22
post dawn -12.8 1.6 8 -11.6 1.4 7 -12.2 2.9 4
(7:00)

mid-day -15.1 1.2 6 -15.0 1.1 7 -15.3 2.5 6
(12:25)

102
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Table 4.4. Yield components of three bean species at Suvuk field on
October 22, 1982.

P. acutifolius P. vulgaris P. filiformis
'tepary' 'pinto' 'wild bean'

	g. per seed	 .14

	

n sampled	 100

seeds per pod

.33
100

.01
100

x and	 5.6	 1.0 3.1	 1.3 4.1	 1.3
n sampled	 30 30 30

pods per plant
x and	 77.8	 18.8 17.6	 7.9 164.9	 92.0
n sampled	 10 20

immature pods per plant
x and	 9.4	 6.4 17.1	 7.6 103.7	 61.0
n sampled	 10 20 10

% dry pods of total	 88% 3% 37%

g. dry seed per plant
x	 53.7 0.5 2.5

g. seed per plant
if all mature	 61.0 18.0 6.8
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mature, and 37% of the wild bean pods,but only 3% of the pinto beans.

The tepary and wild bean plants were indeterminate in growthforms, with

vining runners which set pods over a considerable period of time. Both

species included many individual plants which had set pods after 8

weeks of growth, although we failed to notice any pods set on the

numerically more abundant pinto plants after 8 weeks. The tepary and

wild bean plants both had large numbers of pods per plant and more

seeds per pod than pinto beans. However, the larger seed size of

pintos compensated for differences in number.

Even if all pinto beans were to mature and all wild beans were

to mature and not be dispersed, the mean tepary yield (assuming

complete maturity) would be 3.4 times that of pintos, and 16 times that

of wild beans. Teparies not only matured earlier on the whole, but had

a more favorable combination of yield components than the other two

species. It is likely that some wild bean pods matured and dehisced at

least as early as tepary bean pods matured, but their more

indeterminate growth form appeared to include a large number of pods

that probably set later as well. Pinto bean pod set appeared to be

more temporally restricted.

In conclusion, these comparisons suggest that domesticated

tepary beans and wild ephemeral beans have physiological responses more

similar to one another than to a drought-susceptible common bean. With

these specific comparisons at one site in mind, more general

comparisons of Papago crops with desert ephemerals can be interpreted.
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Papago Summer Crops and Desert Ephemerals 

Since the term desert ephemeral came into use with Maximov

(1929) and Shreve (1951), a large body of data has been collected

regarding these specialized annual species which rapidly complete their

life cycles during brief rainy seasons. An older interpretation--that

they are drought escapers requiring no greater drought resistance than

mesophytes--has recently been challenged (Mulroy and Rundel 1977;

Levitt 1980, Forseth and Ehleringer 1982). The following discussion

will utilize this broader interpretation of desert ephemerals, as quick

growing plants with both physiological and morphological adaptations to

their arid environment.

Table 4.5 is a survey of morphological and physiological

characteristics of four crop species found in southern Arizona and

northern Sonoran fields and gardens, both irrigated and rainfed. The

data presented in Table 4.5 comes from a variety of sources and

conditions, but all pertains to the Papago/northern Sonoran mestizo

seedstocks of these species which are utilized in floodwater farming.

As such, these seedstocks can be said to represent "Sonoran ecotypes,"

in that they may be morphologically indistinguishable from seedstocks

of other geographic areas, but they tend to respond physiologically in

a distinct manner, due to centuries of cultivation in the Sonoran

Desert region. The information in Table 4.5 will be compared to data

and concepts relating to desert ephemerals in general.



Leaf area
(min-max)

Leaf length
(min-max)

Leaf width
(min-max)

.3-9.9 cm

.6-7.0 cm.

.4-3.2 cm.

Internode length	 1.0-9.4 cm.

BEHAVIORAL RESPONSE 

Leaf movements	 Diheliotropic,
(especially with to midday para-
stress)	 heliotropic with

great stress
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Table 4.5. Characteristics of four Papago/Sonoran desert crop
ecotypes.

Plant	 Tepary Bean
Characteristics 	 (P. acutifolius)

60 Day Flour Corn
(Z. mays)

Cushaw Squash
(C. mixta)

Devil's Claw
(P. parviflora)     

MORPHOLOGY/ANATOMY 

Carbon fixation
pathway

Growthform

Self-shaded
flowers?

General root
structure

C3

Indeterminate
vine or "bush"

Not necessarily

Deep taproot

C4

Determinate
main stalk with
subequal tillers

Ears partially
shaded

Shallow,
spreading

61 cm.

C3
	

C3

Indeterminate
	 Indeterminate

vine
	

"bush"

Not necessarily Yes

Deep taproot

92 cm.Max. root depth in 95 cm.
survival test
(1 watering)

Shallow,
spreading

7.7-330 cm.

4-20 cm.

5-24.2 cm.

2.0-8.0 cm.

51.6-125 cm.

4.6-61 cm.

2.0-3.3 cm.

7.0-15.0 cm.

Angling of leaves
up toward stem,
with inward curl-
ing at high
stress

20-110 cm.

6-12 cm.

6.5-14 cm.

3.0-6.0 cm

Diheliotropic;
paraheliotropic
at midday under
moderate to high
stress

Diheliotropic;
paraheliotropic
at midday under
moderate to high
stress

Leaf drop with
extreme stress?

Yes; lower leaves
drop with pod set
as well

No	 Uncommon, but
more frequent
with older
leaves

Yes; older leaves
drop with fruit
set or stress
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Table 4.5. -- Continued 

Plant
Characteristics	 (P.

Tepary Bean
acutifolius)

60 Day Flour Corn
(Z. mays)

Cushaw Squash
(C. mixta)

Devil's Claw
(P. parviflora)

Canopy temperatures
(°C noon and dawn)

In stress plot 34.3-12.3 35.6-13.3 35.9-11.1 34.3-12.4

In non-stress
plot

33.9-12.6 29.5-13.2 27.0-11.4 32.6-12.6

LIFE CYCLE

Days: planting to
emergence

2-15 (4) (4) (4)

Days: planting to
first fruit set

51-56 51-69 43-54 48-68

Days: planting to
last harvest

77-102 62-95 83-86 76-106

Days of survival
in test of one
watering

70 45 62 31

Fruit set per plant

(min-max) 2-102 0-3 0-8 8-129

(means of pop.) 11.2-77.8 .55-.90 2.6-3.6 19.5

Seeds per plant

(min-max) 0-102 g 18.4-296.7 g

(means of pop.) 25.9-61.0 g 15.0-30.7 g 44.9 g
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Life Cycle

The four crops discussed here are all known to emerge in four

days or less from pre-planting irrigated soils during the summer. The

few teparies that germinated 15 days after planting were part of an

experiment in which the modal time to germination was 10 days. In the

same experiment, wild teparies, a summer desert ephemera, had a bimodal

emergence pattern, with modes at 10 and 25 days (Nabhan 1979).

Similarly, 65% of a domesticated devil's claw population (Proboscidea 

parviflora var. hohokamiana) emerge from field soils after 1 month

whereas only 16% of the wild variety parviflora devil's claw population

had emerged by the same time (Nabhan et al. 1981).

In general, wild and domesticated plants may begin to emerge as

rapidly as one another, but the wild ephemerals have more diversified

germination behavior (Westoby 1981). Because early emergers have

advantages in managed environments, the germination-delaying mechanisms

selected out, although not completely in some recent domesticates such

as devil's claw (Berry et al. 1981). In contrast, the unpredictable

environments of desert ephemerals have continued to select for

staggered germination so that they seldom "put all their eggs in one

basket." The harder seedcoats of wild ephemerals are the primary

instrument of this bet-hedging strategy (Westoby 1981).

Turning to the number of days to first fruit set, the early

dates for these four crops ranges between 43 and 51 days--6 to 8 weeks

after planting. At least 12 species of the wild ephemerals at Suvuk

were fruiting in 8 weeks (Nabhan and Hutchinson in prep.). After 12

weeks nearly all of the wild ephemerals were in fruit, as were the
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crops. The days to first fruit set of Papago crops are well within the

range of all but the most quickly maturing wild summer ephemerals.

The categorical distinction of days-to-last-harvest is an

artificial one in terms of comparison with wild plants. Harvest of

crops by Papago farmers may occur as much as three to four weeks after

the plants have reached physiological maturity. However, the early end

of the ranges for these crops indicate that three of them can mature on

the moisture of an eight-week growing season (56 days) plus the

dry-down period of a three-week drought (21 days), or 77 days in total.

The fourth, cushaw squash, may not be able to produce full-size fruit

with viable seed within this time, since cucurbits need a seed

after-ripening period of as much as 21 days (Ba-Amer 1967). With the

late "short planting season," the O'odham expect only to harvest

immatur call ha:1 mamad, or 'baby squash' (S. P., Komatke). Certainly

most wild ephemerals could mature before the latet harvest dates of

Papago crops. However, Monson and Szarek (1981) estimated 125 days

(post-germination) for peak reproduction of the desert annual,

Machaeranthera gracilis.

In a survival test, I planted seed of five Papago crops (the

four in Table 4.5, plus red common beans) in 130 cm deep cylinders of

15 cc diameter PVC pipe. The creek-washed sand in these cylinders was

watered many times over several day in attempts to bring it to

saturation, then it was planted on August 1. The cylinder tops were

lightly watered until seedlings emerged and were thinned to one per

pipe, then they were not watered again and were protected from rain.
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The devil's claw was the first to die, and its roots were not

recovered for later measuring. Papago corn and red beans were dead by

September 15, with root lengths of 61 cm and 35 cm. Squash and tepary

beans survived for more than two months, produced flower buds, and

rooted to depths of 29+ cm and 95 cm. High mortality is associated

with drought in some wild ephemeral populations (Tevis 1958) so that

many of the germinating individuals do not reach reproductive stage

either.

To summarize, Papago crops are apparently able to mature as

quickly as wild desert ephemerals. If moisture is available, they may

mature over a month later than their earliest maturation dates. This

corresponds well with what Forseth and Ehleringer (1982: 45) term "the

plasticity of the [desert] annuals to precipitation." Even after a

severe mid-season drought, Lupinus arizonicus recovered with a rare

late season storm. Teparies, too, are reported to respond to a late

season. Teparies, too, are reported to respond to a late season rain

with a new flush of flowers (Thomas, in Nabhan 1979: 15). These

observations confirm that the life cycle plasticity of Papago crops

parallels that of wild ephemerals.

Plant Morphology and Anatomy

Most summer desert ephemerals exhibit the Kranz anatomy of a

distinctive sheath of cells containing large chloroplasts surrounding

vascular bundles (Mulroy and Rundel 1977). The C4 pathway and Kranz

anatomy have been associated with a number of physiological

characteristics which could provide potential ecological advantages to
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summer desert ephemerals: (1) optimal rates of carbon gain are at high

air temperatures and light intensities; (2) net productivity rates are

high; and (3) relative water use efficiency is high (Mulroy and Rundel

1977; Bjorkman et al. 1972).

Despite these potential ecological advantages in hot dry

environments, North American desert plant communities are nevertheless

dominated by plants with C3 (i.e., "normal leaf anatomies")

characteristics (Szarek 1979), as is the repertoire of Papago crops.

Corn and sorghum are the only two Papago summer crops with the Kranz

anatomy. One partial explanation is that in deserts, selection is for

survival, not high growth rates (James O'Leary, personal

communication). Both field and growth chamber experiments have failed

to demonstrate large differences between the growth rates of C3 and C4

plants under low water supply (Hofstra and Stienstra 1977; Levitt

1980).

Related to the phenotypic plasticity discussed earlier is the

degree to which these plants exhibit an indeterminate growthform, i.e.,

habits not constrained by a single terminal bud. Most summer desert

ephemerals are indeterminate and can therefore respond to capricious

rainfall events late in the season. Three of the four Papago crops in

Table 4.5 are plastic in terms of the length and number of internodes

per plant. Papago flour corn, the fourth, does have a main stalk with

a terminal bud, but can produce tillers (subequal to the main stalk)

with are also capable of producing mature ears. The tepary is the only

one of four domesticated Phaseolus species which does not include

varieties selected for a "bushy" habit, where less than 10 to 12



112

internodes are produced before growth is terminated by flowers (Smartt

1976).

While Shreve (1964) reported that very few ephemerals have

leaves larger than 4 sq. cm., wild teparies and devil's claw are among

the exceptions; wild xerophytic Cucurbita, classified as perennial

epheneroids (Noy-Meir 1973), also large leaves. Conventional wisdom

holds that smaller leaf sizes serve to conserve water, since the

temperatures of large leaves are more sensitive to changes in the

amount of absorbed radiant energy and transpiration rates per unit leaf

area (Geller and Smith 1982). However, recent investigations have

demonstrated that certain combinations of leaf, shape and environmental

parameters allow very large leaves (such as those of Datura, Cucurbita,

and Proboscidea) to transpire less than small leaves, under identical

conditions (Smith and Geller 1980). Until more studies are done of

leaf sizes in relation to orientation, arrangement on the plant etc.,

it cannot be maintained that these larger leaves are necessarily

maladaptive.

Behavioral Responses

Solar tracking is the ability of a plant to orient its leaves

perpendicular or parallel to the angle of the sun's rays. Plants whose

leaves move perpendicular to the sun's rays have high photosynthetic

rates throughout the day, and are termed diheliotropic. Those which

hold their leaves parallel to the sun's rays all or part of the day are

considered to be paraheliotropic, and have reduced leaf temperatures

and transpirational water losses. Some plants respond in a
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diheliogropic manner in early morning and late afternoon, and

paraheliogropically at midday, or whenever subjected to water stress.

In summarizing such phenomena in arid regions, Ehleringer and Forseth

(1980: 1095) have observed "in the annual flora of desert communities,

solar tracking becomes more frequent as the length of growing season

decreass." Desert ephemerals that complete their life cycles before

the onset of heat or drought respond diheliotropically and gain carbon

rapidly while soil moisture is available. However, many species

respond paraheliotropically if unfavorable midseason conditions occur,

reducing their water loss so that they may survive.

As already noted, teparies appear to have maintained a

diheliotropic position longer than common beans at the Suvuk site.

Their gradual diheliotropic behavior has been noted by Thomas and

Waines (in prep.) and the midday paraheliotropic response of common

beans under extreme drought and intense sunlight have been

photo-recorded by Dubetz (1969). Wild Proboscidea parviflora was

documented as a solar tracker by Ehleringer and Forseth (1980), and its

midday "wilting behavior" was described by Berry et al. (1981). Green

striped cushaw squash exhibits a similar but more complicated behavior

compared to devil's claw, by virtue ot its large leaves responding with

several planar orientations at once. Corn does not track the sun per 

se, but under stress, it does adjust its leaf angle and curl its leaves

inward so that less surface area is exposed to the sun's direct rays.

Leaf rolling, folding or shedding all serve to reduce

transpiring surface (Levitt 1980). However, leaf shedding or

abscission is not reversible and therefore permanent loss of a leaf may
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be considered to have a greater cost. Both teparies and devil's claw

do drop lower earlier leaves under stress, and with fruit set.

However, when subjected to the same water stress in growth chamber

studies, teparies suffered less leaf senescence than common beans

(Parsons and Davis 1978). Leaf shedding can be observed in wild desert

ephemerals, including Phaseolus and Proboscidaea as fruit set during

late season drought. Translocation of protein precursors out of leaves

into fruit may be a factor (Leleji et al. 1972), particularly if the

plant's water budget is so limited that both tissues cannot be

supported simultaneously.

The combination of morphological features and physiological

resoonses result in certain amount of canopy heat load under stress as

opposed to non-stressed conditions. To compare the four crop species

under these two conditions, I planted their seeds in two adjacent beds

in the summer of 1982. The beds were made of 81% creek washed sand,

and 19% organic flood-washed debris from the Altar-Avra valleys, and

were lined with wood and polyethylene. The average soil surface area

per plant was 3600 cm, with a depth of 45 cm in which the plants could

grow. The same plant species in each of two beds were watered

similarly from the August planting until the beginning of September.

Then one bed was not watered and the other was sprinkled approximately

twice a week. On September 28, an infrared thermometer was used to

estimate canopy temperatures of the four species representatives in the

two treatments. Three estimates per plant, each taken from a different

angle, were recorded, then averaged, at dawn, noon and dusk. Table 4.5
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presents only the highest and lowest averages (noon and dawn) for that

day.

The nonstressed plants had a narrower range of temperatures

during the day, suggesting that the stressed plants were more at the

"mercy" of heat extremes in their physical environment. Notably, the

squash canopy had the highest temperature under stress, and the

non-stressed plant had the least highest temperature of the four crops.

The large, multiplanar leaves, when not stressed, could apparently

control heat load much better than stressed leaves that had lost their

turgor. The high temperature values of the two tepary treatments were

similar. This might be explained by my observation that the tepary

plant looked the least stressed of the four plants in the stress

treatment, in that fewer of its leaves appeared to be tracking

perpendicular to the sun's rays compared to those of the tepary plant

in the nonstressed plot.

Yields

Morphological and physiological adaptations should mean nothing

unless reproduction is insured and yield is improved compared to

drought-susceptible species. In at least two Papago fields, I have

seen complete drought- and heat-related failure of pinto beans while

teparies matured. Yet the four species studied here also failed some

years in Papago fields, squash perhaps more frequently than the others.

These failures cannot all be attributed to crop water stress, since in

drought years animals more frequently prey upon crops in the fields

when the surrounding desert is relatively unproductive.



116

My yield estimates suggest that even in fields where crop

success is obtained, mean seed yield per plant for teparies can vary

more than two-fold between different rainfed populations (25.9 g vs. 61

g). Devil's claw seed yields were on the order of 44.9 g at a Jiawuli

Dak field with a wide range of fruit yields (19.5 g + 8.6 g for 24

plants) on a dry weight basis. Doelle (1980) estimated a mean yield

for Papago flour corn to be 96.2 g per plant under floodwter farming

condigions. Squash yields of intermixed Cucurbita mixta and C.

moschata were 13 kg per hill at Suvuk, assuming that all squash per

hill (X 5..6; n 15) matured to the 2.32 kg average size of the

mature squash we measured. All yield estimates were made at densities

much lower than those typical of irrigated commercial fields, and thus

are not directly comparable without taking into account

density-dependent effects, biomass produced per unit of water or

fertilizer applied. None of these yield estimates take into account

pre- or post-harvest losses due to biotic factors: bean bruchid weevils

(Bruchidae); sphinx moth larvae (Hyles lineata); corn earworm

(Heliothis zea); ravens (Corvus corax or D. cyptoleucus); woodrats

(Neotoma albigula); cotton rats (Sigmodon hispidus); coyotes (Canis 

latrans); or racoons (Procyon lotor), all of which the Papago report as

entering fields, and which potentially limit harvests. These animal

pests as well as density-dependent effects also depress the yield of

wild desert ephemerals (Inouye et al. 1980).
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Implications of Ephemeralized Crops 

From a number of vantage points, it appears that the short life

cycles, morphological and physiological adaptations, and phenotypic

plasticity of major Papago crops utilized in floodwater farming

parallel those of wild desert ephemerals. In the context of crop plant

evolution, it is notable that many major annual crops have been derived

from genera whose most primitive species are herbaceous perennials

(Ames 1939). The shortening of the life cycle of temperate and

tropical zone crops has also been part of their long-term adaptation to

the more brief rainy seasons of arid lands. Levitt (1980: 95) observed

that there are both costs and benefits of a shortened life cycle:

"Among crop plants, the greatest advances in breeding for increasing

yields in arid climates have been due to a shortening of the time for

crop production. • • • Selection for earliness, however, may mean

lower yields in years of adequate water supply."

The cost of lower yields in years of adequate moisture must be

balanced against the cost of total crop failure due to late season

drought in lean years, which would be more frequent for a late-maturing

variety.

The differences between early- and late-maturing crops were

demonstrated in a computer simulation of runoff yields based on Sells

weather data, combined with watershed/catchment area data for a runoff

field in Ali Cukson, and consumptive water use data for two Arizona

crops. I modified the consumptive water user estimates to fit Tucson

temperature data using the Blaney-Criddle formula adapted to Arizona by

Erie, French and Harris (1965). In the simulation, Jo Ann Murashige
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and Oliver Chadwick reported a season as a crop success if all

post-planting bimonthly water yields from runoff and available water

capacity in soils were greater than the consumptive water use of a

given crop during the same bimonthly periods. For further details

regarding their methdology, see ARSP (1982).

We compared cropping success of two varieties: Sesbania,

representing native C3 legumes with short growing seasons; and Sorghum,

representing introduced C4 grains with a slightly longer growing

season. Using the maximum density values for both the results shows

success in 25% of the years for Sorghum versus 46% of the years for

Sesbania. We interpreted the results in this way:

Sorghum shows a lesser probability of crop success than
sesbania based on percentages of success obtained by the
computer program. Although sorghum is more water-use efficient
in that it produces more crop weight for a given amount of
water applied (Mauney and Szarek, ms.) sesbania's shorter
season to harvest makes it less vulnerable to drought. When
placed in a system dependent upon a short, unpredictable rainy
season, an ephemeralized crop's drought avoidance avilities may
be more critical than its overall water use efficiency.



CHAPTER 5

OIDAG C-ED I:WAKT, VEGETATION DIVERSITY
--TD PLANT USE IN FIELDS

The purpose of this chapter is to explore the nature of the

plant communities in Papago fields, which some O l odham call 'oidag c-ed

'i:wakr, 'in-field herbs.' Papago concepts relating to the management

and use of these plants will be contrasted with modern

European-American concepts of weeds. I will then compare the diversity

of vascular plants growing within Papago fields with the diversity in

similar non-field environments. I will test the hypothesis that Papago

field environments harbor a diversity of plants comparable to that of

immediately adjacent non-cultivated environments. I will then discuss

concepts relating plant diversity to the availability of useful plants

and to the stability of field ecosystems. By drawing upon concepts and

methodologies of both modern ethnobotany and plant ecology, I hope to

evaluate the contribution of "wild" plants to field plant communities

and determine in which ways they were utilized as resources.

Species not intentionally planted in agricultural fields are

often indiscriminantly called weeds, although they may vary in their

weediness or the extent to which the persistence of their populations

is dependent upon soil disturbance associated with cultivation. As a

student of crop and weed evolution, de Wet (1968: 14) has provided an

interesting definition of weeds:

119
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Organisms become weedy when they start to compete with man for
the habitats he is creating for himself, and true weeds when
they become adapted to permanently disturbed man-made habitat.
Although tool-making and fire-using hominids have been
disturbing habitats at least since the Middle Pleistocene, the
evolutionary history of weeds dates back only some 10,000 years
to the time when man first learned how to cultivate soil.

Weeds do not necessarily need soil disturbance on the magnitude of deep

plowing to thrive; species such as Portulaca oleracea are responsive to

hand-hoeing (Miyanshi and Cavers 1981) and would probably even colonize

areas disturbed by no more than a digging stick. Key to many

European-American definitions of agricultural weeds is the concept of

interspecific competition. Parker (1972) emphasized that field weeds

result in economic losses to Arizona farmers because they: (1) rob soil

moisture and nutrients that would otherwise be available to crops; (2)

harbor insect pests and are alternate hosts to crop diseases; (3) lower

crop harvest quality as impurities; and (4) increase costs of labor,

equipment and irrigation. In addition, Furtick (1978) has argued that

they compete with crops for light; perennials such as Johnson grass

prevent crop production on some land; others increase the need for

tillage.

In contrast to this list of detrimental qualities of weeds,

recent research in traditional fields in developing countries and in

experimental plots in the U.S. has demonstrated several beneficial

effects of maintaining weed populations at certain levels in field

ecosystems. Altieri and Whitcomb (1979) have provided evidence that

weeds contribute to the population regulation of insect pests on crops

such as beans by: (1) providing food and habitat for pest parasitoids

and non-pestifrous competitors of pests; (2) making crops less apparent
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to pests; and (3) providing "associational resistance" or bitter

substances which discourage pest presence. Weeds may also provide

pollen and nectar which help maintain the presence of pollinators and

other insects which benefit crops (William 1981; Hurd et al. 1971).

Weeds can establish soil cover for erosion control, slowing nutrient

and moisture loss out of the system, increasing organic matter and

nitrogen levels in the soil; and buffering crop plants from temperature

extremes in harsh environments (Chacon and Gliessman 1982). They may

in certain contexts introgress with related crops, enriching the gene

pool of cultivated plants so that the crops themselves are less

vulnerable to certain biotic or abiotic constraints (Brush et al.

1981). They may also be used as food for humans, or by wild and

domestic animals which are used in turn by humans (Rea 1979).

Because traditional farmers have long recognized the good as

well as the bad (crop-yield limiting) aspects of volunteering plants in

their fields, Chacon and Gliessman (1982) have encouraged investigators

to study the "non-weed" concepts utilized by non-Western agricultural

traditions. Certain wild plants found in fields are recognized by

traditional farmers as being both good and bad, depending upon their

population density, proximity to certain crops, availability to

livestock, etc. The uses and characteristics which traditional farmers

ascribe to non-crop species are key factors which determine whether or

not all or some of the plants in a population are avoided, eliminated,

tolerated, protected, encouraged, or harvested for consumption. The

following discussion will hopefully contribute to our understanding of
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the extent to which O'odham concepts and practices deviate from the

conventional European-American approaches to field weeds.

Ethnological Literature 

To my knowledge, there is no single term in O'odham which

corresponds well to "weed" as defined by de Wet (1978) or others.

Mathiot (1962) has discussed the contrast set of ha'icu t e'es, 'things

planted from seeds,' which is generally used to refer to seasonally

cultivated plants, and he'el wu:siiim, 'growing by itself,' which she

translates as 'wild seasonals.' In her dictionary, Mathiot (n.d.: 323)

defines he el wu:sriim as 'with vegetation,' but a literal translation

of the two terms in this composite lexeme might be 'coming out of the

ground by themselves'! Mathiot (1962) listed eight plants considered

to be hejel wu:siTim, which include ephemeralized annuals and non-woody

(herbaceous) erect and viney perennials, none of which are

domesticated, and 15 plants considered to be ha'icu t e'es, all of which

are annual domesticates except potatoes and onions, which are often

treated as annuals. She noted that these two classes "include plants

with hollow or pithy stems for which there is a special name, Nwa'ug,'

which is never applied to a tree, bush or cactus" (Mathiot 1962: 346).

Wa:ug means 'to have a stalk' (Mathiot n.d.: 249), and perhaps can be

contrasted with plants which have trunks or wood. By these criteria,

wa t ug could be considered to be a class of plants, including wild and

domesticated species, akin to the Anglo-American class, 'herbs,' and

its equivalent 'yerbas' in Mexican-Spanish.
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Yet there is another term in O'odham, which, if not roughly

equivalent to herbs, is at least a large subset of wa'ug. The term

  is polysemous, and can be used to refer to 'wild greens'

(Saxton and Saxton 1978), 'lettuce' (Zepeda in press), or 'two

varieties of wild spinach' (Mathiot n.d.). One , of these two varieties,

cuhuggia  (Amaranthus palmeri) was formerly referred to as if it

were the most representative, or "type species" of 'i:wakr, although

young Papago today refer to lettuce (Lactuca sativa) in this way.

There are many plant names that are composite lexemes which include the

term i:war. For instance, 'opon   or Monolepis nutalliana, a

winter ephemeral whose leaves and roots are vegetables, and ba:bad 

'i:waki% 'frog's 'i:wakr, a leafy, non-woody perennial which is used

medicinally. This latter plant, Heliotropium curassavicum, was also

referred to as yerba del sapo, or 'frog's herb' by a bilingual Papago

farmer at Quiatovac (Nabhan et al. 1982), further providing evidence of

the rough equivalency of t i:wakY and 'herb.'

As a verb, 'i:wakr means to bud, to shoot small new leaves,'

as in kui 'at 'iivagi "the mesquite has new leaves" (Mathiot n.d.:

440). In this way, it is clear that the term may refer to seasonal

growth of tender tissue on woody perennials as well as to seasonal

annual herbs. Meals for Millions/Save the Children (1980: 1) defined

'i:wakY as "young green leafy plants that they eat as cooked greens,"

but quoted a Papago woman who used the word to describe any "precious

little plant sprouting or budding leafving out." The term is

apparently ancient, since hibagui was also used by the Nevome in
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seventeenth century Pima Bajo to refer in general to any 'quilite . . .

hierba o zacate' (Pennington 1979: 99).

Although the composite lexeme, 'oidag c'ed l i:wa0r, 'in-field

herbs' is not found in Mathiot's dictionaries, 'oidag clearly refers to

'field' for most Papago (Mathiot n.d.: 457). More recently, northern

Pimans have probably used the term in composite lexemes to refer to

other more recently developed cultivated plant environments: ha'icu 

hoisig 'oidag, 'flower garden'; 'u'udvis 'oidag 'vineyard'; and nalas 

s oidag 'orange grove' (Mathiot n.d.: 457). In both seventeenth century

and contemporary Pima Bajo of Yecora, l oidapt has the meaning of

'pueblo,' 'town' or 'village' (Pennington 1979: 98; Hale 1977: 23).

For the Mountain Pima Vajo of Yecora, Chihuahua, 'oidag means 'country'

or 'home country' (Kenneth Hale, personal communication). It may be

that the Papago place names such as Ge Oidag 'Big Field' and Siw Oidag 

'Bitter Field' originally referred to field village or rancherla 

locations, and that 'oidag later came to mean 'agricultural field' or

'planted area.'

From this ethnolinguistic background, one can interpret the

term 'oidag c-ed 'i:wakY to refer to plants growing in fields (or

rancherla environments) which provide seasonally tender buds, leaves or

shoots. These may be eaten or used in other ways by the Papago, or by

certain animals, e.g, ba:bad 'i:war.

Although there are earlier accounts of the Papago's harvesting

wild plants, Lumholtz (1912: 130-131) gave us perhaps the first and

finest description of a non-domesticate harvested from their cultivated

enviroments:
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In and near the fields of some of the ranches, where the soil
was rich, the quelite, in Spanish bledo (Amaranthus palmeri),
grew in great profusion, sometimes presenting the appearance of
a large, dark, dull-green mass of vegetation. This plant, when
young and tender, furnishes an excellent vegetable much
relished by the Indians, but as only an insignificant part of
the luxuriant growth is utilized, in his fields it becomes the
most formidable weed he has to contend with. When freshly
gathered and immediately cooked, this vegetable is superior in
taste to spinach, resembling more in flavor fresh asparagus.
In the neighborhood of Tucson it is appreciated by Indians and
Mexicans alike during its short season, though the Anglo-Saxon,
in his assumed superior knowledge, has so far ignored it.
Queute, inexpensive and easy to cultivate, should be accepted
by civilized households. It grows prodigiously fast and
several crops may be raised in a year.

Lumholtz implies that Amaranthus palmeri was already

cultivated, although he later discusses wild roadside stands on an

alluvial flat north of Magdalena (Lumholtz 1912: 134). Oral history

from contemporary Papago elderly has suggested that Amaranthus palmeri 

seeds were harvested in some contexts (Nabhan 1979). However, in most

cases, flood-washed and locally dispersed Amaranthus seeds are abundant

enough in Papago field environments that they need not be sown.

Lumholtz lucidly described how amaranths can be both a relished

vegetable and a formidable weed to the same people.

Castetter and Underhill (1935) provided data on the uses of 18

genera of plants which we now know are found in Papago fields as well

as in wild environments (Table 5.1). Genera, rather than species, are

listed here, since so many of the early specific identifications are

questionable. They did not, however, discuss harvesting of these

plants specifically within the field environment, although they implied

such in noting that Amaranthus palmeri collected in or near field

villages dominated the diet prior to the harvest of the crops.
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Table 5.1. References to plants utilized by Papago and River Pima that
are also known to colonize Papago Fields.

Utilized Plant Genus
(and Species)	 References to Usages by Northern Pimans

Acacia greggii 	Russell 1975:76; Curtin 1949;90

Amaranthus palmeri (& others?) Lumholtz 1912:131; Russell 1975:78
Castetter and Underhill 1935:14, 24
Castetter and Bell 1942:61, 62; Curtin
1949:47; Nabhan vouchers

Ambrosia ambrosioides &	 Curtin 1949:103; Castetter and Underhill
A. confertifolia 	1935:17; Nabhan vouchers

Anemopsis californica 

Baccharis sarathroides, &
B. salicifolia 

Boerhaavia spp.

Brassica tournefortii 

Cercidium floridum & C.
microphyllum 

Chenopodium berlandieri,
C. murale & others

Cucurbita digitata &
C. foetidissima 

Cyperus sp.

Datura discolor 

Castetter and Underhill 1935:65, 77;
Russell 1975:80; Curtin 1949:78-79;
Lumholtz 1912:264; Nabhan vouchers

Nabhan vouchers

Russell 1975:69, 73, 77, 80; Curtin
1949:66-69; Castetter and Underhill
1935:14; Castetter and Bll 1942:62;
Nabhan vouchers

Castetter and Underhill 1935;25-27;
Curtin 1949:65; Nabhan vouchers

Nabhan vouchers

Nabhan vouchers

Castetter and Underhill 1935:24, 45;
Russell 1975;75; Nabhan vouchers; Lee
1960:88

Russell 1975:464; Castetter and
Underhill 1935:14; Castetter and Bell
1942:62; Curtin 1949:70; Nabhan vouchers

Castetter and Underhill 1935:52; Russell
1975:70, 79; Nabhan vouchers

Curtin 1949:98

Castetter and Underhill 1935:25; Curtin
1949:85; Nabhan voucher

Apodanthera undulata 

Atriplex canescens, A.
wrightii, & others
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Table 5.1. -- Continued 

Utilized Plant Genus
(and Species)
	

References to Usages by Northern Pimans

Descurrainia pinnata 

Euphorbia spp.

Fouquieria splendens 

Gutierrezia sarothrae 

Helianthus annuus 

Isocoma tenuisecta 

Lepidium thurberi 

Lyciunk spp.

Malva parviflora 

Marrubium vulgare 

Matricaria matricarioides 

Monolepis nutalliana 

Nicotiana trigonophylla 

Oenothera spp.

Russell 1975:76; Castetter and Underhill
1935:25-27; Curtin 1949:84; Lee 1960:88;
Nabhan vouchers

Lumholtz 1912:335; Curtin 1949:99-100;
Nabhan vouchers

Russell 1975:265; Castetter and
Underhill 1935:20, 28, 51, 66; Lee
1960:88; Nabhan vouchers

Lee 1960:88; Nabhan vouchers

Curtin 1949:103-104

Curtin 1949:101; Nabhan vouchers

Castetter and Underhill 1935:24

Russell 1975:75; Lumholtz 1912:218;
Curtin 1949:47-48; Castetter and
Underhill 1935:18; Castetter and Bell
1942:62; Nabhan vouchers

Curtin 1949:79; Russell 1975:76

Nabhan vouchers

Lee 1960:88; Nabhan vouchers

Russell 1975:70; Castetter and Bell
1942:60; Castetter and Underhill
1935:24; Curtin 1949:70; Nabhan vouchers

Castetter and Underhill 1935:27;
Castetter and Bell 1942:109, 111; Nabhan
vouchers

Lumholtz 1912:331; Castetter and Bell
1942:62
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Table 5.1. -- Continued 

Utilized Plant Genus
(and Species)
	

References to Usages by Northern Pimans

Opuntia spp.

Pectis papposa 

Phaseolus acutifolius 
& others

Plantago sp.

Portulaca spp.

Proboscidea parviflora 

Prosopis velutina, P.
pubescens (& P.
glandulosa?)

Rumex hymenosephalus 
& R. crispus 

Sambucus mexicana 

Sisymbrium irio

Solanum nodiflorum 

Sonchus oleraceus &
S. asper 

Spharalcea spp.

Russell 1975:71; Lumholtz 1912:151, 188,
134; Castetter and Underhill 1935:14,
19; Castetter and Bell 1942:59; Curtin
1949:58-60; Nabhan vouchers

Curtin 1949:104-105; Nabhan vouchers

Nabhan vouchers; Freeman 1918

Lumholtz 1912:282; Curtin 1949:96;
Nabhan vouchers

Russell 1975:75; Nabhan vouchers

Russell 1975:133; Lumholtz 1912:353;
Castetter and Underhill 1935:24, 57;
Castetter and Bell 1942:73, 113, 201;
Curtin 1949:107; Lee 1960:88; Nabhan
vouchers

Russell 1975:74; Lumholtz 1912:253;
Castetter and Underhill 1935:24-28;
Castetter and Bell 1942:60; Curtin
1949:93-96; Nabhan vouchers

Russell 1975:77, 78, 80; Castetter and
Underhill 1935:14, 64, 65; Curtin
1949:51; Nabhan vouchers

Curtin 1949:75; Nabhan vouchers

Curtin 1949:84

Curtin 1949:88; Russell 1975:78

Curtin 1949:106; Russell 1975:77

Russell 1975:79; Curtin 1949:88-81

Suaeda torreyana 	Nabhan vouchers
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Table 5.1. -- Continued 

Utilized Plant Genus
(and Species)	 References to Usages by Northern Pimans

Trianthema portulacastrum	Curtin 1949:64; Nabhan vouchers

Xanthum strumarium	Curtin 1949:97



130

Castetter and Bell (1942) listed only seven wild plants that were

utilized which are known from Papago fields (Table 5.1). However, they

provided some detailed information with regard to cultivation (tillage)

which were done as many as three times to reduce weeds. Castetter and

Bell (1942: 174) added that:

A few late weeds in a crop, especially in a field of maize,
were not considered injurious. All informants were very
definite in their opinion that anciently weeds were much less
abundant than at present; that the Pimans kept their fields
more free of them then than now. This may well be true when we
take into consideration the numerous weeds which have been
introduced.

The Piman conception of the necessity for cultivation was
primarily to remove weeks which competed with the crops. Time
for the first cultivation was closely related to the frequency
of rains and irrigation, as these aided in the growth of weeds.
In some cases it might have to be done soon after the plants
were up; in others, when the rains were delayed, the growth of
weeds was retarded, hence there was little need for it.

After giving the height of various crops at the time of first

and second weeding, Castetter and Bell (1942: 175) discussed the use of

the aboriginal weeding hoe:

These Indians liked to do their hoeing before the weeds reached
a height of about six inches. The larger ones were pulled by
hand or roots cut with the weeder below ground level to prevent
the plants from resprouting again; the smaller ones were simply
cut down in stride while working the ground. All soil between
the hills was loosened or scratched to a depth of approximately
one inch, even though it had no weeds at the time and

regardless of the crop (except wheat). This was done chiefly
to discourage the subsequent growth of weeds. . • . The

diameter of each worked hill was approximately twelve inches.

Curtin's (1949) ethnobotany included data primarily from Pima

on the Gila and Salt Rivers, but also from Papago, Maricopa and

many of the plants noted were used by all four groups. Curtin

included thity genera utilized by northern Pimans (Table 5.1),

living

Yaqui;

(1949)
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seventeen of which she specified as growing in fields, gardens or

irrigation ditches. She also noted plants considered to be

undesirable--Cuscuta (dodder), which was not touched, because it was

considered poisonous and was associated with snakes, and Physalis 

(ground cherry), which was reputedly not used because it was called

'old man's testicles' (Curtin 1949: 88).

Rea (1978), while describing the ecology of Pima fields,

touched on several features shared by Papago fields as well:

Where they clear the land for planting, disturbance plants
spring up.	 These plants (also called agrestals) require
disturbed microhabitats with open exposure and high moisture.
Growing in profusion along ditch banks and field borders are
sunflowers	 (Helianthus annuus), carelessweed (Amaranthus 
palmeri), tanzy-mustard (Descurainia El.) and others.	 These
plants yield prodigious quantities of seed, food for bird and
beast as well as man. In the fields themselves, along with the
traditionally planted corn, beans and squash, grow a variety of
volunteer plants the Indians made good use of.

Rea listed Proboscidea,	 Monolepis and Chenopodium, all	 of

which grow in Papago floodwater fields, and Suaeda which is less common

in non-riverine Papaguerfa.

Rea (1978) then described the habitats for hunted animals_

provided for by ditches, hedges, fallow and abandoned patches,

concluding that:

By European standards the fields were messy and disorganized. .
. . The Pima allowed many other plants to grow among their
deliberately planted cultivars, diversifying the vegetation.
Volunteers shaded the young crop plants from the intense sun
and prevented the upper layers of soil from drying. These
plants attracted rabbits, which were hunted. What white people
would call weeds the Pima ate. . . . Fields further increased
the biological productivity and diversity by their intense
sunlight and soil moisture (with reduced competition from trees
and shrubs). Consumers . . . abounded in the field ecosystem,
sheltered by surrounding woody vegetation.
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Rea's description of weeds intermixed with crops contrasts with

the hypothesis of Crosswhite (1981: 64) who believed that tailwater

spillover that he has recently seen near fields on the Gila River

Reservation reflects an ancient practice of Pimas producing a "second

garden" of wild and semi-wild greens. He suggested that the Pima

intentionally irrigated either a weed patch at the end of a field, a

more extensive area devoid of domesticates, or let waste places and

ditches seed themselves. Crosswhite (1979: 64) conjectured that "any

weeds which were not edible were eliminated when time permitted so that

others would grow better." His most important hypothesis, for which

little evidence was provided, is that the Pima historically kept their

"first" fields clean of the kind of weed/crop mixes described by Rea,

and that the Papago did not: "Because the Akimel people had more of an

opportunity to have a second garden than did the Tohono, they seem to

have kept the primary field relatively clean of even edible weeds. In

this regard, it should be noted that early explorers commented on how

clean the Akimel people kept their fields."

Crosswhite (1981) listed eleven wild field plants harvested by

the Pima, six of which he also noted for the Papago. He considered

Amaranthus palmeri important as wild greens and as a seed food, and

added that they were encouraged in Papago fields. In summarizing his

idealization of the environmentally determined differences between

riverine Pima and desert Papago subsistence, Crosswhite (1981: 59)

again emphasized his "second garden" theory:

Most of the edible plants of the "second garden" of the Akimel
people also grew as weeds in the primary fields of the Tohono
people. The primary difference was that the Tohono people did
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not have the abundance of water nor enough good land next to
their primary field to have the luxury of a real second garden.
For this reason the small Tohono fields were probably more
weedy than their Akimel counterparts.

One difficulty with such a theory is knowing whether or not the

"weed communities" now seen in contemporary Pima and Papago fields are

like the historic communities. Nabhan (1979) provided a list of

thirty-three wild, weedy and encouraged plants found in a 4 ha

floodwater field at Jiawuli Dak, nine of which were historically

utilized by the Papago. Nabhan (1981: 252), based on observations at

the Fresnal Village field, concluded that today tillage occurs once or

twice prior to planting, "but weeding is uncommon." Yet, even historic

weeding cleared "only the vegetation surrounding each crop that would

be in competition with it" (Nabhan 1981: 253).

Today, because so many floodwater fields are abandoned, some

comparison can be made between their weed communities, and those of

abandoned, (formerly) conventionally irrigated fields managed by

European-American farmers nearby the Papago Indian Reservation. At the

time of the Fresnal Village species list publication, the weedy plant

community there appeared to be "considerably different" from those in

Karpiscak's survey of off-reservation fields, enough to make the

following hypothesis: "Old field succession probably occurs at a faster

rate in native floodwater fields than in modern irrigated fields

because of more abundant seed reservoirs and different edaphic

conditions" (Nabhan 1979: 254).

Despite the completion of the Karpiscak (1980) survey, since

then there has been no effort yet to compare succession in abandoned
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floodwater fields with the trends which he found in irrigated fields.

More recently, four other reports with which I have been involved have

drawn upon field interviews and pressed specimens that I have collected

since beginning my dissertation work. Since some of the same data have

been analyzed from a different viewpoint here, I will not quote these

reports, but acknowldge their availability (Meals for Millions/Save the

Children 1980; ARSP 1982; Nabhan 1982; Nabhan et al. 1983).

Oral Interviews with Contemporary Papago 

From recent interviews, it appears that the term he'el wu:srlim,

'emerging by themselves,' does not necessarily mean 'wild seasonals' as

Mathiot (1962) interpreted it, nor is it a formal life form category in

a hierarchical classification of plants by Papago as I once implied it

was (Nabhan et al. 1979). Instead, there are several informal phrases

used in describing plants which seeded themselves, rather than being

intentionally planted by humans, including he'el wu:skam, and he'el

t e'es. These phrases can even be used to describe domesticates whose

seeds drop and germinate on their own, so it refers more to the

condition of a plant than to its genetic status. The "proof" against

these terms being used to signify wild plants as opposed to genetically

selected domesticates is this: "If you plant it one year and the next

year it comes up by itself, if it comes from itself, it's hejel 'e l es .

. • I have some peaches, and when the birds eat it and knock it down

and they grow, then it's hejel te'es" (D. L., Ge Oidag). Another

phrase variant, hejel wu:skam, is used in much the same way: "Bermuda

comes from the iewed (earth) when the rains come. It comes up from
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roots or seeds that washed in from somewhere else. . . . They didn't

plant it, it just grows by itself, the things come out . • . he'el

wu:skam" (D. L., Ge Oidag).

In asking this same Papago farmer about a term for the plants

which come up by their own in fields, I was told the plants in fields

are called 'oidag c-ed i:wak!r or 'oidag ii:waOn "We call it 'oidag 

t i:wakT if it is all the different kinds that we have in the fields.

If it's just one kind, we name it: cuhukkia, manazani:ya, 'i l ihug;

s-hiwiluls; howhi 'e'es; hohipad, cual" (D. L., Ge Oidag).

These plants were contrasted with those described as ekk-ed

mo:s 'coming out in the open country' or 'outside the fence' (Mathiot

1976). They are the plants "not in the fields" (D. L., Ge Oidag). Ban

'i t ihug-ga, 'Coyote's devil's claw' (Proboscidea althaeafolia) was

given as an example of a plant that grows "out," in contrast to 'ihug 

(Proboscidea parviflora) which is most common in fields.

In general, 'oidag c-ed 'iwaki and 'ekk-ed plants can both be

considered subclasses of he'el wu:skam, as conditions of growth.	 A

Papago farmer accepted my construction, Oidag 'i:waki 'o wud hejel 

wu:skam, with the qualification that it referred to the plants in the

field, e.g., Johnson grass which were self-sown rather than

intentionally sown by humans. He acknowledged that sometimes farmers

plant Johnson grass for forage, but they don't do the same with other

'i:waki such as cuhukkia (Amaranthus palmeri).

In our conversation about 'oidag e i:waki with a Papago farmer

who had worked many years in irrigated fields and orchards in the Upper

Santa Cruz River Valley, I mentioned that Anglo farmers call such
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plants "weeds."	 He commented that "these farmers don't like the

'i:waki in the cottonfields." I replied, "But I've seen them in your

fields." He then explained his frame of reference:

The O'odham, they just leave whatever they need, especially
that cuhukkia l i t waki and 'opon_ i i:waki, because they get them
[to eat]. . . . They leave it [there in the fields] except
that cuhukkia [since] they cover up their [crop] plants. . . .
Grass and cuhukkia bring lots of worm [larvae]. Those worms
spoil the [crop] plants and eat the leaves. If they [the
farmers] don't cut them, the cuhukkia will cover it [the crop]
(D. L., Ge Oidag).

Within this statement, there is the concept of field herbs

being useful to a point, at which they then become competitive and

harbor pestiforous insects. Yet, it is clear that the tolerance of

leafy seedlings and their use by the Papago is felt to contrast with

indiscriminate Anglo intolerance of all weeds in cottonfields.

A notion that the field herbs are useful only to a point is one

upon which Papago field management practices are based. In Topawa in

1981, I helped a Papago family that spent an entire day weeding their

floodwater field of even-age Amaranthus palmeri which nearly covered

the ground completely. On July 21, less than four weeks after the

first flood-initiating rains, the family was pulling up amaranths which

ranged up to 1 m high in crop rows, and were thick with larvae and

cucumber beetles. Densities averaged 170 plants per square meter for

three sample plots; 79 percent of the plants were less than 30 cm tall.

A fresh weight harvest of 230 g per square meter of edible green leaves

and tender young stems was harvested from one plot. However, the

family intended to use only a miniscule portion of the field's amaranth

harvest for their own consumption. The rest was stacked, then bundled
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and dried for hay to be stored and later fed to horses, which get sick

if they eat too much fresh amaranths (E. X., Topawa).

The reasons for weeding the amaranths are put in terms of

reduction of competition and pest control:

If they don't cut them, the cuhukkia will cover it [the crop]
and grow straight [up] and th -JFIZTITT- have any [crops]. That's
why they have to clean it. Cuhukkia--they cut it when it is
small before they cover it [the crop] up. Worms and crickets
come from there. So:'o, the grasshopper, come from weeds.
They [the farmers] cut it and throw it in a hole or feed it to
the hahaiwati [cows] or mumu:la [mules] (D. L., Ge Oidag).

Other field herbs are scraped out with hoes because of the

insects associated with them. Boerhaavia species are called ma:kto 

jewed 'sphinx moth larvae's ground,' because the larvae of Hyles 

lineata are most frequently found on these plants early in the morning.

These larvae are relished when gutted and fried, and are easily

harvested in quantity from dense stands of Boerhaavia (D. L., Ge Oidag;

C. E., Kowulik). However, the plants are sometimes scraped out of

fields because the ma:kom eat the growth tips of bean vines, and by

controlling the number of Boerhaavia plants around crops, the

detrimental effects of the larvae are controlled (L. K., Topawa). The

plant itself is sticky to the touch, and is sometimes taken home for

use in catching flies (D. L., Ge Oidag). Ironically, there is a report

of a flycatcher (bird) being caught in a Boerhaavia on the Gila River

Indian Reservation (Rea, 1983)!

Other plants which appear in fields are considered detrimental

for additional reasons. Wamad gi:ko, 'snake crown,' (Cuscuta) climbs

on crops, as does bi:bhiag, (Ipomaea) (D. L., Ge Oidag). Kotadopi

(Datura) can make one sick or even crazy if one smells it too closely
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and should be hoed out (L. K., Topawa).	 Waiwel (Xanthium) gets on

horsetails, and is difficult to remove (D. L., Ge Oidag). Heiel 

e e'esadam, 'wind's seedlings,' (Salsola) comes in from nearby abandoned

fields and takes over fallow fields (P. X., Topawa). Bermuda grass

(Cynodon) has come down from the wash from Sells, or into the area in

hay bales, and is difficult to remove from fields (C. E., Kowulik; D.

L., Ge Oidag); Johnson grass (Sorghum halapense), once established,

increases with plowing and flood disturbance to the point that annual

crops cannot be grown where it has colonized, but then decreases after

a field is abandoned (J. F., Topawa).

Despite many problems associated with weeds which volunteer in

fields, the Papago clearly find useful many plants known to be present

in fields (Table 5.1). Some, such as cuhukkia (Amaranthus) and 'opon 

(Monolepis) are not exclusively harvested from fields, but agricultural

environments are clearly recognized along with roadsides as favored

habitats for them (Meals for Millions/Save the Children 1979). One

woman specified that her family went and harvested fruit of ad

(Apondanthera undulata) and kui (Prosopis velutina) from their field

because of the dependable yield from protected populations there (L.

K., Topawa). Food, fiber, medicine, soap, building material, and

utility plants which the Papago say they use are all found in field

environments (Table 5.1).

Nevertheless, all of the plant genera so far noted are also

found in the uncultivated environments somewhere in Papaguerfa as well.

Are there any differences between their availability in Papago fields
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and in the surrounding environments? 	 The following analyses will

contribute toward an answer to this question.

Plant Community Analysis 

Methods

To study differences in the number and importance of vascular

plant species, inside and (immediately) outside of Papago fields, I

used a minor modification of the point quadrat method described by Levy

and Madden (1933) to sample herbaceous plant cover. Commonly called

the point frame method, a frame of ten pins placed at 5 cm intervals is

moved end-to-end over a continuous sample along a pre-designated line

which is usually permanently marked by rebar end points (Karpiscak

1980). Typically only the first (highest) plant touching a pin is

recorded, and plants taller than pin height (75 cm) are excluded and

measured via other methods, since most of them are woody perennials. I

have chosen to include any herbaceous annual, and any herbaceous or

woody perennial less than 75 cm, since these are the plants typically

found in fields active or fallow for less than two years; thus, taller

perennials (primarily outside of fields) were excluded from the

analysis. Additionally, I counted not only "first hits," but any plant

touching a pin, since competition for light and space were of interest.

Levy and Madden (1933) suggested that 400 to 500 points were sufficient

to record even the lesser constituents in pastures and fields, and most

of my quadrats were in this range (approximately 30 m long, often

spanning an entire planted area). However, in diverse situations where

new constituents continued to be "hit" after 20 m, I used a
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modification of the species/area curve concept to determine if more

hits were needed. Usually 1000 hits were enough. In tallying the

data, percent of ground cover values were based on the cumulative

number of plant hits (including multiple hits of one pin) and therefore

are sometimes slight overestimates of the percent of the ground surface

covered by plants. For instance, if 500 pin placements were counted,

and 475 hit bare ground, but the other 25 pins each hit the same two

plants each time, percent ground cover would be 50/525 or 9%, rather

than 25/500 or 5%. This estimate takes into account multiple strata of

herbaceous cover.

The total number of hits by plants was then used to estimate

percentages of plant cover for various species. The number of hits by

each species was divided by the cumulative number of hits by all

species. These coverage values were used as indicators of species

importance for calculating the diversity (i.e. heterogeneity) of each

sample's vegetation. The Shannon-Weaver diversity index, whose

qualities are discussed by Peet (1974), was used to estimate the

heterogeneity of plant cover on any sample; these are absolute values

that can be compared regardless of sample size. The higher the

diversity value, the more heterogeneous the plant cover is; usually,

higher values are from samples rich in species, with each species

having nearly equal cover, rather than one or two species being

dominant.

Inside and outside field quadrats, often starting from the same

end point, but going in different directions, are compared several

ways. First, a paired t-test was used to compare the population means
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of the inside- and outside-field Shannon-Weaver diversity values from

each locality. Values for species richness (the number of species

sampled on quadrats, regardless of the amount of cover) were then

compared the same way (Duncan et al. 1977), with cultivated species

included in one test, but not in the other. Finally, the strength of

correlation between Shannon-Weaver diversity and the richness of genera

utilized by the Papago which are found on the quadrats was measured

through calculation of correlation coefficients (Duncan et al. 1977).

The best fitting regression lines were plotted using the method of

least squares (Duncan et al. 1977). The data from the 16 paired

(inside/outside field) samples which are used for these analyses are

tabulated in Table 5.2.

Results

Table 5.2 lists localities; location of point frames (inside or

outside of fields); percent cover of plants; calculated Shannon-Weaver

diversity values; total number of plant genera "hit" by quadrats;

number of wild plant genera "hit" by quadrats (domesticates are

excluded); names of genera hit by quadrats that include species which

are resources to the Papago (as noted in Table 5.1, with domesticates

in parentheses); and number of genera of resouce plants. It is quite

obvious from a cursory examination of these data that both inside and

outside of fields, percent cover, plant diversity, and resource plant

richness vary considerably from place to place and from time to time.

As a result, it is difficult to ascertain clear patterns of

distinctions between various subsets of these data to any extent; and
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since the number of fields sampled is so small, most distinctions

hypothesized are not statistically significant.

In particular, the mean Shannon-Weaver diversity value is

higher (.6002 + .2415) for in-field samples than for out-of-field

samples (.4809 + .2101), if all fields (n = 17) are included, but

standard deviations suggest considerable overlap. When all fields are

included in the paired t-test for statistical significance, the null

hypothesis cannot be rejected at the .05 level of significance;

therefore differences may be considered as much due to chance as

anything else. However, at the .10 level, the null hypothesis can be

rejected, indicating that there is a statistically significant

difference between the two treatments. In short, when including all

in-field/outside field comparisons, there is weak to moderate

justification for considering the in-field plant diversity to be

greater.

The problem with including all in-field/outside field

comparisons is that the irrigated field environment at Quitovac is much

different from both runoff fields and uncultivated floodplains. Nabhan

et al. (1982) demonstrated that Quitovac's cultivated environment is

quite diverse compared to adjacent uncultivated land and uncultivated

Quitobaquito even when trees and shrubs are added in the analysis.

Since oases like Quitovac are less representative of typical Papago

field conditions--which are runoff- rather than spring-fed--I have

concluded that it may be best to eliminate this site from the analysis.

For the remaining pairs of treatments (n = 16)--all at runoff

sites--there is no significant difference between diversity inside and
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outside of fields at the .05 or .10 level, although there is at the .20

level.

From these tests, I have concluded that the differences between

herbaceous plant diversity in runoff fields and immediately outside of

them are not very significant. Too many factors--intensity of weeding

and grazing; the time of sampling; the amount of runoff available to

the site; etc.--come into play to say that either Papago fields or

their surrounding floodplains are equivocally more diverse in terms of

herbaceous plants and woody plant seedlings. On this basis, I have

concluded that Papago runoff fields do not show increased diversity

over and above that of the natural floodplain that Rea (1979)

hypothesized for the River Pima irrigated fields or that Nabhan et al.

(1982) demonstrated for spring-fed cultivation at Quitovac.

Yet that Papago runoff fields are at least as diverse as the

adjacent uncultivated lands may be an important characteristic of this

kind of agriculture. Murdoch (1975: 798) has considered agricultural

and natural systems to be intrinsically different in their stability,

since "agricultural systems are not only more simple, but even the

natural (non-crop) part of the community is simplified by human

activities." He further argued that not only is there less species

richness in agricultural systems, but the few species in them have

little shared evolutionary history and fewer co-adaptations than

natural communities do, since the dominants are usually alien crops

thrust into an environment different from that where they evolved.

Murdoch's assumptions regarding agricultural systems fit modern

monoculture well, but hardly fit Papago fields at all. Papago runoff
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field communities are not simple when compared with adjacent natural

systems. The majority of crops and "weeds" in runoff fields are of

genera native to North American deserts; a number of the crops

(Cucurbita; Phaseolus; Proboscidea) have wild relatives within the

watersheds feeding the fields. It is likely that many of the crops and

weeds in Papago fields have a shared evolutionary history dating back

at least as early as agriculture's beginnings in Mexico. In terms of

coevolutionary links that might stabilize these systems, 17 genera of

wild plants known from Papago fields are also known to harbor

beneficial insects which theoretically may reduce crop pest populations

(Table 5.3). The presence of wild plants interspersed with crop plants

also served as physical deterrents which slow pests down in finding

their hosts (Reisch 1981). Specific crop-weed-insect interactions in

Papago fields have not been empirically studied, and deserve further

consideration. Nevertheless, on the basis of the above data, it can be

argued that the herbaceous plant communities of Papago runoff fields

are not necessarily less diverse or complex than those of surrounding

environments. This certainly has implications with regard to their

relative stability (or buffering from pest outbreaks), which may be

greater than that of modern, one-crop fields surrounded by other

one-crop fields rather than by uncultivated environments (van Emden

1965; Murdoch 1975).

Returning to the statistical comparison, there is no

significant difference in the richness of resource plant genera found

inside and outside the fields. However, there is a significant

positive correlation (at the .05 level) between the richness of wild



Table 5.3. Plant genera with which beneficial insects are
associated, that are also known from Papago
fields.

Genus	 Reference

Amaranthus	 Genung 1975

Ambrosia	 Goeden and Richer 1975

Chenopodium	 Van Emden 1962

Cirsium 	Van Emden 1962

Daucus	Clausen et al. 1927

Descurrainia 	National Academy of Sciences 1969

Erigeron	Streams et al. 1968

Euphorbia	 Leeper 1974

Gossypium 	Pierce 1912

Lepidium 	Romney 1956

Leptochloa	 Altieri et al. 1977

Oenothera 	Whitcomb and Bell 1973

Physalis	Price et al. 1980

Rumex	 Van Emden 1962

Solanum	 Hemenway and Whitcomb 1967

Sonchus	 Price et al. 1980

Sorghum 	Flaherty 1969
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resource genera and Shannon-Weaver diversity values (n = 34). In

short, whether inside fields or outside them, the more diverse the

plant community, the greater the number of plants present that are

known to be resources used by the Papago (Figure 5.1). Potential

resource availability appears to go "hand in hand" with plant

diversity, as expected. Where fields have diverse vegetation, with no

single dominant, the number of kinds of wild economic plants with

population sizes large enough to be worth harvesting is probably high.

Table 5.4 lists the relative frequencies with which various

resource plant genera were found on quadrats inside and outside of

Papago fields. These data indicate that the following plants may be

more frequent in fields: Ambrosia confertifolia, Euphorbia polycarpa,

Monolepis nutalliana, Sisymbrium irio; Matricaria matricariodes 

Cucurbita digitata; Nicotiana trigonophylla;  Oenothera hookeri;

Proboscidea parviflora; Solanum nodiflorum; and Suaeda torreyana.

Since the sample size is small (n = 17, few of these frequencies are

probably significantly different statistically from those outside the

fields.

Appendix I lists all the plant species that I have identified

from pressed specimens collected in Papago fields. This listing

includes 132 genera of wild plants in Papago fields versus 100 genera

listed in Karpiscak's (1980) survey of wild colonizers of modern fields

between Tucson and Phoenix. Papago fields cumulatively make up less

area than fields abandoned by Anglo farmers in southern Arizona. Also,

Karpiscak (1980) sampled more fields--though all were abandoned

irrigated plots--than I was able to find in Papaguerfa. Floristically,
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Figure 5.1. Relationship between the richness (number) of plants
utilized by Northern Pimans found on a given quadrat, and
the calculated Shannon-Weaver diversity value (number of
species and evenness of coverage) for the same quadrat. --
Regression lines calculated from these data either include
or exclude domesticated species in the counts of useful
plants used for the richness value.
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Table 5.4. Frequency of occurrence of plant genera utilized by
Northern Pimans: inside versus outside of fields compared.

Inside of Field

No. of
Sites
Where
Genus

Is Present Outside of Field

11

10

9

8

7

6

5

4

3

2

1

Ambrosia 

Euphorbia 

Amaranthus, Boerhaavia 

Monolepis, Sisymbrium 

Atriplex, Lepidium, Plantago 
Portulaca, Trianthema 

Matricaria, Prosopis 

Chenopodium, Cucurbita 
Descurrainia, Gutierrezia,
Isocoma, Malva, Nicotiana,
Oenothera, Proboscidea,
Spharalcea, Solanum, Suaeda 

(25)

Gutierrezia 

Amaranthus 

Ambrosia, Atriplex,
Boerhaavia, Isocoma,
Lycium, Portulaca, Prosopis 

Euphorbia, Sismybrium,
Spharalcea, Trianthema 

Chenopodium, Lepidium,
Monolepis, Plantago 

Cercidium, Descurrainia,
Malva, Matricaria, Opuntia,
Rumex 

(25)
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Appendix I provides evidence from all sampling that took place inside

active or recently fallow fields. By comparing this checklist with

those of Bowers (1980) and Toolin (1979) for nearby uncultivated lands,

future researchers may determine the extent to which Papago in-field

plant communities differ from those of open desert country.



CHAPTER 6

WAKOLA, FLOODS AND SOIL RENEWAL IN FIELDS

Although the ditches lying side by side
Thought they could carry the flow with little effort
[The rain filled them full and]
Piled the rubbish crosswise at their mouths.

From rainmaking ceremony
(Underhill 1935: 60)

The purposes of this chapter are several:

1. to survey the range of nutrient levels (and textures) in Papago

field soils, in associated water and in floodwashed detritus;

2. to compare adjacent uncultivated floodplain soils with those in

the field; and

3. to interpret these data for discussion of the effects of Papago

field management practices on soil fertility and its renewal.

Desert soils are characteristically so poor in nitrogen and

associated organic matter that these factors may limit plant

productivity in arid lands almost as much as does water availability

(Romney et al. 1978; Felker and Clark 1980). Soils in deserts are

typically described as containing "excesses of certain constituents,

such as lime or gypsum mixed with other salts"; as being "notoriously

low in organic matter"; and "if organic matter is low, so is nitrogen"

(Fuller 1975: 14). Such general statements are more applicable to the

155
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aridisols than to the mollisols which are usually richer, darker soils

located along desert river channels and adjacent flood-prone terraces

(Fuller 1975). Nevertheless, even ustolls, in the mollisol suborder

most frequently associated with arid lands, have more accumulated salts

and potentially poorer nutrient availability than mollisols in other

regions.

Despite these general conditions of desert soils, it has long

been observed that within selected sites on alluvial fans of ephemeral

watercourses, nitrogen-rich organic matter may naturally accumulate via

deposition by floods (McGee 1897). Shreve (1964: 23) noted that on

playas and flood plains, water-transported "leaves, small twigs,

fruits, feces and other materials . . . serve to build up the organic

content of soils in which they find a resting place." He added that

"dense stands of ephemerals are commonest on flood plains and in other

situations with level alluvial soil" whereupon floodwaters deposit them

(Shreve 1964: 128), but enhanced soil fertility and moisture-holding

capacity may be factors contributing to these densities as well. It is

clear that such favorable sites for plant growth are not evenly

distributed, and, overall, cover a small percentage of the land area of

the Sonoran Desert.

Regardless of whether or not agriculture is situated on sites

where soil fertility has naturally built up over time, soil tillage and

crop harvest may dramatically affect its status (Cox and Atkins 1979:

268): "When man converts natural ecosystems into agroecosystms, he

modifies . . . the soil subsystem . . . and . . . these modifications

affect two basic ecosystem functions: They reduce the importance of
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detritus food chains and increase the importance of nutrient and energy

exports from the system."

Cox and Atkins (1979) have provided a summary of studies which

have documented the changes in soil structure, erodability, organic

matter and nutrient pools associated with bringing land into

cultivation. They suggest that whereas organic matter, carbon and

nitrogen usually decline with cultivation of temperate and tropical

soils, the organic content of soils in arid lands may initially

increase when they are brought into irrigated crop production.

Nevertheless, the act of harvesting the grain from a good-yielding corn

crop alone may mean as much as 128 kg/ha of nitrogen is lost from a

field system for good (Delwiche 1971). Cox and Atkins (1979: 288)

concluded that regardless of nutrient replenishing by weathering,

nitrogen-fixing symbionts of crops and weeds, etc.: "agricultural

harvest is a major route of nutrient depletion. . . The replacement

of nutrients from sources outside the agricultural system is therefore

absolutely essential to the maintenance of original productivity

levels."

Woodbury and Ressler (1962) and Fuller (1975) have also

discussed how long-term flooding or irrigation of desert field soils

may lead to increasing concentration of salt and alkali. Woodbury and

Ressler (1962) hypothesized that increasing soil salinity and

alkalinity, if not directly responsible for the abandonment of Hohokam

fields, at least became serious limiting factors to maize cultivation

during the late Hohokam periods. These arguments point to the

importance of any agricultural management practices which tend to
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maintain or renew soil quality favorable for crop production through

time.

Castetter and Bell (1942: 172) observed that "fertilization of

the soil was not practiced aboriginally by either Pima or Papago," nor

have I observed the regular use of chemical fertilizers or intentional

transport of manure to fields by Papago farmers today. Therefore,

their fields' soils are either being depleted, or they are being

renewed in ways other than those by which conventional agriculture

counters fertility loss and harmful mineral accumulation. The

following review focuses on descriptions of processes by which Papago

fields may have their soil fertility levels renewed.

Ethnological Literature 

The Papago term 'ewed is polysemous, meaning 'soil,' or

alternatively, 'land, ground, country, earth, world' (Mathiot 1973:

418). Among the Pima Bajo, essentially the same term is used today for

suelo 'soil,' when one takes into account the allophones used in their

dialect: duvur (Hale 1977: 19). The Nevome of Pima Bajo in the

seventeenth century used a similar term, duburha (Pennington 1979:

114), translated as tierra 'land.' An assonant form of 'ewud used by

contemporary Papago is 'ewad, which also serves as a verb 'to rot,

ferment' (Mathiot 1973: 417). The number of composite lexemes with the

morpheme jew- relating either to microbial/chemical transformation or

to earth and soil is great (Mathiot 1973), but none listed can be

directly associated with 'soil ferility' as European- American farmers

or scientists used this term.
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Another lexeme, wako:la 'driftwood,' has relevance that is not

readily apparent from Mathiot's (n.d.: 227) treatment. Related to

other 'wash' and 'water' words, wako:la is also the root for wako:lag,

'to be full of driftwood in one location' (Mathiot n.d.: 227).

These terms do not appear in any published ethnographic

descriptions of Papago agriculture. Yet the relationship between soil

renewal and floodwashed materials in Papaguerfa was clearly recognized

by McGee (1897; 1898). At a Papago rancherfa north of Nogales, he

described the debris left by a 30-45 cm deep flood of mud-tinted foam

that flowed in an arroyo for less than a half hour (McGee 1897: 101).

The after effects of the flood were not conspicuous, though
significant. The most striking effect was the accumulation of
flotsam, chiefly twigs and branches. . . . A less striking
effect was the accumulation of a nearly continuous film of
sediment . . . usually an inch or less in thickness, though
sometimes it lines depressions to depths of several inches.

Although McGee (1897) tentatively made a connection between

sheetflooding, its detritus, and the location of Papago fields, a year

later he articulated that such floods fertilize Papago fields (McGee

1898: 367): "thither flows the unevaporated residue of winter storm

floods, soaking the soil and fertilizing it with a veneer of fine mud,

just as the valley of the Nile is fertilized by the Nilotic flood."

Like McGee, Berger (1898) was also aware of the soil erosion

sometimes done to fields by floods. Describing the Rio Santa Cruz

floods at San Xavier fields, Berger (1898: unnumbered) offered a bal-

anced view:

. . . the floods are continually causing damage to irrigating
ditches and to roads and bridges, and in many locations also
prevent the planting for the so-called second crop; but
otherwise these floods do much good, as the considerable amount



160

of sediment they bring is considered to be, and, as a matter of
fact, is, a great fertilizer, and land so overflowed does not
need any artificial fertilizing.

Clotts (1915: 11) noted that in Papago fields, brush dikes, by

checking the rush of floodwaters, allowed "hollows" to be gradually

filled up. While not specifically noted as soil fertility renewal

technology per se, the role of brush weirs in soil and detritus

deposition first became obvious with Clotts.

Castetter and Bell (1942: 172-173) devoted but two short

paragraphs of 230 pages of text to soil fertility and crop rotation in

Papago and Pima fields. They essentially argued that centuries of

continuous cultivation of Piman fields is,in and of itself, proof that

the soils have not been depleted (Castetter and Bell 1942: 172):

• . . soil depletion to the extent of necessitating abandonment
of fields was extremely rare. Pima land was continually
replenished with mineral and organic materials deposited by the
[Gila] river in times of overflow; similarly, Papago fields
were naturally fertilized by flash floods. The fact that many
of the Pima fields have been under cultivation for hundreds of
years, producing sustained crop yields without the addition of
manures or other fertilizers, is evidence that considerable
plant nutrients were carried by the waters used for irrigation
in the Gila Basin. Allowing fields to lie fallow in order to
build them up was unknown, although it was recognized that new
ground produced larger yields than the old.

The last sentence may imply that floodplain soils were depleted

to some extent by cultivation. Castetter and Bell (1942) do not

identify whether it is the floodwaters themselves or flood-carried

materials which are more important in replenishing Papago field soils.

Until the publication of a few Papago field soil analyses in

Nabhan (1979) and Nabhan et al. (1981), there were no concrete data

with which to compare Papago field nutrient levels with those of desert
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soils under other conditions. Additionally, data from water and flood

washed detritus from Topawa were included in ARSP (1982), but they will

be interpreted along with data from additional analyses.

Oral Interviews with Contemporary Papago 

In response to the question, "What kinds of jewed are there?" a

Papago farmer spoke of s-cuk 'ewed 'dark soil,' wi: jewed 'fine soil,'

s-kawk jewed 'hard earth,' and 'o'ohai jewed 'sandy soil' (D.L., Ge

Oidag). S-cuk iewed is also sometimes used synonymously with s-keoac

'ewed 'good earth,' s-moik 'ewed 'soft earth,' a term which may connote

'With' as well, since the verb 'to till, plow, soften or loosen' is

moihun (D. L., Ge Oidag; L. K., Topawa; J. A., Ali Cukson).

Other consultants listed the kinds of jewed as cuk jewed 'dark

soil' or s-moik jewed 'soft, light, wet soil'; s-toa iewed  'pale soil,'

and s-weoi jewed 'red soil,' which becomes s-wegi bid 'red clay' when

wet, or when removed for pottery-making (J. A., Ali Cukson, via Cynthia

Anson,; L. K., Topawa). These various kinds of soil have different

capabilities for cultivation, plant growth, and management, as the

following interview excerpts hint. I sense that the terms, like other

folk soil classes, are used in reference to particular conditions, and

can not necessarily be used as one-to-one correlates with soil types

recognized by Western scientists (Williams and Ortiz-Solorio 1981).

Rather, a sliding scale of classification may be utilized. For

example, most Papago farmers may agree that a particular location has

s-kawk jewed where water does not penetrate, but instead runs off (D.

L., Ge Oidag). In talking about localized patches within the s-cuk 
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jewed in his field, however, a farmer may say that a particular spot

has s-kawk iewed relative to the (s-moik) soil covering the rest of his

field. Within one field, there may also be spots of well-drained 'O'od

sand,' as well as slick, cracking wegi bid 'red clay' (D. L., Ge

Oidag).

Although s-moik jewed is usually favored for planting, one

farmer observed that soil tending toward 'o'ohai 'ewed 'sandy soil' is
•

suitable for certain plants such as watermelons.	 He outlined the

following characteristics of sandier field soils (D. L., Ge Oidag):

"O'ohai jewed .

▪

 . water won't stand on it. It gets wet deep, the

water goes down right away--pretty deep, too. Sometimes it dries up

too quick, but some plants like them too, and grow pretty good."

Yet the same farmer considers pure t o t od 'sand' in the wash

nearby unsuitable for planting. He prefers soils that are a mixture of

textures, and believes that any field soil gets better as various

materials are mixed together into it, via natural deposition or

intentional human action (Nabhan 1982).

The various materials contributing to field soils via natural

(floodwater) deposition are collectively called wakola, which I will

translate here as 'floodwater detritus' or simply 'floodwash,' although

it is also occasionally used to refer to 'windblown debris' by

contemporary Papago. It is not simply 'driftwood,' as Mathiot (n.d.)

defined it, since pithy stems, leaves, partially decomposed organic

litter, feces and silt may be individually pointed out by Papago as

what 'comes into the field' (D. L., Ge Oidag). However, the term is
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not used to include floodwaters themselves, nor the nutrient-rich foam

associated with flashfloods:

When [there is] so much water, it brings wa'akola and white
foam. We could see it rolling this way. When it gets to the
plants, it covers them. . . . Yes, my father like it, don't
throw it away, pile it. We can put it back in the holes
[scoured rivulets made in the fields by floods were pointed
out]. He thinks its good for the jewed (L. K., Topawa).

It is also clearly associated with decomposition: "[It is] all

different kinds of things [that] get rotten and broke down and whenever

the rain comes, it washes away. It falls and runs over to the aid" (D.

L., Ge Oidag).

Although formal elicitation techniques have not been utilized

to confirm this, it appears that wakola is perceived as having of a

dual nature, as soil, and as a soil additive or conditioner. This is

suggested by comments from the same farmer on three different

occasions. In one instance, he agreed with my suggestion that wakola 

might make good fertilizer, and added that it affects moisture levels

in the soil as well: "It's good when it comes in and makes the dirt

moist. I sure wish I can use it in my little field [which was recently

cultivated for the first time]."

Another time, he said that my construction, Wakola 'o wud haicu 

ewed, 'Floodwash is a kind of soil,' was essentially correct. In his

own volunteered remarks, he sometimes substitutes 'topsoil' for

wako'ola when speaking in English. At Queenswell village, he

instructed younger farmers on where to erect a sai t iiida koli 'brush

weir/water spreader' to trap wako'ola in order to help improve field

soils: "That sai'ijida koli--build one at the start of the field to
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slow it.	 The topsoil builds up by the sai t ijida and levels it up.

Straighten it up." Topsoil. (D. L., Ge Oidag).

The positioning of brush weirs to control meanders, divert

water into fields from nearby channels, and encourage the deposition of

floodwash is a folk engineering science that Papago farmers often

discuss among themselves. By drawing diagrams in the dirt with sticks,

they illustrate the logic of various brush weir placement schemes. In

certain ways, they manage the "natural" deposition of floodwashed

detritus--natural in the sense that it would normally occur on alluvial

fans--by concentrating it in selected areas. As such, this management

technique contrasts with others by which farmers physically carry in

materials or manipulate plantings.

Similar in consistency to wakola, but manually transported to

fields or gardens, is kui wa:ga 'ewed 'tree (litter) mixture soil.' It

is the topsoil under kui (Prosopis velutina), kuawul (Lycium spp.) or

segai (Larrea tridentata) that Papago note as including wind-deposited

material (D. L., Geo Oidag). A farmer in Ali Cukson formerly hauled it

into his small farm from a legume bosque edging a wash several hundred

meters away (J. A., Ali Cukson).

Another soil additive used mostly in gardens has a slightly

different origin: kui kuaoi mo:honik 'mesquite firewood detritus,' is

the fine debris which accumulates under a long-standing wood chopping

site (J. A., Ali Cukson). If sifted to sort out the larger pieces,

called kuaoi tawuimud, it improves the soil; if the kuagi tawuimud 

remains dominant in the mixture, it will heat and dry the soil out (J.

A., Ali Cukson).
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Evidence is not equivocal that the Papago utilized guano from

native bats until recent times. While one farmer did suggest that the

'old people' used nannakimel bid 'bat shit' from caves in the

Baboquivaris (J. A., Ali Cukson), other elderly Papago have argued the

opposing view. Decades ago, an Anglo entrepreneur on the western edge

of Tucson would pay Papago families to bring to him gunny sacks full of

guano from the reservation, which he shipped and sold for a relatively

high price as fertilizer. However, it is claimed that the Papago

families who took wagonloads of this guano from the Baboquivaris never

used it themselves as a soil additive (G. R., S-hep'  Oidag). Today,

Papago gardeners sometimes harvest it from rafters in village chapels,

but one complains that it is too potent and killed his roses (D. L., Ge

Oidag).

Green manuring, plowing under ashes or crop stubble, and

fallow/rotation sequences on field sections are all recognized by

certain Papago farmers as soil-rejuvenating techniques. Although

cattle and horses are allowed to graze inside field fences in off

seasons, and their manure is known to be valued agriculturally

elsewhere, I know of no active transport of livestock manure to fields

by Papago farmers.

The intensity of reliance on the above-mentioned soil

management techniques varies from farmer to farmer, and from season to

season. A few farmers today do virtually nothing intentional to renew

soil quality, but still reap the benefits of their predecessors'

floodwash-depositing brush weirs, which now lay in shambles on field

edges. Others are diligent practitioners of a number of soil-mixing
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strategies, particularly after a hard flood deposits stones, sand or an

impermeable silt sheen on the field soil surfaces. Because of this

range of conditions, it is pertinent to assess the range of soil and

water nutrient levels found at Papago fields.

Chemical Contribution of Ephemeral Floodwaters 

Castetter and Bell (1942) suggested that flash floods

fertilized Papago fields, but provided no supporting data for this

hypothesis. Therefore, I set out to sample water in washes leading to

Papago fields. However, during the summer cropping seasons of

1980-1982, I was present and able to collect samples from Papago

watersheds only 5 times during floods (Table 6.1). Sampling was done

opportunistically during these flood events. I simply utilized clean

4-8 ounce glass jars with metal lids to dip into running waters within

a half-hour of peak flows at the sites. In a similar manner, I also

collected samples from two floodwater reservoirs, and from springs

utilized by Papago farmers.

These water samples were delivered to the University of Arizona

Soil, Water and Plant Tissue Testing Laboratory within four days of

collection. They were submitted for routine chemical analysis, with

the request that precipitated sediment not be separated from the water,

but be treated as part of the sample. Laboratory technicians conducted

thiteen standard chemical analyses on each of these water samples.

Several additional chemical compounds were analyzed for some, but not

al of the samples. Testing methodologies for the Auto-Analyzer and

Colorimeter utilized by this laboratory are available in detail from
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the University of Arizona Department of Soils, Water and Engineering.

Means and standard errors were calculted for the five moving floodwater

samples, and for the two reservoir water samples.

To aid in the interpretation of differences in chemistry of the

samples, brief descriptions of the sample sites and their temporal

conditions are pertinent. Samples of moving floodwaters were collected

from three washes in the Topawa, Arizona vicinity on June 27, 1981,

during the first summer storm initiating stream flow there. Samples

were collected immediately upstream from the paved Topawa road, within

one hour of the initial flowing of each wash (with 66 minutes passing

between the initiation of the first and last). Three washes drained

watersheds of different sizes. Topawa "Wash B" drained the largest

area of the three, from the upper ridge of the Baboquivari mountain

range, south of Kitt Peak but north of Fresnal Canyon. Rain began in

its watershed more than 100 minues before Wash B was running at the

sampling point. The other two washes began on the plains below the

Baboquivaris, and did not necessarily benefit from the orographic

precipitation associated with the mountains. Water samples were

collected from rapidly moving flashfloods at least 30 cm deep and a

minimum of 5 m across.

At Ali Cukson, sheetfloods less than 15 cm deep were sampled

during a brief, local downpour on July 24, 1980, 5 m upstream from a

small hand-dug reservoir and a field. These waters briefly washed

across a cleared area toward the reservoir. The final floodwater

sample I collected was from the Sells Wash, during a torential

flashflood lasting several hours on September 10, 1982. I sampled just
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downstream from a bridge on Highway 86 between Jiawuli Dak and Kitt

Peak. At this location, the flood had expanded beyond the utually

well-defined channel at the highway crossing, and flowed more than 50 m

wide on either side of the road. I sampled close to one "bank," where

the waters were at least 60 cm deep, but the water was perhaps 1-2 m

deep where it flowed under the bridge.

The two reservoirs sampled differed considerably in size and

design. The Ali Cukson reservoir is the hand-dug holding pond for

field irrigation that was mentioned earlier. Its waters were sampled

on July 22, 1980 not long after rains had filled the pond with runoff,

so that this sample represents freshly gathered, standing floodwaters.

This reservoir receives runoff from a catchment area of less than 37 ha

(ARSP 1982). On the opposite extreme is the sample taken from a

Queenswell charco reservoir on June 3, 1980, at the peak of the late

spring dry season. The Queenswell reservoir is a machine-dug pit

charco designed by BIA engineer Roland Lee for the purposes of

livestock watering.

The spring that was sampled at Quitovac, Sonora is one of

several which drained into an oasis pond of 1.25 ha in September 1981

(Nabhan et al. 1982). I sampled within 0.5 m of where spring water

bubbled up out of mud, calcareous marl and tufa, in slowly moving water

less than 15 cm deep, admist aquatic vegetation.

The results in Table 6.1 demonstrate considerable variation in

chemical quality of floodwaters of different washes. This is not

surprising, since Fisher and Minckley (1978) have documented that even

at the same site, greater than four-fold differences in phosphate-
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phosphorus levels and two-fold differences in nitrate-nitrogen levels

occurred within four hours of flooding on Sycamore Creek, Arizona.

Despite small sample sizes, differences are apparent between two sets

of samples: (1) the moving floodwaters (and the recently flood-filled

reservoir at Ali Cukpn), and (2) the standing waters at Quitovac

springs and the Queenswell charco.

In particular, pH is considerably lower for the floodwaters,

but because these waters are applied to soils which typically have pH

values above 7.2--where calcium carbonate reactions are the active

buffering system--they probably do not serve to neutralize alkaline

soils to any extent. The floodwaters are generally lower in electrical

conductivity, total soluble salts, sodium (and sodium absorption

ratios), chloride, bicarbonate, iron and nitrate than are the

springwaters. Differences between the moving floodwater mean values

and those of the reservoir waters are small. However, it appears that

evaporation during the late spring months probably contributed to the

concentration of total soluble salts, sodium, chloride, bicarbonates,

iron and perhaps potassium in the Queenswell reservoir.

With regard to the macronutrient contribution of the flood-

waters to the fields which they reach, interpretation is difficult

since it is not known how much water reaches and filters through any

field's soil over a season. However, for nitrogen the contribution of

ammonium (NH4_N) is an order of magnitude greater than the mean level

of nitrate (NO 3-N). The only regular Kjeldahl nitrogen value (which

includes organic nitrogen and ammonium) is quite high, again suggesting

the relatively important contribution of ammonium since percent organic
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matter values for the waters are low. Relative to the Sycamore Creek

flashflood, in which nitrate values ranged from .6 ppm to 1.8 ppm

(Fisher and Minckley 1978), the floodwaters sampled in Papago washes

are low in nitrates (0-1.3 ppm). In general, surface runoff (i.e.,

excluding suspended solids) does not appear to be a particularly

outstanding contributor of nitrogen stream flows (Benoit 1973). The

nitrogen that there is contributed probably derives from the rapid

leaching of suspended particles, and peaks during the first crest of a

flashflood when suspended solid concentrations peak (Fisher and

Minckley 1978). In streams which are partially fed by springs, the

sizeable nitrate contribution of springwaters--such as the 3.3 ppm of

Quitovac--is diluted by runoff, reducing its concentration in flood

stages relative to the concentration at base flow.

The average phosphate level at Topawa, .38 ppm, is within the

0.2-0.4 pm range maintained during most of the duration of the Sycamore

Creek flashflood (Fisher and Minckley 1978). Peak flows during

flashfloods also tend to release phosphorus from suspended partices to

water and first crest phosphate levels may be many times greater than

those at base flows (Fisher and Minckley 1978). Floods that I have

observed in Sells Wash cary tremendous amounts of dark suds and foam

with their first crests, and phosphates are no doubt rich in these

materials.

Both nitrate and phosphate levels in floodwaters appear to be

related to rapid leaching of suspended particles in dynamic equilibrium

with the waters themselves. McConnell (1968) has also demonstrated

that high concentrations of phenolic compounds in a flood-filled
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reservoir in southern Arizona are due to the dissolution of oak litter

washed off the watershed during flashfloods. It is therefore necessary

to evaluate these suspended materials as an additional factor

potentially contributing to field soils.

Chemical Contribution of Floodwashed Organic Detritus 

The suspended materials carried by floods on the Papago

reservation include beer bottles, tires, plastic bags, styrofoam

coolers and other flotsam of the civilized world. However, the bulk of

the suspended materials are silt-coated partially decompoosed organic

remains of plants and animals. From materials retrieved as they were

floating in a wash at Topawa on June 27, 1981, Larry Toolin and I have

identified the species and broader taxonomic groupings noted in Table

6.2. This floodwashed detritus is the same material which Papago

farmers term wakola.

Wakola is sometimes deposited within certain fields on larger

alluvial fans in great quantities. Between July 12 and October 28,

1980, roughtly 25-30 m3 of floodwashed detritus washed onto the surface

of one hectare of a field at Topawa (ARSP 1982). This estimate was

calculated from the average length, width and depth of 10-15

irregularly shaped wakola drifts which Charles Miksicek and I measured

on October 28. However, farmers had already cleaned some of this

material away from crops, or where its bulk largely overburdened crop

seedlings, it had been plowed under, and in some cases crops were

replanted within it. Drifts this extensive and deep have been observed

only at a few fields, however. Often a flood deposits no more than a
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Table 6.2. Identification of plant and animal parts in floodwashed
detritus collected at Topawa during June 26, 1981 floods.
-- Identifications by Larry Toolin and Gary Nabhan, 1982.

PLANT MATERIALS

A. Fruit (including pods) and seeds greater than 2 mm x 1 mm:
Ambrosia deltoidea; Prosopis velutina; Larrea divaricata;
Cercidium floridum.

B. Seeds and small fruit less than 2 mm x 1 mm: Gramineae;
Amaranthaceae, Boraginaceae; unidentifieds.

C. Leaf rachises, leaves, leaflets and spines: Prosopis velutina;
Ambrosia deltoidea; Olneya testota; Larrea divaricata;
unidentified tree legumes (Cercidium; Parkinsonia, Olneya;
Acacia; Prosopis); Celtis reticulata; Isocoma tenuisecta;
Opuntia sp. Hymenoclea?; Parkinsonia aculeata; unidentifieds.

D. Branches, bark and wood fragments: Prosopis velutina; Cercidium
floridum; unidentifieds.

ANIMAL MATERIALS

E. Feces: Lepus sp.; Sylvilagus sp.; unidentified rodents;
unidentified (broken fragment) large mammal.

In terms of volumes,C>D>E>B>Ain relative contribution.
Within each subcategory, the first items listed contributed relatively
more to the detritus volume than the last items; but orders are not
absolute.
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few mm of materials on the soil surface. Elsewhere, moderately

substantial drifts are immediately plowed under when they arrive at the

start of a season; they rapidly decompose, and are hardly observable

after a brief period of time. In short, the quantity of floodwashed

detritus contributed to fields is impossible to document, and is

spatially s well as temporally variable.

I opportunistically sampled surface-deposited, floodwashed

materials. I submitted samples to either one or the other of the to

two laboratories for chemical analysis. Some samples were sifted or

ground, some not, as Tables 6.3 and 6.4 indicate. Tepary bean straw

and debris from a threshing pile, and mesquite mulch or litter from

beneath a woodpile were also analyzed. Methodologies for individual

analyses accomplished may be obtained by referring to sample numbers

and contacting each respective laboratory: the Pennsylvania State

University Soil and Environmental Chemistry Laboratory and the

University of Arizona Soils, Water and Plant Tissue Testing Laboratory.

It is obvious from Tables 6.3 and 6.4 that these laboratories not only

test a different range of chemical characteristics of soil amendments,

and of the characteristics analyzed by both labs, methodologies must be

considerably different to give such divergent values.

Sets of analyses of the floodwash done by each lab were used to

calculate mean values and their standard errors. These values are then

compared with those of the mesquite mulch and bean straw, as well as

with published values for mesquite tree understory litter, animal

manures, and plant composts.
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Table 6.3. University of Arizona analyses of soil-amending materials.

Bean Mesquite
Floodwashed Detritus	 Straw Mulch

›	 ›.
r.	 I"

n	 C-)
n Z

• Ch	 . o)
o o
n n

Soil pH 7.3 6.0 6.9 6.9 6.5 6.7 .2 6.0 7.1

% Organic carbon 8.20 - 8.11 1.67 - 6.0 2.2 - -

EC x 103 .94 .70 1.17 1.33 - 1.03 .14 - 1.45

Soluble Salts ppm 658 490 819 931 - 724 96 - 1015

Total Kj-N ppm 6825 - 7300 10025 14250 9600 1702 2700 -

- 2750 0 0 0 2750Regular Kj-N ppm - - -

NO
3 PPm 44.6 11.0 65.6 343.4 524 202 102 0 214

NH
4 PPm 25.7 - 61.3 50.4 - 45.8 10.5 - -

PO
4 PPm 35.6 27.9 87.6 123.1 - 68.6 22 - 54.2

K mg/1 .80 1.21 2.08 1.89 - 1.50 .30 - 2.46

Na mg/1 .38 .63 .49 .30 - .45 .07 - .77

a. Treated as soil sample; hand ground.

b. Sifted, then treated as soil sample; hand ground after large sticks
and manure removed.

c. Not ground; probably sorted so that only smaller materials were
treated as soil sample.



FE PPm

Cu PPm

Zn PPm

Na PPm

Al PPm

Pb PPm

Ni ppm

Cd PPm

	16.3	 +1.9

	

1.5	 +.7

	

5.8	 +.2

	

36.9	 +.4

	

1.7	 +.1

	

2.4	 +.1

	

1.2	 +.1

0.3	 .14	 .14	 .19	 .35	 .31	 .25	 .12	 .07	 .21	 +.01

7.2 7.2 7.2 7.1 6.9 6.7 7.1 7.3 7.5 7.1

3.5 5.0 3.8 2.8 3.5 4.7 2.8 4.9 4.7 4.0

28000 140 50000 10000 15000 160 65000 63 85 18716

116 112 72 359 374 185 155 26 58 162

168 975 366 246 347 427 296 242 316 376

168 984 384 277 312 348 288 252 336 372

220 202 197 123 237 227 155 130 72 174

4.1 4.8 11.7 8.1 36.7

1.7 0.8 2.8 1.6 1.3

7.6 7.4 6.3 3.0 8.4

38.8 40.7 35.6 29.9 34.8

1.0 1.0 2.0 3.0 4.0

2.7 2.1 3.0 1.0 1.3

1.6 1.0 1.3 0.6 1.2

	

14.7 53.3	 3.7 10.0

	

1.30	 .50 1.1	 2.2

6.4 3.0 3.9 6.7

38.2 32.9 41.8 39.3

2.0 2.0 .10 1.0

	

2.7	 2.0	 2.7	 3.8

	

1.8	 1.3	 0.8	 0.8

Soil pH

% Organic Matter

Soluble Salts
PPm

NO
3 PPm

K ppm

Mg ppm.

Mn ppm

+26

+26

+6.3
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ses of floodwash.Table 6.4. Pennsylvania State University analY
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Table 6.3 presents analyses for the first samples I collected,

all of which were analyzed by the University of Arizona. Included in

these analyses, but not in those of Table 6.4, are estimates of the

following: percent organic carbon; electric conductivity (a measure of

soluble salts); regular Kjeldahl nitrogen (ammonia and organic

nitrogen); total Kjeldahl nitrogen (nitrate, nitrite, ammonia and

organic nitrogen); nitrate (4.4 x N from Technicon reduction of

nitrate); ammonium; and carbon dioxide extractable phosphte (3.1 x P

based on Technicon orphophospate determination). Tables 6.3 and 6.4

both report soil pH, parts per million of soluble salts, nitrate and

potassium (in different units). Table 6.4 additionally reports percent

organic matter, and parts per million values of the following:

magnesium; manganese; iron; copper; zinc; sodium; aluminum; lead;

nickel and cadmium. Not all of these ions will be discussed here.

Emphasis will be placed on the usefulness of floodwashed detritus as a

soil amendment for desert soils.

Although the two sets of analyses have different means (6.7 and

7.2), both fall within the optimum range for macro-nutrient availa-

bility to plants (6.5 - 7.5). Adding floodwash to desert soils in

significant quantities would likely lower the pH, and increase the rate

of nutrient release and solubility.

Percent organic matter contents (4.0 + .3) are quite high

compared to desert soils, but are rather low compared to animal manures

(30-60%) or to grain and legums straws (80-85%) (Soil Improvement

Committee, California Fertilizer Association (SIC) 1980). Other ways

of estimating organic matter lead to higher values, though still not as



178

high as manures or straws. For instance, percent organic carbon values

in Table 6.3, if multiplied by a low conversion factor of 2.5 used in

converting B2 soil horizon percent carbon to percent organic matter

(Thompson and Troeh 1978:118), result in percent organic matter

estimates ranging from 4.2% to 20.5%. The mean total Kjeldahl nitrogen

value (9600 ppm), if multiplied by a conversion factor of 20, results

in a mean organic matter estimate of 19.2%, with a crude range of

13.6-28.5%. From these various estimates, it appears that floodwashed

detritus samples vary considerably in their organic matter contents,

perhaps because of how much silt is intermixed with them. All appear

to serve to increase organic matter content of soils, but not on the

scale that bean straws and manures do.

Soluble salts values for soil saturation extracts in Table 6.3

have a mean of 724 ppm. Table 6.4, however, includes five samples with

values over 2000 ppm, which suggest that they would contribute to soil

salinity. Four other values in Table 6.4 are below 200 ppm, or

extremely low. I speculate that perhaps the five hypersaline samples

included significant portions of cow manure or rodent feces of high

salt content, and therefore skewed these samples to saline extreme.

These values indicate the great heterogeneity of floodwashed detritus.

Total nitrogen content of the five floodwash samples in Table 3

is 9600 + 1702 ppm.	 In other words, the organic detritus and

associated silt re3ularly range from .79 to 1.13% nitrogen. Animal

manures (including bedding) are reported to be .5% nitrogen in one

standard reference (Thompson and Troeh 1978). Nitrogen was reported to

range from 0.7 to 2.77% in a survey of the manure of seven livestock
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species under various conditions (SIC 1980). Another survey of four

mammal species reported nitrogen contents of fresh manures to range

from .25-.60% (Soil and Health Society 1981). These same sources

report bat guano to range from 5.7% to 13.0% nitrogen. From the above

data, it appears that floodwashed detritus nitrogen contents compare

favorably with those of livestock manures, but are nitrogen-poor

compared to guano. Floodwashed detritus appears to be somewhat poorer

in nitrogen than the 1.5-3.5% content of non-fortified garden compose

(Soil and Health Society 1980) or of the 2.7% content of Papago tepary

bean straw (Table 6.3). It is neither as nitrogen-rich as mesquite

litter (1.6%) nor other litter in Santa Rita desert scrub, which range

in values from 0.9-1.4% (Barth 1975). Overall, however, floodwashed

detritus nitrogen values fall well within the range of nitrogen values

of other organic materials regularly used as soil amendments in the

U.S. Most light, wind and water-eroded materials found in desert areas

are several times greater in nitrogen content than soils (Fletcher,

Sorensen and Porcella 1978).

If total and regular Kjeldahl values, plus nitrate and ammmonia

values are compared, it appears that nitrogen in floodwashed detritus

is largely in the forms of organic nitrogen and nitrite. Nitrates and

ammonium are the other available forms of nitrogen which are less

abundant in the detritus. When deposited by a summer flashflood onto

the surface of a desert alluvial fan, the process of nitrification

process would rapidly occur. Optimal temperatures for the conversion

of ammonium compounds (and their organic antecedents) to nitrates are

between 25 and 350C (Thompson and Troeh 1978). Thus, there would be
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rapid decomposition and mineralization of organic nitrogen to forms

which plants could directly absorb (Garcia-Moya and McKell 1970). If

the detritus stayed moist, however, denitrification by soil organisms

might lead to the conversion of nitrates and nitrates back to nitrogen

gases that could escape into the air and be lost to the soil system

(Skujins 1976). This denitrification, along with the volatilization of

ammonia, can result in the loss of as much as 907. of the nitrogen fixed

in alkaline, desert soils (West 1978).

Phosphorus is important in early root formation, as well as in

other growth processes, and has been singled out as a limiting factor

to desert plant productivity and biological fixation (West 1978).

However, there is no single chemical extraction method, which is

suitable for determining the availability of phosphorus to plants in

alkaline calcareous soils (MacKown 1975). Carbon dioxide extractable

phosphate values from floodwash have a mean of 68.6 ppm, with a high

standard error, 22 ppm (Table 6.3). Because the Bray No. 1 extraction

method utilizes HC1 and often poorly estimates phosphorus in alkaline

soils, its results are not included in Table 6.4. However, the mean

value of available phosphorus for the floodwash samples analyzed at

Penn State is 55.9 ppm, not too far off from the mean in Table 6.3. If

considered as soils, floodwash with such levels of available phosphorus

would not need to be fertilized with additional phosphorus to further

promote plant growth since plant needs would already be adequately met.

Of other nutrients, elemental accumulation in floodwash (based

on mean values is as follow): K, Mg > Mn > Na > Fe > Zn > Pb > Al, Cu >
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Ni > Cd. Calcium (Ca2+) is likely one of the most abundant ions (West

1978), although the Penn State analyses could not properly estimate its

availability. Because certain micronutrients (iron, zinc, etc.) exist

in soils in complex relationships with macronutrients (particularly

phosphorus), simply evaluating ppm levels of each independently

provides little insight regarding their availability to plants. These

micronutrients will be discussed in greater detail in the following

comparisons of soils.

To interpret the data on floodwashed detritus chemistry, it

must be emphasized that these materials are rapidly incorporated into

the field soils upon which they are deposited. Particularly in the

summer, these materials rapidly decompose, and some of their nutrients

are volatilized, wash or are leached away, to be lost from the field

ecosystem. However, they likely contribute to the "islands of

fertility" that exist on alluvial fans within legume-dominated

desertscrub ecosystems (West 1978: 303). When soil moisture is

favorable, such sites exhibit a flush of plant growth which has been

related to localized soil fertility (Shreve 1964; West 1981). The

following analyses will provide evidence to test the hypothesis that

sites where floodwashed detritus periodically accumulates are richer

than other desert soils. The effects of cultivation on soil fertility

will also be discussed.

Chemistry of Cultivated and Uncultivated 
Desert Floodplain Soils 

Because desert floodplain soils in Papago fields and similar,

uncultivated environments have never previously been compared directly
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in terms of soil fertility, I have collected data on the two kinds of

environments using the same sampling and chemical analysis techniques.

I used a soil testing trowel with a 40 cm long, 15 cm (maximum) wide

blade, to dig 40 cm deep holes at the sites of sampling. Soil was then

scraped from all depths on the side wall of the hole into a clean

bucket or large paper bag, mixed thoroughly, and a subsample taken to

fill a 15 x 7 cm cloth bag, which was then labelled to date, site and

locality. These samples, all taken between November 14, 1981 and

September 17, 1982, were submitted to the Pennsylvania State University

Soil-Environmental Quality Laboratory via the Soil and Health Society

of Pennsylvania. Although more than 35 soil characteristics were

analyzed and recorded, I report here only 13 values for each sample,

deleting others because the analytical methods used were not suited for

alkaline soils. The Soil and Health Society (1981) booklet on soil

interpretation explains some of the testing methods; more detailed

methodologies can be obtained from Dr. Dale Baker, Pennsylvania State

University.

Ten Papago field soils were sampled (Table 6.5) although

one--from a newly initiated floodwater field in Ge Oidag under

cultivation for only two years--is excluded from one set of statistical

comparisons. Nine currently uncultivated soils were sampled (Table

6.6), although one--at a site beyond current field margins at Suvuk in

the Pinacate that may have been historically cultivated--is excluded

from one set of statistical treatment. My original intent was to have

paired samples from the same alluvial fan--one currently cultivated

soil and one never-before cuultivated soil--so that the paired t-test
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Soil pH

% Organic

	7.8	 7.2	 7.4	 7.5	 8.0	 7.5	 6.7	 8.0	 8.0	 7.6

	

0.9	 1.1	 1.3	 1.1	 1.4	 1.9	 1.2	 1.0	 1.4	 0.9

7.6
+.1

1.255

7.6
+.1

1.2

Matter +.10 +.09

NO3ppm 80	 161	 88	 10	 37	 52	 09	 11	 14	 24	 51 49
+17 +15

K pm 418	 476	 398	 406	 975	 878	 292	 184	 304	 418	 481 475

+89 +80

Mg ppm 228	 264	 252	 156	 756	 276	 156	 144	 144	 228	 264	 260
+64 +57

Mn ppm 19.1	 41.2	 29.8	 19.7	 15.5	 39.4	 36.1	 13.5	 22.2	 20.7	 26.3	 25.7
+3•5 +3.2

Fe ppm 3.5	 6.5	 4.6	 3.2	 6.5	 6.8	 12.7	 3.1	 2.6	 3.3 5.5 5.3
+1.0 +1.0

Cu ppm 1.3	 1.8	 1.4	 1.0	 1.0	 1.7	 1.0	 0.8	 0.7	 0.9 1.2 1.2
+.4 +.4

Zn ppm 2.2	 2.0	 1.1	 0.9	 1.7	 1.2	 0.6	 0.5	 0.5	 0.9 1.2 1.2
+.2 +.2

Na ppm 38.0	 40.2	 38.4	 27.2	 35.6	 27.0	 26.9	 28.3	 27.3	 30.4	 32.1 31.9
+1.9 +1.7

Pb ppm 3.2	 3.3	 2.2	 1.5	 0.8	 1.6	 1.1	 1.2	 0.4	 1.3 1.7 1.7
+.3 +.3

Ni ppm 0.8	 1.3	 0.8	 0.4	 0.3	 0.7	 0.4	 0.3	 0.3	 0.4 .59 .57
+.11 +.10

Cd pm 0.03	 0.08	 0.07	 0.06	 0.01	 0.03	 0.04	 0.02	 0.01	 0.02	 0.04 0.04
+.01 +.01
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Soil pH

% Organic matter

7.7

1.3

7.6

0.9

7.6

1.9

7.2

1.0

7.8

1.3

6.7

1.4

7.5

1.4

7.7

1.2

8.0

1.1

7.5
+.1

1.3

7.5
+.1

1.3
+.1 +.1

NO
3 PPm 72 118 11 14 6 32 12 24 38 36

+16 +14

K ppm 316 382 484 98 421 328 136 206 975 296 372
+49 +87

Mg ppm 144 192 288 108 324 252 180 180 252 208 213

+26 +23

Mn ppm 17.7 14.8 30.5 11.3 20.9 51 17.7 23.7 05. 23.4 21.4

+4.4 +4.1

Fe ppm 6.3 7.7 17.6 6.4 4.2 9.3 5.1 6.5 3.3 7.9 7.4
+1.5 +1.4

Cu ppm 1.0 0.9 1.8 0.6 1.1 1.8 0.6 1.0 0.7 1.1 1.1
+.2 +.1

Zn ppm 1.3 1.1 2.1 0.8 0.7 1.2 0.8 0.5 0.6 1.1 1.0
+.2 +.2

Na ppm 35.4 35.6 37.2 31.5 29.6 28.3 28.8 27.2 29.9 31.7 31.5
+1.4 +1.2

Pb ppm 4.3 2.7 3.6 1.8 1.4 1.7 1.0 1.1 0.6 2.2 2.0
+.4 +.4

Ni ppm 0.9 0.7 1.3 0.2 0.4 0.8 0.2 0.5 0.4 .63 .60
+.13 +.12

Cd ppm .06 .02 .09 .01 .02 .04 .02 .01 .01 .03 .03

+.01 +.01
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could be used for statistically analyzing the effects of these two

"treatments" on the sites. However, many of the fields sampled were

surrounded by abandoned fields rather than by never-before cultivated

areas. It was in places impossible to determine whether watercourses

had shifted and new land brought into cultivation as other portions of

fields were left fallow. As a result, uncultivated soils that were

sampled were often on floodplains or alluvial fans away from cultivated

fields, with no attempt made to "match" them with a field. I used two

other criteria to select particular places for soil sampling, whether

they were on cultivated or uncultivated ground. First, the site must

have been a depositional enviroment on a floodplain, where floodwashed

detritus was present; thus, channels with steep gradients were

excluded. Second, wild amaranths (usually Amaranthus palmeri) must be

present, so that all samples were taken from areas covered with this

indicator species of soil disturbance, whether initiated by flooding or

plowing. (Amaranth tissue samples were taken from most of the soil

sampling sites, but their chemical composition will not be reported

herein.)

For each of thirteen soil characteristics, one-tailed pooled

t-tests were used to determine if one of the treatments (cultivated,

non-cultivated) had higher mean values than the other (Duncan et al.

1977). Two sets of data were tested separately. One set compared the

means of all ten samples from cultivated fields and those of all nine

samples from uncultivated areas. The other set excluded the newly

cultivated site at Ge Oidag as well as an uncultivated area at Suvuk,
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so that the means of nine cultivated sites were commpared with those of

eight uncultivated sites.

Of all the tests for statistical significance applied to the

data, only one indicated that means of the two treatments differed at

the .05 level of significance. This particular comparison, of the nine

long-cultivated field soils with eight uncultivated soils, indicates

that Papago fields do tend to be richer in potassium (potash) levels

than do their uncultivated analogs. The lack of significant

differences in the other nutrient levels may be attributed to several

factors:

1. There are great variations within treatments, i.e., all field

soils are not the same.

2. There are great variations within a single locality, e.g.,

Topawa.

3. Within some localities, e.g., Suvuk in the Pinacate and

Choulic, there are location-particular patterns such as high

pH, high magnesium, low lead levels, that mask any overall

effects of treatment.

4. Small sample size.

Nevertheless, these data challenge certain generalizations

which appear frequently in agronomic, ecological and archaeological

literature.

1. Evidence is lacking that long periods of cultivation

(Papago-style) have either depleted or augmented organic matter
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contents or most nutrient levels, so that they deviate from

what they would be in natural environments.

2. Evidence is lacking that this form of "organic" agriculture

(without petrochemical fertilizer supplements) results in

macronutrient levels too low to sustain crop production (at the

present level of intensity).

3. Evidence is lacking that there is salt accumulation within this

system of runoff through-flow "irrigation."

In general, the natural dynamics of ephemeral desert

watersheds appear to continue to influence the characteristics of

Papago fields more than any inherently agricultural management

influence.

A brief summary of data on each soil characteristic analyzed

will follow, emphasizing agricultural suitability and geographic

variation. "High," "medium," and "low" levels of nutrients, as used

here, usingareferencepoint"averaV i ao0ricultural soil in the

Midwest and East, s based on numerous sample analyses by Pennsylvania

State University.

Soil pH is a measure of soil acidity and alkalinity, which

influences the rate of plant nutrient release by weathering, as well as

solubility and cation exchange. The soils sampled in Papagueria range

from being very slightly acid to slightly alkaline. Nine of the

nineteen samples fall within the 6.5-7.5 range that is optimum for crop

production, when considered in terms of nutrient avilability (Thompson

and Troeh 1978). Soil pH appears to be geographically patterned in

these data, with the most acidic samples (6.7 pH) found in the eastern



188

semi-desert grassland, and the most alkaline samples in the Pinacate,

where the least rain falls.

Organic matter content varies considerably within the same

locality; for instance, from 0.9-1.9% at sites in Ge Oidag. The mean

for uncultivated sites is slightly higher than that for cultivated

sites; the plowing-under of detritus should favor the decomposition of

organic matter to inorganic forms, so it is surprising that there is

not more of a difference between the means. When soil oganic matter

percentages for all nineteen samples are plotted against mean annual

precipitation estimates for these localities based on U.S.G.S.

climatological programs (Figure 6.1), it is apparent that most sites

sampled in this study are richer in organic matter than are the typical

A. horizons of grassland soils in the U.S. (Thompson and Troeh 1978).

Because the Papago sites that were sampled are depositional envi-

ronments, organic materials (or their inorganic derivatives) would be

expected to accumulate to a greater degree than they do in other desert

environments. Despite the fact that there is an insignificant

difference betwen cultivated and uncultivated soil samples in terms of

percent organic matter, it remains plausible that inflowing organic

detritus (when decomposed) is responsible for sustaining or renewing

amounts of certain macronutrients at levels that are agronomically

productive.

Organic matter also plays an important role in the moisture

holding capacity of soils, especially in the desert where soil water

retention is critical (Thompson and Troeh 1978:101):
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One percent organic matter in a soil at field capacity will
hold about 1.5 percent water on a soil-volume basis. One
percent organic matter therefore would account for about one-
t-nt% of the water-holding capacity of a sandy soil holding
15 percent water by volume. Many soils have lost 1 percent
or more of organic matter under cultivation. The amounts of
water they now store may have been seriously reduced not only
because of the water-holding capacity of the organic matter
but also because of changes in soil structure and water
infiltration rate.

The highest organic matter levels (1.9%, at Topawa and Ge

Oidag) are from areas near the apex of an alluvial fan or 'ak-ci7 on

large watersheds. The uncultivated soil at Topawa--soil sample 10--had

a large quantity of floodwash--organic detritus sample 4--laying upon

it (Table 6.4).

Nitrate levels have more than a fifteen-fold range between

sites, but the means for both cultivated and uncultivated soils are

high compared to an average arable soil. Although nitrate is the

primary nitrogen compound in the soil available for plant uptake,

nitrate levels in and of themselves are not always an accurate measure

of the nitrogen in soil (Soil and Health Society 1981). Soil texture

and rain-initiated sporadic pulses of bacterial action over the growing

season may dramatically influence nitrogen availability.

It is well documented that under certain desert conditions,

when supplemental irrigation increases plant density and changes

species composition, nitrogen consumption by plants depletes reserves

to the degree that nitrogen stress develops in subsequent generations

(Romney et al. 1978; Figure 6.2). If floodwater through-flow is

considered as supplemental irrigation, it would follow that Papago crop

plants would be vulnerable to such a trend. However, flashflood waters
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do contain nitrogen in several forms which are immediately available to

the root zone in floodwater fields, and the organic detritus is rapidly

converted to available forms in the days following a flood. Since

these nitrogen inputs arrive with the soil moisture, which stimulates

the most active periods of plant growth, the effects of soil nitrogen

as a limiting factor are probably reduced. The probable

nitrogen-fixing role of Rhizobia bacteria on the roots of Papago tepary

bean plants (Nabhan et al. 1979) and on fieldside mesquite (Felker and

Clark 1981) also may slow nitrogen depletion in Papago field soils.

Although statistically insignificant, field soils did have a slightly

higher mean nitrate content than uncultivated samples.

Potassium levels are higher in the field soil samples than in

the uncultivated soils, with few exceptions. The Pinacate soils,

cultivated and uncultivated, are the richest in potassium. It is not

usually a limiting factor of crop production in arid lands, and none of

the field soils required potash fertilizer. Since potassium counters

the effects of excessive nitrogen and promotes root development, the

adequacy of its levels plays a key role in regulating crop production

(Soil and Health Society 1981). It may be that the occasional Papago

practice of burning weeds and stubble before plowing contributes to

potash levels in fields.

Magnesium, which plays an important role in photosynthesis, is

less available in more alkaline soils. The mean magnesium level is

slightly but insignificantly higher in cultivated soil samples, and

soils having levels greater than or equal to the mean probably do nto

require magnesium fertilizer.
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Manganese is unavailable in soils with high pH, and is

generally deficient in the soils sampled in this study. The mean level

for fields is slightly but insignificantly higher than that for

uncultivated areas.

Iron is a micronutrient important in root nodulation for

nitrogen fixation. However, particular varieties of crops vary in

their ability to take up iron. Its levels are very low in most soils

sampled here, and are even less available in samples with high pH. The

mean level is somewhat lower for cultivated soils, but insignificantly

so. A five-fold difference in iron levels is apparent at the same

locality (Topawa).

Copper levels are nearly the same in the cultivated and

uncultivated soils. Levels are very low in Papago fields, where copper

is nearly as unavailable as manganese and phosphorus at high pH.

Zinc, which is as important as iron in the formation of root

nodules, is a micronutrient available in low to medium-low levels in

these soils. Terminal growth of plants should be affected by such low

levels. A four-fold difference exists between the lowest and highest

levels here.

Sodium, a cation that often accumulates in irrigated fields in

Arizona, is present in remarkably low levels in these samples. There

is no evidence of its accumulation in Papago floodwater fields, which

suggests that it is naturally being leached through.

Lead, nickel and cadmium are all non-essential elements that

can have toxic effects on plants and animals. They appear to be

present in insignificant levels in the soils of Papagueria.
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These results support the contention that except for a few

micronutrients, Papago field soils have levels of soil fertility

adequate for the production of most annual crops at low to moderate

densities. Additional soil amendments would be most useful if they

were to supplement micronutrients present, and to reduce pH in order to

augment nutrient availability. Floodwashed organic detritus probably

serves to maintain pH and macronutrients near their present levels in

fields, but may have less of an effect on micronutrients. While soil

organic matter levels are low by conventional agricultural standards in

other regions, they are high for arid lands. There can be no doubt

that by accumulating in Papago floodwater fields, floodwashed detritus

renews the organic matter content, increasing moisture holding capacity

and influencing macronutrient levels as it decomposes. The attention

that Papago farmers give to wakola,  a material that few Anglo farmers

recognize, name or value, appears to be justified.



CHAPTER 7

SUMMARY AND CONCLUSIONS

The original proposition of this study was to utilize O'odham 

lexemes (native terms) as a heuristic tool for gaining insight into the

ecological processes at work in Papago Indian fields. In particular,

four topics were investigated:

1. The use of the term 	  'mouth of a wash' in relation to

the physiographic position of Papago floodwater fields.

2. The concept of sopol 'esiabig masad 'short planting month'

in relation to the ephemeral nature of Papago summer crop

ecotypes.

3. The concept of 'oidag c-ed 'i:waki 'in-field herbs' with

regard to differences in herbaceous plant composition and

diversity within fields and adjacent to them in uncultivated

areas.

4. The importance of wakola 'floodwashed organic detritus' in

soil fertility renewal of floodplain soils, both cultivated and

uncultivated.

Although I began with culturally defined concepts, my intent

was neither to simply confirm or deny some native notion by using

empirical tests derived from Western science. Instead, I used these

concepts as points of departure to study relevant ecological processes

194
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in Papago fields, asking new questions along the way.	 There is a

utilitarian aspect to certain of the questions posed:

1. What criteria can be used to place fields where floodwater

flows will enhance the probability of crop success?

2. What physiological adaptations are needed to minimize crop loss

in a rainfed system based on a short growing season with an

uncertain initiation date?

3. What volunteering plants commonly appear in Papago fields, and

how might they be benefits or detriments to crop production?

4. How has soil fertility been maintained in long-utilized Papago

fields at levels capable of sustaining crop production without

the use of synthetic fertilizers?

There is no single answer to each query in the latter set of

questions posed, although certain conclusions of this study contribute

toward answering them:

1. There are a number of physiographic positions on the

floodplains	 of	 ephemeral	 watercourses	 suitable	 for

floodwater-fed crop production, the 'ak-ciTT fan apex being only

one of them. Various combinations of water-concentrating and

-distributing structures fine-tuned to particular enviroments

likely increase the probability of crop success.

2. Papago crop ecotypes utilize much the same reproductive

strategy as do wild summer desert ephemerals, combining

drought-escaping mechanisms with some drought-tolerating

capabilities.	 These adaptations are critically important to
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crop success during rainy seasons that are of varying duration,

but overall are relatively short compared to those of rainfed

agriculture elsewhere in the world.

3. There are no significant differences in the composition and

diversity of herbaceous plants in Papago floodwater fields when

they are compared with immediately adjacent uncultivated

environments.	 This is true in part because there is great

variation from field to field in the composition of

volunteering wild vegetation. 	 It can also be stated that

Papago agricultural ecosystems are no less diverse than

adjacent "natural" ecosystems, i.e., they are not merely

simplified ecosystems compared to the surrounding desert.

4. There are few differences between the chemical composition of

cultivated and uncultivated soils on floodplains in Papaguerfa.

Potassium is the only nutrient that is richer in fields than in

uncultivated floodplain soils. It can be argued that there is

no evidence of soil fertility loss due to Papago cultivation of

floodplain soils. Soil fertility levels appear to be renewed

on Papago floodplains by the deposition of nutrient-rich

organic composted matter in the form of floodwashed, suspended

detritus.

These conclusions were largely derived through interpreting the

ecological dynamics of Papago fields in the context of our current

understanding of desert ecosystems, rather than through comparison with

modern agricultural systems. It is notable that Murdoch (1975) argued
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that different "rules" govern crop systems versus natural ecosystems,

to the extent that the diversity and/or stability of the latter cannot

be used as a model for the former. Murdoch (1975) based this assertion

on the premises that:

1. Crop systems are frequently disrupted or disturbed and natural

ecosystems are not.

2. Species in crop systems lack common evolutionary history, i.e.,

they do not include co-evolved species as natural communities

do.

3. Crop systems usually include fewer species overall than natural

ecosystems, but more importantly, the non-crop component of

crop systems has been severely simplified.

These premises may hold true for conventional, modern

agricultural systems, but there exists a diversity of agro-ecosystems

in the world (Cox and Atkins 1979) for which one or more of these

assumptions may not work. Papago fields are comparable to ephemeral

watercourse floodplain ecosystems in desets in a number of ways:

1. Both periodically have their soils disturbed by floods, and

these flooding events frequently trigger a spurt of plant

germination and growth.

2. Papago farmers have long cultivated crops in genera such as

Phaseolus, Proboscidea and Cucurbita for which there exist

congeneric wild relatives in the field vicinity. There are

known co-evolved pollinators, seed predators, nitrogen-fixing
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bacteria and other symbionts for these genera which inhabit

Papago fields as well as surrounding natural habitats.

3. There is no evidence that the non-crop vegetational component

of Papago fields is simple compared to the herbaceous

vegetation of adjacent uncultivated areas, which is often

heavily grazed.

It is indeed worthwhile to compare the ecological processes and

structure of indigenous agricultural ecosystems with those of the

natural ecosystems upon which they are based. In desert regions, both

are governed in the long run by at least one of the same rules: the

constraints associated with water being the most limiting factor to

plant productivity.
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Appendix I. Checklist of plants found in Papago fields and ditches
(* = more than one specimen obtained; + = no specimen
obtained).

Floodwater-Fed Irrigated

Localities: AC GO JD SG T S QV AJ

TYPHACEAE
Typha angustifolia L. 82*

GRAMINEAE
Aristida adscencionis L. 380

Aristida ternipes Cav. 510 467
Avena fatua L. 526
Bothriochloa barbinodis (Lag.) Hert. 552

Bouteloua aristidiodes (H.B.K.) Grisb. 76* 355 182 453 386 142
Bouteloua barbata Lag. 335 355 382 128

Brachiaria arizonica Scribn. & Merr. 452
Chions virgata Swartz. 448 599*

Cynodon dactylon (L.) Pers. 147 •

Digitaria californica (Benth.) Henr. 311
Distichlis spicata (L.) Greene 145
Echinochloa colona (L.) Link 220

Echinochloa crusgalli (L.) Beauv. 561
Elymus multisetus (Sm.) Davy 266
Eragrostis cilanensis (All.) Mosh. 125* 352* 190 457 381 224 550
Eragrostis diffusa Buckl. 465
Eragrostis lehmanniana Nees. 358
Eriochloa aristata Vasey 447

Hordeum arizonicum Covas. 203
Hordeum brachyantherum Nevski 283

Leptochloa uninervia (Presl.) H & C. 466 161*
Muhlenbergia microsperma (DC.) Kunth. 363
Panicum hirticaule Presl. + 365
Pennisetum cilare (L.) Link. 280
Phalaris caroliniana Walt. 196
Phalaris minor Benth. 525
Polypogon monspeliensis (L.) Desf. 293
Schismus barbata (L.) Thell. 332* 497* 404* 209
Setaria grisebachii Fourn. 307 442
Sorghum halapense (L.) Pers. 378

CYPERACEAE
Cyperus esculentus L. 362 565

Cyperus laevigatus L. 148

Cyperus niger R & P. 235

Scirpus olneyi Gray 97*
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Appendix I. -- Continued 

Localities:

Floodwater-Fed Irrigated

AC GO JD SG T S QV AJ

AMARYLLIDACEAE
Hymenocallis sonorensis Salisb. 155*

PALMACEAE
Washingtonia filifera (Lind.) Wendl. 143

SAURURACEAE
Anemopsis californica (Nutt.) H. & A. 78*

LORANTHACEAE
Phoradendron californicum Nutt. 134*

POLYGONACEAE
Eriogonum abertianum Torr. 310
Eriogonum deflexum Torr. 129*
Rumex crispus L. 84*
Rumex hymenosephalus Tor. 316 513

CHENOPODIACEAE
Atriplex canescens (Pursh.) Nutt. 353
Atriplex elegans (Mocq.) Dietr. 299 407* 257
Atriplex wrightii Wats. 68 270
Chenopodium berlandieri Moq. 529 409
Chenopodium fremontii Wats. 356 511 402
Chenopodium murale L. 422 91*
Monolepis nuttalliana (Sch.) Greene 57 472 + 420*
Nitrophila occidentalis (Moq.) Wats. 265
Salsola kali L. 187 426* 109
Suaeda torreyana Wats. 119*

AMARANTHACEAE
Amaranthus fimbriatus (Torr.) Benth.
Amaranthus palmeri Wats. 55 314* 178 303 393* 381
Tidestromia lanuginosa (Nutt.) Standl. 506 315* 184 308 366 118 547

NYCTAGINACEAE
Allionia incarnata L. 376 153
Boerhaavia coccinea Mill. 334 151
Boerhaavia coulteri (Hook.) Wats. 180
Boerhaavia erecta L. 406 384
Boerhaavia intermedia Jones 490
Boerhaavia spicata Choisy 313 360
Boerhaavia wrightii Gray 377
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Appendix I. -- Continued 

Localities:

Floodwater-Fed Irrigated

AC	 GO JD SG T S QV AJ

AIZOACEAE
Mollugo cerviana (L.) Ser. 194
Trianthema portulacastrum L. 489 308 408 112*

PORTULACACEAE
Calandrinia ciliata (R. & P.) DC. 504*
Portulaca oleracea L. 85*
Portulaca umbraticola H.B.K. 126 336* 179 301 417*

CARYOPHYLLACEAE
Spergularia marina (L.) Griseb. 162*

RANUNCULACEAE
Clematis drummondii T. & G. 398

PAPA VERACEAE
Argemone mexicana L. 320*
Argemone pleicantha Greene 531
Eschscholtzia mexicana Greene 487 421

CRUCIFERAE
Brassica tournefortii Gouan. 204
Descurainia pinnata (Walt.) Britt. 64 350* 522
Lepidium lasiocarpum Nutt. 542 330* 292
Lepidium oblongum Small 519
Lepidium medium Greene 63
Lepidium perfoliatum L. 405
Lesquerella gordoni (Gray) Wats. +	 327 515*
Sisymbrium irio L. 56 343* 394* 201

CAPPARIDACEAE
Wislizenia refracta Engelm. 87*

LEGUMINOSAE
Acacia angustissima (Mill.) Kuntze 563*
Prosopis 	Torr..glandulosa
Prosopis velutina Woot. + 344* + + 87*
Parkinsonia aculeata L.
Astragalus allochrous Gray 60
Astragalus nuttallianus DC. 413
Astragalus wootoni Sheldon 509
Dalea neomexicana (Gray) Cory 379
Lotus humistratus Greene 473
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Appendix I. -- Continued 

Localities:

Floodwater-Fed Irrigated

AC GO JD SG T S QV AJ

Lupinus concinnus Agardh. 521

367
253Melilotus indicus (L.) All.

1-15- 01- .1-71s filiformis Benth.
Psoralea rhombifolia Torr. & Gray +
Sesbania macrocarpa Muhl.

GERANIACEAE
Erodium cicutarium (L.) L i ner 319 499 179*

Erodium texanum 	Gray + +

ZYGOPHYLLACEAE
Kallstroemia californica (Wats.) Vail 388

Kallstroemia grandiflora Torr. 67 322 177 300 445 364 545*

Kallstroemia hirsutissima Vail 181

EUPHORBIACEAE
Euphorbia albomarginata T. & G. 193 419 371
Euphorbia eriantha Benth. 511
tuphorbia glyptosperma Engelm. 127
Euphorbia polycarpa Benth. 368*

MAL VACEAE
Gossypium thurberi Tod. 390*

Malva parviflora L. 318 475 436 198

Malvastium exile Gray 62 473 +

Sida psuedocalyx Gray 507 492
Sphaeralcea coulteri (Wats.) Gray 77 349 415* 205

Sphaeralcea emoryi Torr. 519
Sphaeralcea orcuttii Rose 400*

TAMARICACEAE
Tamarix aphylla (L.) Karst.

LOASACEAE
Mentzelia multiflora (Nutt.) Gray 348 306 532

CACTACEAE
Opuntia phaecantha Engelm. 273

ONAGRACEAE
Gaura parviflora Dougl. 523 206*

Oenothera hookeri T. & G. 428

Oenothera leptocarpa Greene 470 502
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Appendix I. -- Continued 

Localities:

Floodwater-Fed Irrigated

AC GO JD SG T S QV AJ

UMBELLIFERAE
Bowlesia incana Ruiz & Pavon 359*

527Daucus pusillus Michx
Spermolepis echinata (Nutt.) Hell. 433

FOUQUIEREACEAE
Fouquieria splendens Engelm.

ASCLEPIADACEAE
Asclepias subulata Decne.
Sarcostemma cyanochoides Decne. 157*

CONVOLVULACEAE
Cuscuta indecora Choisy 167*
Cuscuta odontolepis Engelm. 439 373
Ipomoea hirsutula Jacq. 446*
Merremia dissecta (Jacq.) Hall. 259

HYDROPHYLLACEAE
Phacelia distans Benth. 431

BORAGINACEAE
Amsinckia intermedia F. & M. 500
Amsinckia tessellata Gray 325
Cryptantha angustifolia (Torr.) Greene 517
Cryptantha barbigera (Gray) Greene 211*
Heliotropium curassavicum L. 88*
Lappula redowskii (Horn.) Greene 479 503
Pectocarya recurvata Johnst. 484 501
Plagiobothrys arizonicus (Gray) Greene 61 495

VERBENACEAE
Verbena bracteata L. & G. 481 430*

LABIATEAE
Marrubium vulgare L. 389

SOLANACEAE
Chamaesaracha coronopus (Dunal) Gray 476
Datura discolor Bernh. 361 106
Lycium andersonii Gray 309 440* 116
Nicotinina trigonophylla Dunal 186 399*
Physalis acutifolia (Miers) Sandw. 438
Physalis crassifolia Benth. 554
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Appendix I. -- Continued 

Floodwater-Fed Irrigated

Localities:	 AC	 GO JD	 SG T S QV AJ

Physalis lanceifolia Nees 305
Physalis lobata Torr.	 331

159Solanum nodiflorum Jacq.

SCROPHULARIACEAE
Linaria texana Scheele 520

MARTYNIACEAE
Proboscidea parviflora (Woot.) W & S.	 +	 + +	 302 + 105 553

PLANTAGINACEAE
Plantago insularis East. 284

Plantago purshii Roem & Schult.	 59* 329* 416*

RUBIACEAE
Gallium sp.	 535

CAPRIFOLIACEAE
Sambucus mexicana Presl. 83

CUCURBITACEAE
Apodanthera undulata Gray 397*

Cucurbita digitata Gray

COMPOSITAE
Ambrosia ambrosiodes (Cav.) Payne	 + + 175*

Ambrosia confertifolia DC.	 +	 344 185 113 548

Ambrosia deltoidea (Torr.) Payne	 541 345*

Baccharis sarothroides Gray 188

Bebbia juncea (Benth.) Greene 158*

Chaenactis stevioides H. & A.	 342 403

Circium neomexicanum Gray 392

Conyza coulteri Gray 410

Encelia farinosa Gray 213

Erigeron concinnus (H. & A.) T. & G.	 58
Erigeron divergens T. & G.	 69*	 328 518	 312

Gnaphalium purpureum L.	 540

Gutierrezia sarothrae (Pursh.) B. & R.	 + 374

Hymenothrix wislizenii Gray	 354 131*

Isocoma tenuisecta Greene	 347 191	 + 588

Machaeranthera arizonica Jacks. & Johns. 107

Matricaria matricariodes (Less) Porter	 +	 482 423

Pectis papposa H. & G. 372

Senecio douglasii DC.	 508*	 341 395
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Appendix I. -- Continued 

Floodwater-Fed 	 Irrigated 

Localities: AC GO JD SG	 T	 S QV AJ

Sonchus asper (L.) Hill.	 537 524
Sonchus oleraceus L.	 486	 463	 90
Stephanomeria exigua Nutt. 	 130
Stephanomeria pauciflora (Torr.) A. Nels.	 279
Verbesina enceliodes (Cav.) B. & H.	 340 183	 412
Xanthium strumarium L.	 79 549

Localities listed are: Ali Cukson (AC); Ge Oidag (GO); Jiawuli Dak (JD);
S-gogogsig (SG); Topawa (T); Suvuk (S); Quitovac (QV); and Ali Jek (AJ). Numbers
refer to GPN field collection numbers of specimens submitted to the herbaria of
the University of Arizona and San Diego Natural History Museum.
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Appendix II. Papago names for plants, and their corresponding taxa.

Common English
O'odham Name
	

Name
	

Scientific Name
	

References and Vouchers

'adawY	 finger leaved gourd

buffalo gourd

'al	 coyote melon
'aji wipnoi	 Christmas cactus

desert willow

desert broom
l a t ul	 desert agave

agave

agave
'a l ulhai	 agave

'auppa	 cottonwood

babad l i:waki alkali heliotrope

ba:ban ha-'i:swig fishhook cactus

bahidag	 saguaro fruit

ban bawi
ban cekida
ban cinisani

ban 'i:bda
ban l ihugga
ban manzani:ya

wild tepary
fishhook cactus
London rocket
daisy
unidentified flower
devil's claw
dogweed

ban mauppa
	

Thornber's cactus
ban su:sk
	

devil's claw
ban tokiga
	

desert cotton
ban wiwga
	

desert tobacco
bawui
	

coral bean

Proboscidea altheaefolia 
Dyssodia concinna 

Mamillaria thornberi 
Proboscidea altheaefolia 
Gossypium thurberi 
Nicotiana trigonophylla 
Erythrina flabelliformis 

Lumholtz 1913; Nabhan et
al. 1983
Mathiot n.d.; Saxton and
Saxton 1973
GPN 398
GPN 231; Nabhan et al.
1983
Lumholtz 1913; Saxton and
Saxton 1973
Mathiot n.d.
Nabhan et al. 1983
Castetter and Underhill
1935
Mathiot n.d.
Castetter and Underhill
1935; Saxton and Saxton
1973; GPN notes
Lumholtz 1913; Saxton and
Saxton 1973; Mathiot
n.d.; GPN notes

GPN 219; Nabhan et al.
1983
Saxton and Saxton 1973;
Nabhan et al. 1983
Saxton and Saxton 1973;
Mathiot 1973; Nabhan et
al. 1983.
GPN notes
GPN notes
GPN 332
Saxton and Saxton 1973
Saxton and Saxton 1973
GPN 323
GPN 332; Nabhan et al.
1983
GPN notes
GPN notes
GPN 390
GPN notes; Lumholtz 1913
Mathiot 1973; Saxton and
Saxton 1973

Cucurbita digitata 

Cucurbita foetidissima 

Apodanthera undulata 
Opuntia leptocaulis 

Chilopsis linearis 

Baccharis sarathroides 
Agave deserti 
Agave americana 

Agave palmeri 
Agave sp.

Populus fremontii 

Heliotropium curassavicum 

Mamillaria microcarpa 

Carnegiea gigantea 

Phaseolus acutifolius 
Mamillaria microcarpa 
Sisymbrium irio



ce'ecem wipnoi
cekapul tadk
ce:mY

ciolim

cual

cucuwis

cuhukkia

cuk mudaggam
cu:wi tap°

Christmas cactus
unidentified root
senita cactus

cholla

silver cholla

buckhorn cholla

lambs quarters

organ pipe cactus

careless weed

sixweeks grama
owl's clover

Opuntia leptocaulis 

Cereus schottii 

Phaseolus acutifolius 
Salix gooddingii 

Opuntia spp.

Opuntia echinocarpa 

Opuntia acanthocarpa 

Chenopodium sp.

Chenopodium berlandieri 
Chenopodium fremontii 

Stenocereus thurberi 

Amaranthus palmeri 

Bouteloua barbata 
Orthocarpus purpurascens 

cepulina bawi wild tepary
ce'ul	 willow

pitseed goosefoot
lambs quarters

cuculi 'i'ispul larkspur?
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Appendix II. -- Continued 

Common English
O'odham Name
	

Name
	

Scientific Name
	

References and Vouchers

bi:bhiag

bihul
bitoi

morning glory

peyote
mountain oak
ash

Ipomaea spp.

Merremia dissecta 

Lophophora 
Quercus sp.
Fraxinus sp.

Mathiot 1973; Saxton and
Saxton 1973; GPN notes
GPN 259; Nabhan et al.
1983
Mathiot 1973
Saxton and Saxton 1973
Lumholtz 1913

Mathiot 1973; GPN notes
Mathiot 1973
Saxton and Saxton 1973;
Mathiot 1973; Nabhan et
al. 1983; GPN 229
GPN notes
GPN 214; Mathiot 1973;
Saxton and Saxton 1973;
Nabhan et al. 1983
Saxton and Saxton 1973;
Mathiot 1973
Castetter and Underhill
1935
GPN 298; Nabhan et al.
1983
Castetter and Underhill
1932
GPN 520
GPN 356
Mathiot 1973; Saxton and
Saxton 1973
Castetter and Underhill
1935; Mathiot 1973;
Saxton and Saxton 1973;
Nabhan et al. 1983; GPN
228
Castetter and Underhill
1935; Mathiot 1973;
Saxton and Saxton 1973;
Nabhan et al. 1983; GPN
225, 302
Saxton and Saxton 1973
Saxton and Saxton 1973



cu:wi wu:pui	 nightshade

da:pk

da:pk wasai
doa

t elho

calabazilla
fairy dusters

chia
tansy mustard
Indian wheat
sideoats grama
oak

bellota

gray oak

range ratany

ge'eged 'ihug devil's claw
ge'eged kopondakud loco weed
ge'eged wipnoi pencil cholla
gewul thistle

gidag	 white thorn acacia
gi'in	 unidentified grass
gi:ko
	

desert marigold

purple prickly pear

gohi	 mulberry
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Common English
O'odham Name	 Name
	

Scientific Name	 References and Vouchers

Solanum nodiflorum 

Cucurbita sp.
Calliandra sp.

Salvia columbiarae 
Descurrainia pinnata 
Plantago sp.
Bouteloua curtipendula 
Quercus sp.

Quercus emoryi 

Quercus grisea 

Krameria parviflora 

Proboscidea parviflora 
Astragalus sp.
Opuntia arbuscula 
Circium sp.

Acacia constricta 

Baileya multiradiata 

Opuntia violacea 

Morus microphylla 

GPN 159; Nabhan et al.
1983
Mathiot 1973
Saxton and Saxon 1973

GPN notes
Saxton and Saxton 1973
Mathiot 1973
Saxton and Saxton 1973
Mathiot 1973; Saxton and
Saxton 1973
Castetter and Underhill
1935

Castetter and Underhill
1935
Mathiot n.d.

GPN notes
Mathiot 1973
GPN notes
Saxton and Saxton 1973;
Mathiot 1973
Mathiot 1973
Saxton and Saxton 1973
Mathiot 1973; Saxton and
Saxton 1973
GPN 275; Nabhan et al.
1983; Saxton and Saxton
1973; Mathiot 1973
Lumholtz 1913; Castetter
and Underhill 1935;
Saxton and Saxton 1973;
Mathiot 1973

Saxton and Saxton 1973;
GPN notes
Saxton and Saxton 1973
Castetter and Underhill
1935; Saxton and Saxton
1973; Mathiot 1973; GPN
notes
GPN 277; Nabhan et al.
1983

hadam talk	 sore-eye poppy
	

Sphaeralcea coulteri 

hadkos	 Mariposa lily
	

Calochortus sp.
ha:d	 covena
	

Dichelostemma pulchellum 

halsadkam	 sandpaper plant	 Petalonyx thurberi 
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Appendix II. -- Continued 

Common English
O'odham Name	 Name	 Scientific Name 	 References and Vouchers

hadsadkam	 teddy bear cholla 	 Opuntia bigelovii	Saxton and Saxton 1973;
Mathiot 1973

hakowad	 mistletoe	 Phoradendron californicum GPN 227; Mathiot 1973;
(toki) . 	Saxton and Saxton 1973;

Nabhan et al. 1983
hanam	 jumping cholla	 Opuntia fulgida	 GPN 223; Nabhan et al.

1983; Saxton and Saxton
1973; Castetter and
Underhill 1935; Lumholtz
1913; Mathiot 1973

ha:sall	 saguaro cactus	 Carnegiea gigantea	 Mathiot 1973; Saxton and
Saxton 1973; Castetter
and Underhill 1935;
Nabhan et al. 1983

hauk 'u'us	 sweet bush	 Bebbia 'uncea	 GPN 296; Nabhan et al.
1983

hawafi ta:tad	 gentians	 Gentianaceae	 Mathiot 1973; Saxton and
Saxton 1973

hejel 'e'esadam Russian thistle	 Salsola kali	 GPN notes
heko talk •	 root	 ?	 Saxton and Saxton 1973
hena hetam	 Mexican jumping bean	 Sapium biloculare	 Nabhan et al. 1981; GPN

136
hewel 'e'es	 beard tongue	 Penstemon parryi 	 Mathiot 1973; Saxton and

Sxton 1973; GPN notes
hia talk.	 sandfood	 Pholisma sonorae	 Castetter and Underhill

1935; Lumholtz 1913;
Nabhan 1981

hi:kimel i i:bda unidentified plant	 Saxton and Saxton 1973
hi:wai sunflower Helianthus annuus Saxton and Saxton 1973;

Mathiot 1973; Castetter
and Underhill 1935; GPN
notes

ho:hoi 'e'es Mexican gold poppy	 Eschscholtzia mexicana Mathiot 1973; Saxton and
Saxton 1973; GPN 421

ho:howai	 jojoba	 Simmondsia chinensis	 Castetter and Underhill
1935; Mathiot 1973;
Saxton and Saxton 1973

hoi, howij	 Spanish bayonet 	 Yucca arizonica	 Mathiot 1973; Saxton and
Saxton 1973; Castetter
and Underhill 1935

ho 'idkam	 ironwood	 Olneya testota 	 Castetter and Underhill
1935; Mathiot 1973;
Saxton and Saxton 1973;
Nabhan et al. 1983



ho'ok 'iwa	 night blooming cereus

ho'ok wa:'o	 night blooming cereus

huawi hehewo
huhudaj siwol
hu:Ti wa'ug

i i:bhai

I ihug

sow thistle
wild onion
prickly pear

prickly pear

devil's claw

I'itoi siwol	 wild onion
'i:khol	 hog potato

'iol

'i:swig

'i:watol

jewel ho'idag

jiawul

jui

ka'al
ka:kowani

kalistp

kaswan

manzanita

hedgehog cactus

strawberry cactus
burrobush

puncture vine

barrel cactus

prickly pear

white acorn oak
sand peppergrass

blue palo verde

verdolaga blanca

Cereus greggii 

Cereus greggii 

Sonchus spp.
Allium macropetalum
Opuntia sp.

Castetter and Underhill
1935
Mathiot 1973; Saxton and
Saxton 1973
GPN notes
GPN s.n.
Mathiot 1973

Saxton and Saxton 1973;
Mathiot 1973; Nabhan et
al. 1983
Castetter and Underhill
1935; Saxton and Saxton
1973; Mathiot 1973;
Nabhan et al. 1983; GPN
105
GPN s.n.
Saxton and Saxton 1973;
GPN notes
Mathiot 1973; Saxton and
Saxton 1973; GPN notes
Mathiot 1973; Saxton and
Saxton 1973

Echinocereus  fasciculatus Nabhan et al. 1983
Hymenoclea spp.	 GPN 132; Nabhan et al.

1983

Opuntia spp.

Proboscidea spp.

Allium sp.
117117111segia densiflora 

Arctostaphylos pungens 

Echinocereus spp.
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Common English
O'odham Name
	

Name
	 Scientific Name	 References and Vouchers

Tribulus terrestris 
	

Saxton and Saxton 1973;
GPN notes

Ferocactus spp.	 Lumholtz 1913; Castetter
and Underhill 1935;
Saxton and Saxton 1973;
Nabhan et al. 1983

Opuntia sp.	 Mathiot 1973

Quercus sp.	 Mathiot 1973
Lepidium lasiocarpum 	 GPN 452; Saxton and

Saxton 1973
Cefcidium floridum	 Saxton and Saxton 1973;

GPN notes
Trianthema portulacastrum Saxton and Saxton 1973;

Nabhan et al. 1983; GPN
112
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Appendix II. -- Continued 

Common English
O'odham Name
	

Name
	

Scientific Name
	 References and Vouchers

Opuntia sp.
Opuntia acanthocarpa 
x O. spinosior?
Trianthema portulacastrum
Celtis spp.

kawk kuawul

kawk 'i:bhai
kawpdam
ke:k cehedagi

keg 'i:bhai
kokawi

kokonamkam
ko:m

komagi ce'ul
komagi 'u'us

komagi wa:s

ko'okmadk

ko'okol

ko'owi ta:tam
kopondakul
kopsikul
kosidaku0
kotadopi

kui

condalia

prickly pear
nettleleaf goosefoot
foothills palo verde

prickly pear
hybrid staghorn
cholla

waki verdolaga blanca
hackberry

willow
arrowweed

limberbush

blue palo verde

jatropha

chile

desert senna
locoweed
locoweed
bush makes you sleep
desert thorn apple

sacred datura

mesquite

Condalia Alobosa

Opuntia sp.
Chenopodium murale 
Cercidium microphyllum 

Salix sp.
Tessaria sericea 

Jatropha cinerea 

Cercidium floridum 

Jatropha macrorhiza 

Capsicum annuum 

Cassia sp.
Astragalus sp.
Astragalus sp.

Datura discolor 

Datura meteloides 

Prosopis velutina 

Nabhan et al. 1983; GPN
269
Mathiot 1973
GPN notes
Lumholtz 1913; Castetter
and Underhill 1973;
Nabhan et al. 1983
Mathiot 1973
Saxton and Saxton 1973;
Mathiot 1973; GPN notes

GPN 493
Lumholtz 1913; Castetter
and Bell 1935; Saxton
and Saxton 1973; Mathiot
1973
GPN notes
GPN 111; Nabhan et al.
1983
GPN notes; Nabhan et al.
1983
Saxton and Saxton 1973;
Mathiot 1973; Nabhan et
al. 1983; GPN 270
Saxton and Saxton 1973;
GPN notes
Mathiot 1973; Saxton and
Saxton 1973; GPN notes
Mathiot 1973
Mathiot 1973; GPN 60
GPN notes
Mathiot 1973; GPN notes
GPN 106; Nabhan et al.
1983
Castetter and Underhill
1935; Saxton and Saxton
1973
GPN 123; Saxton and
Saxton 1973; Mathiot
1973; Castetter and Bell
1935; Nabhan et al. 1983

ko'okmagi sa:0
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Appendix II. -- Continued 

Common English
O'odham Name
	

Name •	 Scientific Name 	 References and Vouchers

mesquite

kujul
	

screw bean

ku:kpadag	 bush muhley
kukso wu:pulim larkspur?
ku'ukpalk	 purslane

joint fir

ma:hagam
	

fan palm
makkom jewel spiderling

mains	 castor bean

manzani:ya	 chamomile

moho
	

beargrass

mo'ik'i:bhai	 prickly pear
mo:otadk
	

broomrape
mo'ostalk
	

ragweed

mumsa	 wooly plantain

na:kag	 prickly pear
na:nk je:jegasakud black grama
naw	 prickly pear

nog
	

agave or yucca?
nonakam	 agave or yucca?

Fiatum	 globe mallow

Eiatum cuigam cheeseweed

Prosopis glandulosa 

Prosopis pubescens 

Muhlenbergia porteri 

Portulaca oleracea 

Portulaca umbraticola 
Ephedra spp.

Washingtonia filifera
Boerhaavia spp.
Boerhaavia intermedia 
Ricinus communis 

Matricaria matricariodes 

Nolina spp.

Opuntia sp.
Orobanche cooperi 
Ambrosia confertifolia 

Plantago insularis 

Opuntia . sp.
Bouteloua eriopoda 
Opuntia spp.

Opuntia phaecantha •

Agave or Yucca
Agave or Yucca
Agave murpheyi 
Sphaeralcea coulteri 

Malva parviflora 

Nabhan et al. 1983;
Lumholtz 1913
GPN 245; Nabhan et al.
1983; Saxton and Saxton
1973; Mathiot 1973
Mathiot 1973
Mathiot 1973
GPN 85; Nabhan et al.
1983
GPN 488
GPN notes

Mathiot 1973
GPN notes
GPN 490
Saxton and Saxton 1973;
Mathiot 1973
Saxton and Saxton 1973;
Castetter and Underhill
1935; Mathiot 1973;
GPN notes
Saxton and Saxton 1973;
Mathiot 1973; GPN notes
Mathiot 1973
Mathiot 1973; GPN notes
Castetter and Underhill
1935; GPN notes
GPN 284; Nabhan et al.
1983

Mathiot 1973
Mathiot 1973
Mathiot 1973; Saxton and
Saxton 1973
GPN 273; Castetter and
Underhill 1935; Nabhan
et al. 1983
Mathiot 1973
GPN notes
Nabhan et al. 1983
GPN 297; Nabhan et al.
1983
Mathiot 1973; GPN notes



s-cuk'onk	 seepweed

s-hiwiculs	 wild rhubarb

s-ho'idkam saipuk sow thistle
siwi tadsagi	 snakeweed
s-toha kuawul wolfberry

sa:1
	

saiya

segai	 greasewood

susk kuagi
su'uwal

desert broom
tansy mustard
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Scientific Name
	

References and Vouchers

auaui je:j	 canyon ragweed
	

Ambrosia ambrosioides 
	

GPN 173; Nabhan et al.
1983

'o:bkam
	

Mexican palo verde

'oak l i:wakr nettleleaf goosefoot

Wright saltbush

wheelscale saltbush
allscale

'oak kui
	

tamarisk
'oak wasai
	

desert saltgrass

'opon	 patota

Parkinsonia aculeata 

Chenopodium murale 

Atriplex wrightii 

Atriplex elegans 
Atriplex polycarpa 
Tamarix sp.
Distichlis spicata 

Monolepis nutalliana 

Saxton and Saxton 1973;
Mathiot 1973; GPN notes
GPN 91, 422; Nabhan et
al. 1983
GPN 43; Nabhan et al.
1983
Nabhan et al. 1983
Nabhan et al. 1983
Saxton and Saxton 1973
GPN 144; Nabhan et al.
1983
Mathiot 1973; Castetter
and Underhill 1935;
Saxton and Saxton 1973;
GPN notes

pu:hl
	

white clover
	

Trifolium repens 
	

GPN 233;.Nabhan et al.
1983

Suaeda torreyana 

Rumex hymenosephalus 

Sonchus spp.
Gutierrezia sarothrae 
Lycium andersonii 

Amoreuxia palmatifida 

Larrea tridentata 

Baccharis sarathroides 
Descurrainia pinnata 

GPN 255; Nabhan et al.
1983
Saxton and Saxton 1973;
GPN 316
GPN notes
GPN notes
GPN 116; Nabhan et al.
1983
Mathiot 1973; Castetter
and Underhill 1935;
Lumholtz 1913; Saxton and
Saxton 1973; GPN notes
Mathiot 1973; Saxton and
Saxton 1973; Nabhan et
al. 1983; GPN 110, 200
GPN 188
Castetter and Underhill
1935; Saxton and Saxton
1973; Mathiot 1973; GPN
64

Mathiot 1973talsagi	 bursage	 Ambrosia deltoidea 
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Common English
O'odham Name	 Name	 Scientific Name	 References and Vouchers

GPN notes
GPN 222; Nabhan et al.
1983
Mathiot 1973; Saxton and
Saxton 1973; Castetter
and Underhill 1935; GPN
notes
Mathiot 1973; Saxton nd
Saxton 1973; GPN notes
Mathiot 1973
Saxton and Saxton 1973;
Castetter and Underhill
1935; Mathiot 1973;
Nabhan et al. 1983
Mathiot 1973

Lumholtz 1913; Mathiot
1973; Saxton and Saxton
1973; Nabhan et al. 1983;
GPN 82
Castetter and Underhill
1935; Saxton and Saxton
1973; Mathiot 1973; GPN
notes
Lumholtz 1913; Mathiot
1973; Nabhan et al. 1983
GPN 221
Castetter and Underhill
1935
Castetter and Underhill
1935
GPN 232; Nabhan et al.
1983; Mathiot 1973
GPN notes
Saxton and Saxton 1973;
GPN notes

Saxton and Saxton 1973;
GPN notes
GPN 127; Nabhan et al.
1983
GPN 84; Nabhan et al.
1983

burroweed
	

Isocoma tenuisecta 
tahapidam	 elderberry	 Sambucus mexicana 

takui	 soapweed yucca
	

Yucca elata 

tas mahag	 lupine
	

Lupinus spp.

ta:tk	 desert senna
	

Cassia sp.
tohawes	 brittlebush
	

Encelia farinosa 

to'olwadag	 cholla cactus
	

Opuntia sp.

'uduwag	 cattail
	

Typha angustifolia 

'umug	 sotol
	

Dasylirion wheeleri 

t u:pad	 catclaw	 Acacia greggii 

condalia	 Condalia spathulata 

'us jewelpal	 gray thorn
	

Zizyphus obtusifolia 

'uspad	 gray thorn
	

Zizyphus obusifolia 

'usabkam	 elephant tree
	

Bursera sp.
'utko je:j	 shindagger	 Yucca schottii 

waiwel
	

cocklebur
	

Xanthum strumarium 

wa:k
	

tule	 Scirpus olneyi 

wakwandam	 curly dock
	

Rumex crispus 
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Mathiot 1973; Lumholtz
1913; Saxton and Saxton
1973; GPN notes
Nabhan et al. 1983
Mathiot 1973
Castetter and Underhill
1935; Nabhan et al. 1983;
GPN 78
Mathiot 1973; Saxton and
Saxton 1973
GPN 157, 207; Mathiot
1973; Nabhan et al. 1983
Lumholtz 1913; Castetter
and Underhill 1935
GPN 419
Lumholtz 1913; GPN 218;
Nabhan et al. 1983
Saxton and Saxton 1973
Saxton and Saxton 1973;
GPN 172; Nabhan et al.
1983
Mathiot 1973; Saxton and
Saxton 1973; GPN notes
Mathiot 1973

wa:pk	 giant cane reed	 Phragmites australis 
(or Arundo donax)

wa:s	 limberbush	 Jatropha spp.

wa:wisa	 yerba mansa	 Anemopsis californica 

wepegY wasai	 dodder	 Cuscuta spp.

wi'ibgam	 climbing milkweed	 Sarcostemma cynanchoides 

wiopuli	 wild tobacco	 Nicotiana trigonophylla 

wi'ibgam	 small seeded sand mat	 Euphorbia polycarpa 
wipnoi	 pencil cholla	 Opuntia arbuscula 

wipi: si'idam evening primrose	 Oenothera spp.
wipismal	 hummingbirdbush
	

Justicia californica 

wi:yodi
	

bellota	 Quercus emoryi 

wupvistakul	 penstemon	 Penstemon sp.

* Orthography for Papago is that used in Zepeda (1983) adapted from Alvarez and Hale.
English common names generally follow those given by Lehr (1978) for the Arizona flora.
Spp. signifies that more than one Linnaean taxa is likely given this O'odham name by
Papago. If, for the same name, a specific identification is also given, this is to
indicate one species among many that has been definitively documented. The first
scientific name is the most common or more generally "correct" counterpart of the
O'odham name, but other published identifications have been included here as choices
even when I believe them to be questionable.
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