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Like their predecessors, these scientists work to expand the 1‘

range of the potato into new environments such as the troplt(}:ls, i I N D I A N
to ﬁgnd ways of growing potatoes from seed rather than from the l

its nutrition longer. They !
;c:gé T}igttgn(ie‘&zt)%hv;agzt:?opxis:;:ef;efi the peoples of Brazil, A G R I c U I. T u R A I.

Botswana, or Bangladesh as it already feeds the peoples of Ger- T E C H N o I. o G y

many, Ireland, and Russia.

The seaplane dropped out of the
clouds to pass over a small cluster
of houses on a high bank of the
Ucayali River an hour’s flight upstream from where the Ucayali
joins the Amazon. All the way to the horizon on every side we
could see nothing but the endless stretch of high jungle. We
circled the village once as the pilot tried to make sure that this
actually was the community of Genaro Herrera. His government
map indicated that the closest village should be San Filipe and
that Genaro Herrera lay farther upstream, and even though this
air force captain had fifteen years of experience flying the Amazon
and tributaries, he had never been to this particular community.
Convinced that even his military maps were inaccurate, the pilot
gently set the plane down in the middle of the river as a swarm
of villagers rushed to the banks to watch us. This was the first
visit by a seaplane in many years, and most of the children had
never seen one. After nudging aside a cluster of dugout canoes
and hastily devising a makeshift dock, we climbed up the muddy
bank to be officially welcomed by the apparently bewildered
mayor, who stood barefooted in the mud surrounded by excited
children and boys clutching machetes. We had landed in Genaro
Herrera, the right village.

(Genaro Herrera is a small jungle village like thousands of others
s

cattered up and down the rivers of the Amazon Basin. About a
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hundred thatch houses on stilts cluster around a large open field
rather euphemistically called la plaza, and to the side of it leans
a church loosely made of sticks and mud, now empty except for
a large statue of the Virgin Mary. The houses are little more than
platforms built on sticks and with a roof overhead. The main
furniture consists of hammocks hanging pellmell from the roof
beams of each house. Each yard contains a large fireplace around
which the women toast their daily staple of the slightly sour-
tasting cassava flour. Some enterprising families have converted
their front rooms into stores where they sell a few cans of imported
food and milk in addition to large quantities of noodles, rice, and
flour.
i ““What makes Genaro Herrera different from other villages is
" that a few kilometers back in the jungle from the village, the
| Peruvian government operates a small research center. Here the
{ government has cleared small patches of land through slash-and-
[burn agriculture and set up chacras, traditional Indian farming
plots. Following the techniques taught them by the local Indians,
college-trained agronomists, botanists, and foresters scientifically
study the natives’ collection of crops and plant lore, their agri-
cultural techniques, and even their building and storage methods.

Poking up from the cleared spaces in the jungle, different
varieties of cassava strain to reach the sunlight. This tall and
lanky bush that resembles an oversized marijuana plant has a
calorie-packed root from which the Indians make flour. Called
yucca in Spanish even though it bears no resemblance to the
ornamental yucca plant known to North Americans, cassava orig-
inated in this area of the Amazon, and from here Spanish and
Portuguese traders spread it throughout the tropical zones of the
earth. Some people call it “manioc” or “mandioca,” but English
speakers most frequently call it “tapioca’” and use it to make
puddings and baby foods.

The Indians dig up the cassava root, which they peel and put
in water for a few days to ferment. The fermented chunks next
go into a sack, which is wedged between boards for several days
to press out the water. The partially dried pieces now look
something like white gravel. The Indians toast them very slowly
over a large fire in pans five feet long. The crunchy flour or farina
that results from this process resembles granola, and in this toasted
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fqrm can be preserved for a long time even in a climate a
disposed toward rot and decay as the Amazon’s. i
Near the fields of cassava plants grow experimental orchards
of the trees cultivated by the natives. As parrots dashed overhead
from one tree branch to another and noisily watched us, we
wan.dered among the native orchards. One of the trees u,nde
c.ultlvation produced fruits the size of large cherries and exce :
t}onally bitter in taste, but it packed in its small fruit severIz;i
times the amount of vitamin C in an orange. Intermixed with
these and other exotic fruits grow several varieties of wild cacao
or chocolate trees. The chocolate beans grow inside a large golden-
green pod surrounded by a fleshy sweet fruit, which is eaten b
the natives with more gusto than the bean. ¢
.Swarms.of gigantic winged termites dash through the humid
air searching for new places to nest. They creep into our ears
and noses as well as between the seams of our moist clothes
Wh-en we brush them aside or try to extract them, their win s
easily fall off and they stay where they are until th’ey decide %
i?'(c)ll'( further -for a building site. Then they lamely crawl out o(;
t (: tl}Illeg ;(zorlv:élt- a gush of air that will blow their wingless bodies
T_o overcome problems with termites and other insects the
Infhan's have learned to use special forest products, which the
scientists now struggle to understand and to repro,duce Some
trees produce wood that repels termites and other insécts In
some of the jungle chacras the botanists now grow special varie;ties
of l_ocal trees selected by the Indians as especially desirable for
various building purposes. One tree produces wood that effec-
tively repels most insects, another tree makes particularly stron
planks., and yet another has durable yet pliable leaves good fo%
thatching. One tree attracts a particular vine that can be moistened
and then used to tie together joints. After drying, the vines form
a fastener that is stronger than nails and will hold for twent
years, long after nails would have rusted in this humid climatey
Still o.t}'ler trees have highly unusual qualities; one produces lar e:
quantities of flammable sap very similar to turpentine, and oﬁe

supposedly produces a sa T _
in a gas tank. p capable of substituting for diesel fuel
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These unusual plants thrive in their native habitat, but scientists
have yet to unlock their many secrets and understand their
characteristics or what applications they may have in other con-
texts. In marked contrast to these plants, some of the nearby
fields grow malformed and dying exotic trees such as pine and
eucalyptus imported by the Swiss in an unsuccessful effort to
grow foreign trees commercially in the Amazon.

" Now rather than allowing foreigners to experiment with the
Indians by teaching them to raise foreign trees, the government
seeks the aid of the Indians to teach researchers how to grow a
wide variety of yams, potatoes, and tubers for which there exist
no names in either English or Spanish. Like the wood under
cultivation, some of the tubers also have unusual properties, such
as the ability to make their own bug repellents or to thrive under
conditions too wet, hot, or sunny for most plants.

The Indians around Genaro Herrera now teach the scientists
how to cultivate and then how to utilize these plants. Traditional
agricultural knowledge often lacks an understanding of these
plants. For five hundred years, Indian farmers have been teaching
others how to grow and process new plants. The American crops
required new ways of farming that appeared bizarre to Old World
farmers and violated all past agricultural principles of good farm-
ing. The scientists working at Genaro Herrera strive to unravel
the complex technology of native agriculture and food processing
as much as they strive to understand more about the biology of
the plants themselves.

The traditional agricultural system of North and Central Amer-
ica centered on the small field called a milpa, which was not
cultivated by plowing or planting in neat rows. The Indian farmer
made a field of small mounds on which to plant the corn. In
contrast to plowed rows, the small mound loses less soil to rain
runoff and thus helps to stabilize the soil. White farmers in
America adopted the practice, known as hilling, and followed it
consistently from early colonial times until the 1930s [Sauer, p.
6]. Since the United States abandoned hilling in favor of dense
planting, erosion has increased remarkably and thousands of tons

of the best soil annually floats away down the Mississippi River
system. Future generations may have to return to traditional
hilling to preserve their farmlands.
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One easily sees these principles in action i
IILIPt}s, tin the dYucatefm today. Thg farm doesogoltnr;z::llls"bllggﬁaia\rlvn;
ight consider a farm but looks like an abandoned
forest fire. The field flows like an ink blot ac harea R
partially burned trunks of trees and stumps areroSS t i ond. T}'le
the charred earth, and corn, squash, ancllJ vari s bean o 'ﬂH_lld
all seem to be growing at ran(cllom. Only a?tl;;l(‘) ut?ali(ia;m v‘\,railtr}llettll?s
f:;?eesrs cflote}f m}nle sdee the intricate plan operating here gThe broas
of the hardy corn plant shade the delicate b
from the harsh sun, and the stron ides p'la'nts
st.ake on which the bean and squga:}?rgirslteaslkgrlt))r:/wg‘isea hvmﬁ
vines meander across the ground between the C(;rn ansqsas
plan?s, providing good cover for the earth and thereby en ing
maximum capture of rain and minimal erosion of theylands l;rmg
wind or water. At the same time the broad leaves and lon inos
of the squash plant so effectively cover the ground thgtvtl}llles
prevent L'mwanted plants from growing. This reduces tha ezll
for vxfeedmg while ensuring a better harvest. In turn, th ebnee
fix n1trogen. in the soil to help the corn and squash : ov?r o
Recent scientific investigation has revealed that the cirmbi.n ti
of corn, squash, and beans also reduces herbivory, or thal llon
;tlztﬁtslonttof tthe pl(elmts by insects and other pests. Th’e cultisatee(i
lar attract predatory insects that prey upon the i
limits corn loss without the use of chemical i i _PeStS- s
that at first appear to be weeds growing arourigsf}fetzuzg e; P;atnht .
garden also attra.ct pests away from the crop plants. Receit stoudiei
;n modern Mex1'co have shown that this traditional polyculture
ncreases corn yields by as much as 50 percent over monocul
[Gliessman et al.; Chacon and Gliessman.] peutiure
When the.ﬁrst settlers arrived in the United States and
zg\;‘rllvte'}e}:letléls type of milﬁa agriculture, they had to learn farmtiarrllé
. > European met od of regimented lines of a single
i);g;i;;cif in nea;(ly plowed rows proved impractical for eitghercigz
Than © ;r[;ls ((:)(;‘asct)rotfh; 8‘511 \;‘Vorld. crops transplanted to America.
merica supported one massi i-
;r:;val forest filled Yvith deciduous trees that were difﬁifxslltvt?)’ galill
even after cutting they left very large stumps with extensi ’
root systems that defied even a steel plow. e
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For centuries, however, the Indians farmed the forest through
a simple, yet appropriate, technology. To clear a field, the Indian
farmer killed the trees by a process of girdling or barking which
cut off a crucial part of the tree without extensive chopping and
sawing. Within a few months the field was reduced to the hulk
of dead tree trunks, which, denuded of their foliage, allowed the
sun to penetrate that part of the forest. The Indians then farmed
the area for a few years before allowing it to return to forest and
restore the nutrients to the land. .

The settler farmers adopted the same system, with the exception
that they did not allow the land to return to the forest. In due
time the trees could be used for firewood, they fell of their own
weight, and the root and stump system rotted. Thus after a few
generations, the deciduous forest slowly retreated before the ad-
vance of milpas that eventually became fields suitable for plowing
[Sauer, p. 7]. American pioneers opened the country through this
adaptation of the Indian milpa and tree girdling more than through
the ax and plow. Not until the pioneers reached the open prairies
of North America and Argentina, where the plow was unencum-
bered by trees and roots, did it fully come into its own.

Another major innovation that the European settlers adopted
from the Indians at first appears to be too minor to mention—
the change from sowing seed to planting it. Most of the traditional
Old World grains had very small seeds that the farmer broadcast
by the handful onto the prepared ground. American Indians knew
that corn could be planted only by placing the kernels firmly in
the ground. The Indians selected each seed to be planted rather
than merely grabbing a random handful of seeds from a bag and
throwing them. This process of selecting the seeds allowed the
Indians to develop the hundreds of varieties of each plant that
they cultivated. Whereas the Old World grains came in only a

few forms, the Indians had many forms of dent corn, sweet corn,
popcorn, flint corn, and dozens of others. They ranged in color
from yellow and red to blue and purple. Some ripened in as little
as sixty days and others took several months. Some grew in very
wet areas such as Florida and others in the deserts of the south-
western United States. Corn grew in the Andes as well as on the
coastal plains, and it grew from Canada to far into South America.
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Similarly the Indians grew m ieti :
and other gourds sucgh as c}?:;,o‘t,::.letles of beans and of squashes
This dlve_rsity developed through the Indian farmers’ profound
understanding of practical genetics. To make the corn prow utl}ll
fz.armers had to fertilize each plant by putting corn pollgn on 'te
silk. They knew that by taking the pollen from one variet 1sf
corn and fertilizing the silk of another variety, they created o
w1.th the combined characteristics of the two pe;rent stalks To(zlorn
this process is known as hybridization and scientists un(ierst a}(,i’
the gene_tlc reasons behind this process; the Indian farm adn
veIlopSld it thro?gh generations of trial and error. o e
n the case of some plants, it is difficult i
th.e Indians actually cultivated them or sti?n}(if;ergx:;ltgl:r::ihf}tlher
wxld._ At one end of the spectrum, plants such as corn wem
definitely cultigens. In order to protect the kernels from erte
and wea.ther, the early Indian farmers bred corn to have a ﬁesf:'
arm.md 1t.. This husk protected it but prevented it from e
ducing without the assistance of a human who could remmr/eptr};)~
husk. Consequently, corn never grows wild; it can ve only
under human care. ’ survive only
Thpugh the cultigen end of the spectrum is obvious, the oth
end is not so clear. This difficulty in determining wh,ich 1 ‘il‘
are cultivated and which are wild came clearly into focus f}(;ran .
in t}.le case of the prickly pear cactus, which includes sevem(i
species of Opuntia. The fruit of this cactus, called a pear rian

- English or tuna by many Indian groups and Spanish speakers

varies from green to yellow and red. Beneath a thick rind th
{)rl;la}:; ?If] til}:a frduit ist bgth very sweet and moist, making it a prizeg
i e desert. Even today in many of the tropic
ﬁlmer{ca with 1.ts large variety of fruits, the tuna frequ)xeflilylf)?;fnosf
e hlghest price of all the fruit in the market. In additio %
using it as fruit, Indian cooks remove the thorns from the fn l?
young pads of the cactus, called nopales, and cook th in
variety of dishes. ’ m e
thyltrl'm]l:]t stoppmg to consider it, I assumed for many years that
how};vlc yhpear, like all cacti, simply grew wild. It puzzled me
e er, that the .cact.us often bordered the yards of Indian hornes,
a fence of cacti thirty or forty feet out from the house. I had

- seen this pattern in the southwestern United States, parts of
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Mexico and Central America, and right on down through the
high deserts of the Andes deep into South America. The pattern
held everywhere, but the residents always denied having built
their homes deliberately in the middle of a large cactus grove or
having planted the cactus into a deliberate hedge as Indians often
do with plants such as ocotillo. The mystery cleared up only
with lengthy stays in Indian communities. The fruit contains
hundreds of very small hard seeds that prove too difficult to
remove while eating the flesh and too hard to crack with the
teeth. Indians chew the fruit lightly, in effect only mashing it
with their teeth rather than masticating it, and then they swallow
it. The hard shell of the uncracked seed passes through the human
digestive tract and emerges whole and healthy when the person
defecates away from the house. The seeds not only emerge in
good condition but are surrounded by an immediate source of
fertilizer for the new plant. Because people often defecate at a
short but consistent distance from their homes, the cacti soon
surrounded the home in the form of a perimeter fence.

Even though this does not qualify as cultivation in the usual
sense, the cactus certainly does not grow wildly at random. The
residents eradicate the cacti that spring up in the middle of the
corn patch, too close to the house, or in other inconvenient spots.
They confine the plant to long, thin patches that the Indians can
easily harvest. In this form they also serve as protection against
wind and predators.

Many other plants that at first may appear to us to have been
merely wild plants that the Indians exploited often turn out under
closer examination to have received some degree of assistance
from them. Indians cleared competing plants aside, pruned
branches, and sometimes even planted many of these supposedly
wild plants. A copse of various fruit and nut trees interspersed
with berry bushes may have been viewed as a godsend by many
earlier European explorers or pioneers when in fact Indians had
carefully tended the plants for generations with as much tender
care as an English gardener. Unlike English garden plants, how-
ever, the plants grew in what appeared to be a natural arrangement
and had not been planted, tied, bent, and pruned into rigid military

formations.

****************

**********************************************
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As ingenious as the American mi
. milpa system is, it was not
only farming system developed by the Indians nor even the ffll‘]si
onf1 e}r:countered by Columbus and his crew. In South America
anl t (xi'oughout most of the Caribbean islands the Indians de-
veloped a completely'dlfferent system of agriculture, called the
coc;r(;u%t\), in the Arawakian languages. Unlike the milpa and all the
old dorld systems of agriculture, the conuco used no seeds
x;s ea tl;ese farmfzrs had spent millennia perfecting the growin.
i)le (;r(?psl r((l)m cuttings and from root sprouts. The plants growrgl
re include cassava, many varieties of sweet
batatas), peach palms or peji s utlis), vome | Jpomoe
1 , . pejibae (Bactris utilis), yams (Dios
trl_flda), and pineapples (Ananas comosus). The conucos( alsocgcr)(:f
tained plants that have not been much used by outsiders, such
as t‘he racacha, Arracacia xanthorrhiza, which resembles a pz;rsni ;
aroids, Xanthosoma yautia and X. malanga; and arrowroots su%
asTI\l/igrafnta arundinacea and Calathea allouia e
is form of cultivation thrives better i . i
1 in the tropics, wh
newdglantmgs can be made throughout the year ang harvesfefg
;tea ily. By contra-st, the Eurasian winter confined planting and
t l"z:.rvirstmg f'(o specxlﬁc seasons. The Indian farmers had practiced
is type of agriculture for so long that in man
/ . y cases the
g.:l v1rtluaily dflsa}fpeared or become vestigial. For the mostS e:adri
se plants of the conuco have remained tropi
: opical and spre
around Fhe world only in the warmer areas without ac uilgr “
market in the temperate zones. e @
no’izle :gglgcotmethods have proved quite valuable and have some
ications, as was recently shown to me on isi
( 1 : a visit t
::rm ofhlélllas Sanchez outside of Tegucigalpa, Honduras oLtiig
mz;lo); sTd::d lWor(lid farmers, Sefior Sanchez liked the hybr'id to
veloped in recent years in the United S i
tunately, the developers of the hybri igh orlems for s
, ybrids charge high prices f
seeds. Because the plant is a hybri e e
: ybrid, each generation of the pl
requires the purchase of a new set s can
of seeds. The fa
produce the tomatoes but the seods Mr.
r t produce th
P yco the tomaloes by y cannot p e seeds. Mr.
, , applied the traditional con
reproduce hybrid tomatoes f i e e
: na rom cuttings of tomato plants
:iit%le 1tlme of my visit at the end of 1986, he had I::lone(,i Eﬁll(:
o %;:;a ltomatoes for thlrj[een generations with no degeneration
plants. The potential for this technologically simple way
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of cloning mostly seems appropriate to the poorer countries, where
labor is more plentiful than capital, but it probably has a variety
of still-undiscovered advantages for temperate-climate agriculture
as well.

The Indian farmers who developed these complex ways of
reproducing plants through cuttings and through careful seed
selection rather than broadcasting could control the variation in
their plants and thus manipulate the genetic composition of them.
Without question the Indians were the world’s greatest plant
breeders, and their knowledge rested largely on the techniques
they used for planting seeds or cuttings rather than broadcasting
the seeds. From this firm and practical base of plant manipulation
the modern sciences of genetics and plant breeding have devel-
oped. Without the treasure of diversity created by the trial-and-
error methods of early Indian farmers, modern science would
have lacked the resources with which to start. The limited ag-
ricultural background of the Old World would have been far too
meager and would have required centuries more of research
before science reached its present level.

Together with the genetic development of so many different
kinds of plants, the Indian farmers acquired a thorough knowledge
of agronomy and ways to manage the soil. Peruvian farmers
restored the vitality of the land through fertilizers. None of the
fertilizers proved more effective than guano, the droppings of
seabirds that littered the coasts of Peru. The Incas protected guano
as a prized natural resource. In order to build up the guano
deposits, Inca law specified death as the punishment for anyone
who killed one of the seabirds or who approached their nesting
areas during the laying season. The Incas divided the guano areas
into districts clearly marked with boundary stones. A group of

farmers was assigned to each of the guano areas. They could
enter only the area assigned to them, and no one else was
permitted into their area. Each farmer was allowed only as much
guano as he needed for his own fields [Vega, pp. 158-59).

Through careful management, the guano fields became virtual
mountains of white fertilizer. The Spaniards, however, lacked the
historical and environmental perspective of the Incas and per-
mitted haphazard exploitation and destruction of the deposits. In
the early eighteenth century the Europeans finally discovered the
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value of the guano for their i
] own agriculture when some cunni
E)Ouslénessmden under.Francisco Quiroz thought to ship a loadnzini%
mirangllan for a trial sale. The nitrogenous fertilizer seemed a
' lfu ous cure for the depleted British lands, and it caused
quEl:c - escalation in crop yields for British farmers. ’
OneSt}l,I::S:iz gt ft:et t1}r3nei gave the guano a depth of approximately
el. Between 1840 and 1880, Peru e
11 ! Xpo
th‘llx(;(;?ehelev;:;l] r'rll‘l}ihon tons of guano valued at $60(I)) ;?lc}ic:g
ich, p. . This bonanza for the Peruvi
it the highest rate of ex th Amesiean counie e
ports of any South American ¢ i
‘ : ount
;}:}ai;}llxtl:ltler::nt}tl l((:entury and inaugurated an era of prosperityr};xig
ent known as the Age of Guano. In thi
. . is wa
Peruvians arose from the treasured patrimony left the yl;nOder'n
Inca predecessors. m by thelr
iC;Il‘lh(; guano stimulated as much excitement among North Amer
armers as among the Europeans, but Y )
sented the high prices char Pomtin e mers -
: ged by the Peruvian m
sions between the United States a i
. nd Peru reached such i
point that the two nations severed relati n 1860, and the
] tions in 1860
United States threatened to sei of i
Jni seize two of the guano island
civil war not broken out in the Uni . tractod bo
nited States and distracted
the farmers and Washington, there might easily have be:r(l)tlz
guérlll(;nv;ar btetwger;) the United States and Peru [Werlich, p. 90]
entere eruvian history as the most le '
resource that the nation had found si anioh el oo
. . : since the Spanish had 1
;;sr Hgl(éI(;iBaOI;fi .s1lv;r anl:il since they had lost Potosi to the noe?:/??/
vian Republic. The “discovery” of
: . . , guano by Eu
agriculture in the nineteenth century initiated modej;n f;?rl:l?ig
. . only stimulated
g;v.;llcllg :)gut 1n01;:3adset}i1 r%search interest in fertilizers as weell (':II‘EIG)
€ marked the beginning of mode i ,
tually led to artificial fertili o o e nd even-
ilizers made from other reso
, - urces.
asT}LeaIndh:irr;f understood the workings of other fertilizers as well
guano. They harvested the numerous anchovies off the Pe-

- Tuvian coast, and after eating the flesh, the Indians buried the

h .
tizztilclis Cléln:};:zygrtt)}lll.ndlw(?en the};1 planted their crops. In the twen-
. » this Indian technique has been
massive scale; the dried anchovi i
; ies sold as fish meal f ili
; : : al for fertil
nd for animal fodder constitute a major Peruvian export iolgzils
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Indians not only gave the world a whole new set of crops and
taught the world how to grow them, but also developed the
technology for processing the plants into food. In the case of corn
it was drying as a way to preserve it and then grinding it into
flour. Drying and grinding formed the basic technologies of food
processing throughout the Americas from the freeze-dried potatoes
and the jerky meat of the Andes to the peppers and corn of North
America, but, as I discovered in the Amazon jungle, this seemingly
simple process often needed great elaboration for some products.

Three companions and 1 had an afternoon in a motorized canoe
on the Mamore River near the Brazil-Bolivia border. We had
gone four hours without passing a single hut since our last stop,
where an Indian woman had fried us a batch of pacu fish. In the
heat we had become steadily more thirsty and eventually quite
hungry. Even though it was not raining that day, it was in the
middle of the rainy season and the river rushed along at twice
its normal size and was full of floating bushes, trees, and dead
animals that together with the sediment in the water made it
much too unhealthy to drink.

At long last our guide turned the canoe into a small creek and
took us past an inland lake to a high embankment at the top of
which was a small Indian village. Because most of the inhabitants
were resting from the heat in the shade behind their huts, they

did not come out to meet us. Contrary to what most outsiders
think of as “the law of the jungle,” we knew that that law
permitted us to help ourselves to eat any fruit on or under the
trees, but forbade us to carry any away without first paying for
it or to bother any part of the harvest that was being processed
in some way. We immediately picked the large pods of the cacao
tree, cracked them against the tree trunk, and started eating them.
These pods look like slightly oblong acorn squash in size and
color, and the ribbing of the shell pops open to reveal a soft
white pulp of flesh which is very moist but tastes nothing like
chocolate. The creamy fruit quickly slaked our thirst and curbed
our appetites.

Only after we had recovered from the hot trip on the river did
we visit the Indian families in the community. The village and
the orchards of cacao, oranges, bananas, and plantains all flowed
into one another without any barriers between the orchards, the
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worki'ng areas, and the residences. All of it seemed to be one
(S);tgaglél(;iﬁrétlttg. 'Or}l, t}tus day, one Indian couple and their children
eir hut curing cacao. The Indians
. ' ng gathered a 1
g;l(:ahorf) cdaclaao fruit, aﬁld sitting beneath the trees they split o‘g‘egs
od. Because the seeds, or beans as we usuall
’ ds, call
are slq thoroughly intertwined in the fruit of the pgd atheth(:;]e,
:gz ; 1p;.)lerytto }l;errfxove with the fingers. Instead the m’embgrs of
amily ate the fruits and extracted the seeds wi i
They sucked the beans from i it ard oo
the slippery fruit and th
. ‘ en
;}illeemogu;emto a stma;l %lle. One of the children took the grovjf)r?gt
ans out of the shade to spread them ou i
' tonah
;;vootilen ber}ch in the sun, where they dry for several days ';}gxt
032: t ﬁzin high t('anoughh to keep animals away, but insects cra.wled
, eating the remaining bits and pi f it sti
attached. After several da ing i o bein e o
ys of drying in the sun and bein
: t
regularly to ensure even exposure, the beans were togstuzim?d
large pans over an open fire. e
The Indian woman toastin
. g the beans that day used a deli
fﬁ;ir;i)gr}eiflse pgogess }:elc(]uiring just the right temperature andl()fiz
speed for shaking the beans. Too much h
burned them and rui ' ttle wou Mmoo
burned th ined the chocolate, too little would have left
When thg toasted beans had cooled, the man fed them into a
?}almua}lll.lgrmdelr1 that rendered them into a thick but dry paste
e children then scooped the paste into ball .
balls into packets of banan o ot e poped the
a leaves. The next time the fami
iv:le?}:eto marktet, the}jlr would take the packets of cacao with 511}111;:]317
canoe to exchange for other foods or man i
: ufactured
‘P";)lx‘u:lg(l)se Indians (;he chocolate amounted to cash: it wa:zertréz
e a commodity for them to eat it th ’
toddlers unable to talk kn i e oo the
e
enting the Toie w to spit out the cacao seeds when
mg‘l}[ouih none of_these steps demanded very complicated equip-
nt, the processing of the cacao bean still involved a sophig-

- ticated technological procedure, from the extraction of the seeds

22222g20?Yin31 éogstin}lg, grinding, and packaging. Just finding the

s wild in the woods and eating them

. . the wa

;:toir(;gintlﬁns aqd I did was far removed from making chocscl)lar?ey
e Indians many centuries not only to learn to cultivaté
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the plant but also to develop the appropriate technology for
making the fruit into a very different type of product. By and
large the Europeans borrowed this technology, and even though
they could often improve on it with new tools for grinding and
for other steps in the process, the process remained the same.
Cacao beans grown today in large plantations throughout tropical
South America and the English-speaking countries of western
Africa go through the same steps, even though the drying and
roasting may be done in large mechanized mills rather than in
small Indian villages where people sit around in the shade to
make the chocolate. In Hershey, Pennsylvania, I have seen moun-
tains of roasted and ground cacao that surpassed in quantity what
a jungle village could produce in a generation, but the final
product looked and tasted identical to me.

The extraction of vanilla requires an even lengthier and more
complicated process than the making of chocolate. The delicate
vine Vanilla planifolia has very small flowers, which the Indians
early learned to fertilize by hand. The tasteless pods, which are
often called beans, have to be cured and then are spread out to
dry and age for four or five months in order to release the flavor.
The Spanish were much enamored with the plant when they
found it, and because of the delicate form and shape of the pod
they named it vanilla, or “little sheath,” a diminutive derivation
of the Latin word vagina.

Similarly complex technological procedures underlie the pro-
cessing of many native American crops. In Central America and
Mexico the simple tortilla results from a nutritionally delicate
and sophisticated process. Indian women soak the corn in water
to which they add lime or ashes to produce nixtamal. Later the
women put the nixtamal on a stone metate and grind it with
another stone to yield masa, which they make into tortillas.
Twentieth-century nutritional research has revealed that soaking
the corn in a heated alkali solution, as these women have done
for centuries, changes it into a form that allows the human body
to absorb the maximum amount of niacin in the corn, increases

the calcium in the corn, and makes the protein more easily used .

by the human body [Bryant et al., p. 46].
Many varieties of corn have thick hulls protecting each corn
kernel. They are often too difficult to grind and too thick to eat
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when boiled; therefore they must be removed. Removin h
hul% by hand obviously costs too much time and effort buf o
ancient Indians discovered that lye would eat away th;e hullsomg
not damage the interior. Such lye could be easily obtained f: .
wood r.-.lshes. Thus the Indian cooks learned to soak the corno'm
a solutlon' of }/vater and wood ashes. The Indians called the hull 13
corn hommy in the Algonquian language or mote in Latin Ameri ; ;
it is sometl.mes called “lye corn” by English speakers Ind'lca’
ate.a the h(?mlny as it was or dried it and ground it to makt; honi(jins
grist, which became so popular in the American south a its
a completely Indian dish.  Erite

.For some reason, people in the north never learned to lik
either hqmlny or grits, but they continued to experiment w't}?
thfase. Indlag dishes. Finally, Dr. Will K. Kellogg of Battle Cr 1k
Michigan, discovered that he could take the corn flatten it (’aet,
a flake, and then toast it. This one innovation of ffakin the orn
rather than .grinding it created the first corn flakes an(% the CE) o
of.the American breakfast-cereal industry. The corn flake, ho iny
grits, .the tortilla, and the tamale all share a close histor,icalm lné’
nutrlt.lonal position in American society whether one looks taﬁ
Amer'lcas today or the Americas of a millennium ago At the

Indians al':j.o developed the technology for tapping 'the mapl
tree, extracting the sap, and processing it into syrup and 'pte
maple sugar, a process unlike any used in the Old World Fln "
the Indians the settlers learned how to make dried red reppor
as well as how to extract the essences of a wide variety ofplflri)rll)tesr
m;ntlergreens, and othexl' spices and flavorings. They developeci
varie(t)ilgl;i p())rfocczssss ac:fagriiiltmg(,i pretssing, and washing the poisonous

: In order to remove the hydrocyanic aci
angsi ()Slilll:jleblen%lr?ﬁ( ;(Iitcdhen cl}:en;lists found that the h);fdrocyzcri?(;
C own by heating it, and in thi
::l}::ml;:al could. partial'ly dissolve hard meats and y:; sptf(:se;'}\:g
! Bn.rom rottl.ng. This sqlution from the cassava plant is still
sz 1n'the United States in meat tenderizers and sauces.
aietrrfl:zor;:af rr;liatc:eaz ;rslﬁ(t):?d and te)‘:)tlensive impact on the world’s
. o vegetables and oils. B i

;Iliajor part of thf-: diet in which the New World m:ctleﬂrorillliu?gn;
! meat and anllmal products such as milk, cheese, butter lard'
88s, and gelatin. Whereas the Old World had domestica’ted e;
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large array of animals, including horses, donkeys, cows, goats,
sheep, pigs, water buffalo, elephants, camels, ducks, geese, chick-
ens, and pigeons, the Americas were amazingly bereft of such
animals. The few large animals in the Americas, such as the
bison, bear, deer, elk, and moose, roamed wild and tended to
live in the more inaccessible parts of the continent away from
the clusters of human habitations. Indians hunted these animals
and they traded the meat and fat, but this was only a minor part
of the Indian’s diet except in the few areas where farming was
not practical.

Domesticated animals in America included only the turkey,
duck, dog, guinea pig, and llama. Both the llama and the guinea
pig were native to the Andes, but the llama found it very difficult
to live outside the high altitudes. It does produce milk and meat,
but in nothing approaching the volume of Old World cows and
goats or even the llama’s cousin the camel. In comparison to the
llama, a cow is a virtual milk and meat factory.

Residents of the Andes still eat the guinea pig with great gusto,
but it lacked appeal to people outside this area. The Europeans
never adopted it as a food, because the European rabbit was
larger and could live under more varied conditions. The Euro-
peans also had a long-standing aversion to eating rodents except
in the most dire of circumstances.

Only the American turkey found some following in the Old
World, since it resembled a larger version of the well-known
chicken. Even so the turkey never replaced the chicken. The
turkey, like the guinea pig, acquired an exotic name reflecting
an assumed origin in some faraway place such as Turkey or the
Guinea Coast of Africa, although both are exclusively American
in origin.

The Incas also kept ranches of domesticated rheas, the South
American ostrich. Even though they ate the bird, they raised it
for its long, soft feathers and for the leather made from its skin
rather than for its meat. The Spanish found little use for the rhea

other than hunting it, and the ranches soon fell into ruin while
hunters almost made the bird extinct.

The spread of American foods around the Old World began in
1492, when Columbus gathered the first plants to take with him
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back to Spain, and the process has not yet stopped. Today in
remote spots such as Genaro Herrera on the Ucayali River ythe
quest continues not merely for new crops but for new ’food
techr.lologies to feed the world. Day after day the local Indians
mes.tlzos, and scientists laboriously gather and catalogue the lants,
cult?vated in the area, plant them in various experimentfl for-
mations, and try to get a stock of germ plasm which might be
sent to other stations for further testing under other conditions
At the same time they catalogue all of the Indian techniques an(i
procedures for using these plants.

At the Talavaya Center in Santa Fe, New Mexico, scientists
work to recover some of the high-yield corns that the I,-Iopis grew
two hundred years ago. The Hopis became experts in cultivatin
corn, particularly their blue corn, which grows low to the groundg
thus c.onserving energy and water that would be wasted producin :
!uxurlant stalks or leaves. By channeling all of the plant’s ener ieg
into the production of the corn cob, the Hopis grew a cob a %o st;
and a h.alf long. Scientists now study the Hopi cultivation tecl?—
nology in hopes of taking this blue corn that grows so well in
the deserts of the southwestern United States and trying to find
ways to grow it in Ethiopia and throughout the drought-ridden
(Siz:;xefl of Afrlica. Ir; t}}lle same area scientists are looking at the

-farm melons of the i i i
AR Indians as well as at their red, pink, and

Scientists keep finding new varieties of plants grown in remote
e{lclaves of land in the least hospitable parts of the Amazon 0in
high Mexican valleys, on Dakota Indian reservations, and alyon
swampy creeks in Costa Rica. Only in the twentieth (’;entury dig
science begin to unlock the complex reasoning underlying Indian
agrlcu'ltural anid food-processing technology. As science turns its
attention more fully to these questions, it may turn out that th
American food revolution has only just begun. °

.Despite all the technological innovations of the American In-
dians and their history as the world’s greatest farmers, today few
of them' benefit from this largess. Too many of ther,n livg like
the far.mlies along the Mamore River who eat chocolate fruits
and spit out the seeds for people in richer countries when the
should be growing more corn and plantains. International marke}{
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trends have warped their world so that it becomes more difficult
for them to practice their traditional agriculture.

This showed clearly in the family that I lived with for a short
time on the Madre de Dios River in Peru. Hernan and his wife,
Viviana, are highland Indians sent into the jungle as colonists
after the failure of the agrarian reforms of the government to
feed the highland population. Hernan took a piece of jungle an
hour upriver from a village of four hundred Huarayos Indians
and two days by motorized canoe from Puerto Maldonado, the
closest town with a market and such amenities as gasoline and
electricity.

After clearing the jungle along the riverbank with a machete
and then burning the plants, Hernan built his family a home, a
platform raised about a foot off the ground and covered with a
thatched roof. Viviana cooks in a hole in the ground, and the
family uses the river as toilet, bathtub, and drinking supply even
though it teems with caimans, electric eels, sting rays, and piranha.
Once he had built a home, Hernan started the laborious clearing
of the jungle to plant his crops. A government development
scheme that first lured him into the area encouraged him to grow
bananas, which were a good export crop.

One night as we sat around the fire chewing chunks of a badger
he had killed that afternoon, Hernan explained his situation to
me. “The jungle has everything except capital. We have land and
water and plants, and I have the labor, but there is no money.”
The government program offered him capital in the form of a
small loan. But he could use the loan only to buy fertilizers,
pesticides, and equipment in Puerto Maldonado. To Hernan, the
town bankers, government officials, and merchants form one tight
and powerful group. He received the government-backed loan
but at their insistence used it to buy a pressurized insecticide
applicator and a large supply of insecticides imported to the jungle
by air from Lima.

The cost of the equipment far exceeded the average annual
income of a farmer in the area, but the best scientific knowledge
of the modern world backed it up. Today, the insecticide appli-
cator sits like a family icon in a place of honor under the thatched
roof. The applicator tank is their only piece of modern technology
for a family that would love to have a gasoline motor for their
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canoe, a chain saw to cut down the trees, or a pump to haul
water up t'he steep and very muddy riverbanks. Once the initial
supply of insecticide had been applied, Hernén never again had
the money to buy any more. He produced a fair-sized crop of
bana.nas and plantains, and he had a choice of selling them It)o a
passing canoe or else paying for passage on such a canoe and
taking them to Puerto Maldonado to sell them. He chose th
second alternative, and sold them for about three cents a kilograme
The bananas brought less money than the insecticide to proteci
31}51311: lhilt(]i cost. He was now in debt to the bank and had used
w ;ue;toeMr:lodrgzyaélz had on the transportation of the bananas
. Today Hernan is learning from the Indians how to live in the
jungle. Even though he is a colonist sent by the government t
moderm.ze jungle agriculture, he now feeds his family by huntin0
?md ﬁs}}lng and gathering the large pods of Brazil nuts that rov%
in the jungle. But even as Hernan has learned to live fromg th
jungle and river, he is still faced with the problem of payin the
§everal hundred dollars he still owes the bank from his invsflastrgnen?
in modern farming. His only solution has been to chop down the
hardwood trees of the jungle and drag them down to the water
wher'e he can sell them to a passing lumberman. Even he realize,
t}.lat in .chopping down the forest he is destroying the source osf
his family’s food. Already his hunting trips require most of a da
to ﬁnc'l meat that will last for three days, but without the tre d
no animals and no Brazil nuts will remain. “We will have to o
somewhere else; perhaps we will go up another river to live 5
Research projects such as the ones at Genaro Herrera and ihe
International Potato Institute represent isolated attempts to lear
from the natives. Hernan and his family represent the much morn
common situation of the Indian today. They have been given nevs
Frops.tg grow using expensive (and usually petroleum-based)
mse.ctlcldes and fertilizers that themselves require expensive
equxpmgnt to operate. The results have often been devapstatin
The Ir}dlans used in this manner today often become tied into %
complicated network of economic forces that keep them ver;

poor and worki .
bignor, ing to produce food for urban elites and for for-
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