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Editorial
Freedom in Research. In the article below on the discovery

of No. 832, a distinguished plant scientist speaks out in praise of the
type of freedom in academic research which has been encouraged
by the United States Government through the National Science
Foundation over the last 25 years, -a freedom fettered only by
anonymous peer review, the intrinsic merits of a project based on
its likelihood of advancing knowledge, and competition with fellow
scientists for the available funds.

Dr. Iltis and his students, as plant explorers and taxonomists,
have been credited with truly monumental discoveries of wild
germplasm of utmost importance in modern breeding programs
with potatoes, tomatoes and corn. Important potato germplasm
from wild plants in South America was channelled into breeding
programs by Iltis either directly or by his student (now Dr.) Donald
Ugent. With another of his students, (now Dr.) John Doebley, Ibis
was quick to recognize the potential value of a previously
unappreciated wild relative of corn, naming it Zea diploperennis
and making its germplasm available to breeders. It has now been
successfully interbred with corn (cf. Nault and Findley in Desert
Plants, this issue) and is the only known germplasm source of
immunity to three of the most serious virus diseases of corn in the
United States. As if this weren't enough, the wild Zea has a long list
of other desirable traits which plant breeders would now like to
transfer to corn. One goal, to create a perennial corn, has recently
been achieved by Paul Mangelsdorf (see Walter Sullivan's article in
the New York Times, February 16, 1982). Considering that the
world's corn crop is now estimated to be worth 40 billion dollars a
year, even the smallest improvement might have an enormous
dollar value.

In the present issue of Desert Plants, Dr. Iltis reflects on the
circumstances which brought him to arid inter -Andean valleys in
Peru and the discovery of a certain wild tomato species that yielded
germplasm which now promises to be worth millions of dollars
annually to the tomato industry. Iltis has repaid his adopted
country and his adopted state of Wisconsin many times over
through the values of his research and discoveries. Few people
know the story of how he and his parents fled as refugees from Brno,
Czechoslovakia and the imminent takeover of that country by a
dictatorial and antisemitic Nazi Germany. His father, Hugo Ibis, in
1924 wrote the biography of another of Brnó s sons, Gregor Mendel,

and later created a depository of Mendel memorabilia and
information known as the Mendel Museum, now at the University
of Illinois. Mendel's originality and search for knowledge projected
him decades ahead of his peers even though as a priest he had to be
extremely cautious in the utterance of his philosophical views.
Steeped in the old traditions of field biology since childhood, Iltis
and his students in their phytogeographic studies and explorations
often took the opportunity to help advance the work of plant
breeders by sending them quite unexpected but much appreciated
shipments of seeds from remote corners of the globe.

In reflecting back, Iltis is eager to credit the United States
Government, through the National Science Foundation, and also
the State of Wisconsin and its University, for making many of his
"happenstance" or "serendipitous" discoveries possible. It is
difficult to assess a man's importance in his lifetime, but the
present editor has little doubt that some Joseph Ewan of the future
will be able to show that the dollar value of this one man's
discoveries and contributions eventually exceeded the total
cumulative value of grants made to all scientists by the National
Science Foundation for the entire 25 years following its inception!

In the article below, Dr. Iltis praises the system of government
support of higher education and research in the United States
which has allowed academic persons to be free to chart new
directions of study and investigation,- directions which neither a
dictatorial government nor most private profit- seeking corpora-
tions would have considered or solicited.

Interestingly, esoteric research projects which originally were
designed to increase understanding in abstruse areas of knowledge
often have a way of paving the way for breakthroughs in applied
research. The slow but steady advance of our frontiers of knowledge
under NSF support, which has made the USA foremost in many
areas, can be likened to the slow but steady geologic movement of
the earth's tectonic plates. And we know not the day nor the hour
when a breakthrough will come with earthquake or volcanic force!
But stifle the freedom of those who would reach out with honest
inquiry, creativity, individuality and innovation and only narrow
bureaucratic opinions will prevail. The Iltis family learned this
long ago in Czechoslovakia. In 1982 we are lucky to still have first-
hand access to this heritage through Professor- Iltis's unique
outlook.
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Discovery of No. 832:
An Essay in Defense
of the National
Science Foundation

Hugh H. Iltis
Department of Botany
University of Wisconsin, Madison

"The Office of Management and Budget is planning a $240 million
reduction in the budget of the National Science Foundation as an
economic measure to reduce waste in government spending,
informed sources in Washington report." -News item
(February 20, 1981).

"The 'chilling effect' is not restricted to business executives. It
affects all of us. We know most intimately the academic
community. Many of our colleagues in economics and the natural
science departments receive grants from the National Science
Foundation; in the humanities, from the National Endowment for
the Humanities; all those who teach in state universities get their
salaries partly from the state legislatures. We believe that the
National Science Foundation, the National Foundation for the
Humanities, and tax subsidies to higher education are all
undesirable and should be terminated. That is undoubtedly a
minority view in the academic community, but the minority is
much larger than anyone would gather from public statements to
that effect." - Excerpt from Friedman and Friedman,
"Free to Choose," 1980, page 60.

"What ethical justification do you have for extracting tax money
from people for purposes that do not yield them some greater
benefit? You have to be able to say that the extra dollar spent on
research will produce more than a dollar's worth of benefit to the
person from whom the dollar was taken. That is a hard proposition
to establish in the case of science. " -Milton Friedman, as
reported by Nicholas Wade in Science (Vol. 210: 33.1980)
and quoted by W. H. Tallent in "Research under
Pressure" (Economic Botany 36(1): 4 -11. 1982).

About 20 years ago, in late December, 1962, Don Ugent
who is now a professor of botany at Southern Illinois

University in Carbondale) and I spent some weeks in the
Peruvian Andes near Abancay, in the Province of Apurimac,
collecting wild and weedy potatoes and their associated
species for the University of Wisconsin at Madison, both
dried pressed plants for its herbarium as well as living potato
tubers for the University's very active group of potato
geneticists. The expedition was funded by the National
Science Foundation (NSF) and indirectly, by giving me leave
to go, by my employer, the State of Wisconsin.

For a month now we had conducted research into the
biosystematics of wild potato populations above Lima,
analyzing natural "hybrid swarms" to determine exactly
how the modern races of cultivated potatoes might have
come into being through processes of evolution.

Now we were on our way to Cuzco, a major center of
tuberous potato evolution, where intense work was to be
carried out. To get there from Lima, we travelled by way of a
gravelly back road which crossed the front range of the
Andes east of Pisco and traversed above Puquio the vast and

'unending altiplano, an arid tundra -like grassland high above
the timber line called the "puna," and covered with a
fantastic collection of cushion -plants. Here we saw not only
herds of domesticated llamas and alpacas, but also, once,
near Pampa Marca, a few vicuñas at play, prancing around
and rolling over in the dust with their legs up in the air.

On the east side of these gigantic mountains, within sight
of snow- covered peaks; this country road, at times not much
more than a path, dipped dizzily down from 14,000 feet to
8,000 feet at Abancay) in 30 miles of incredibly winding and
steep descent, and then, by crossing at 6,000 feet the now
still nearly empty Apurimac River below Curahuasi where
once stood the suspension "Bridge of San Luis Rey" made
famous by Thornton Wilder's novel of that name), wound its
way back up again to the altiplano to reach the capital of the
Inca kings, the glorious, golden city of Cuzco.

To be now in Abancay was a welcome change after many
nights in a tent at 12,000 to 14,000 feet and being miserably
ill much of the time with "siroche" (high altitude sickness).
On December 20, 1962, the morning was spent organizing
and packing the extensive dried collections of some 1,500
specimens of nearly 300 different species made the week
before, and getting our gear ready for the final push over to
Cuzco, just in time for Christmas and a hot bath.

Meanwhile, the Ugents went on a botanical reconnais-
sance to a narrow valley above Abancay to which they were
led by Donovan Correll's monumental potato monograph
(published that very winter with NSF support and carried
along with us in our jeep), and where, joy of joys, they
discovered what they were looking for: a population of Sola-
num pampacense forma glabrescens, a wild potato here at its
type locality. That was enough to make us stay one more
day, to revisit that valley together, study its flora, and scour
its slopes for potatoes.

So, on December 21, 1962, in company of our guide and
helper Oscar, a knowledgeable 15- year -old local boy, we
departed in our green- and -white jeep for the Hacienda
Casinchihua in the Rio Pachachaca valley, about 40 km
southwest of Abancay on the road to Challuanca and at an
elevation of about 9,000 feet.

Along the way up that valley there was a varied but hardly
"wild" landscape. The small, terraced fields of potatoes,



Extremely dry slopes above Tarma in the Departamento de Junin, looking down into the Quebrada of the Rio Quishuarcancha. The folded
limestone topography supports a vegetation of Stipa ichu grass and krumholtz-like shrubbery, with several species of Baccharis, a
peculiar orange- flowered member of the Loasaceae with stinging hairs, and some cacti as well as small plants of the Amaryllidaceae. On the long
slope, drinking water is being carried in five -gallon cans on either side ofa donkey to the Hacienda Casa Blanca. Photo by Hugh H. Iltis.

The sturdy hoe carried by this farmer above Abancay symbolizes the hard work and ingenuity of the local people. The blade is made from an old
automobile spring. On this man's homeward journey below the Nevado de Ampay he passes flowering plants such as Salvia, Solanum, Lycium,
Calceolaria and Passiflora. Photo by Hugh H. Iltis.



Sixty normal- appearing tomatoes compared with ten tiny yellowish -green fruits of the wild Lycopersicon chmielewskii. The fruits of
this latter species are so miniscule that they are difficult to see; they are arranged directly above the label bearing the numbers of the
genetic lines. The thirty red tomatoes on the right are derivatives of the fifth selfed generation following five backcrosses from hybridizing
normal tomatoes with L. chmielewskii ( Iltis & Ugent 832) and are of much higher soluble -solids content than the thirty control
tomatoes on the left. Photo courtesy of Charles M. Rick.

A weedy tomato, Lycopersicon peruvianum, growing south of Lurinchincha in the Province of Pisco, Departamento of Ica. Wild or
weedy relatives of crop plants may possess genes for drought- resistance, disease -resistance or other factors which might be transferred to
the crop plants through genetic breeding programs. Photo by Hugh H. Iltis.



In this photo taken in the Abancay market the woman on
the left is selling oca (Oxalis tuberosa) while the one on
the right is offering tubers of the Andean subspecies of
potato (Solanum tuberosum). These Andean potatoes
have a 3 -5% protein content as compared with less than 1%
in potato varieties currently grown in the United States. The
meat sold on the table behind the women must be used
quickly to avoid spoilage. Notice the well- behaved and
patient children under the table. Photo by Hugh H. Iltis.

The latest news is exchanged in the hurly -burly of the
Abancay market. Here onions, pears, peaches, carrots,
tomatoes and home -made soft white cheese are being offered
for sale. Photo by Hugh H. Iltis.

A resident of Abancay unloads firewood on one of the
narrow streets. Household life here centers about use of
wood for heating and cooking at the family hearth. The
desert -like treeless landscape of the surrounding hills
derives not only from natural aridity but from a denuding
by man. The ever -increasing firewood shortage is a world-
wide phenomenon, being one result of over -intense land
use brought about by catastrophic population increase.
Photo by Hugh H. Iltis.

A woman.in the Abancay market selling seeds of Lupinus
mutabilis, the "tauri" of the Incas. Markets such as this
are often a rich source of unusual germplasm. Photo by Hugh
H. Iltis.



The High Andes above Abancay are the type locality for
many plants originally discovered by the famous German
botanist Dr. August Weberbauer, author of
" Pflanzenwelt der Peruanischen Anden"
published as volume 12 of Die Vegetation der Erde (and
later in Lima as "El Mundo Vegetal de los Andes
Peruanos"). In the agricultural fields below, broad beans
(Vicia faba) and corn (Zea mays) are grown as well as four
tuber crops: potato (Solanum tuberosum), oca
(Oxalis tuberosa), melloco (Ullucus tuberosus,
family Basellaceae), and anu (Tropaeolum
tuberosum). Photo by Hugh H. IItis.

broad bean (Vicia faba) and corn were interplanted with the
native nasturtium (Tropaeolum tuberosum) and "oca" (Oxa-
lis tuberosa), two interesting tuber -bearing endemic culti-
vars. Separating the fields were massive rocky hedgerows
covered with coppiced tangles of Peruvian Peppertree (Schi-
nus molle), pink -flowered Vallea stipularis, and spiny Acacia
huarango, a flat-topped small tree dominant on the valley
floor. On the slopes there were cacti and bromeliads of many
kinds, and bushes of the enigmatic Columellia obovata
(Columelliaceae). Occasionally, along this presumably pre -
Columbian road, we would pass a tumbled -down ruin of a
"tambo," a round Inca resthouse such as once were placed
every eight miles or so along the imperial highways, all of
which in that ancient universe led to Cuzco.

It was the very beginning of the rainy season and the deep
and arid inter -Andean valleys were only now starting to
burst into bloom. The sun was out and the native vegeta-
tion, which consisted mostly of thorn scrub and scattered
small trees, had new and exciting species to offer mile after
dusty mile. The hanging, 4 -inch long, narrowly trumpet -
shaped, orange heads of Mutisia viciae f olia, a beautiful

"daisy" named by Linnaeus' son after the 18th -century Span-
ish botanist Don José Celestino Mutis, still lingers in my
memory. Many shrubs, including species of Croton, latro-
pha, Cantua, and especially Solanum, woody potatoes, some
of which seemed smothered in vicious spines, were all col-
lected and carefully put into our field presses.

We reached our destination before long and, after paying
our respects to the hacienda's lady and her daughter, drove
on and up for another mile only to be stopped by a series of
landslides. There was nothing to do but to hike along the old
road, which wound up the steep slopes towards a "pampa,"
where, we hoped, we were going to find more wild potatoes.

By noon, high above the river and overlooking the
hacienda, we sat down under the shade of a small tree -cotton
"bottle tree" (Eriotheca discolor) to eat our lunch of small,
but very tasty, boiled Peruvian potatoes, these yellow and
rich in protein, and some avocados, oranges, and cheese.

And around us, what a floristic wonderland! Many terres-
trial as well as epiphytic bromeliads (pineapples) of the
genus Tillandsia, including some Spanish Moss, were
perched in dense colonies on the cliffs and on tree branches,
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indicating a high humidity despite the obvious over -all
aridity of the landscape. In fact, ringed in as they are by
tropical forest at their base and the cold Andean puna-
tundra above, and profoundly isolated from each other,
these highly arid inter -Andean valleys have developed a
unique and richly endemic flora. Mats of pink -flowered
Barbacenopsis vargasii (Velloziaceae), clumps of hairy ges-
neriads (African Violet family), perhaps Rechsteineria peru-
viana, with brilliant red flowers and, after digging them out,
gigantic melon -sized underground tubers, and stout blue -
green candelabras of a 3 -meter tall Cereoid cactus, were
common along the limestone cliffs.

Many species here, it turned out, had been given the
epithet "vargasii." This was because our good and helpful
friend, Dr. César Vargas, potato expert and botanist of Cuzco
University, collected near here for the Nicotiana project
(under the leadership of Dr. Goodspeed) of the University of
California at Berkeley in the 1930's and originally disco-
vered many of these localized endemic species. This reflects
on the custom of having a species named in honor of its first
discoverer, which is, of course, one of the great spurs to the
collecting of plants by professional taxonomists, in fact, our
main chance at immortality. As it so happened, just the
week before, while we finally dragged our tired bodies off the
altiplano into Abancay, we had collected a spiny, foot -high
"pineapple" plant, which Lyman Smith, the eminent mono-
grapher of Bromeliaceae at the U.S. National Herbarium in
Washington, to whom we sent a specimen the following
year, graciously named Puya iltisii, to our amused response,
to be sure, for it was both quite ugly and the very smallest
species in this genus of often magnificent 8 -meter tall
giants. However, a most spectacular 4 -meter tall new spe-
cies was collected six months later in Bolivia by our com-
panions and named Puya ugentiana by Smith. Carrying our
names forever, and as two of twenty undescribed species
(that is, species new to science) discovered on our expedi-
tion that winter, both have given us cause for rejoicing.

So here we worked happily all afternoon: hundreds of feet
below us, the gravel bars and shallow waters of the Pacha-
chaca River; for miles above us, past whitish -grey limestone
outcrops, the upward- sweeping grassy slopes leading to the

(upper). At the town of Challhuanca in the
Departamento de Apurimac the expedition encountered
the sale of dried meat called "charqui," a word from
which our "jerky' has been derived. The meat keeps well
in dry desert -like regions with low humidity. Notice the
extremely arid vegetation on the hillside at the end of this
narrow street. Photo by Hugh H. Iltis.

(lower left). The market at Abancay, Apurimac, Peru.
Here upland Quechua- speaking Indians buy and sell a wide
variety of plant products. Note the corn (Zea mays) and
lima beans (Phaseolus lunatus) in the foreground.
Photo by Hugh H. Iltis.

(lower right). The cactus Browningia candelaris is
heavily spined only on the lower parts which are within
reach of grazers in the local fauna. Here Donald Ugent
takes a moment to pose by a Browningia growing on arid
hills above Nasca on the road to Puquio, about two -thirds
of the way up to the altiplano. Note the lack of seedlings
of this cactus because of heavy grazing by sheep. Photo by
Hugh H. Iltis.

silent altiplano. And beautiful and rare endemic species
everywhere we looked. In a nearby gully, iridescent green
and blue hummingbirds hovered and flitted about, piercing
with their bills the cardinal -red flower tubes of a bushy sage,
Salvia oppositifolia, one of several hundred species of this
prolific genus found in the Andes. In awe and profound
botanical satisfaction, we soaked it all in.

Wild Tomato Seeds
Presently, we noticed at our feet a low, tangled, yellow -

flowered, sticky -leaved, rather ratty -looking wild tomato,
no different on the face of it from the common weedy "toma-
tillos" (Lycopersicon peruvianum) so widespread in Peru.
We collected several herbarium specimens of it, for it
belonged to the Solanaceae, the potato family, in which we
were especially interested. After all, Ugent was doing
research for a Ph.D. dissertation on wild and weedy potatoes,
to which tomatoes are related, and has since published
several interesting studies on potatoes, including a lead
article in Science (Dec. 11, 1970). And I, as one who had
once learned about evolution at Edgar Anderson's feet while
at the Missouri Botanical Garden in St. Louis, was particu-
larly sensitized to weeds and their evolutionary relation-
ships to allied cultivars. A tomato is a tomato is a tomato!
And be they wild, weedy or otherwise, tomatoes are always
important and need to be taken seriously.

So after lunch, and a reluctant, but needed, siesta, not only
did we describe this weedy tomato in our notebook, giving it
the serial number 832 (i.e., the 832nd species collected on
this expedition) and photographing it both in color and
black- and -white, but we gathered many of its green -and-
white striped berries as well. Smaller than cherries, these we
first smashed between newspapers to dry out their seeds;
then, weeks later, and together with eleven other wild
tomato seed samples collected in various places in Peru, we
mailed them as a gift in return for species identification to
Professor Charles Rick, famed tomato geneticist at the
Department of Vegetable Crops of the University of Califor-
nia at Davis (see his recent article in Scientific Ameri-
can, August 1978, pp. 76 -87).

This is an old story, of course. Taxonomists do this sort of
thing for each other all the time, unasked and as a matter of
course, whether they know each other personally or not. "I
will collect seeds of your genus if you will collect seeds of
mine." We did not expect to make great discoveries, just to
add another brick to the edifice of tomato taxonomy. But in
this case, unknown to the five of us, real taxonomic and
even economic history was being made, as eventually we
were to find out. For by collecting these seeds not only did
we discover a previously unknown species, but we also hit
the germplasm jackpot. Mother Nature or the goddess Flora
were surely smiling on us that sunny afternoon.

A Peruvian Hacienda
Many other adventures happened later on that December

day. By mid -afternoon, as chilly, crisp shadows engulfed the
valley floor, we trundled down to the Hacienda Casinchi-
hua, despite our guide's great anxiety and agitation. He, as a
full -blooded Indian, felt it would be better if he stayed away.
He then told us that two years ago five men were gunned
down and killed on its very front steps in cold blood,
members of a group of unarmed farm workers who peace-
fully went to petition the patrón for a slight raise in their
miserable wages. This incident was the talk of the valley



Valley of the Rio Pachachaca near Abancay. This is a very
dry inter -Andean valley, representing the "bosque o
sabana seco montaño bajo" of Tosi's (i.e. Holdridge's)
vegetational nomenclature. Photo by Hugh H. Iltis.

This hanging bridge near Abancay consists of parallel wires
with bundles of corn stalks laid diagonally across. Notice the
cacti on the rock outcropping and the epiphytic
Tillandsia. Photo by Hugh H. Iltis.

Bromeliads growing as epiphytes on tree branches at the
Hacienda Casinchihua in the Province of Abancay,
Departamento de Apurimac. Photo by Hugh H. Iltis.

Barbacenopsis vargasii (family Velloziaceae) on hills
above the Rio Pachachaca, Hacienda Casinchihua. Many
cacti and bromeliads are common with this species on the
cliffs in the dry vaIIey. Photo by Hugh H. Iltis.



Desert -like plants such as these arborescent Cereoid cacti
and the acacias behind them are characteristic of the dry
hills above Hacienda Casinchihrza in the Valley of the Rio
Pachachaca. Photo by Hugh H. Iltis.

still, a grim reminder of some tough social realities, espe-
cially if your patrón was white, your skin was copper brown
and your parents Quechua -speaking Indians. We were there
on payday and watched as, hat in hand, the cowed and tired
"peones" received their two -dollar wages for a week's work.
No wonder our guide was ill -at -ease, proud descendant of
the Incas that he was.

But at the Hacienda, a bare, fortress -like, stone and adobe
building surrounded by two concentric -walled courtyards,
we were received cordially enough by the family of the
patrón, given coffee and some dinner at a massive wooden
table in the tower room, and quizzed about botany and the
Estados Unidos. Among submachine guns and rifles, -a regu-

lar armory to guard the 120,000 acre hacienda, -sat a short-
wave radio set used by the patron's two youngest sons to
keep in touch with their family in Lima -Miraflores, where
they had a grand house. They apparently also had a house on
the French Riviera. At our request, they cranked up the
short -wave set and tried for an hour to contact Madison,
Wisconsin, but were able to reach only a ham operator in
Cincinnati.

As the cold night spread out into the valley, we finally
took our leave from the hacienda, both disturbed and fasci-
nated by the medieval atmosphere and the strangeness and
isolation of it all, nestled as it lay in absolute stillness at the
dark bottom of these immense breathtaking mountains.



Oscar, very intelligent and helpful guide, examines No. 832
in its natural habitat, an arid landslide above Hacienda
Casinchihua. He knew many hundreds of plants by their
Quechua names. Photo by Hugh H. Iltis.

No. 832 of the Iltis -Ugent expedition discovered on the
arid slopes above Casa Casinchihua, Valley of the Rio
Pachachaca, Apurimac, Peru. The fruits of this wild tomato
never become larger than small berries, nor do they
become red at maturity. Tomato expert Charles Rick
determined No. 832 to be a species previously unknown to
science, naming it Lycopersicon chmielewskii.
What might have been considered by many to be a
"useless weed" was eventually utilized in a breeding
program to significantly increase the soluble -solids content
of the cultivated tomato, Lycopersicon esculentum. Photo
by Hugh H. Iltis.

A New Tomato Species Receives a Name
But to get back to the tomatoes. A year later, we received a

friendly thank -you letter from Dr. Rick indicating that he
thought our collection No. 832 was a most unusual tomato,
by no means a weed, but perhaps even a new and undes-
cribed taxon, one very useful in plant breeding. Many years
later, in 1976, he sent us a publication in which this new
species was described as Lycopersicon chmielewskii, named
in honor of Tadeusz Chmielewski of Poland, a deceased
dedicated plant geneticist and one of Rick's scientific asso-
ciates, who pioneered research in the Lycopersicon
minutum species complex. In addition, another tomato
collection from below Curahuasi near the "Bridge of San
Luis Rey" turned out to belong to yet another new and local
species, Lycopersicon parvi f lorum, this previously collected
by other explorers in the region yet never before named. So
now, that certainly made us feel good: to have been involved
in the discovery of two new species in this important, even
if small, genus. Previously, it had only seven species, and
now nine! Our story could have ended here, of course, and
still have been a good one, what with my showing off the
type specimens housed at the University of Wisconsin
Herbarium to interested students, and telling tall
expedition tales of haciendas and vicuñas, potatoes and
tomatoes. But there is more.

Commercial Genes and Soluble Solids
Some seventeen years later, while attending the II Interna-

tional Congress of Evolutionary and Systematic Biology,
held at the University of British Columbia in Vancouver in
July, 1980, I spotted a stately, dignified grey- haired gentle-
man, whose name tag identified him as C.M. Rick. So, sur-
prise, recognition, and introduction, -with both of us
pleased that we finally had a chance to meet and talk!
Eventually, our conversation shifted from corn to tomatoes
and our collections of so long ago. Was I aware that our No.
832 was not only the type collection of the new species with
the unpronounceable name, but indeed also the source of
some commercially important tomato genes? No, I was not.
He promised to send me publications.

A week later, back in Madison, I received a letter from Dr.
Rick together with an article published by him in 1974,
which told the following story. When Dr. Rick received our
seeds in 1963, he crossed the plants he grew from them with
a commercial tomato variety to see if they could improve
the latter's characteristics. After nearly ten generations of
back -crossing the F, hybrids and with subsequent selection,
Rick was able to produce several new tomato strains which
were larger and had a marked increase in fruit pigmentation,
but most important, were high in soluble -solids content (SS),
this mainly fructose, glucose and other sugars, all attributes
of prime importance to the tomato processing industry.
While the usual type of tomato has 4.5 -6.2 SS, the genes from
No. 832 increased the SS of the new hybrid tomato to 6.6-
8.6%. In his paper "High Soluble Solids Content in Large -

Fruited Tomato Lines Derived From a Wild Green -Fruited
Species" (Hilgardia 42(15: 492 -510, Nov., 1974 ) Rick sum-
marized this work:

"An attempt was made to combine the high soluble -solids
content of ripe fruits of the small, green- fruited Lycoper-
sicon minutum [chmielewskii] with the horticulturally
desirable characteristics of a standard L. esculentum cul-
tivar. By backcrossing from the former to the latter, and by
subsequent pedigree selection, pure- breeding lines in which
soluble- solids content was elevated to 7.0 -7.5 percent, -at
least 2 percentage points above that of the recurrent
parent, -wére synthesized."



Valley of the Rio Pachachaca, a dry inter - Andean valley
near Abancay. The trees in the valley bottom are Acacia
huarango. Tall columnar Cereoid cacti dot the dry warm
slope on the near side of the valley. Such dry but warm
slopes, although typically facing north in the southern
hemisphere, are the ecological equivalents of similar dry
warm south -facing slopes in the northern hemisphere.
Photo by Hugh H. Iltis.

Parts of Dr. Rick's letter are worth reproducing:
"In our assays of [Iltis & Ugent #832 from Hacienda Casin-

chihua, Dept. of Apurimac] we discovered that its fruits
have a very high sugar content [to 11.5 %] as assayed by
refractometer readings. Since this species is readily hybrid-
ized with the cultivated tomato and the crosses yield rela-
tively fertile hybrids, we initiated a program to introgress
the genes responsible for high soluble solids from #832 to
horticultural lines of L. esculentum. As summarized in the
attached publication, it was possible to transfer at least
some of the genes for this character to produce large, red -
fruited lines with significantly elevated sugar content.
These derived lines have been widely distributed to tomato
workers, some of whom have been exploiting them with the

aim of improving sugar content of new tomato cultivars ..."
"The concentration of soluble solids in raw tomatoes is a

matter of great economic importance to the processing
industry. A number of years ago an expert estimated that
each 0.5% increase in soluble solids would be worth about a
million dollars. Greatly improved flavor is another benefit. I
thought you might be interested in this use of your valuable
collection ..."

To make a long story short, and adjusting for today's
inflation and prices, the value to the tomato industry of the
genes found in Collection #832 could, if widely incorpo-
rated, be worth about 5 million dollars a year, or, to bask in
the glory of larger numbers, about 50 million dollars over a
decade!



An exploration -weary Hugh Iltis examines an
Amaranthus, a weed which is saved from the hoe
because its leaves and shoots are used as a vegetable. This
particular plant came from the gardens above Abancay
where the farmer photographed with the heavy hoe works
long days. Photo by Donald Ugent.

Donald Ugent with Lycopersicon peruvianum just
outside of Arequipa. This tomato is an ecological pioneer
or annual weed, demonstrating the concept that cultivated
plants are often in genera which have weedy propensities.
Photo by Hugh H. Iltis.



The Iltis -Ugent botanical camp above Challhuanca
southwest of Abancay. After the expedition was concluded
the jeep was left in the care of a local botanist and has
served the interests of plant science for twenty additional
years. At this "Challhuanca Camp" the soil was calcareous
and the vegetation heavily grazed. The steep rocky slopes
had many cacti and bromeliads. Bushes of Columellia
obovata occur on the dry hillsides. Also present are
Escallonia in the Saxifragaceae family and many species of
Solanum. Photo by Hugh H. Iltis.

The Upshot: What Moral From Weedy Tomatoes?
As I write this, I sit in my old- fashioned book -crammed

office looking out on a snowy mall, dreaming botanical
dreams of Peru. Not far away is the dusty herbarium case
where, under Family 256: Solanaceae, resides the type speci-
men of Lycopersicon chmielewskii Rick et al., the Abancay
Wild Tomato, neatly mounted on a herbarium sheet. Look-
ing back, I know that, in a way, the making of this collection
was a matter of accident, very local and rare endemic that it
is. Similarly, its seeds were more or less picked by chance as
well, for we went to Peru to collect potatoes, not tomatoes.
Nevertheless, we did know quite precisely what we were
doing when we collected the handful of berries from this
useless, weedy, ratty- looking plant and then sent a hundred
or so of its seeds to a fellow botanist in California. And now,
out of all this serendipity, such effective and potential gain.

This, in and by itself, is of course gratifying, and reason
enough to set it all down on paper. But I write this with a
special message and audience in mind, a message I wish to
send to our nation's leaders in this grim period of history,
when governmental budget- cutting has become synony-
mous with prudence and virtue. In particular, I wish to send it
to those members of Congress who have been critical of
biological or social science research and who have all too
frequently damned projects they could scarcely have com-
prehended. I wish also to address this to some of our citizens
who, in their staunchly unchanging ways, expose their bio-

logical innocence by defending anti- evolutionary senti-
ments fully 120 years out -of -date. They and these
greenish -white tomatoes are both children of the great and
overwhelmingly important processes of genetics, mutation
and natural selection. I also write this for our country's chief
executive. To all of these people I ask that we do not
downgrade our National Science Foundation, nor the Council
on Environmental Quality, the National Endowment for the
Humanities, the International Convention on Endangered
Species (CITES), the Endangered Species Act (especially as it
applies to plants), the Environmental Protection Agency
(EPA), nor any of the other shining tributes to American
scientific and humanistic leadership and American envi-
ronmental foresight.

It was the NSF, after all, which sent us to Peru in the first
place to study wild and weedy potatoes, bought our jeep, and
thus paid for the collecting of our No. 832. The year -long
expedition and three years of follow -up research [including
the jeep, this after nineteen years still in use, still collecting
plants, but now for the Peruvian National Herbarium, in
whose care it was left] cost the NSF only $21,000, a relatively
small amount in the great scheme of things, and yielded
8,000 herbarium specimens of over 1,000 different num-
bered collections. In other words, for the sake of argument,
each of our collection numbers cost the U.S. government on
the average 20 dollars, including our number 832 and any
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Potatoes sold in the market at Urubamba, although smaII,
are high in protein and have desirable genes which make
them a valuable source of germplasm for potentially
improving commercial potatoes. Many living tubers from
the expedition were brought back to Wisconsin and
established in a potato germplasm bank at Sturgeon Bay.
Photo by Hugh H. Iltis.



Iltis Discovery of No. 832 189

Potato harvest in the Urubamba Valley of Peru near Calca.
About five cultivated races, three weedy types, and six
wild species on the slopes in back all grow together in
close proximity, exchanging genes. Such a field is a living
germplasm bank without compare. The photographer on
the left is Professor Cesar Vargas. Photo by Hugh H. Iltis.

of the other species previously unknown to science. Perhaps
the most significant values from our expedition will come
from high- protein potato germplasm not even representing
new taxonomic species, -or from hundreds of bits and pie-
ces of information discovered and passed along to col-
leagues, graduate students and others. A Hindu song or
poem extolls the virtues of a certain species of palm tree and
lists 1,001 uses of the palm developed from centuries of
man's experiences with the plant. Although we know imme-
diately the dollar cost of our research projects, when do we
stop cataloguing the dollar values flowing in from them?
Since we as the actual discoverers of No. 832 were unaware
of its value for 17 years, who is to say when the final
accounting of benefits from an NSF -supported project can be
made?

But if there is a real moral to this story, it is this: First, we,
the USA, as a highly civilized and rich nation, can ill afford

not to support such work, especially since the cost is minus-
cule compared to the benefits gained. Secondly, and signifi-
cantly, our expedition would have never come about
without NSF support. Lastly, the results of research, even
the most important, are often quite unexpected. Who could
have predicted that these tiny seeds of a useless weed, stuck
by their slimy, sticky coats to an old newspaper, and costing
no more than 20 dollars and 30 minutes of our time might
enrich the United States economy by tens of millions of
dollars? In other words, for the economy, a potential five
million dollar a year gain on a one -time 20 dollar invest-
ment! Not bad for a band of taxonomists not even wearing
white lab coats. Not bad for a government agency so often
maligned for wasting the taxpayers' money.

There are many other, even more dramatic stories which
connect the NSF and United States herbaria with potential
benefits to world agriculture and theoretical science, such as
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Puya weberbaueri growing on well- drained cliffs of
the cloud forest zone at Macchu Pichu. Since water drains
away so quickly from such cliffs, plants with
crassulacean acid metabolism are as successful in
competition here as in typical deserts. Photo by Hugh H.
Iltis.
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the much -discussed discovery of botanists from the Universi-
ties of Guadalajara and Wisconsin of a perennial, virus -
resistant, diploid wild corn relative (Zea diploperennis),
narrowly endemic to a mountain range in southwestern Mex-
ico, the accidental and unexpected child of a New Year's card
(see Smithsonian, Dec., 1979). As Rick stresses for toma-
toes in the aforecited paper, "... the literature is replete with
examples of the transfer-from the (wild species to acceptable)
cultivars of desirable new traits, - mostly resistance to dis-
eases and other pests,- often of enormous economic value."

American Industry, Academia, and the NSF
It is hardly a secret that American industry has benefitted

much from NSF -sponsored research, free of charge. Although
industry has always supported scientific research, with the
rarest of exceptions this has been with narrowly specialized
economic aims. Teaching scientists, those who train the
future generations, as well as the graduate students in
American universities who will be tomorrow's teachers and
scientists, have no such intellectual restraints; they study
what they wish and hence cannot expect much industrial
support. Yet, especially in the social and natural sciences,
scientists in Academia have one tremendous, overwhelming
advantage, -they have the freedom to study what they wish.
Industrial scientists, necessarily, care more about today than
teaching scientists, who care more about a distant tomorrow.

It is for American teachers that the NSF became the great
liberating force, the grand precipitator of a vast amount of
knowledge about man, life, and the universe, knowledge
which often in its particulars seems esoteric and useless, but
which in its totality gives this country and all of mankind the
only hope for a livable world. With the global ecological
crunch soon to be upon us (if it is not, as I think, already here)
what will now take the place of a diminished NSF? In the
absence of adequate financial support, who will study the
unprofitable, the undramatic, the unpopular? And who will
pay to train the thousands of students needed to do the same
tomorrow? Those vast terrae incognitae waiting to be
explored, -tropical ecology on which world climates may
well hinge and the trees of the Amazonian rain forest of which
vast numbers are as yet unnamed, the 60,000 species of sub-
microscopic parasitic wasps and the 10,000 species of leaf-
hoppers, the 500,000 species of flies and the million species of
beetles, the tens of thousands of marine and freshwater anim-
als, whose names we as yet do not know and whose roles in
the web of life we can only guess at, -who, if not the NSF, will
support their study? Who will support research in the social
studies? in the humanities? -who but the social organism of
American humanity, through its public expression: the NSF
and the National Endowment for the Humanities? Despite
pious hopes, private industries have hardly ever supported
such work, and it is doubtful that they will start now.

It has recently been suggested (by Milton and Rose Fried-
man, in Free to Choose, 1980, pp. 60 -61) that government
support of education has had "a chilling effect" on "free enter-
prise" and on private criticism of the government, and that, in
order to assure "... the continuation of ... freedom of
speech ... the National Science -Foundation, the National
Foundation for the Humanities, and tax subsidies to higher
education are all undesirable and should be terminated." But
is this true? And would this be wise? Whatever restraints
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Sparse vegetation between Puquio and Abancay near
Pampa Marca at about 13,000 feet elevation. This is a
very dry U- shaped valley in the altiplano with Stipa
ichu grass. Cushion plants include species of
Azorella as well as Distichia muscoides. The inhabitants
chew leaves of coca (Erythroxylon) and weave dense
blankets from Ilama and alpaca wool. Walls serve as
enclosures for llamas. Photo by Hugh H. Iltis.

federal funding may place on the public expression of opinion
in universities, to have truly free speech and a free society we
must first have knowledge. The truly "chilling effect" on
freedom of speech and freedom of choice is the lack of funds
to freely study what must be studied, and the consequent
factual ignorance and intellectual sterility.

Shall we be forced to go back to pre -NSF days, when
research was supported more meagerly by the limited budgets
of universities, philanthropic foundations, and other public
institutions, if not by princes and kings, by wealthy angels
and mad scientists in garrets, by war departments and private
societies of enlightened amateurs? Is this nation really so
poor, is our vision really so clouded, that we should follow the
advice of economic conservatives who would let science
recede into the dim and distant past? There are grave dangers
here. One has merely to remember the "burning of the books,"
(in a ceremony to celebrate the 100 -day anniversary of
Hitler's coming to power) orchestrated by Nazi propaganda
minister Goebbels on the night of May 10, 1933 (when more
than 20,000 volumes by Freud, Einstein, Zola, Hemingway,
Remarque, Mann, and others were symbolically burned) to
realize that mankind can all too easily slip back from a state of
enlightenment and progress to one of intolerance and
mistrust.

Research: It Must be Done Now, It Cannot Wait!
The main point has now been made. Be we biologists or

politicians, be we Democrats or Republicans, we have an
obligation to society, in this alienated, dangerous and dema-
gogic technological age, to appreciate the rich and rewarding
leadership role the National Science Foundation has played
over the last three decades in exploring the living world, to
help people understand it and each other and to preserve its
biotic riches for bur children and our children's children. For
from these minuscule investments have come not only the
graduate students of yesterday and the scientists of today but
a vast catalogue of unforeseen yet significant findings with
immense potential for human welfare: studies of the ecologi-
cal complexities of tropical forests, the nature of infant love
in Rhesus monkeys, the social structure of Gelada baboons,
the developmental impact of television viewing on children,
or of the genes for high soluble- solids content in 'a wild and
weedy tomato from an unknown, dry and dusty Peruvian
valley. -

There is no substitute for such exploration of nature,
especially today when the world's biota is being pushed
increasingly into extinction by an unholy alliance of greed
and hunger, of high technology and high birth rates. This
work has to be done now. It cannot wait. Whether wild
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Valley of the Apurimac River below Curahuasi. Note the
foundations of the old Bridge of San Luis Rey. Failure
of this neglected cable bridge, resulting in death, inspired
Thornton Wilder's well -known book. The very dry valley
is high in endemism and yielded new species of
Lycopersicon and Solanum to the 1962 Iltis -Ugent
expedition. Photo by Hugh H. Iltis.

tomatoes or whooping cranes, extinction is forever, and
tomorrow will be too late.

By supporting research in all fields of knowledge, and in a
non -partisan manner through peer- review, the National
Science Foundation has been a powerful catalyst in the
alchemy of American society. The catalyst that makes dough
rise is yeast. Without it there is no bread. The National
Science Foundation grants were the yeast that made Ameri-
can science rise, and, over the past twenty -five years, to unsur-
passed levels of excellence. Without such grants, however,
there would be but little science, less discovery, and much less
wisdom.

Should we be forced into a situation where billions are
being spent for high technology missiles, space shuttles and
other Strangelovian devices, where a single high -technology
airplane has the same dollar value as the termination of 1,000
NSF -sponsored projects? If the history of science is to teach us
anything, it is that we cannot ignore the basics. God help
America if the power to increase our intellectual under-
standing of the real world (which the NSF has so well
promoted) is nullified and we decide that highly sophisticated
and enormously costly instruments of death take total
precedence over our attempts to understand and protect the
quality and diversity of life on earth.



Editorial Summary

Corn (Zea mays)
in Relation to
its Wild Relatives

Editor's Note
Paul Martin has suggested that the coming of man to North Amer-

ica across the Bering Straits, little over 10,000 years ago, resulted in
the catastrophic demise of the New World megafauna. The large wild
beasts, unlike the hunt -wary ones of the Old World, were easy game
for a hunting culture which feasted its way to the tip of South
America in a brief 1,000 year period.

At Ed Lehner s southern Arizona ranch archaeologists found bones
of mammoths with intricately chipped stone spear -points still in
place. By studying similar sites throughout the New World it has
been ascertained that all fall into that brief 1,000 year period when
man was eating his way south, always moving on as the animals were
eaten up. The North American megafauna was eaten by man and
made extinct in only 1,000 years!

But this brought yet another catastrophe: without the easy source
of meat, how was the human population in the New World to survive?
In the desert regions of the New World, dry caves have been found in
which, amid the dust of the millenia, are found fragments from man's
menus of the past, crumbs falling from the table, so to speak
)although in most instances there was not yet a table), which help us
reconstruct man's diet.

Man could survive in the better -watered areas of the American
tropics by foraging on leaves and tubers, nuts and berries. After all,
vegetation was rank and temperatures warm. But as population pres-
sures must have again increased, man seems to have spread in increas-
ing numbers into the arid valleys.

We are finding that corn (Zea mays) became an extremely impor-
tant food. It was not only grown in the tropics, but was taken to be
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planted nearly throughout the New World, allowing populations to
again build up in areas which had seen relatively few humans for
millenia. The coming of the Hohokam to southern Arizona seems to
be correlated with this process, as does the development of the Pueblo
villages of New Mexico. Corn was extremely important to the Maya,
the Aztecs and the Incas.

Botanically, corn has been an enigma. Why is it never found in
natural wild populations? The ear of corn has no equivalent in the
plant kingdom. Although corn is obviously a member of the grass
family )Gramineae), other grasses such as wheat, rice, barley, rye and
oats bear single grains, never clustered together by hundreds on a cob!
To add further mystery to the situation, there is one wild grass which
seems virtually identical with corn, but which lacks corn ears!

Recently a theory has been outlined which seems to surmount
age -old morphologic problems of relating corn to its wild relatives.
With the renewed interest in this subject at the University of Wicson-
sin Herbarium in the 1960's and 1970's, theories commonly accepted
by encyclopedias and textbooks were questioned and fresh field work
was stimulated. The discovery of Zea diploperennis with germplasm
of potentially great value for improving corn and making it resistant
to disease, is one tangible result. The article below is intended to take
the reader through a brief history of man's understanding of corn in
relation to its wild relatives, -and to set the stage for the article by
L.R. Nault and W.R. Findley on Zea diploperennis (Desert Plants: this
issue).

Introduction
In ten years, on November 6, 1992, we will celebrate the

500th anniversary of the discovery of corn in the New World
by Christopher Columbus. Once having reached the New
World, discovery of corn was no difficult matter at all, -it was
already the mainstay of a majority of the inhabitants of the
Americas. Indeed, all of the present -day major types of corn
were already developed and were being put to specific uses, -
sweet corn, flint corn, dent corn, flour corn and pop corn.
What is a bit strange, perhaps, is that Columbus made only
passing mention of corn in his journal. Also a bit strange by
our standards, the English herbalist Gerarde in 1597, after
cultivation of corn had spread throughout Europe, wrote that
"... it nourisheth but little, and is of hard and evil digestion, a
more convenient food for swine than for men."

Today we recognize corn as the golden cereal from which
the wealth of the United States has come. We have yet to find
a more efficient plant at fixing the energy of the sun by means
of photosynthesis. About 5.5 billion bushels are pro-
duced annually in the United States, equivalent to more than
15 million bushels per day, more than three times our produc-
tion of wheat.

Although we eat roasting ears, creamed corn, tacos, pop-
corn, corn bread and Fritos directly, it has been estimated that
we eat perhaps a pound of corn at each meal in the transformed
substance of beef or pork, eggs, milk, butter, or other foods.
The world corn crop is said to be worth 40 billion dollars per
year.

Since corn is such an important plant in the economy of the
United States, we might suppose that its biology by now
would be well known and its relations with congeners tho-
roughly studied with a view to genetically improving the
crop. Nothing could be further from the truth. If corn has been
domesticated for 5,000 years, we have seen fully 1 /10 of this
period since the time of Columbus. Have we used this pre-
cious period to preserve the genetic diversity of the crop?
Although plants must have a high degree of fitness for the
present environment, their populations must also exhibit a
degree of flexibility to cope with changes in that
environment.
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The Genetic Vulnerability of Commercial Corn
Lines

Extensive breeding programs in the United States have
been aimed at developing inbred lines through selfing and
subsequently selecting from descendants of crosses with a
few old well- established inbred lines, resulting in a distinct
loss of variability in the breeding stock.

Hybrid seed for planting would normally be produced by
crossing two inbred lines in isolation from other corn and
with careful detasseling of female plants to prevent self -
pollination. Cytoplasmic male sterility was discovered in a
Texas corn line and eventually restorer genes were found
which would restore male fertility in this line. To eliminate
labor costs of detasseling, inbred lines were backcrossed to
plants having the Texas cytoplasmic sterility. By the late
1960's virtually all commercial corn production
in the United States was based on lines incorpo-
rating Texas cytoplasmic sterility, a dangerous
situation because of the reduction in variability.

Recently botanist J.L. Brewbaker has proposed that the
downfall of the great Mayan Civilization came when leaf-
hoppers dispersed by high -altitude air currents brought a
virus to the Mayan fields which literally and almost over-
night wiped out the non -immune race of corn which had been
the mainstay of their culture. Something similar almost hap-
pened in the United States. In the summer of 1970 a mutant
form of the Southern Leaf Blight Fungus, Race T of Hel-
minthosporium maydis, spread north across the Uni-
ted States at the rate of 50 miles or more a day, attacking
all plants having Texas cytoplasmic male steril-
ity factors in their makeup.

Although commercial corn lines have been improved some-
what since this near -disaster, most of the world's corn produc-
tion is still based on derivatives of Corn Belt dents which
were originally developed by crossing only 2 of the 200 or so
New World races of corn. In a striking reversal of this trend,
L.R. Nault and W.R. Findley (Desert Plants, this issue) seem to
be successfully incorporating germplasm of the recently dis-
covered Zea diploperennis into Corn Belt types to bring
immunity to viral disease.

Teocintli of the Aztecs
Today in Mexico there are wild grasses bearing the name

teocintli in Nahuatl, a still -living tongue in the Uto- Aztecan
family of languages, indeed the same Nahuatl which was the
language of the Aztecs themselves. Translated, teocintli
means "grain of the gods, " -certainly a venerable name
spoken with more than a little respect. In Spanish the terms
madre de maiz = "mother of corn" or maicillo = "little corn"
are used.

In 1967 H. Garrison Wilkes produced the monumental
monograph Teosinte: The Closest Relative of Maize. The
large -fruited Valley of Mexico race of teosinte known as
"Chalco" was seen to be similar to races of corn such as
"Conico" or "Palomero Toluqueño" of the same region in hav-
ing very hairy, dark red -purple leaf sheaths, but this was
explained as due to mimicry. Wilkes did not feel that corn
was descended from teocintli.

Luther Burbank's Claim of Obtaining Corn From
Teosinte in 18 Generations

In 1903 Luther Burbank determined to prove that artificial
selection of teosinte could produce corn. He planted seeds,
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selected progeny having the most corn -like traits and planted
these for the next generation, doing this through a series of 18
generations, at which point he announced (to be published far
and wide in the newspapers of the day) that he had obtained
true corn. Unfortunately, no one else could duplicate this
superhuman feat. Eventually it was shown that Burbank had
started not with teosinte, but with a corn -teosinte hybrid!

Stimulation of Research by Edgar Anderson
Edgar Anderson was the father of the concept of "introgres-

sive hybridization," a process widely believed in by American
plant taxonomists and widely incorporated into their
theories and research projects. Decades ago, with Hugh
Cutler, he brought the principles of population biology to
indigenous corn fields in an attempt to understand and
explain the variation. Anderson became famous at the
Missouri Botanical Garden for his influence on plant
taxonomy in America. He also authored a work entitled Corn
Before Columbus in 1947.

While a student at Harvard University in the 1920's, Ander-
son had a roommate named Paul Mangelsdorf and they talked
freely about corn. Although Mangelsdorf later became fam-
ous for the theory that teosinte had derived from hybridization
of corn with the grass Tripsacum, both Anderson and Man -
gelsdorf independently acknowledged that the theory had
originated with Anderson rather than Mangelsdorf.

Hugh Iltis, who had "learned at the feet of Edgar Anderson"
while a student at the Missouri Botanical Garden after World
War II, has in recent years been a champion of "the great
taxonomic potential of the much -neglected tassel in
delimiting maize races and evolution," attributing this
concept to Anderson. Iltis nevertheless has been an
outspoken critic of the corn x Tripsacum = teosinte theory.
An exceptionally strong respect for Anderson's methodologies
has been acknowledged by Iltis when he writes that his own
theories "... tend to vindicate the genius of Edgar Anderson .."

Cytogenetic Studies by George Beadle
Although Iltis may have been the most outspoken critic of

a corn x Tripsacum = teosinte hypothesis, he was not the
first. Long before George Beadle became a Nobel Laureate and
President of the University of Chicago, indeed while he was
still a graduate student in 1932, he published with his major
professor R.A. Emerson a detailed 5 -year study of hybrids
between corn and teosinte. Far from concluding that teosinte
had any relationship whatsoever with Tripsacum, they con-
cluded that corn and teosinte, although grossly different in
morphology of the ear, were genetically almost identical, -
essentially the same species! Teosinte was the wild form of
corn.

The Tripartite Hypothesis of Paul Mangelsdorf
and Robert Reeves

A hypothesis for the origin of corn was published by Man -
gelsdorf and Reeves in 1939. It had three parts: 1 the ancestor
of modern corn was an extinct pod -pop corn, i.e. a popcorn in
which each grain was enclosed in a pod or chaffy shell; 2)
corn x Tripsacum = teosinte; 3) teosinte backcrossed with
corn to give many characteristics to modern corn races.

On the strength of the tripartite hypothesis, Mangelsdorf
was given perhaps the most distinguished plant science pro-
fessorship in the nation, the chair of botany at the Botanical
Museum of Harvard University. Here he presided over a
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A collection of fruiting inflorescences ( "ears') of the Chalco
variety of teosinte (Iltis & Doebley #10P) taken east of
Ixtapaluca in the Valley of Mexico, Estado of Mexico, where
it was growing as a weed in a rice field. Since this type of
teosinte is found only in weedy or cultivated places it was
once thought to be a weedy derivative of corn or a hybrid of
corn with a weedy grass, rather than being an ancestor of
corn. It could, however, have been an aboriginal occupant of
the valley when the ecology was more pristine; in all fairness
it should be pointed out that all habitats in the Valley of
Mexico are now weedy or cultivated. Photo by Hugh H. Iltis.
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Dr. Hugh H. Iltis, Professor of Botany at the University of
Wisconsin at Madison, armed with a tool of the trade for the
botanical explorer and standing next to an over -mature plant
of Zea diploperennis with ripe seeds at Zarza Mora in the
Sierra de Manantlarí near Las joyas, Jalisco, Mexico. Photo by
Michael Nee, Field Museum of Natural History, Chicago.
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Golden Age of the Tripartite Hypothesis, publishing nearly
100 papers to support the hypothesis. Encyclopedias and text-
books widely accepted his version of the origin of corn, even
to the point of occasionally forgetting that it was hypothesis,
not necessarily fact. Professors around the world taught it to
their students as the way in which things had happened. After
all, wasn't this proven long ago?

Excavations by Herbert Dick and Richard
MacNeish

In 1948, excavators led by graduate student Herbert W.
Dick of Harvard removed corn cobs and other parts from Bat
Cave, a prehistoric site in New Mexico near the Arizona line.
Apparently the detritus and artifacts removed were segre-
gated by artificial rather than natural strata and carbon was
"pooled" for carbon-14 readings, leading some persons to ques-
tion the results. In a 1950 paper in Scientific American, Man -
gelsdorf published a photograph of the Bat Cave corn kernels
neatly arranged in rows by age showing "rapid evolution." He
interpreted the corn in the lowest layers to be both a pod -corn
and a pop -corn, strengthening his tripartite hypothesis. He
illustrated a Bat Cave cob as the "oldest ear of corn" known,
dating it to 2,000 B.C. or about 3,900 years old.

Richard MacNeish also became interested in archaeologi-
cal plant remains from dry caves. In 1964 he brought back to
Harvard some 23,000 specimens of corn from caves at Tehua-
cán in south -central Mexico. Working with Walton Galinat,
Mangelsdorf and MacNeish concluded that indeed the lower
levels had a primitive pop -corn which was also a pod -corn,
further proving the tripartite hypothesis. But whereas the Bat
Cave corn had been thought to be well on the way to domesti-
cation, the primitive corn in the lower levels at Tehuacán was
thought to be wild.

New Light on Aboriginal Use of Zea
One objection to the theory that corn was derived from teo-

sinte had been that teosinte, being inedible, would never have
been gathered by prehistoric peoples. Starting with this
assumption, there would be no occasion for man to have
practiced artificial selection, in Mangelsdorf's viewpoint. Bea-
dle countered this assumption in a 1939 paper by telling how
he had been able to pop teosinte grains, a process which made
them much more edible.

More recently, Hugh Iltis has photographed children in
Mexico chewing stems of Zea more or less like sugarcane is
chewed elsewhere, this suggesting one important aboriginal
use. He also points out that numerous quids of chewed Zea
were found in the Tehuacañ caves.

The 80,000- Year -Old Corn Pollen of Elso Barghoorn
During the 1950's drill cores in the Valley of Mexico

yielded soil samples, taken at a depth of 200 feet, which bore
fossil pollen. Pollen samples were sent to Elso Barghoorn, a
colleague of Mangelsdorf's at Harvard, for identification.
Were the pollen grains from teosinte or corn? Barghoorn
unequivocally identified them as corn on the basis of size.

The depth from which they came indicated an age of 80,000
years. This helped further prove the tripartite hypothesis, for
here was a prehistoric corn tens of thousands of years older
than man's entry into the New World from Asia! The80,000
year old date has now been questioned because of earth
slumping. What's more, E. B. Kurtz, J. L. Livermore and H.
Tucker showed that pollen grains in Zea varied in size with
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Children chewing sweet stems of Zea (either corn or
teosinte) southeast of Chalco on the road to Amecameca
near the edge of the Valley of Mexico, Estado de Mexico. It is
suggested that green inflorescences or sweet stems
of wild Zea were of much more importance as food for
prehistoric man originally than was the ripe grain, the latter
becoming progressively more important only with the
feminization of the apical male inflorescences (tassels) of
primary lateral branches and the development of the massive
ear of modern corn. It is notable in this regard that in dry
caves near Tehuacañ in southern Mexico, 7,000 year old Zea
is found with an abundance of quids of chewed stems.
Photo by Hugh H. Iltis.

changes in climate, humidity and day length and demon-.
strated that there was a significant overlap in size between
pollen grains of teosinte and corn.

The 1969 "Origin of Corn Conference" at Urbana,
Illinois

At this historic conference the leading researchers on Zea
relationships were all present, -Paul Mangelsdorf, George
Beadle, H. Garrison Wilkes, Hugh H. Iltis, Walton Galinat,
Jack Harlan, Jan deWet, and many others. Several had come
loaded with evidence to shoot down the tripartite
hypothesis. In order to achieve an unequivocal conclusion
from the conference, and perhaps with a little malice
aforethought, Iltis was chosen to deliver the summarizing
address. Not only did the conference "kick the bucket over"
on the tripartite hypothesis, but Mangelsdorf, somewhat
inflamed by Iltis' straightforward summary, left the
conference in a huff.

The Embarassing Electron Micrographs of
Umesh Banerjee

Recoiling from the 1969 conference, Mangelsdorf laid
plans for a grand comeback. He still considered the 80,000
year old pollen to represent powerful evidence in favor of the
tripartite theory. Perhaps by using the electron microscope
the hypothesis could be vindicated once and for all. In 1972 a
PhD student at Harvard, Umesh Banerjee, working with Elso
Barghoorn, conducted electron microscope studies of the
pollen of corn, teosinte and Tripsacum.

Unfortunately, the micrographs showed that spinules of
the pollen grains of corn and teosinte were uniformly
distributed, whereas those of Tripsacum were clumped.
Hybrids of corn with Tripsacum were intermediate, as were
derivatives and backcrosses having as little as one
Tripsacum chromosome. Mangelsdorf finally accepted this
evidence as conclusive proof that the tripartite hypothesis
was wrong in saying that teosinte arose from hybridization
between corn and Tripsacum.
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Two types of Zea from Amecameca in central Mexico. On
the left is Chalco teosinte (Zea mays mexicana) which
is easily edible only in the form of green
inflorescences and sweet stems. On the right is
Conico corn (Zea mays mays) with typical cone-

shaped ears resulting from heavy loading of nutrients in an
ascending geometric pattern. The ears of corn may have
arisen through a hypothetical hormonal shift which resulted
in feminization of the apical male inflorescences (tassels) of

Rediscovery of Zea perennis by Rafael Guzman
In 1910 Dr. Albert Hitchcock of the Smithsonian

Institution discovered a perennial teosinte near a railroad
station in the state of Jalisco, Mexico. It proved to be a
tetraploid which would not interbreed with diploid teosinte

primary lateral branches of primitive Zea, suppression of the
lateral female ears and a sudden dramatic re- allocation of
nutrient resources to cause a polystichous apical meristem
by condensation -twisting through slippage of rachid initials
early in ontogeny. If this is so, then traditionally accepted
homologies of structure between teosinte ears and corn ears
are incorrect and Chalco teosinte may indeed be ancestral to
modern corn. Photo by Hugh H. Iltis.

or with corn. This perennial Zea was not seen in the wild after
1921 by botanists and was considered to be extinct in nature.
Iltis searched in vain for it in 1960 at the locality of its
original discovery. In 1972 he attended the First Latin
American Botanical Congress and among other things
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The New Year's card that started it all,-sent in 1976 to
Doctora Maria Luz Puga, Professor of Botany at the
University of Guadalajara. The card and its statement
cseinct in the wild" induced her to encourage her student
R.Ofc;r:/ (AZ1211112 tO successfully rediscover Zea perennis
the wild. Seeds from a second population suspected of be;

this tetrapk,la spircies were sent to Dr. Iltis in i.

The grovving from these see;1,:
had foil a Wild 20-chroinwzome pcnníth reLit»,C L,rn

wh !1.-itirely new to rkure,! Zea
diploperennis by Iltis and is associates.
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The "Four Maizeteers," left to right: John Doebley, Rafael
Guzmán, Maria Luz Puga and Hugh H. Iltis, standing in a
population of 40- chromosome perennial Zea. Photo
by Hugh H. Iltis.

pleaded for local botanists to search out the rare plant so that
its habitat could be studied and preserved. Among several
persons attending the conference he met Doctora Maria Luz
Puga, a botany professor at the University of Guadalajara.

In 1976 a New Year's card sent to Dr. Puga by Iltis depicted
Zea perennis. The statement on the card "extinct in the wild"
induced her to encourage her students, including Rafael
Guzmán, to look for this plant in Jalisco. The drawing on the
card made a perfect sample of what to look for. Guzmán
eventually found the plant and grew it at the University.

Description of a New Diploid Perennial Zea by
Hugh Iltis and Associates

At the University of Guadalajara, a fellow student
recognized Guzman's teosinte as a plant common near his
home village. Guzmán went there and found the annual Zea
mays ssp. mexicana. But while he collected the seeds, an old
man on a mule told him that much more of such maicillo grew
a day away on top of a high "sierra." Persistent to a fault,
Guzmán departed for the sierra and found a large stand of
what he thought was Zea perennis. Seeds of these latter
plants sent to Madison, Wisconsin grew into plants which
were indeed perennial but which were diploid, not tetraploid
as in Zea perennis. Iltis and his associates, John Doebley and
Batia Pazy, as well as Guzmán, studied these plants and
determined that they represented a new species hitherto

unknown to science, naming them Zea diploperennis in the
journal Science.

Use of Zea diploperennis in Breeding Programs
of Paul Mangelsdorf and 'Julian Camara -
Hernandez

In the original description of diploperennial teosinte, Iltis
suggested that it "should provide geneticists with a
potentially valuable source of germplasm, and may lead to
the development of perennial maize." At the advanced age of
80 years, Paul Mangelsdorf determined to interbreed Z.
diploperennis with what he considered a primitive form of
Mexican popcorn with hard seed casings.

To hasten the research by obtaining two generations a
year, the seed was airlifted between North and South
America, with Professor Julian Camara -Hernandez of the
University of Buenos Aires cooperating. Seeds were planted
in Argentina, Florida, Texas and North Carolina. Some of the
perennial hybrids in Argentina have already survived three
seasons and are seven feet tall.

H. Garrison Wilkes, now a professor at the University of
Massachusetts, believes that perennial corn will become a
key pasture crop in warm -winter regions, particularly in
developing countries where annual races are poor producers.
Perennial popcorn or perennial sweet corn used in
landscaping might be just the thing for the home-owner who
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doesn't want to replant each year and doesn't need a whole
field of plants. Perennial corn, with its extensive root system,
also might protect the land from erosion.

Taxonomic and Morphologic Studies of Zea by
John Doebley and Hugh Iltis

Zea has recently been treated by Doebley and Iltis as having
four species, the section Luxuriantes containing Z. diplo-
perennis, Z. perennis and Z. luxurians and the section Zea
containing the single species Zea mays. Within Zea
mays,three subspecies are recognized: parviglumis, mexicana
and mays. The former two are teosintes, the latter corn.

Morphological variation in ssp. mexicana and spp.
parviglumis was reported on at the 1981 AIBS meetings by
John Doebley. Variation is correlated with temperature,
rainfall and length of growing season. Plants with large
fruitcases and male spikelets were found to occur in dry sites,
and those with smaller spikelets and fruitcases in wet sites.
Plants with dark red, densely pilose sheaths were found to
occur in relatively cool sites, and those with green, glabrous
sheaths in warmer sites.

Within subspecies parviglumis, at least, plants with large
leaves tend to occur in wet, long- seasoned sites and those
with smaller leaves in drier, shorter -seasoned localities.
Introgression from corn (ssp. mays) does not appear to have
greatly affected the pattern of morphological variation
within the two wild subspecies.

The Catastrophic Sexual Transmutation Theory
(CSTT)

The CSTT proposed by Iltis in 1979 suggests that the corn
ear is the feminized central spike of the tassel terminating the
primary lateral teosinte branches. By this theory, although
teosinte is ancestral to corn, the teosinte ear is not directly
ancestral to the corn ear. The catastrophic changes in resource
allocation suppressed the teosinte ears while drawing all nu-
trients of the branch system to the new corn ear.

By their terminal position with pairs of soft -glumed spike -
lets, tassel spikes were pre- adapted to turn into corn ears with
many paired free grains. The now nutrient overloaded ter-
minal female apical meristem became polystichous by con-
densation twisting. Selection of cultivar attributes by humans
soon followed. The CSTT is related to branch condensation,
but whether as cause or effect is unknown.

The extent to which mutagenic agencies, cold, viruses,
mycoplasmas, fungi or other pressures may have been involved
in triggering the catastrophic change, is not known. Resolving
archaeological, morphological and genetic paradoxes, the
CSTT is amenable to experimental verification.

Can the CSTT be Examined in Relation to Trans-
position Studies by Barbara McClintock?

As scientists become increasingly polarized in abstruse
subdisciplines, opportunities to integrate knowledge
between widely disparate research projects are rare, but when
they do come, tremendous breakthroughs can be anticipated.
Certain studies of corn genetics begun by Barbara McClin-
tock in the 1940's and carried right up into the 1980's are now
serving as a connecting link between two worlds which had
become rather disparate, -the worlds of classical and
molecular genetics. Now we may have the rare opportunity of
extending the bridge even further, -to a world light -years
away, the world of plant taxonomy.
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McClintock has identified genetic elements in corn which
not only can move from site to site but which turn other
genes on and off. Meanwhile, Monod and Jacob discovered
that regulatory genes could also turn off and on genes respon-
sible for synthesis of specific enzymes in E. coli. McClin-
tock's work indicated that extracellular processes (i.e. those
related to development and maturation) triggered actual
changes in the arrangement of chromosomal DNA in corn.
She suggested that "transposition" be added to the vocabulary
of genetics, making a trilogy of "transduction, transformation
and transposition."

Soon transposable elements were discovered by molecular
geneticists in bacteria as well, the concept becoming so
respectable that the 1980 Cold Springs Harbor Symposium
was devoted to the topic of movable genetic elements. Under-
lying this entire concept is a feeling among researchers that if
identifiable elements are indeed turning genes on and off (and
this now seems indisputable), then there must be a powerful
feedback mechanism, -with the level of development of an
organ or organism playing a key role in just which signals are
sent to which DNA molecules in which parts of the organism
at which times.

The CSTT concept of Iltis explains how a quantum change
in morphology of Zea could yet correspond to only a minute
genetic and taxonomic difference. Taking the proposal of Iltis
a little bit further, it might be suggested [although not
proposed in these terms by [ltis] that the change from teosinte
to corn may have come when the signals going to the DNA
somehow underwent mutation, -that corn is not the result of
a step -by -step accumulation of single -gene mutations, but
rather represents a gross re- expression of existing mutations,
-in his terminology "transmutation" has occurred. In this
case, rather than observing a gross number of changes in the
DNA itself, we may be witnessing a single gross mutation in
the pattern of signals going to the DNA. Could some timing
chain mechanism have slipped a sprocket? Whereas the genes
for femininity had been suppressed in the tassels of lateral
branches, suddenly they were turned on while at the same
time other genes may have been turned on to form the cob
with the same vigor which had previously formed heavy
culms. But other genes were seemingly turned off, resulting in
branch condensation and elimination of the old teosinte ears.

We might suppose that the normal pattern of signals to
DNA molecules is so important in the development of an
organ or organism that a change would be lethal, -a "catas-
trophe" in the terminology of the CSTT. Indeed, in the case of
corn, the catastrophe would have been lethal if man had not
intervened, since corn with its unique non -dispersable ears
tightly enclosed in shucks, due to the branch condensation,
cannot effectively reproduce itself to form natural popula-
tions. By the catastrophic transmutation theory, although the
various morphological features of teosinte make it successful
in nature, their re- arrangement in corn created a combination
which was unsuccessful in nature but eminently pre -
adapted for cultivation by man. In this case, what would
have been a catastrophe for the plant, turned into a bonanza for
man.

Since other catastrophic situations in development of
organs and organisms (cancerous tumor formation, to give
one example) might similarly be related to changes in the
signals going to DNA molecules, any discovery in corn relat-
ing to the mechanisms of Iltis's "transmutation" might have
far -reaching practical significance.
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Rafael Guzmán stands next to Zea diploperennis at La
Ventana in the Sierra de Manantlán Central. La Ventana is
the "type locality" for this wild relative of corn. Photo by
Hugh H. Iltis.
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Zea diploperennis:
A Primitive Relative
Offers New Traits
to Improve Corn1

L. R. Nault
Department of Entomology
Ohio Agricultural Research and Development Center

and

W. R. Findley
Agricultural Research Service,
U. S. Department of Agriculture and
Ohio Agricultural Research and Development Center,
Wooster, Ohio

'This information originally appeared in the Ohio Report
on Research and Development in Agriculture, Home Econom-
ics, and Natural Resources 666): 90 -92. November -December,
1981.
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Four years ago, a young Mexican botanist made what may
someday be recognized as the "botanical find of the century."
Rafael Guzmán, a student at the University of Guadalajara,
was searching for one of the wild relatives of corn in the
mountains of southern Mexico. Guzmán was looking for Zea
perennis, a perennial "teosinte" thought to be extinct in the
wild since the early 1920's. This primitive corn relative was
considered more of a botanical curiosity than a boon to
mankind. As a tetraploid, perennial teosinte produces sterile
offspring when crossed with corn, a diploid species. Guzmán
found perennial teosinte growing in a remote mountain site.

At another location, he found what he thought to be
another stand of this plant species. However, Professor Hugh
H. Iltis and his former student, John F. Doebley, of the Univer-
sity of Wisconsin, determined that Guzmári s second find was
a species not previously known to exist. They described and
named the new species Zea diploperennis. This diploper-
ennial teosinte is a diploid and produces fertile offspring
when crossed with corn. The long dreamed of possibility of
producing a perennial corn was suggested by Iltis and his
colleagues as a potential use for the new teosinte.

The advantages of growing a perennial corn are obvious.
Once planted, the crop could be harvested for several years
without replanting, offering considerable savings in time and
money. There are also potential disadvantages of a perennial
corn. A perennial must divide its nutrient resources between
the seed and its rhizomes, the overwintering structures.
Therefore, a perennial corn plant might not be expected to
produce as much grain as an annual. Also it might not be
possible to grow a perennial corn plant in the northern corn
growing regions of the United States where winters are often
severe. Frost occurs in the mountains of southern Jalisco
where diploperennial teosinte grows, but the ground does not
freeze as it does in the Cornbelt states. In two consecutive
years, diploperennial teosinte planted in Ohio has not sur-
vived the winter. The rhizomes froze and rotted.

Nevertheless, diploperennial teosinte theoretically could
survive the milder winters of the southern United States. In
this region, a perennial grain corn or perhaps a vigorous forage
corn could be developed. Hybrids between diploperennial
teosinte and maize grown in Ohio have produced giants
reaching 10 -12 feet tall.

Perenniality may not be the most useful trait that diploper-
ennial teosinte can provide for corn. There is potential for
improving annual dent corn with useful genes from this wild
corn relative.

This possibility is what spurred the interests of members of
the maize virus research team at the Ohio Agricultural
Research and Development Center. OARDC workers joined
Iltis and Guzmán on subsequent expeditions to the mountain
sites where diploperennial teosinte had been discovered.
They suspected that diploperennial teosinté s long survival
in the wild was because of genetic immunity or tolerance to
insect pests and diseases. Perennials generally are more resist-
ant to systemic plant diseases than are annuals.

Tests were inititated at the OARDC to measure susceptibil-
ity of diploperennial teosinte and other teosinte (Zea) species
to various systemic maize diseases. A program of crossing and
backcrossing the diploperennial teosinte with modern corn
was also initiated.

Tests with diploperennial teosinte have confirmed that it
is immune or tolerant to several important viral
and mycoplasmal diseases Table 1). In many
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Roots of the type collection of Zea diploperennis,
.

showing development of perennial rhizomes. Photo by Hugh
H. Iltis.
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Table 1. Susceptibility of Zea diploperennis to viral and mycoplasmal diseases of corn.'

Disease
pathogen

Reaction of
Zea diploperennis Comments

Maize chlorotic dwarf virus

Maize dwarf mosaic virus,
Strain B

Maize dwarf mosaic virus,
Strain A

Maize chlorotic mottle virus

Maize streak virus

Maize stripe virus

Maize rayado fino virus

Maize bushy stunt mycoplasma

Corn stunt spiroplasma

Immune

Immune or
Tolerant

Susceptible

Immune

Immune

Tolerant

Tolerant

Immune

Susceptible

This is one of the two most serious virus diseases in the
United States. No other source of virus immunity
is known.

Tolerant but not viral immune corn lines have previously
been developed.

Tolerant and viral immune dent corn has previously been
developed.

This virus causes serious disease in Kansas and Nebraska
and in South America. No other immune source is
known.

The most serious viral disease in Africa. No other virus
immune source is known.
This virus, widely distributed in tropical countries, has
little effect on Zea diploperennis.
This virus, found in the American tropics, has little
effect on Zea diploperennis.
This mycoplasma causes a serious disease in corn at high
elevations in the American tropics.

Spiroplasma causes a serious disease in corn at low
elevations in the American tropics.

'Summarized from 1) Nault, L.R. 1980. Maize bushy stunt and corn stunt: A comparison of disease symptoms, pathogen host
ranges and vectors. Phytopathology 70: 659 -662; 2) Nault, L.R., R.E. Gingery and D.T. Gordon. 1980. Leafhopper transmis-
sion and host range of maize rayado fino virus. Phytopathology 70: 709 -712; 3) Nault, L.R., D.T. Gordon, V.D. Damsteegt
and H.H. Iltis. 1982. Response of annual and perennial teosintes (Zea) to six maize viruses. Plant Disease 66:61 -2.

instances, this represents the only known source of such germ
plasm for corn.

The cooperative state -Federal corn breeding program is cur-
rently developing dent corn resistant to maize chlorotic dwarf
virus (MCD), one of the two most serious viral diseases of
corn in the United States. Resistance to MCD does not appear
to exist in other corn germplasm. Initially, pollen from diplo-
perennial teosinte was used to pollinate the silks of several
corn plants. Only a few seeds were obtained from each cross,
perhaps because the smaller pollen grains of diploperennial
teosinte lack the vigor to travel the long silk channels of corn
to reach the embryo sac. Pollen of first generation hybrid
plants from crosses of corn and diploperennial teosinte was
used to pollinate other corn plants.

Resulting first generation backcross plants were inocu-
lated with MCD using viruliferous leafhoppers. Immune
plants were separated from susceptible ones and were used to
produce second generation backcrosses. The second genera-
tion backcross plants were tested for MCD resistance and
used to pollinate other corn plants. These third generation
backcross seeds will be theoretically 93.75% corn and 6.25%
diploperennial teosinte.

By continued backcrossing to Cornbelt corn types it is
hoped that parent inbred lines resistant to MCD, as well as to
strain B of maize dwarf mosaic virus, another important corn
virus in the United States, will be developed. It likely will be
ten years before corn hybrids resistant to MCD are available
for farmer plantings. In addition to transferring virus resist-
ance, it must be fixed in a homozygous condition and the
resulting inbred lines tested for performance in hybrid
combinations.

Diploperennial teosinte may help provide resistant
germplasm for foliar and root pathogens as well
as insect pests such as corn earworms, stalk bor-
ers, and rootworms. Ohio breeding studies also suggest
that diploperennial teosinte may provide genes for
greater stalk and root strength, multiple ears per
plant, and tolerance to poorly drained. soil. We
are just beginning to realize the potential contributions that
diploperennial teosinte can offer for the improvement of corn.
This potential may validate the claim for hailing Rafael Guz-
mán's diploperennial teosinte as the "botanical find of the
century."
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Arboretum Progress

R. T. McKittrick
Boyce Thompson Southwestern Arboretum

"Arboretum Progress" is written to report activities
and concerns relative to the operation of the Boyce
Thompson Southwestern Arboretum. A major concern
in the current economic downturn must be the acquisi-
tion of funding necessary to support current Arbore-
tum programs and the vigorous improvement programs
underway.

One aspect of the requirements of funding improve-
ments not always recognized is that one improvement
project often generates a chain reaction of additional
needs. A good example is the one hundred vehicle park-
ing lot constructed last summer about one -eighth of a
mile from the visitor center. It was necessary then to
construct a foot path over that distance. A course was
selected that provided a magnificent view over the
gardens to scenic Picket Post Mountain. Specifications
called for an eight foot wide walk -way with a hard
packed surface suitable for children's strollers and
other wheeled conveyances. But it was desired that the
walk -way maintain the appearance of a rustic trail. It
was necessary to cut over 100 feet of the walk into a
hillside as much as 4 feet deep to avoid a grade too steep
for comfortable walking. This was all accomplished
with the labor of Arboretum staff members and enrol-
lees of the Young Adult Conservation Corps (YACC)
using Arboretum or rental equipment. A mixture of soil
and cement was chosen to give a surface that is hard,
smooth and weatherproof but yet natural in appear-
ance. Such a "soil cement," although not widely known
as a construction material, is durable and has certain
advantages. The path was completed about January 1,
allowing the parking lot and trail to be put into service
in time for the winter and spring peak months of visitor
utilization.

The new entrance trail approaches the front of the
Visitor Center directly so that the visitor is introduced
to the building's picturesque facade in a way which
would have pleased the original architect. Previously
visitors approached the building from the side from
what is now a service parking lot. (Handicapped visitors
are encouraged to use this service parking lot where
they can disembark from their vehicles only a few feet
from the Visitor Center.) The front approach has neces-
sitated a reorganization of the gathering area in front of
the center. To define this area and to enhance it, a stone
seat wall has been constructed along the entire length
of the building. We are now encountering some prob-
lems in keeping visitors on the new entrance trail.
There are some inherent potential short cuts that seem
to be irresistable. This problem will have to be dealt
with in order to protect some fine native areas from
destruction by a few thoughtless individuals.

One contribution to the solution of that problem
would be an entertaining and informative movie or
slide film orientation presentation to introduce the
Arboretum to the visitor. The fragile nature of the
desert and an appreciation of the garden aspect of the
Arboretum would be brought to the visitor's attention.
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A visitor orientation complex providing for a contact
station, orientation displays and a small auditorium
located at the head of the trail from the new parking lot
to the gardens is planned and would make this possible.

An initial set of 15 study plots constructed to test a
variety of ground covers for desert landscaping have
been so successful that an additional 15 were added,
and 15 more have been requested. The Arboretum has
cleaned and started grading land for a demonstration
garden. This project will provide a number of landscape
situations in which the desired effect will be accomp-
lished by the use of water conserving plants. It will,
without doubt, generate its own set of related improve-
ment projects.

Another area of improvement that continues to grow
is our interpretive- education program. Daily lecture
series introduced last summer were continued during
the winter and spring. A Fall Landscaping Festival was
added last November. Over 200 very interested persons
attended a series of lectures on selecting desert plants
and planning their arrangement in landscaping situa-
tions. Out of these programs has grown a great demand
for our botanists and horticulturists to lecture away
from the Arboretum. This is a service the Arboretum to
date has provided without charge. Another opportunity
for improvement in this area is the development of a
discovery garden to provide a hands -on learning expe-
rience with plants.

This is the kind of momentum that has grown at the
Arboretum over the past 15 years. Over that period we
have been dependent upon federal funding only for the
YACC Program. That program, which has been very
helpful to the Arboretum and to the enrollees (and to
the economy in view of the number of enrollees who
have gone on to be self- supporting) was, regrettably,
discontinued March 26, 1982. The Arboretum has not,
in the past, vigorously sought private contributions to
augment the support it has received from its tripartite
sponsorship. We have, however, received some very
significant unsolicited support from the private sector
over the past fifteen. years.

It is clear now that if the current momentum in the
effort to improve the Arboretum is to continue, much
of the funding must come from private contributions.
In order to attract more of these contributions, a Friends
of the Arboretum association has been formed to pub-
licize the needs, solicit contributions and to provide a
vehicle through which they can be deposited and
expended. This organization has been formed as a part
of the University of Arizona Foundation. Several levels
of membership are available, beginning at $25 yearly,
and include: a one year subscription or subscription
extension to "Desert Plants "; free member admission to
the Arboretum; two free guest admissions; and invita-
tions to a special preview of the Annual Spring Plant
Sale and to Friends Day in the fall.

The office of Executive Secretary of the friends organ-
ization has been created to coordinate its promotional
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activities. This office will receive, record and acknowl-
edge all membership applications and keep members
informed of activities. Leverett T. (Tim) Clark has been
appointed to this post. Tim is an enthusiastic supporter
of the Arboretum and its mission to popularize the use
of desert plants in desert landscaping. As a cooperator
in the ground cover trials in progress here for several
years, he is well acquainted with the Arboretum. Clark
is a graduate of Duke University, and is now pursuing a
Master's degree in Environmental Horticulture in the
Plant Sciences Department of the University's College
of Agriculture. He is the President of the Arizona
Native Plant Society.

Contributions to the Friends of the Arboretum are
tax deductible and eligible for employer matching con-
tribution programs. Both the contributions and the
match may also be used to establish membership in the
University of Arizona Foundation honorary organization.

To become an Arboretum benefactor or to obtain
more information on the "Friends" movement, write or
call:

Leverett T. Clark, Executive Secretary
Friends of the Arboretum
P.O. Box 3608
College Station
Tucson, AZ 85722
Telephone 602 -626 -0261
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Colonel William
Boyce Thompson

William T Smith
Chairman of the Board
Boyce Thompson Southwestern Arboretum, Inc.

The Colonel was raised in Butte, Montana where his
father was mayor. He was sent east to attend Phillips
Exeter Academy at Exeter, New Hampshire. Here he
met Thomas Lamont who became a lifelong friend. Both
graduated from Exeter and became outstanding men in
finance. Mr. Lamont became the head of J. P. Morgan &
Co.

The Colonel made his fortune in the mining industry
by promoting and arranging the financing of newly
discovered mines. He made his first million dollars by

Winter 1981 -82

promoting and arranging the financing of Nippising
Mine, an exceedingly high grade silver property in
Canada.

In the early days it was permissable to form syndi-
cates to promote and finance new companies. The
Colonel was syndicate manager for many of these ven-
tures but he would never promote the stock of a com-
pany unless it had real value. His success was due not
only to his own outstanding ability but, as he fre-
quently stated, to the outstanding mining engineers
like Messrs. Aldrich, Krumb, Searls, McNab and his
legal advisor Mr. Ayer. The Colonel's office was located
at 14 Wall Street and he had a close relationship with
the banking firm of J. P. Morgan & Co. across the street.

The Colonel was a motivating force in bringing to
production Magma Copper Company which presently
is wholly owned by Newmont Mining Corporation and
is now the fourth largest copper producer in the United
States. He was instrumental in the opening of Texas
Gulf Sulphur Co. and recommended the development
of the Flin Flon property which later was financed by
the Harry Payne Whitney interests and Newmont Min-
ing Corporation. It became the Hudson Bay Mining and
Smelting Co. Ltd., -one of Canada's biggest mines. The
Colonel formed his own company, the Newmont Min-
ing Corporation. The name is derived from New York
and Montana. This company, listed on the New York
Stock Exchange, has had phenomenal growth due to the
financial genius of Colonel Thompson who, it was said
by his broker, never missed a major move in the stock
market.

The Colonel built a palatial home in Yonkers, New
York which overlooked the Hudson River and which
was surrounded by beautiful gardens with some statu-
ary. In his home he had a large organ at the top of the
stairway from which soft music floated to the down-
stairs. Also included in the home was a large swimming
pool and a squash court. Being a mining man he became
interested in minerals. In the lower level of his home he
had a mineral room where he had one of the finest
mineral collections in the country, which minerals
were displayed beautifully. In one case he had an ame-
thyst which was between two to three feet in diameter.
In the collection also were the crown jewels of China.
Before one entered the mineral room grape vines hung
from the ceiling and the grapes were cut crystals. The
Colonel left his collection to the American Museum of
Natural History.

The Colonel bought the yacht Savarrona which at
the time was one of the largest yachts afloat. The name
was later changed to the Alder.

In 1917 Colonel Thompson visited Russia and was
very impressed with the poverty and hunger prevalent
there. It was then that he decided that his contribution
to mankind would be to somehow do something to
increase the food supply in the world. He and his close
friend Thomas Lamont endowed what is now the Boyce
Thompson Institute for Plant Research where two mil-
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lion dollars a year is spent to fulfill the Colonel's dream.
Recently the Institute was moved to Cornell Univer-
sity where a new $8.5 million building was erected for
the exclusive use of the Institute.

In a smaller way the Colonel formed and endowed the
Boyce Thompson Southwestern Arboretum in Arizona
where many varieties of desert plants were planted and
are utilized not only for their beauty but for purposes of
research.

Thompson was outstanding in many other ways. He
established a trust called the William Boyce Thompson
Fund, the income from which is used to help any indi-
vidual with financial problems who worked for the
family or for any corporation with which the Colonel
was affiliated. The trust is still active.

As a graduate of Phillips Exeter Academy, he is
recognized as one of its most influential benefactors.
He gave the Academy an excellent gymnasium which
is called the Thompson Gymnasium. He later made a
substantial contribution to a science building which
too bears his name. His wife and daughter gave the
Academy the Exeter Inn.

The Colonel was equally generous to his friends,
many of whom because of him became wealthy. My
father, one of his close friends, managed the light corn -
pany, water company and a real estate company owned
by the Colonel in Ely, Nevada. After a number of years
the Colonel told Dad that he was selling the properties.
Surprised, Dad asked "To whom?" and the Colonel said
"To you." Dad said he didn't have the wherewithal to
buy them. The Colonel said "Pay me out of the earnings
of the companies." Dad was delighted. In about two
years the Colonel asked Dad to come east. When Dad
arrived at his home the Colonel said, "Arthur, why
should you wait til I die before you own those proper-
ties? I have left them to you in my will." The Colonel
had an expression, - "For my friends, Yes. For my friends'
friends, No."

The Colonel had an excellent sense of humor and
enjoyed playing cards, -particularly poker and pitch.
Many high -stake games took place in his game room
where the game frequently lasted a whole weekend
with little sleep. The group called themselves the "Sons
of Hope."



Day and Ludeke

Table 1. Organic matter, bulk density, pH, soluble salts,
nitrate -nitrogen (NO3 N), phosphorus (P), sodium (Na), and
potassium (K) in the 15 -cm depth of four soil materials
associated with copper mines near Tucson, Arizona in 1974.

Soil
materials

Organic
matter

Bulk
density pH

Total
soluble
salts NO -N P Na K

1%1 IP,/euT'I IPPmI IPPmI (PPmI (PPmI IPPmI
Desert soil (u8 1.37 7.45 3,182 6 1 63 17

Overburden 0.14 1.29 7.85 2,452 7 2 135 15

Overburden
plus tailings

0.11 1.34 7.78 2,869 7 26 189 25

Tailings 0.21 1.35 7.75 355 22 31 66 51

Barker et al. (1977). Jones et al. (1975) found that grasses
seeded in a mulch grew well and resulted in excellent ground
cover and soil erosion control. Day et al. (1976) compared the
growth, fiber, protein, and amino acid contents of barley for-
age grown on four mine soil materials to determine if copper
mine wastes can produce high yields of quality forage for
livestock feed. In addition to providing economical, quick
ground cover, forages aid in the restoration of the spoil mate-
rial to a productive soil (Bennett, 1977). The objective of this
research was to investigate the effects of four soil materials in
copper wastes on the growth of three species of annual grasses
grown in a semiarid environment.

Materials and Methods
Experiments were conducted over a 2 -year period

(1973 -1974) to study the stabilization of copper mine wastes at
Cyprus Pima Mining Company, near Tucson, Arizona, with
annual grasses. Four soil materials (desert soil, overburden,
overburden plus tailings, and tailings) were broadcast planted
with seeds of spring barley (Hordeum vulgare L.), sudangrass
[Sorghum sudanense (Piper) Stapf.], and annual ryegrass
(Lolium temulentum L. Darnel). Desert soil material (Anthony
series) was the surface soil found in the semiarid environment
in southern Arizona. The Anthony series is a member of the
coarse -loamy, mixed (Calcareous), thermic family of the
Typic Torrifluvents. Overburden was the non -ore material
located above copper ore deposits. Overburden plus tailings
was a mixture of overburden and tailings. Tailings was the
waste material from the milling of copper ore. Table 1 shows
the physical and chemical characteristics of the four soil
materials as described by Ludeke et al. ( 1974).

The experimental design was a Split Plot with soil mate-
rials as main plots and annual grasses as sub -plots with four
replications. To insure adequate sampling of each soil mate-
rial, the replications were arranged horizontally along the
berms containing each soil material. The plot size was 48m2.
A "sidewinder" and a "sheepfoot roller" were used to prepare a
smooth, loose seedbed on a 1.5:1 berm slope in each soil
material. Approximately 3 cm of irrigation water was
sprinkled over the area prior to planting. Twenty -nine kg/ha
of elemental nitrogen (N) was applied in the preplanting
irrigation.

In May of each year, seeds of the three annual grasses were
broadcast planted by hand on each soil material at the follow-
ing rates: (1) spring barley -400 seeds /m2, (2) sudangrass-
350/m2, (3) annual ryegrass -500 seeds /m2.Immediately after
planting, 11,200 kg/ha of barley straw were applied to the
experimental area. Following the straw application, 19 kg/ha
of N were applied in 1 cm of irrigation water. In 1973, three,
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and in 1974, five additional irrigation and fertilization
applications were made throughout the growing seasons.
During each of these subsequent irrigations, 1 cm of water
and 50 kg/ha of N were applied.

The following data were recorded for each plot: (1) number
of seeds germinated (emerged), (2) number of seedlings estab-
lished, (3) number of stems produced, (4) plant height, (5)
forage yield, and (6) percent ground cover. All data were ana-
lyzed using the standard analysis of variance and means were
compared using Student -Newman -Keuls' test as described
by Steel and Tonic (1960).

Results and Discussion
In 1973 and 1974 (2 -year average), desert soil resulted in

the highest averages for all plant characteristics studied, for
each of the three annual grasses. Overburden was the second
most productive soil material, followed by overburden plus
tailings, and tailings, in decreasing order (Table 2).

Annual ryegrass had the highest seed germination (emer-
gence), per number of seed planted, in all soil materials. Sudan -
grass and spring barley had similar seed germination. In all
soil materials except tailings, annual ryegrass established the
highest number of seedlings, per number of seed planted, per
unit area. In desert soil and in overburden, spring barley was
intermediate and sudangrass had the lowest seedling estab-
lishment. There was no difference in seedling establishment
between spring barley and sudangrass in overburden plus
tailings (Table 2).

Stem production was the greatest for annual ryegrass fol-
lowed by spring barley and sudangrass, in decreasing order, in
all soil materials. There was no difference in the height of the
three annual grasses in overburden. In all other soil materials,
spring barley grew taller than sudangrass and ryegrass. In all
soil materials, spring barley had the highest forage yield fol-
lowed by sudangrass and annual ryegrass, in decreasing order.
Spring barley and annual ryegrass produced the most com-
plete ground cover in all soil materials (Table 2).

The number of seeds germinated per unit area is usually an
indication of the amount of seedling establishment. High
seedling establishment produces a more pleasing appearance
for a disturbed area than does a low seedling establishment.
High seedling establishment is accompanied by the develop-
ment of many separate roots resulting in a more compact root
community below the soil surface. A compact root commun-
ity stabilizes a disturbed area more effectively and makes it
more resistant to the harmful effects of erosion and trampling
by wildlife than does a sparse root system. The number of
stems produced is an indication of vegetative cover and forage
production. A high number of stems per unit area creates a
favorable habitat and food supply for wildlife. Plant height is
important because, in general, taller grasses produce more
vegetation per unit area than shorter grasses and they are
more effective in improving the appearance of the disturbed
area. Complete ground cover protects the soil surface against
wind and water erosion and enhances the general eye -appeal
of an area.

Wind and water erosion can be controlled by planting
copper mining wastes with adapted grasses to stabilize the
slopes. To obtain successful overall revegetation and to most
effectively blend disturbed areas into the surrounding envir-
onment, a variety of adapted grass species should be used'in ä
revegetation program in the southwestern United States and
in similar environments throughout the world.
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Table 2. Average germination, seedling establishment, number of stems produced, plant height, forage yield, and ground cover
for three annual grasses grown on four soil materials associated with copper mines near Tucson, Arizona in 1973 and 197412-year
average).

Soil
materials

Plant
species

Seeds
germinated

in 1 m=

Seedlings
established

inlm2
Stems

produced
in 1 m2

Plant
height

Forage
yield

(12% moisture)
Ground
cover

(no.) (no.) (no.) (cm) (kg /ha) ( %)

Desert Soil Spring barley 336 b + 301 b 667 b 38 a 2335 a 70 a
Sudangrass 310 b 189 c 405 c 24 b 1115 b 56 b
Annual ryegrass 492 a 468 a 1023 a 20 b 243 c 68 a

Overburden Spring barley 331 b 222 b 581 b 25 a 2265 a 65 a
Sudangrass 301 b 171 c 334 c 22 a 1074 b 45 b
Annual ryegrass 453 a 409 a 985 a 18 a 228 c 65 a

Overburden Spring barley 269 b 201 b 549 b 20 a 2133 a 60 a
& tailings Sudangrass 202 b 159 b 324 c 13 b 1023 b 40 b

Annual ryegrass 419 a 378 a 958a 16b 210c 61a
Tailings Spring barley 124 b 107 a 409b 15 1918a 30a

Sudangrass 95 b 75 b 258 c lO b 970 b 20 b
Annual ryegrass 301 a 103 a 490 a 1 1 b 135 c 30 a

Significance of differences:
Between soil materials
Between plant species 5* w Mt I

" = Significant at 1% level; " = significant at 5% level.
+ Means followed by the same letter, within soil materials and between plant species, are not different at the 5% level of significance using
the Student -Newman -Keuls' test.
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The Morama Bean of
the Kalahari Desert
as a Potential Food
Crop, With a Summary
of Current Research
in Texas

Joseph Bousquet
Department of Sociology and Anthropology
Southwestern Texas State University
San Marcos, Texas

Ethnobotany, the hybrid of anthropology and plant science,
offers to enrich human life by bringing the knowledge of
plants and their uses from one human group to another.
Cooperative research on the morama bean (Tylosema esculen-
turn, syn. Bauhinia esculenta) by anthropologists, plant
scientists, and nutritionists is helping to bring this wild Kala-
hari Desert legume into cultivation by arid lands
agriculturists.

Morama is a viney plant that produces a bean with unusual-
ly high levels of protein and oil (Figure 1), and a tasty tuber
which is used as a failsafe for thirst by Kalahari foragers (Vier -
ich, personal communication. Although it is presently
known only in a wild state, morama is a prime candidate for
expanded food use and cultivation. This plant attracted world-
wide interest when the National Research Council of the
National Academy of Sciences called for greater research at-
tention to this "neglected legume of great potential" (National
Academy of Sciences, 1979).

The specific name esculentum (_ "edible") is well chosen,
according to Codd (1952(, because "... not only is this plant
sought out by browsing stock and game, but the tubers and
seeds were a staple food for the indigenous people (of the
Transvaal) and are even today relished by the farming
communities in areas where plants grow."

The beans are never eaten raw, but nearly always roasted,
which gives them a rich, nutty flavor (Adlung, 1913; Weh-
meyer et al., 1969; SIDA, 1972; Lee, 1979). There are also
reports of San (Bushmen) who boil the beans (Ebert, personal
communication). The plant's desirability as a food can be
estimated from reports that foragers in the Kalahari will walk
40 kilometers to collect morama, and that some groups live
on little else for several months of the year (Tanaka, 1976;
Wilmsen, personal communication).

Morama is called tsin by the !Kung. For groups in the Dobe
area studied by Richard Lee, it is second only to the mon-
gongo nut in dietary importance (Lee, 1979(. Lee describes the
way tsin are cooked and used:

Unripe beans may be sun -dried before further processing. A
batch of 50 or so beans is roasted in the shell for a few minutes
in the hot ashes and sand of the cooking fire. Slight bursts of
steam from the roasting beans indicate that they are ready for
eating. Occasionally, a bean explodes, but without much dam-
age. The beans are removed from the ashes, placed on an anvil
stone, and opened with a single light tap of a rock or stick.
Each bean comes apart easily into halves. Eaten whole, the
beans have a rich, strong, nutty flavor. Alternately, the
shelled beans may be pounded in the mortar and then mixed
with hot water and eaten as soup or porridge. (Lee, 1979: 487).

The NAS report mentions the young tubers as a valuable
food source. The proper term for the tubers is sekophane in
Tswana, or n //n in !Kung, but for convenience we have been
calling them morama tubers. Kalahari foragers dig them up
when they weigh about one kilogram and bake, boil or roast
them. The tubers have a "sweet pleasant flavor and make a
good vegetable dish" (National Academy of Sciences, 1979:
70/. To the southeast of the Central Kalahari Game Reserve,
Vierich notes that "morama is more important as a tuber than
as a nut, becoming one of the staples in the dry season for
many peoples ... °(personal communication).

Not only is morama a nutritious and tasty wild beàn and
tuber, but the morama plant has the advantage that it
survives and produces in an arid and semi -arid climate with
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Figure 1: Comparison of percentages of protein and edible
oils in morama beans, peanuts and soybeans. Source: NAS,
1979.

highly unpredictable rainfall. In one year out of four, a severe
drought can be expected in the Kalahari; in other years,
rainfall may exceed 600 mm., placing the area just inside the
semi -arid category (Lee, 1979). A morama plant, once
established, will survive a year of no rain by drawing on deep
soil moisture and the stored moisture in the tuber (National
Academy of Sciences, 1979). Surprisingly, the plant also
seems to thrive under conditions of excessive moisture. In
1974 a record -breaking 1184 mm. of rainfall was recorded at
Mann, Botswana; although the rain destroyed the mongongo
nut crop, Dobe area gatherers discovered a bumper crop of
morama (Lee, 1979).

Enjoyment of morama is not confined to a small minority of
foragers. The first Boers to trek from northern Cape Province
to the Ghanzi region of Bechuanaland now the nation of Bot-
swana) relied heavily for the subsistence on morama beans
supplied by their San trading partners (Guenther, 1976; Russell
and Russell, 1979/. As late as 1952, Codd reported that in
Namibia, European farmers roasted and ground the beans to
garnish their salads.

Current Experiments with Morama
Despite the popularity of this plant in the Kalahari region,

and its potential value for people in other arid and semi -arid
parts of the world, morama is not cultivated by any of its
traditional users. As a result, we do not know the range of soil
and moisture conditions that it tolerates or prefers for highest
yield. We do know that in the Kalahari region it does not grow
everywhere, but confines itself to isolated patches of sandy

soil. We also know that in any given year, not all the plants
produce beans (Wilmsen, personal communication). Efforts to
grow morama a few kilometers south of its present range have
resulted thus far in failure ( Clauss and Clauss, 1979(.

Field observers in Botswana have discovered a number of
valuable points about morama beans. Regarding soil prefer-
ence, Thoma reports that morama grows in deep sand and also
in sandy areas with limestone outcroppings, but not on basalt
or granite soils (personal communication(. Vierich notes that
morama and its related species Bauhinia macrantha grow
mainly in open grassland. In Botswana, such places are either
fossil river valleys or the edges of pans (fossil lakes), but it is
difficult to know whether the plant grows there primarily
because of the type of soil or because of the lack of competi-
tion from tall shrubs and trees (Vierich, personal communica-
tion). Thoma discovered by experiment that the plant does
not flower before the third year. The bean pods begin to
appear in December in the eastern Kalahari (Vierich personal
communication), and in the northern Kalahari the gathering
season ranges from February to May (Wilmsen, personal
communication.

In contrast to several published reports that the maximum
length of the morama runners reaches 6 meters (National
Academy of Sciences, 1979; Codd, 1952/, Vierich reports see-
ing very old plants whose runners cover half an acre. The
radius of a circle of this size is over 25 meters. Earlier sources
have given maximum size for the tubers as ten to twelve
kilograms, but Hitchcock, Thoma, and the Eberts reportedly
dug up a root weighing over 80 kg., and an old tuber weighing
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250 kg. was brought to the National Museum by a worker
from the Botswana Ministry of Agriculture (Hitchcock, per-
sonal communication).

Vierich suggests that the distribution of morama plants in
Botswana may depend not on soil and moisture alone, but
also or even more importantly on the location of other species
such as shade trees. Animals and humans also affect the
distribution of the plant. Grazing animals, especially cattle,
eat the stems and leaves, possibly limiting the occurance of
the plant around waterholes (see Martin, 1979). Because of the
extensive human exploitation of the tubers for moisture in
areas near villages, only old plants with inedible tubers are to
be found today; and these plants probably matured before the
nearby human occupation began (Vierich, personal com-
munication).

Vierich also notes the effect of burning on morama seed
production. The road to her base camp passes through many
large stands of morama. In the spring she noted that five large
stands had been burned on one side of the road, but not on the
other side. Later, when the beans were ripening, she stopped
and counted the number of pods per plant on all the plants
within a radius of 100 meters from the point where she parked
her vehicle. The plants that had been burned produced twice
as many pods as the plants on the side of the road that had
been missed by fire (personal communication).

Beginning in the fall of 1980, propagation experiments
began at three institutions in Texas, with funding from the
U.S. Department of Energy, to determine environmental toler-
ance and potential productivity of morama. The Chihuahuan
Desert Research Institute established field test sites near Ft.
Davis, Monahans, El Paso, Terlingua, and Alpine. At Texas
Tech University in Lubbock, J.R. Goodin began germination
experiments and greenhouse planting. At Greenhills Agricul-
tural Experiment Station near Dallas, Geoffrey Stanford
began outdoor propagation in prairie soils. These sites provide
a variety of temperature and rainfall conditions, as well as
wide- ranging expertise in plant science (Bousquet, 1979).

Although the final reports are not all in as of this writing,
some remarkable results have come of the morama experi-
ments in Texas. CDRI researchers found that scarification
aided germination of the seeds. Less than ten percent of
unscarified seeds planted in fall 1980 germinated, where up to
50% of seeds scarified with a three -cornered file came up (Miller,
19811. Goodin found the scarification with industrial- strength
H2504 was more effective (Reeder, 1981), and CDRI used this
method when replanting in the spring of 1981. The vegetative
growth from all the fall plantings reached a maximum length of
10 cm. before dying back. Although this may be a response to
frost, the greenhouse plants responded in the same way (Goodin,
personal communication). None of the fall -sown plants
reappeared in the spring. Acid -scarified seeds were planted at all
the CDRI sites in the spring, resulting in up to 82% germination
rates. Without supplemental watering, vegetative growth
reached a maximum of 20 cm.; and rodents devoured much of
what did appear at the unfenced sites (Miller 1981).

The most spectacular results were met in the water-

enriched plots. Miller reports that seeds planted in a test plot
containing 60 cm. of rich alluvial topsoil and given 4 liters of
water daily through a drip irrigation system showed the most
growth. All ten scarified seeds in this plot germinated within
two weeks. Vegetative growth continued through the
summer without any dormancy periods. By mid -September,
multiple vines were present in at least half the plants, and

these vines averaged approximately 180 cm. in length (Miller,
1981). A tuber that was uprooted for nutritional analysis at
the end of September weighed just over 2 kg.

Miller's conclusions sum up the state of the art of morama
cultivation as of March 1982: "... the key to the success of
morama as an energy efficient arid -land crop rests with the
survivability of tubers during winter dormancy" (p. 13).
Irrigation may be necessary for getting the tubers well -
established, as indeed, heavier -than -average rainfall may be the
prerequisite for the plant's establishment in the Kalahari.

Conclusions
Research on morama beans exemplifies the potential for

application of ethnobotany to the satisfaction of human
material and psychological needs. As we publicize the skills
and knowledge of the San and other Kalahari foragers, these
people and their sedentary relatives, will to some degree
escape the onus of being considered "primitive ". As we
discover techniques for controlling and enhancing the pro-
ductivity of morama, we will provide the growing numbers of
inhabitants of the world's arid regions, including the Kalahari
Desert, with a tasty and nutritious cultivar.
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Introduction
The Hohokam. The Hohokam were prehistoric

Indians who occupied southern Arizona from about 300 B.C.
to A.D. 1450 (Doyel, 1979; Haury, 1967). The Hohokam may
have developed out of an earlier Desert Culture which relied
heavily on nomadic hunting and gathering, or they may
have migrated into Arizona from northern Mexico. In any
event, Hohokam culture was influenced by the elaborate
societies of ancient Mexico. Between about A.D. 900 to A.D.
1100 there was a dramatic increase in Hohokam population
which resulted in expansion into new territories (Doyel,
1979; Haury, 1976; Upham and Rice, 1980; Weaver, 1980;
Wilcox, 1979; Wilcox and Shenk, 1977). Both the lower Salt
River Valley and the middle Gila Valley were core areas
where most of the major sites were located (see map). Other
Hohokam moved away from the "heartland" and settled
along lesser drainages such as New River and the Agua Fria
north of Phoenix. About A.D. 1100 there was a change in
Hohokam culture which resulted in different architectural
styles, some changes in the predominant form of burial, and
the introduction of at least two new ceramic types. Some
researchers have argued that the changes were brought
about by an invasion of the Salado, yet actual evidence for
invasion or mass migration is lacking (Doyel and Haury,
1976). Later, around A.D. 1450, the Hohokam abandoned the
area for reasons which have eluded archaeologists. No trace
of Hohokam culture persisted after A.D. 1450.

Despite a century of archaeological investigations in the
Hohokam area, many questions remain unanswered. The
initial date of Hohokam occupation of the area is debated as
is the chronology for almost the entire first half of their stay
in the area (Plog, 1980; Wilcox, 1979; Wilcox and Shenk, 1977).
The reasons for changes occurring at circa A.D. 900, 1100, and
1450 are poorly understood at present, and may be beyond our
grasp. Moreover, we know very little about Hohokam social
organization, and nothing about their religious beliefs or
language. This study will not provide any answers to the
above, its purpose being to discuss Hohokam plant use,
specifically those plants used for food.

Archaeobotanical Analyses. Three different kinds
of data contribute to our understanding of Hohokam plant
use. The first is the recovery of large macroplant remains
such as corn cobs, caches of seeds, or squash peduncles
which are found during excavation. Macroplant remains are
not often found, however, in open -air sites such as most of
those found in southern Arizona. The situation is often
quite different in dry caves or rock -shelters where the or-
ganic matter is not exposed to repeated wetting and drying
which is very destructive.

Both of the remaining kinds of plant remains are generally
not visible even to the trained eye of the excavator. This is
because such remains are too small and their retrieval and
identification requires processing and use of a microscope.
Both kinds of samples are taken as bags of soil that are
collected from different prehistoric use areas at the site. Such
areas would normally include house floors and fill, cooking
hearths, vessel fill, and trash dumps. These and other proven -
iences provide repositories for lost or discarded plant
remains. Other soil samples are collected at the present
ground surface and presumed prehistoric ground surface
away from cultural features at the site to serve as controls and
for comparison with the cultural material (Adams and Gasser,
1980; Bohrer and Adams, 1977).
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The second data base is that of flotation samples (Watson,
1976). Flotation samples are normally taken in one -liter incre-
ments for comparative purposes. The samples of earth are
dumped into water and stirred. Most of the organic matter
floats to the top, hence the name The floating residue is
skimmed off with a fine -mesh screen and placed on absorbent
paper to dry. The remaining suspended matter in the water
container is poured through the same screen, washed with
running water, and added to the light floated fraction. Finally,
the muds, sands, and gravels in the bottom of the container
are washed in a larger mesh screen to remove the soil and
leave the heavy residue which might contain chipped stone,
fragments of bone, shell, or pottery. Flotation samples usually
contain an assortment of charred and uncharred seeds, fruit
parts, or stem fragments. The seeds and other plant parts are
identified with the use of a reference collection and counted.

Pollen samples are smaller bags of dirt that are hopefully
taken from the same proveniences as the flotation samples.
Small samples of dirt are placed in test tubes and mixed with
acids and other chemicals. They are then placed in a centrif-
uge to separate and destroy the inorganic material. The pro-
cess is repeated using other chemicals until little remains
other than a small amount of fluid containing resilient pollen
and spores. The extracted pollen is placed on a glass slide,
mounted with glycerin to make the grains stand out, and
examined with a high -power microscope. Different kinds of
pollen grains are identified with the use of a reference collec-
tion, and are then tabulated.

What are found most often in flotation samples are seeds,
while pollen analysis indicates presence and possible use of
the flower. Both data sets provide overlapping information,
but they also provide evidence of use of different species
which are not recoverable by the other's method.

Interpretations concerning prehistoric plant use are best
made when pollen and flotation analyses are used in conjunc-
tion with macroplant analysis. Even then, a complete picture
of prehistoric plant use is never attained because of the vagar-
ies of differential preservation and sampling error.

Differential methods of preparation, use, and discard affect
the "preservability" of plants in archaeological sites as does
the durability of the part used. If, for example, tender greens or
beans are boiled until soft, then consumed in their entirety,
they stand little chance of being preserved. When plant use
involves the discard of durable by- product waste products
such as walnut (juglans major) hulls or corn (Zea mays) cobs,
the chances of recovery are enhanced (Munson, Parmalee and
Yarnell, 1971:425 -426).

Other strictly natural or culturally modified factors con-
tribute to differential preservation of plant remains in
archaeological sites. Foraging rodents, insects, and microbes
differentially destroy vast amounts of plant remains when a
site is occupied, and well after it is abandoned. In addition,
differences in soil chemistry and exposure to alternating peri-
ods of wet and dry affect and skew the archaeobotanical
record (Gasser and Adams, 1981). Many other factors proba-
bly affect differential preservation of organic remains. We are
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currently far from understanding those processes which
affect a plant between the time it was used and the time it was
recovered by an archaeologist.

Interpretations are also affected by different sampling
methods, different sizes of samples, and different numbers of
samples analyzed. Not all archaeologists have the same
research objectives when they dig a site nor do they necessar-
ily collect samples in a systematic manner. In addition, we are
often forced to compare samples from non -comparable con-
texts, frequently have different sizes of samples to compare to
one another, and all too frequently have too few samples with
which to draw definitive conclusions. For further discussion
of problems in interpreting plant remains in archaeological
sites see Begler and Keatinge (1979), Cohen (1975), Gasser
(1980a, 1981a), Gasser and Adams (1981), Hubbard (1980),
Keepax (1977), Minnis (1980, 1981), and Munson, Parmalee
and Yarnell (1971: 426 -427).

Regardless of interpretive problems, more emphasis has
been placed on collecting bio- cultural remains in Hohokam
sites in the past 20 years than in the preceding 80, and we-
have enough information now to make several generaliza-
tions about Hohokam plant use. Although this study
attempts to give an overview of Hohokam plant foods, it
makes no pretense of being comprehensive. I am biased by my
specialty in flotation and macroplant analysis; and do not
claim to have reviewed all of the existing literature.

Moreover, important work is in progress as of this writing,
and it is expected that significant additional information will
continue to modify and refine our understanding of Hoho-
kam agriculture and exploitation of wild plant species.

Hohokam Agriculture
Based on available data we know that the Hohokam were

raising corn (Zea mays), beans (Phaseolus spp., Canavalia ensi-
formis), squash (Cucurbita mixta, C. pepo), bottle -gourd (Lage-
naria siceraria, and cotton (Gossypium sp.) All of these species
were domesticates. A domesticate has undergone morpholog-
ical and genetic change since being removed from its wild
state. Several non -domesticated species were probably encour-
aged to grow in Hohokam fields and received much the same
attention as did the domesticates. For an analogy with the
modern Pima, see Crosswhite (1981: 59, 64). Several of these
may have been brought into the folds of incipient domestica-
tion by human manipulation and selection of desirable attrib-
utes. If selected wild plants were cultivated in fields, they may
have changed somewhat, but perhaps not enough to signifi-
cantly alter the genetic make -up of the species. If others were
true domesticates, then we lack sufficent information to iden-
tify them as such.

Corn. There is good evidence that corn was the principal
food plant of the Hohokam. Corn cupules and kernels are
present in Hohokam flotation site samples more often than
any other plant remains (Table 1 ). In addition, corn pollen is
often a common, but numerically small, item in Hohokam
pollen samples (e.g. Gish, 1979: Figs. 2, 3; Schoenwetter, 1980:
Tables 1, 3). Fragments of corn cobs are usually the most
common plant macrofossil found in Hohokam sites. Whole
cobs are rare.

Native corn is used in a wide variety of ways. Fresh corn can
be roasted, boiled, or ground into a mush. Most of the corn
harvest is air -dried for use later in the year. Dried kernels are
made into hominy, boiled, added to other dishes, or ground
and used as a multi -purpose flour. There are numerous
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recipes for corn,- witness just some of the ways that the
Hopi, for instance, used corn (Beaglehole, 1937:63 -68; Kavena,
1980:13 -36).

The Hohokam raised a number of varieties of corn which
were drought resistant and insect resistant. The historic Pima
and Papago perpetuated the use of many of these corn varie-
ties up to the present day. Some types of maize were so
drought resistant that they could be brought to maturity with
a single irrigation (Castetter and Bell, 1942:89). The earliest
(Vahki Phase, 300 -100 B.C.) corn from Snaketown consisted of
Chapalote, Reventador, and small Onaveño types. Snaketown
is on the north bank of the Gila River (Figure 1) and was
occupied from about 300 B.C. to A.D. 1100. Archaeological
and archaeobotanical work at Snaketown (Bohrer, 1970, 1971;
Gladwin et al, 1937; Haury, 1976) provides the basis of our
understanding of the Hohokam. By Santa Cruz /Sacaton times
(A.D. 700 -1100) the Hohokam at Snaketown added Mais
Blando de Sonora, Harinoso de Ocho, and perhaps sweet corn
to their diet (Cutler and Blake, 1976:365). This evidence pro-
poses that the earliest corn was small- grained and small -
cobbed, and that in the later phases of occupation these were
augmented by larger cobs with larger grains ( Haury 1976:117).
Miksicek (1979:134, 1980:344) suggests that Onaveño was
probably the most common type of corn grown prehistori-
cally in southern Arizona. Onaveño has small, flinty, white or
yellow grains borne on cobs with 10 or 12 rows. The hard
endosperm of this and other flinty corn types makes them
especially resistant to insect and rodent predation.

Beans. Bean remains are scarce in Hohokam sites. Their
presence implies that they were not used often, but this was
probably not the case. Beans are normally boiled until soft
(some are parched), then consumed in their entirety, which
often precludes their recovery in archaeological sites (Mun-
son, Parmalee and Yarnell, 1971:426 -427). Also, beans are
susceptible to microbial destruction when exposed to alter-
nating periods of wetting and drying (Gasser and Adams,
1981). No beans occurred, for example, in any of the 77 flota-
tion samples from Los Hornos, or the 78 from La Ciudad
(Table 1).

Bean (Phaseolus) pollen grains are almost never found in
archaeological sites. One reason is because the Phaseolus
pollen grain is fragile. Another is that the edible seed is
covered by an often discarded pod which may be used as
tinder. If burned, the grains adhering to the pod would be
destroyed. What beans have been found have mostly occurred
as macrofossils in sites.

The earliest Hohokam beans were found in an Estrella
Phase (A.D. 1 -200) context at Snaketown. These were identi-
fied as the common bean (Phaseolus vulgaris). Possible scarlet
runner beans (P. coccineus) and tepary beans (P. acutifolius)
were also found at Snaketown (Bohrer, 1970:425). Common
beans have been recovered from Las Canopas, Casa Grande,
Pueblo Grande, Los Muertos, and at AZ T:13:8 near Gila Bend
(Gasser, 1976:Table 2, 1977). Tepary beans have occurred
elsewhere at a site near Gila Bend (Greenleaf, 1975), near San
Xavier del Bac south of Tucson (Bohrer, Cutler and Sauer,
1969) and at Los Muertos (Miksicek, 1981, personal commun-
ication). A scarlet runner bean was reported from Pueblo
Grande (Gasser, 1976:23) but this specimen was possibly misi-
dentified as it bears more resemblance to the jack bean (Cana -
valia ensiformis). Jack beans have been recovered from the
Hodges site (Kaplan, 1956; Kelly, 1980), at a small Hohokam
site south of Tucson (Bohrer, Cutler, and Sauer, 1969), and at a
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Table 1. Presence values for charred plant remains in flotation samples from eight ri'crin Hohokam . .

value (%; expresses how often a particular species occurred in a given number of samples (NI from each site.
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presence

SPECIES

DOMESTICATES

La Las Los
Ciudad Canopas Hornos

Pueblo All Salt
Grande Cashion River Sites Escalante Snaketown RIVCD 11

All Gila
River Sites

N=78 N---22 N-77 N-18 N-14 N=209 N-,28 N-43 N-12 N-83

Zea mays 69 18 52. 28 57 53 64 2.3
Masco las n 2 2
GosSypium 5 1 2. 43 14

AGRICULTURE WEEDS
Amaranthus 3 18 18 10
Chenopodium 5 68 29 17 36 23 11 4
Cheno-am 31 51 28 7 33 50 7
Suaeda 6 3
Cruc fcroe 2.3 7 I 1 17 2
Ph ç lis 5 3 6 2
rc41-.11aca 4 23 4 5
20.,)i1,;go-Tri:Inthema 19 18 22 14 18 53 30

.1..11(.:

Caregca 10 6 5 88 47
Ealintocereus 1 30 6 32 19 17- 12
Platyopuntia t. 3 : 7 19 12

ARBOREAL LEGUMES
Prosopis 19 60 17 7 32 26 93 33. 63
cc re idiarn 6 1 11 4

OTHER
Cramineae. 29 17 7 15 30 16
Cyperaccae 1 6 1 16
Compositae I 36 3 1] 6 4
Yucca
Clcnrna 4
Ceanotbus 4
Querc us 4
Ianiperias 4
Luguminosae 18 14 6 6 11
Croton 14
Spliaeratcea 10 17 17 11

Atripies 2
Mentze li a 1 1

Plantage 4 11 3
Curcurbita digitata 7 4 1

Hordcum 44 - 16 2.1 25
Tale Springs Unknown 22

site northwest of Carefree Bruder, 19811, The Hohokam also
used lima beans P. hinatus), Limas were found at Pueblo
Grande and at the Escalante Ruin group (Gasser, 1976, 1981b).

These data indicate that the Hohokam were raising five
species of beans and possibly several varieties of each. The
remains were charred, so it is impossible to identify the
remains to the varietal level. The fact that five species were
found implies that beans were widely used by the Hohokam.

Squash and Gourds. Evidence for Hohokam use of
squash is slim. Domesticated squash. seeds have never been
found in Hohokam flotation samples, but a few seeds and
peduncles have been recovered as macrofossils during excava-
tion. Seeds or peduncles have been taken from the Escalante
Ruin group, Los Muertos, Ventana Cave, Mesa Grande, Pueblo
Grande, and at AZ 1:13:8 near Gila Bend (Gasser,
I976:10,18,22,23I. The specimens from Mesa Grande and
Pueblo Grande were incorrectly identified as Cucurbita
maxima in my 1976 report. Maxima squash were a post-
Columbian introduction into the Southwest (Ford, 19811. A
re-examination of the seeds indicates that they are C. mixta,
which are similar to the striped cushaw squash, Two pedun-
cles, one C. maxima and the other C. moschata, were found in
Ventana Cave, but these are probably Papago. The only spe-
cies of domesticated squash and pumpkins clearly associated
with the Hohokam are C, mixta and C. pepo. Both types

continue to be used today by the Pima and Papago. Indian
squash is baked, boiled, or dried for subsequent use. The seeds
can he parched or roasted and eaten.

The paucity of squash remains in Hohokam sites does not
necessarily mean that they were not used. By way of compari-
son, squash remains are also rare in Anasazi flotation samples
(Gasser, 1981e) yet Gish (1981a) found that Cucurbita pollen
was common at the same sites that failed to yield seeds.
Cucurbita pollen is found in Hohokam sites (Gish, 1979;
Schoenwetter, 19801, but as of yet it has not been distin-
guished from wild gourds (C. digitata, C. foetidisimma) which
are native to the area. Since wild gourd seeds have been found
in flotation samples (Table I) there is no clear pollen evidence
for use of the domesticated forms.

The Hohokam seem also to have raised bottle-gourd
(Lagenaria sicerariX.. another member of the Cucurbitaceae,
Bohrer (1970:425) found a rind fragment at Snaketown which
was comparable to the bottle-gourd. The species has edible
seeds, but the rest of the fruit is inedible. It was more usered
for its rind which could he made into containers or rattles..
Remains of bottle-gourds have not been found at other Hoho-
kam sites..

Cotton. The recovery of cotton (Gossypium! seeds in
Hohokam sites is variable. Cotton seeds have been found at
Las- Canopas, Los Hornos, Escalante, Cu Achi, Pueblo Grande,



220 Desert Plants 3(4)

Edna Iones, a Pima at Bapchule, holds a mixta squash, a
popular type among the Hohokam. Photo by Ruth
Greenhouse.

The wild gourd, Cucurbita digitata. Its pollen may be
confused with domesticated forms. Photo courtesy of Desert
Botanical Garden.
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Snaketown, and at La Ciudad (Table 1; Gasser, 1981a). Cotton
seeds were more common at the Escalante Ruin group (occur-
ring in 39% of 28 flotation samples) than at any other site
reported on thus far in the Southwest. Just how involved the
Hohokam were in cotton production is open to debate, but it
is possible that they were raising surplus cotton for trade
(Doelle, 1976:82; Gasser, 1981a, 1981b; Haury, 1976:118,
1980:113; Jones, 1936:3; Weaver, 1976:24). The earliest
remains of Hohokam cotton were seeds from Sweetwater
(A.D. 200 -350) proveniences at Snaketown (Bohrer, 1970:425).

Cotton pollen grains are rare in Hohokam sites. One possi-
ble grain was found in a vessel at Gu Achi in the Papagueria
(McLaughlin, 1980:356). Rankin (1981, personal communica-
tion) reports finding cotton pollen in agricultural terraces on
Gila Butte near Snaketown, and in some of the Salt -Gila
Aqueduct Project sites near Florence.

The Hohokam probably raised cotton for its fiber, but the
seeds were a useful food source. The Pima and Papago would
sometimes parch the seeds and eat them much like pop corn
or would pound them up with mesquite (Prosopis) beans in a
mortar. The mixture was formed into a cake -like tortilla and
baked in ashes. Pounded cotton seeds were also mixed with
water and used as seasoning. The strained pulp of the latter
mixture was sucked to remove its nutriment (Castetter and
Bell, 1942:198; Russell, 1975:77).

All aboriginal Southwestern cotton was formerly known as
Gossypium hopii (Lewton 1912; Jones 1936). More recent
evaluations now place G. hopii as a type encompassed by G.
hirsutum var. punctatum (Bohrer 1962:111).

Barley. Bohrer (1978) and Gasser (1981a) have pointed out
the possibility that native wild barley (Hordeum pusillum, H.
sp.) was cultivated in the American Southwest, and that it was
possibly domesticated independent of any connections with
Old World barleys. Hordeum grains lacking lemmas, and
paleas (bracts) have been found at La Ciudad (Gasser 198la),
Snaketown (Bohrer, 1970:Table 1; 1978), and at a number of
the Salt -Gila Aqueduct sites (Miksicek, 1981, personal com-
munication). Bohrer (1978:53 -59) has stated that the naked-
ness (without bracts) of barley grains could be a result of
incipient domestication. Many of the wild barleys have adher-
ing bracts, and the hull -less condition is a characteristic of
domesticated forms (Harlan, 1968:21; Renfrew, 1973:70).
"The naked (hull -less ) condition in the prehistoric barley has bear-
ing on its potential classification as a cultivated plant. The three
spikelets containing the single fertile grain disarticulate as a unit.
The sharp tip functions as a self -planting mechanism. Normally,
the tight adherence of the bracts to the fertile grain assures that the
grain will not slip from the attached planting case. When a grain is
not cemented to the bracts, it might disengage itself from the three
spikelet unit and become free of the self -planting mechanism.
Grain lost from its self -planting case in the wild would be exposed
to the high temperatures of the ground surface for an etended period
of time and be placed at a reproductive disadvantage. If man were to
plant naked barley he would assure himself of an easily threshed
annual grass (Bohrer 1978:53 -54) ".

Several years ago Bohrer collected H. pusillum growing at
Portales, New Mexico, and tried removing the bracts by
parching the grains or burning them until fully carbonized.
Neither method was successful in removing the bracts. She
found it was possible, however, to produce a hull -less grain by
soaking it in lukewarm water and using a pestle to grind off
the bracts. "The task seems quite laborious when compared to
the ease in threshing and harvesting other grasses" (Bohrer,
1978:53). John and Charlotte Reeder (1981, personal communi-
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cation) collected mature H. pusillum grains in Tucson,
parched them in an iron pan the same day, and found that the
bracts were easily removed by this method of preparation.
This evidence implies that there are local populations of H.
pusillum that have bracts which are easy to remove and other
local populations which have bracts which are very difficult
to remove. Naked barley is found elsewhere in the world only
where it is brought under cultivation (Harlan, 1968:21).

If it can be assumed that naked grains of native little barley
grass are indicative of domestication, then there is evidence
that the Hohokam were raising barley as a crop. Naked Hor-
deum grains were found in almost half of the flotation sam-
ples from La Ciudad (Table 1) and in over 20% of the
Snaketown samples (Bohrer, 1970:Table 1; 1978:55).

The earliest remains of naked barley in Hohokam sites
again comes from Snaketown where it was found in Vahki-
Estrella (300 B.C. -A.D. 200) proveniences (Bohrer, 1970:Table
1). The earliest Hordeum from La Ciudad tentatively dates to
the Gila Butte Phase (A.D. 550 -700) (Gasser, 1981a).

Hordeum pollen grains are indistinguishable from any of
the other short grasses, so no pollen evidence of its use should
be expected. Schoenwetter (1981, personal communication)
has suggested that if wild barley were cultivated, there might
be an increase in the size of its pollen. Large grains of non -Zea
grass pollen have been found at La Ciudad (Halbirt and Diggs,
1981), at the Adobe Dam Site near Skunk Creek north of
Phoenix (Gish, 1981b), at several of the Salt -Gila Aqueduct
sites (Miksicek, 1981, personal communication) and at sites
in Sonora, Mexico (Rankin, 1981).

In sum, naked barley grains occur at several sites, and occur
often enough to suggest that they were commonly used. Until
there is better evidence for domestication (chromosomal dif-
ferences, evidence of a firm rachis) we should assume that the
indigenies were gathering wild barley. This does not preclude
the possibility, however, that wild barleys with free -threshing
capabilities were sown and cultivated.

Wild barley would have been used in much the same way as
domesticated forms. It was probably parched, and ground into
multi -purpose flours.

Cheno -ams. "Cheno -am" is an artificial category which
includes members of the Chenopodiaceae and Amaranthus,
as well as other closely related species. Bohrer (1962:108) has
already pointed out the possibility that the Hohokam were
raising domesticated Amaranthus. She found pale- seeded A.
leucocarpus in the protected environs of Tonto National
Monument (Bohrer, 1962:107 -109) and suggested, based on
finds of gallons of amaranth seeds at Snaketown (Castetter
and Bell, 1942:33), that the Hohokam may have been cultivat-
ing the same species. It is possible that other domesticated
Cheno -ams were raised as well. Several species of Chenopo-
dium were cultivated prehistorically in the midwestern and
eastern United States (Asch and Asch 1977), and domesti-
cated amaranths were major prehistoric crops in Mexico
(Sauer, 1950, 1967).

The common occurrence of Cheno -am seeds in flotation
samples from Hohokam sites (Table 1) lends support to
Bohrer's hypothesis. Amaranth has been known to produce
larger grain yields than corn grown on adjacent plots
(National Academy of Sciences, 1975:16), so it would have
been beneficial to raise the crop if it were available. Its pres-
ence at Tonto National Monument indicates that domesti-
cated amaranths were available in the area in the thirteenth
century, possibly even earlier.
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Edna Jones demonstrates the Pima method of parching grain.
The Hohokam seem to have used such a method to parch
various kinds of seeds before grinding. Parching also
enhances the preservability of seeds. Photo by Dick George.

During the parching process the seeds are tossed about in
the basket. Photo by Dick George.
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There are no major differences in seed size between wild
and cultivated amaranths (Sauer, 1950:563) so the only
archaeological indications of domestication would be the
recovery of flower heads or pale uncharred seeds. The chance
of finding either of these in an open site is slim. Moreover, not
all domesticated amaranths have light colored seeds; A.
cruentus is a dark -seeded cultivar.

Cheno -am pollen is very common in both modern and
prehistoric pollen samples in the American Southwest. Most
Cheno -am pollen is attributed to natural factors, although it
is admitted that some prehistoric Cheno -am pollen may
occur because man collected the plant for food. Even when
aggregates of Cheno -am pollen grains are found in sites, their
cultural association is questionable (Gish, 1981a; McLaugh-
lin, 1980:356; Schoenwetter, 1980:15).

The Cheno -am group of weeds produces young tender
greens in the spring and fall which have been used as pot-
herbs. Often historic groups gathered them in surplus and
sometimes dried them for later use. While seasonally availa-
ble these greens constituted one of the main articles of Piman
subsistence (Castetter and Bell, 1942:61). The same species,
produce small edible seeds in early summer or late fall. These
were gathered in quantity, parched, and ground into a meal to
be used in a porridge or mixed with other meal and used in a
variety of dishes ( Castetter, 1935:15 -16; Castetter and Bell,
1942:61,62; Russell, 1975:68,73,78). The Cheno -am group
appears to have been important enough to the Hohokam to be
considered a staple.

Hohokam Fields
The popular conception of Hohokam agriculture envisions

large fields watered by extensive canal systems. The Hoho-
kam are famous for their canals Maury, 1967, 1976; Masse,
1976) but they employed other agricultural technologies as
well (Masse, 1979; Woosley, 1980). The key to success was to
establish crops in several microhabitats using different farm-
ing techniques to insure that if one failed, others would yield.
Some fields might be located on alluvial fans (Ak -chin
fields, - Castetter and Bell 1942:168), in areas behind check
dams built across small washes, in "waffle gardens" (Woosley,
1980:322 -323), or in small hand -watered gardens around
homes. It is not uncommon for a Hopi man to have five or six
fields in operation at once. Each might be used to grow differ-
ent crops or different varieties of the same crop. Some fields
might be located along a major wash to take advantage of
flood -waters. Others would be on a sand dune, on a talus at the
base of a cliff, or near a spring. It can be theorized that a
Hohokam farmer exercised the same flexibility and expertise
in choosing his fields.

The irrigated fields were probably the most expansive. If
the Hohokam farmed in similar manners to the Pima and
Papago (Castetter and Bell, 1942:141 -178) then it can be
assumed that they were reasonably successful. The Pima
were known to produce huge crop surplus for use in trade
(Russell, 1975:90). Crop failures were inevitable, due to fluc-
tuating weather and periodic droughts. During these times
the supplemental fields would have been especially impor-
tant. Gathering wild foods was also emphasized during peri-
ods of low crop yields.

When a farmer creates a field he drastically alters the
habitat of that area. The existing vegetation is removed and
either used to build fences, windbreaks, and diversion dams
(Rea, 1979) or burned to add nutrients to the soil. The Hoho-
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kam did not plow, but they did dig and otherwise disturb the
soil in their fields. Soil disturbance enhances root growth in
crops, and creates an ideal habitat for invading weeds. Crops
are added which both give and take nutrients from the soil.
And most important, water is added which dramatically
alters the growth potential for plants. The canals which bring
water to the fields also cause a change in vegetation with a
bias toward mesophytic plants (Bohrer, 1971; Rea, 1979). With
the creation and watering of a field comes a substantial
increase in the biomass. Weeds, mesophytes, and fauna all
thrive in the altered habitat, its edges, and along the canals
which bring the water (Rea, 1979).

The food potential of a field encompasses more than crops.
Fields become excellent places to gather wild plants and hunt
game (Linares, 1976; Rea, 1979; Wilken, 1971). Such garden
hunting and gathering serves a dual purpose. There is the
need to weed edible plants and to hunt game that prey on the
crops. Created by a large labor investment, the field is very
important to the farmer, and he depends on it for a large part
of his food.

Hohokam farming was not easy. Several problems made
things difficult. The most serious was an undependable
supply of water. Droughts periodically occurred which drasti-
cally reduced crop yields and sometimes caused starvation.
Heavy floods destroyed young plants, and stream meandering
and erosion devastated some fields. Salt build -up made some
land unproductive, and whole villages are known to have
moved to escape saline soils (Bohrer, 1970; Weaver, 1972;
Woodbury and Ressler, 1962). Frosts and pests took their toll
on the harvests (Castetter and Bell, 1942:166- 167,169,176-
178). Hardship brought about by droughts was very real, but
the potential problems involved with irrigating arid lands may
be over -emphasized. The Pima knew how to rid their fields of
salt build -ups by periodically flooding fields to leach out the
salts (Russell, 1975:87). Woodbury and Ressler (1962:44 -46)
have stated that soil salinity and waterlogging may have
ruined many a Hohokam field because they were not familiar
with, or were not capable of, systematic flushing of fields'
drainage systems. These remarks underestimate the techno-
logical capabilities of the Hohokam and ignore the fact that
some villages were occupied for a thousand years or more.
The Pima drain their fields and harvest vast amounts of weeds
in drainage areas each spring. The Hohokam probably did the
same.

The Pima and Papago did not fertilize their fields, yet soil
depletion was rare because of the mineral and organic content
of the floodwaters. They did not practice fallow agriculture or
rotate their crops, yet many of the fields were under cultiva-
tion for hundreds of years (Castetter and Bell, 1942:172 -173;
Crosswhite, 1981 :63). The prolonged use of Pima fields streng-
thens the arguments that the Hohokam were not plagued by
excess soil salinity, waterlogging, or depletion of soil fertil-
ity, Floodwaters, past and present, carry essentially the same
nutrients.

Hohokam Gathering
A review of Table 1 indicates that 30 wild species were

found in flotation samples from the Hohokam sites
considered. Inclusion of pollen data makes the total number
of wild economic species even larger. Considering differential
preservation, the total number of wild plants in Hohokam
sites is impressive. In fact, many more were probably used.
The wild plants which the Hohokam exploited can be



Wild amaranths (Amaranthus spp) may have been a major
food source of the Hohokam. Photo by Robert Gasser.

grouped into five categories: 1) weeds, 2) cacti, 3) grasses, 4)
tree legumes, and 5) other. The more commonly used wild
plants fall within the first four categories. These are not
arranged in any order of importance. This section discusses
each category of Hohokam wild plants and emphasized how
the Hohokam took advantage of their natural environment to
exploit important food resources.

Weeds. The Hohokam might be referred to as "the weed
eaters.' Weedy species, especially the Cheno -ams, most likely
comprised a staple in Hohokam diet. If the Hohokam were
not raising domesticated Cheno -ams, then the wild kinds
played an important role in their diet. Cheno -ams were inten-
sively gathered in agricultural fields or other disturbed
ground. Cheno -ams, false purslane (Trianthema), purslane
(Portulaca), mustards (Crucìferae), and ground -cherry (Physa-
lis) were available most years, and were exploited when sea-
sonally available. Weeds that appeared as tender greens in
early spring produced edible seeds in the late spring and early
summer. Other weeds came up in the summer and produced
greens at that time, yielding seeds in the fall. Thus, various
weedy species were available for exploitation throughout
much of the year.

Select weeds were probably encouraged in Hohokam fields
(Bohrer, 1970:425) or in "second gardens" at the end of a field
(Crosswhite, 1981:64). Each field might have masses of ama-
ranth, goosefoot, and other weeds along the margins and
scattered among the domesticated plants. During spring
weeding, the young weeds were collected for food. The plants
along the field margin did not threaten to compete with the
crops and were possibly left to mature, producing quantities
of easily harvested seeds which were a food supply as well as a
source of next year's annuals. Weeds were also available along
canals, pathways, streams, arroyos, around houses, and in

Patata or Monolepis was an important green that was
harvested as soon as available in the spring. Photo by Ruth
Greenhouse.

other disturbed areas.
Weeds are bountiful and are there for the taking. They are

extremely nutritious. Cheno -am seeds contain large amounts
of lysine, an essential amino acid, and are good sources of
protein (National Academy of Sciences, 1975:15). The greens
are rich in vitamin A and other vitamins and minerals. Weeds
were apparently always important in the past. The Anasazi,
for example, took advantage of the presence of weeds just as
much as the Hohokam (Gasser, 1981c).

Most of the weedy species were prepared in manners sim-
ilar to the Cheno-ams which were described earlier. Greens
were usually boiled and seeds were usually parched and
ground.

Cacti. Cacti were important food supplements through-
out the American Southwest in both prehistoric and historic
times. The more important cacti to the Hohokam were
saguaro (Carnegiea gigantea), cholla (Cylindropuntia),
prickly -pear (Platyopuntia), and hedgehog cactus (Echinoce-
reus). The seeds of saguaro, prickly -pear and hedgehog cactus
appear in flotation samples while evidence of use of cholla
buds comes from pollen analysis.

Cactus exploitation was normally very seasonal. Most cac-
tus foods are harvestable on the plant during a short season,
and had to be taken as soon as available. For instance, saguaro
fruits ordinarily ripen during a three week period from mid -
June to July. They were not used when green, but had to be
harvested just before they fell or before spoiled by birds, ants,
and rodents. Cholla buds were best harvested before the flow-
ers opened in April or May so they too had a short season of
availability. Such limited availability required scheduling if
the foods were to be exploited. Whole groups temporarily
stopped what they were doing at home and went to preferred
gathering locales to harvest saguaro fruits and cholla buds.



Roasted cholla buds were used by the Hohokam for food.
The use of window screens to dry such roasted buds is an
innovation of modern -day Indians. Later the spines are
rubbed off on the screens. Photo by Donna Alexander.

Roasted and dried cholla buds are placed in an old Pima
basket to be winnowed to remove the spines. The Hohokam
may have used a similar method. Photo by Donna Alexander.



Pods of little-leaf paloverde (Cercidium microphyllum) bear
seeds which are similar to the common bean. Photo by Ruth
Greenhouse.

Cactus procurement normally took place on the bajadas of
near -by mountains, as the saguaro prefers rocky, well- drained
soils, on southerly facing slopes. Among the Papago favored
groves of saguaro might be used year after year by certain
families (Crosswhite, 1980:18), but gathering locales could
change yearly depending on local availability. Cholla growth
and production is cyclic (Martin and Turner, 1977:62 -63), and
no one locale could be depended on permanently. Saguaro
fruit production is more stable; each mature plant produces
fruits every year despite fluctuations in available moisture
(Steenberg and Lowe, 1977:38).

Cactus fruits, buds, and stems provided some essential
nutrients which are not available in most native foods. All
fresh cactus fruits are an excellent source of ascorbic acids,
and cholla buds contain significant amounts of calcium
(Greenhouse, Gasser and Gish, 1981: Table 1). Both were
favored foods because of their palatability and relative ease in
gathering.

Pulliam (1981), an animal ecologist interested in foraging
strategies, has indicated that humans, like other animals, will
seek out foods to stave off nutrient deficiencies while quite
unaware of their physiological needs. There is no doubt that
the Hohokam exploited cacti for their nutrient values.

Saguaro seeds can be eaten along with fresh fruit, or
extracted from the pulp, parched, and ground into a multi-
purpose flour. The fruit was eaten in quantity by recent
Indians when available, the surplus gathered and dried or
boiled to make syrup, candy, preserves, or wine (Castetter,

Pods of mesquite (Prosopis) were a major wild plant food
staple of the Hohokam. Photo by Robert Gasser.

1935:19 -20; Castetter and Bell, 1937:22 -23; Castetter and
Underhill, 1935:21 -22: Crosswhite, 1980:24 -36; Russell,
1975:71 -72).

Prickly -pear and hedgehog cactus fruits are normally eaten
raw after removing the spines (Curtin, 1949:57; Russell,
1975:73). Cholla buds are pit -baked for several hours, dried,
and later rehydrated for use. Cholla buds have a taste and
consistency similar to artichoke hearts (Greenhouse, Gasser
and Gish, 1981).

Grasses. Grass grains are often overlooked as consituents
in aboriginal diets. Grass grains are often a common item in
Hohokam flotation samples (Table 1); their use is not nor-
mally identifiable with pollen analysis. Recent evidence
obtained by flotation analysis from Anasazi and Hohokam
sites suggests that grass seed exploitation was common in
prehistoric times. In the northland, the seeds of Indian rice
grass (Oryzopsis hymenoides) and drop -seed grass (Sporobolus
spp.) were important foods (Bohrer 1975; Gasser 1981c; Jones
1938). In the Hohokam area Sporobolus and little barley grass
(Hordeum pusillum) were the main grasses. Other species
were also exploited.

Indian rice grass and little barley grass are cool -season
types that are available in the spring (Bohrer, 1975). The
different Sporobolus species might produce either cool -

season or warm -season harvests of edible grains. In most areas.
of the Southwest cool- season and warm -season grasses are
available.

The best places to procure grains are in expanses of open
.

grasslands which yield vast amounts of potential food -stuffs.
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The modern Pima spread mesquite pods out on blankets to
dry before being pounded into a flour. A similar practice may
have prevailed among the Hohokam. Photo by Dick George.

r

The Papago simply burned patches of Sporobolus grassland
and swept up the parched seeds from the ground (Castetter
and Underhill, 1935:24). Grass grains are normally winnowed,
parched, then ground into a meal that might be mixed with
other meals such as corn (Castetter, 1935:27 -29). Much of
southern Arizona was covered by grasslands prior to historic
overgrazing (Hastings and Turner, 1965; Humphrey, 1958), so
more areas of grassland were available to the Hohokam than
are evident today. Grasses are also common on the sides of
hills and along waterways. Some grasses, such as little barley
grass, are also weedy (Gould, 1951:107) as they rapidly invade
disturbed ground.

Tree Legumes. There are a number of exploitable arbo-
real legumes in the Sonoran Desert, the most important being
mesquite (Prosopis juliflora). Mesquite has been a staple in
the indigenous diet into historic times. Its importance may
have been second only to corn. Mesquite pod fragments and
seeds are commonly the second or third most common plant
remains in Hohokam flotation samples (Table 1). Mesquite
beans can be eaten green, or harvested when the pod is
mature. Pod maturation takes place in summer although the
exact time of availability depends on elevation and moisture.
Mesquite trees produce abundant pods every year while other
arboreals such as ironwood (Olneya tesota) are less dependa-
ble. Because of its long tap root, mesquite is primarily depend-
ent on ground water and is not influenced by the vagaries of
kcal rainfall as much as many other desert plants. Fruit
productivity is greatest during or following a wet year, and is
substantially reduced during or following an extended

drought. Periodic mesquite crop failures are known, however
(Bean and Saubel, 1972:112; Felger, 1977:154 -155; Felger and
Moser, 1976:23).

Mesquite beans provided a major source of food for many
agriculturalists, -a source which tided them over until the
crops could be harvested. Mesquite has often been referred to
as one of, if not the, most important wild plant staples of
indigenies in the Southwest (Bell and Castetter, 1937:21; Cas-
tetter and Bell, 1942:59, 63; Felger, 1977:154; Russell, 1975:74).
Factors which influenced the widespread use of mesquite
were its ready availability, abundance and dependability as a
crop, its rich food content, and its ease of preparation (Bean
and Saubel, 1972:111).

The major food item on a mesquite tree is the mesocarp of
the pod. The seeds are edible but are dense and difficult to
extract and process. The seeds may, or may not, have been
eaten. Dry pods were normally broken -up in mortars and
eventually ground into an all- purpose flour. The pods may
have been heat -treated prior to grinding (Bell and Castetter,
1937:22 -23; Crosswhite, 1981:64 -65; Doelle, 1976:53 -61;
Felger, 1977:157 -160; Niethammer, 1974:43 -46).

A single worker might be able to gather 175 pounds of dried
pods in a day. One acre of land in a mesquite thicket will
produce about 2,100 pounds of dry pods each year (Bean and
Saubel, 1972:112). Two women grinding, working with one
man gathering, can prepare about 88 pounds of mesquite pod
flour in a day ( Felger and Moser, 1976:23). About 8% of the
mesquite pod is crude protein, 52% is carbohydrate, 25 -30% is
sugar, and slightly over 2% is fat. Mesquite beans are said to



Edna Jones demonstrates the Pima method of pounding
mesquite pods in a wooden mortar to produce an all- purpose
flour. The Hohokam seem to have used a similar technique.
Photo by Dick George.
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The Hohokam probably utilized mesquite in much the same
way as the modern Pima. After mesquite pods are pounded
by the Pima the seed and endocarp residue (left) is discarded.
The sifted flour (right) has many uses. Photo by Dick George.
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Hohokam mesquite cakes were probably prepared like those
of the modern Pima. Here a Pima woman, Edna Jones, applies
more mesquite flour during preparation of a mesquite cake
after wetting the bottom layer of the cake. Photo by Dick
George.
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compare favorably with Old World barley (Bean and Saubel,
1972:112 -113). Mesquite seeds have a protein content which
is much higher than the pod; about 40% of the seed is protein
(Felger and Moser, 1976:23).

Mesquite has other uses aside from being a wild plant food
staple. Its wood was a major source of fuel and was used in
house construction and in the fabrication of smaller objects.
Mesquite was also used for a wide range of medicinal pur-
poses. In addition, bark from its roots was twisted into cor-
dage and the black gum which exudes from cuts in the tree
was used for adhesives, sealants, dye, and make -up. Mesquite
flowers are edible, and in historic times, the flowers have been
a source of bee honey (Bell and Castetter, 1937; Felger,
1977:165 -175; Felger and Moser, 1981). Every part of the mes-
quite tree was utilized in one way or another.

Other Wild Plants. The list of other wild plants used by
the Hohokam is considerable, but their presence in sites in
usually minimal. It could be deduced from this that their
value to the Hohokam was also minimal. However, this analy-
sis is biased by an emphasis on the plant remains in flotation
samples, and these samples normally exclude soft parts that
may have been used extensively.

Complementary pollen evidence indicates that a number of
important plants are usually not recoverable by conventional
flotation techniques (Cully and Struever, 1979). Gish
(1979:171), for example, using pollen evidence, has deter-
mined that some species which rarely occur in Hohokam
flotation samples are common in Hohokam pollen samples.
Some of these plants are cholla (Cylindropuntia), squash or
wild gourd (Cucurbita), primrose (Oenothera), four-o'clock
(Nyctaginaceae cf. Boerhaavia), and cat -tail (Typha). The
pollen evidence suggests use of the following plant parts: cholla
buds, gourd or squash flowers, primrose roots, Boerhaavia
greens, and cat -tail shoots, roots, and catkins. All of these
plant parts have one thing in common; they are all normally
ingested in their entirety and have no dense portions that
would be discarded as a by- product of food use. Thus, comple-
mentary pollen evidence clearly demonstrates the fact that
other foods were a common part of the Hohokam diet.

The occurrence of other pollen types in Hohokam sites
more closely follows the recovery of plant microfossils in
flotation samples. For instance, Cheno -Am pollen values are
often high, and aggregates occur. Corn pollen grains are often
present but in low numbers, and the frequency of mustard and
globe -mallow (Sphaeralcea) pollen is often higher than what
one would expect from natural occurrence (Gish, 1979:161,164,
168 -170). Sphaeralcea is not a common seed type in Hohokam
flotation samples but it does appear from time to time (Table
1).

Gathering Strategies
The Hohokam depended upon wild foods for a large part of

their sustenance. If a comparison is drawn with the Pima and
Papago, 30% of the riverine Pima diet came from wild food
collecting (50 -60% farming, 10% hunting); for the Papago
wild plants provided as much as 65% of their diet (20% farm-
ing, 15% hunting) ( Castetter and Bell, 1942: 56 -59). The Piman
figures for wild plant food consumption may reflect the aver-
age during normal crop production. If crop yields were dimin-
ished, the Pimas ate more wild foods (Crosswhite,1981:62). To
extrapolate then, wild plant foods may have constituted 30-
65% of the Hohokam diet. Again, the importance of wild plant
foods increased when crop yields were low.



Example of a cooking pit filled with fire- cracked rock at a
Hohokam site. Bags contain pollen and flotation samples.
Photo by Robert Gasser.

The longer the Hohokam remained in the area, the more
familiar they became with their environment. They knew
where different resources were located and when they would
be harvestable. Each trek away from the village widened their
area of exploitable resources. The Hohokam made full use of
their environment. They specialized in gathering several key
wild resources, and scheduled their life so that these could be
fully exploited. Most of this scheduling was relatively easy as
different foods ripened at different times of the year and there
was little conflict with the need to maintain fields. If crop and
gathering schedules periodically conflicted, problems could
be alleviated by division of labor or exchange (cf. Crosswhite,
1981:57 -58, 65).

In order to guarantee sedentism, the Hohokam had to
exploit three major ecosystems for the variety of products
they yield (Gasser, 1979, 1980b). The first and major ecosys-
tem was the floodplain which provided the bulk of the
exploitable resources and included space for habitation and
field loci. Available water was the critical variable that deter-
mined site location and resource availability. The second, but
perhaps least important, was the creosote plain. Here supple-
mental fields were established, and a limited amount of hunt-
ing and gathering took place. The third ecosystem consisted
of the bajadas of near -by mountains which contain dense
stands of cacti and tree legumes such as foothill paloverde
(Cercidium microphyllum). The bajada resources provided an
important back -up system that offered a dependable food
supply.

The bulk of the food plants normally used by the Hohokam
came from near -by sources, most of them adjacent to or sur-
rounding habitation sites. In addition, many of these near -by
resources grew on disturbed soil, habitats created and main-
tained by man. In this sense, man was a gatherer in his own

Charred Hordeum grains from La Ciudad, a Hohokam site.
The bracts surrounding the seed are gone, suggesting
manipulation by the Hohokam. Photo by Dick George.
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fields. Trips to more distant resources were scheduled to
maximize the efforts of the journey. The journey was proba-
bly often less than 5 km from the village. More distant
sojourns were probably relatively rare and taken by few peo-
ple. For instance, a small group of men might travel 30 km or
more to obtain Agave or Yucca. During periods of crop failure
the distance traveled to get food increased as well as the kinds
of foods which were collected. Knowledge of the variety of
available plant foods permitted such generalized behavior.

Most Hohokam gathering probably had a minimal impact
on the natural environment. Individual plants were rarely
killed. If they were, then other members of their kind were left
to reseed the area. Fruits, buds, and seeds constituted a large
part of what was gathered. Rarely were all of the reproductive
parts of any one plant collected, and if they were, that plant
might be left alone in subsequent years. Prehistoric gatherers
probably did no more damage to the environment than any
other large animal, and human populations were rarely dense
enough to cause local extinction of any species. In terms of
their gathering, the Hohokam lived in harmony withnature.

Summary
Experienced, resourceful, adaptable, resilient, and crea-

tive: these are words which describe Hohokam plant use. In
today's society, it is hard for many of us to relate to the
abilities of peoples who have produced and gathered all of
their own food. Infinitely more complex than a trip to the
grocery store, Hohokam survival depended upon an intimate
knowledge of the environment and what was available on a
seasonal basis. A farmer had to also be familiar with minor
differences in soils, prevailing weather patterns and their
effects on microhabitats. Irrigation and dry-farm technologies
were utilized, but had to be adapted or created to fit slightly
different conditions in each situation. If a part or parts of the
food procurement system broke down due to floods, pest
infestation, drought, or other stress, the resourceful Hoho-
kam knew about other foods which could carry him through
the stress period. If Hohokam farmers were manipulating
wild plants in their fields, or in other places, they may have
been encouraging change in the plant's morphology. Plant
hunters become plant creators.

Ranking the importance of Hohokam crops is not as easy as
one might expect. Generalizations might be made about all
Hohokam, but these do not necessarily apply to individual
sites. A recent analysis (Gasser, 1981a) indicated quite a bit of
site -to -site variability in crop and wild plant use. The infer-
ence is that persons at some sites may have specialized in
certain types of food production.

In general, however, corn was the prime plant food of the
Hohokam. Beans, cotton, and squash were probably all impor-
tant but we really do not have the evidence to state this. The
bottle -gourd was apparently raised, but again we have little
evidence of its use. Even more speculative is the inferred
cultivation of native barley and Cheno -ams. We know that
barley and Cheno -ams were used by the Hohokam, but it is a
moot point as to whether they were cultivated or
domesticated.

Ranking the importance of the vast array of wild plant
foods of the Hohokam is equally difficult and is best avoided.
Several important species can be identified, however. Mes-
quite pods, saguaro fruit, cholla buds, and various weeds
including Cheno -ams, false purslane, and some grasses were
all important to the Hohokam. Mesquite pods,:for instance,

Winter 1981 -82

might have contributed more to the diet than either beans or
squash, or perhaps both.

The importance of wild foods partly depended on the loca-
tion of the village. If the village was situated away from a
permanent stream, gathering was possibly more important
than agriculture. The converse was probably true for the
riverine Hohokam. Despite this, all Hohokam had a varied
diet of wild and domesticated species which enhanced their
capabilities of having a balanced diet. The Hohokam may
have been around for as long as 1700 years. Such resiliency,
given the harsh environment, testifies to their ingenuity.
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Squash and corn grown in a small household garden beside a
cotton field on the Salt River Indian Reservation. Squash,
corn and cotton were also important crops for the
prehistoric Hohokam. Photo by Robert Gasser.

Berries of Lycium may have provided a supplemental food
source to the Hohokam. Photo by Ruth Greenhouse.

Purslane (Portulaca) was an important green that also
produced edible seeds. Photo by Ruth Greenhouse.



Mesquite (left) and screwbean (right) pods were frequently
used by the Hohokam. Photo by Ruth Greenhouse.

A Pima woman, Edna Jones, breaks up dry mesquite pods
before pounding them in a wooden mortar. The Hohokam
probably prepared mesquite in much the same manner.
Photo by Dick George.

Ripe fruit of the saguaro was an important wild food product
of the Hohokam. Photo by Ruth Greenhouse.
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A work -weary farmer takes a proud moment to pose by
his corn crib west of Toluca, Mexico on the road to
Morelia. A sample of ears purchased from this man for 20
pesos ($1 U.S.) revealed tremendous diversity in ear shape,
row number, kernel color and shape. Photo by Hugh H.
Iltis.

Preservation of Genetic Diversity
As our industrial culture continues to evolve and

as our human population continues to grow, we of
necessity must pick and choose among all that has
gone before to decide just which aspects are to be
brought forward into the future and thus preserved.

Our living evolving earth is fragile and many
forms of life are now being lost. If we do not make a
conscious effort to preserve the genetic diversity of
life, we will lose potentially valuable resources. Our
children's children will be bound by our decisions
whether right or wrong.

We are rapidly changing existing ecosystems into
monocultures of corn, wheat, rice, potatoes and
other crops. At the same time we are eliminating
much of the diversity in these field crops by concen-
trating on growing a few standard varieties within
each crop.

We need to better appreciate the value of genetic
diversity. We need to preserve diversity. Simply

stated, diversity and diversification decrease the
odds of catastrophe or failure and increase odds of
success.

Living systems must be fit for the present but
flexible for the future. For our culture to be flexible
we must attempt to preserve life on earth in its
diversity, for who knows just which organism out of
every hundred or thousand will prove to be of value
to us in the future?

The present issue of Desert Plants carries articles
on tomatoes and corn which attempt to demonstrate
how genetic diversity from wild species may be used
to advantage in breeding desirable qualities into
crop plants. The need to preserve genetic diversity
occurs at all levels. Wild species can be preserved by
protecting critical habitat. Cultivated varieties have
been preserved by various ethnic groups. With the
incorporation of such ethnic groups into the amal-
gam of generalized industrial culture the survival of
diversity in cultivated plants is uncertain.


	dp_03_04_pg000a001_m
	dp_03_04_pg174_m
	dp_03_04_pg175_m
	dp_03_04_pg176_m
	dp_03_04_pg177_m
	dp_03_04_pg178_m
	dp_03_04_pg179_m
	dp_03_04_pg180_m
	dp_03_04_pg181_m
	dp_03_04_pg182_m
	dp_03_04_pg183_m
	dp_03_04_pg184_m
	dp_03_04_pg185_m
	dp_03_04_pg186_m
	dp_03_04_pg187_m
	dp_03_04_pg188_m
	dp_03_04_pg189_m
	dp_03_04_pg190_m
	dp_03_04_pg191_m
	dp_03_04_pg192_m
	dp_03_04_pg193_m
	dp_03_04_pg194_m
	dp_03_04_pg195_m
	dp_03_04_pg196_m
	dp_03_04_pg197_m
	dp_03_04_pg198_m
	dp_03_04_pg199_m
	dp_03_04_pg200_m
	dp_03_04_pg201_m
	dp_03_04_pg202_m
	dp_03_04_pg203_m
	dp_03_04_pg204_m
	dp_03_04_pg205_m
	dp_03_04_pg206_m
	dp_03_04_pg207_m
	dp_03_04_pg208_m
	dp_03_04_pg209_m
	dp_03_04_pg210_m
	dp_03_04_pg211_m
	dp_03_04_pg212_m
	dp_03_04_pg213_m
	dp_03_04_pg214_m
	dp_03_04_pg215_m
	dp_03_04_pg216_m
	dp_03_04_pg217_m
	dp_03_04_pg218_m
	dp_03_04_pg219_m
	dp_03_04_pg220_m
	dp_03_04_pg221_m
	dp_03_04_pg222_m
	dp_03_04_pg223_m
	dp_03_04_pg224_m
	dp_03_04_pg225_m
	dp_03_04_pg226_m
	dp_03_04_pg227_m
	dp_03_04_pg228_m
	dp_03_04_pg229_m
	dp_03_04_pg230_m
	dp_03_04_pg231_m
	dp_03_04_pg232_m
	dp_03_04_pg233_m
	dp_03_04_pg234_m
	dp_03_04_pg235_m

