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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.
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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.


