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WHENCE CAME MAIZE TO ASIA?
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THE intriguing question of pre-Columbian trans-Pacific
diffusion 1s with us again and modern Kon-Tikis now
compete with ancient Alexandrian fleets in the alleged
South Pacific Regatta. To the interested but confused
onlooker, it might appear that the specialists are divided
into two opposing camps with adventurous diffusionists
in bitter conflict with obstinate and reactionary propo-
nents of independent invention. T'o some of the individ-
ual specialists involved, the issue may, indeed, have this
emotional coloring. Basically, however, the lines are
drawn between those who are short on facts and use them
uncritically (although sometimes with superb 1magina-
tion) and those who demand evidence and valid reason-
ing. In the paper on maize in Assam, which 1s the prin-
cipal basis for this eritique, neither the authors™ selection
of facts nor their reasoning from those facts can, in our
opinion, support their theory of a pre-Columbian diftu-
sion of maize across the Pacific. In their favor, however,
it must be added that they do not profess to know in
which direction the diffusion took place.

The question as to which part ot the world gave rise
to maize 1s by no means new, since 1t 1s one upon which
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students of plants have diftered for more than four cen-
turies. Sturtevant, a careful student of maize and of the
literature pertaining to it, compiled (1879) lists of names
of prominent herbalists and early botanists who had ex-
pressed opinions on the geographical origin of maize.
Among those who regarded maize as a plant of OIld
World origin were: Bock, Ruellius, Fuchs, Sismondi,
Michaud, Gregory, L.onicer, Amoreux, Regnier, Viterbo,
Donicer, Tabernaemontanus, Bonafous, St. John, de
Turre, Daru, de Herbelot and Klippart. Equally im-
pressive 1s the roster ot those who believed maize to be
an American plant: Dodoens, Camerarius, Matthioli,
Gerard, Ray, Parmentier, Descourtilz, de Candolle,
Humboldt, Darwin, F. Unger, Von Heer, de Jonnes,
Targioni-Tozzetti, Hooker, Figuer, Nuttall, Mrs. Somer-
ville and Flint. De Candolle’s case (1835) for the Ameri-
can origin of maize was so convincing and the evidence
which he marshalled to support his conelusions so substan-
tial that the possibility of an Old World origin of maize
has received little consideration from serious students in
more recent times. lspecially has this been true since
Ascherson (1875) demonstrated the close relationship of
maize and teosinte, a plant unmistakably American.
The question of a pre-Columbian distribution of maize
in Asia has, however, been raised at least twice 1n this
century, first in 1909 by Collins, and now by Stonor and
Anderson (1949). The last named paper, since it pur-
ports to present new evidence on the question and coin-
ciding as 1t does with a fashionable new preoccupation
with the old problem of trans-Pacific diffusion of pre-
Columbian cultures, has been of particular interest. We
have been requested by a number of anthropologists to
review it and to evaluate the evidence on which 1t 1s
based. I'he paper has already been critically discussed
by Merrill (1950), who has questioned its principal con-
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clusions on general botanical and ethnological grounds,
and by Weatherwax (1950), who has quite appropriately
emphasized the important and tundamental differences
which exist between maize and its Asiatic relatives, and
has simultaneously emphasized the similarities among
the American Maydeae. We propose here to examine
critically the botanical and ethnographic evidence con-
cerned with maize upon which the far-reaching conclu-
sions of the authors rest.

Stonor and Anderson found the hill peoples of Assam
growing a group of maize varieties with characters said
to be ““unusual’’ and utilizing them for food, feed, and
brewing. 'T'his maize which the authors designate as
““Race A’ 1s said to be unknown 1n the coastal regions
of Asia, but rather widely distributed in Central Asia;
furthermore, it seems to resemble certain South Ameri-
can maize also designated as ‘*Race A’" which 1s common
archaeologically and certain features of which are still to
be found, although rarely, among living South American
varieties. These peculiar Asiatic varieties difter pro-
foundly from those of ‘“Race C°’ which also occur in
both Asia and America, but which in Asia are largely
confined to the coastal regions. T'he introduction of Race
C to Asia is admittedly post-Columbian.

These facts are regarded by the authors as ‘‘fantastic, ™
and 1t 1s stated that ‘‘any satisfying hypothesis must
border on the miraculous.”” They conclude that maize
presumably ‘‘must either have originated in Asia or have
been taken there in pre-Columbian times. "

The evidence upon which these sweeping conclusions
rests falls into three categories: (1) botanical evidence
concerning the maize in question; (2) ethnographic evi-
dence on the maize-using tribes and the uses to which
maize is put; (3) supporting evidence from Polynesia in
favor of trans-Pacific diffusion. We shall consider only
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the first two categories, since the third has already been
discussed by Merrill and will undoubtedly receive addi-
tional attention from others who are better qualified than

we to evaluate 1it.
The Botanical FKoidence

The botanical evidence may in turn also be considered
under three categories: (a) that the Assamese maize is
unique and 1s related only to archaeological maize 1n
America; (b) that the present distribution of Races A
and C can be explained only in terms of a pre-Columbian
diffusion of one of them: (¢) that Assamese maize re-
sembles sorghum.

Five varieties of maize from Assam are described. The
following ‘‘unusual’” characters are said to typify one or
more of these varieties.

1. Uniformly green leaves, culms, silks and anthers.
2. Slender pendent tassel branches.

3. Straw-yvellow endosperm : dull bluish-red aleurone.
4. Small 1sodiametrical kernels.

5. Many short internodes: lack of vegetative vigor.
6. Upright twisted tassel branches: short silks.

7. Tassel partly enclosed in a spathe-like cluster of

leaves.
8. A distinct bloom on the leaves and culm.”
9. Waxy pollen and endosperm.

I'hese characteristics, although not common, are never-
theless well-known to those familiar with the great di-
versity of maize in Latin America. Separately most of
them are widely distributed not only 1n South America,
but also in Central America and Mexico. kven in com-

*This character was not specifically included in their list, but is
mentioned separately as one of the characteristics of the variety Late

Sidew:ise.
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bination they are by no means unique. In this connec-
tion the following observations made largely on varieties
of maize in the collections of the senior author are per-
tinent.

1. Uniform greenness resulting from a complete lack
of anthocyanin coloration is indeed almost unknown, at
least in pure form, in the indigenous maize varieties ot
[L.atin America. Virtually all maize, however, has at least
a trace of anthocyanin color in the seedlings where 1t
occurs in the coleoptile or leaf sheath, in the tip of the
leaf blade, or along the leaf margins. Consequently, 1f
the Assamese varieties are actually completely lacking
in anthocyanin pigmentation, they are indeed almost
unique. Unfortunately, the authors do not report speci-
fically on anthoceyanin color in the seedlings, stating only
that: *“T'’he group as a whole had a strong tendency to
oreen silks, green anthers, green leaves, and green culms. ™
Plants of this general deseription are the product of two
recessive alleles at the I? and P’/ loci on chromosomes 2
and 6 respectively and of one of the lower alleles at the
R locus on chromosome 10. Such plants are not common,
but occur regularly throughout Latin America. In 1950,
we grew 513 collections of corn from sixteen Latin-
American countries. Among these were 27 varieties
which contained plants lacking in anthocyanin color 1n
the leaves, culms, silks and anthers. These occurred 1n
collections from Mexico, Guatemala, Honduras, Nica-
ragua, Colombia, Kcuador, Peru, Venezuela, Brazl,
Uruguay and Paraguay. They had their highest tre-
quency in the varieties of eastern South America. Of 40
varieties from Venezuela, Brazil, Paraguay and Uruguay
which were studied in 1950, eight, or one variety in five,
contained some uniformly green plants compared to one
variety in 19 for the group as a whole. So far as antho-
cyanin coloration alone is concerned, the Assamese vari-
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eties, theretore, have their aflinities in the corn varieties
of eastern South America.

In so far as uniform greenness has any bearing upon
the origin of maize, 1t points to Asia, not as a center of
origin, but as a peripheral region where recessive genes
have become ‘‘emancipated™ through the process of
“genetic drift.” T'he counterpart of this situation occurs
in rice which in the United States is represented largely
by uncolored (green) varieties, but which has colored
varieties in the Old World (Jones, 1930). In rice, as in
maize, at least three loci are involved in anthocyanin
coloration.

2. Pendent tassels, like lack of anthocyanin color, al-
though not common, are found 1n varieties from several
countries, mcluding Mexico, Guatemala, Honduras,
Costa Rica, Nicaragua, Venezuela, Colombia, Peru and
F.cuador. T'he combination of pendent tassels and all-
green plants occurs in only seven of these nine countries,
not having been found in Costa Rica and Honduras.
All-green plants with strongly pendent tassels are most
common 1n Colombia where many other of the *‘funusual™
characters of the Assamese maize also occur.

3. Straw-colored endosperm is not at all unusual
among non-I'ripsacoid varieties. Dull bluish-red aleurone
1s the product of superimposing blue aleurone on waxy
endosperm and 1s a characteristic quite familiar to the
majority of practicing maize geneticists.

4. Small 1sodiametrical kernels are characteristic of
many South American pop corns. Dr. Anderson kindly
sent us kernels of several of the Assamese varieties. It
was possible to match more than half of these in size,
shape and color from a single collection of Colombian
pop corns.

5. Liack of vegetative vigor, manifested especially by
the slowness ot the tassel to reach the pollen-shedding
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stage atter emergence has begun,is characteristic of many
South American and some Mexican varieties. 1t is surely
of little significance in the Assamese varieties which are
obviously rather highly inbred, 1t the statements of the
authors are correct regarding their uniformity and the
fact that they are sometimes grown as single plants
among other cereals. lL.ack of vigor is characteristic of
many American inbred strains.

We have no data on internode pattern.

6. VWe have noobservations on upright tassel branches
and short silks.

7. 'T'he spathe-like cluster of leaves partly enclosing
the tassel 1s not uncommon in Colombian varieties.

8. 1'he grayish bloom which shows some resemblance
to the bloom characteristic of sorghum (and many other
grasses) occurs 1n our collection only on varieties from
Colombia.

9. Perhaps the most important “‘unusual™” character-
Istic of the Assamese maize is the waxy endosperm which
occurs 1n several varieties. It was the discovery of this
character in Chinese maize which led Collins (1909) to
reopen the question of a pre-Columbian distribution of
maize in .\sia.

Waxy endosperm 1s a simple Mendelian character in
maize which aftects the chemical composition. The starch
of waxy maize 1s composed exclusively of amyvlopectin,
while that of non-waxy varieties contains both amyvlose
and amylopectin. Waxy varieties of maize are unknown
In pure form 1n America, but the waxy character itself
has been discovered 1in non-waxy varieties: in a New
England flint corn by Mangelsdort (1924) and in a South
American variety by Breggar (1928). Bear (1944) has
found that waxy endosperm is not an uncommon mutant
in Corn-DBelt dent corn varieties. He found three sepa-
rate mutations in three consecutive vears in a total pop-
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EXPLANATION OF THE 1LLUSTRATION

Peare XLVIII. A pendent tassel of one of the
Colombian pop-corn varieties which resembles in
several characteristics the Assamese race Late Siude-
wise deseribed by Stonor and Anderson. Note, at
lower lett, the sterile spikelets resulting from the
failure of the tassel to emerge completely from the
spathe-like sheath. Note, at right, the lax cen-
tral spike with spikelets borne in whorls at widely
separated nodes. Note the solitary spikelets at the

ends of several branches.
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ulation of some 100,000 selted ears. It 1s of interest to
note that in the case of one of these mutations Bear
found one ear pure for waxy in the line in which waxy
endosperm was first noticed. I'his pure waxy ear was
the product of Mendelian segregation and not of human
selection.

In Asia,waxy maize is widespread. Collins (1909,1920)
has reported its occurrence in China, Burma and the
Philippines. Kuleshov (1928) states that it 1s spread from
5° to 45° north latitude in Asia.

[s there any significance in the fact that a gene which
is comparatively rare in American maize should be wide-
spread in Asia/ Certainly there is none from the stand-
point of the time required for waxy varieties to become
established. Itisnot at all uncommon for recessive genes
which are rare at the center of a plant’s origin to become
common somewhere at the periphery of its spread. 'T'his
is a natural consequence of the process already mentioned,
““‘genetic drift,”” in which recessives with a low frequency
may rapidly attain a high frequency as the result of
sampling and without the intervention of either natural
or artificial selection. So far as waxy endosperm has any
bearing upon the origin of maize, it, like the all-green
plants discussed above, points to Asia as a peripheral
region rather than as a center of origin.

There is, however, undoubtedly other significance 1n
the fact that waxy maize occurs so commonly in a part
of the world which also possesses waxy varieties of rice,
sorghum and millet. The obvious explanation is that the
people of Asia, being familiar with waxy (glutinous)
varieties of other cereals and accustomed to using them
for special purposes, recognized the waxy character 1n
maize, when that cereal was introduced, and purposely
isolated varieties pure for the waxy condition®. Because

" Burkill (1935) questions, however, whether waxy maize was ever
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waxy endosperm is a recessive, this task would have been
simple and well within the abilities of even the most
primitive hill peoples. Indeed, the practice of growing
maize as single plants among other cereals, reported by
Stonor and Anderson, would promote self-pollination,
and 1n any stock in which the waxy gene occurred would
inevitably lead in a very short time to the establishiment
of pure waxy varieties whose special properties people
accustomed to the waxy character in other cereals could
hardly fail to recognize. Man's part in the establishment
of waxy varieties of maize in Asia need have been no
agreater than a recognition of this type and a willingness
to preserve 1t once 1t was presented to him as the product
of random sampling.

But much more important than the individual charac-
ters of the Assamese maize is the tact that these characters
occur as a “‘complex’” in Asia: a complex which 1s said
to be rare in South America and *‘nothing like it’" to be
known in Mexico, Guatemala or other parts of Central
America. How accurate 1s this statement and how vahd
the conclusions regarding the uniqueness of Assamese
mailze !

The complex of characters in its entirety has not been
reported from Mexico and Central America, but does
(1f we exclude waxy endosperm as an integral part of the
complex) occur in South America. T'he authors them-
selves mention two varieties from Chile, one from Argen-
tina, and several from Bolivia which have a number of
features in common with the Assamese maize, and they
quote Brieger as noting these characteristics in other
parts of South America. T'he most unusual of the As-
samese varieties,called Late Sidewise, which 1s said to look

selected for its waxiness and suggests that it was preserved only be-
cause of the peculiar suitability of its sheaths for cheroots. This prob-
lemm merits further study.
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“‘unlike anything previously reported ftor Zea Mays ™ has
strong affinities, if not exact counterparts, among the
living varieties of Colombia. In 1949, we noted, 1n a
group of pop-corn varieties sent from the Department
of Caldas in Colombia by Dr. J. (. Hawkes, 1n a pop
corn received from Dr. R. K. Schultes collected shghtly
north of Buenaventura, and in pop corn purchased by
the senior author in the market in Bogota, practically
all of the characteristics mentioned 1n the description of
Late Sidewise, including the bluish-green color of the
leaves and the culms and the distinet bloom which lends
to the plants a superficial resemblance to sorghum.
These Colombian pop corns are of unusual ethno-
ographic and botanical interest. They are known locally
as maiz indio and, according to Dr. Hawkes, they are
grown by the Indians in a primitive way, the seed being
sown broadcast and the crop receiving no weeding or
cultivation from the time of planting until harvest. A
similar statement about the method of sowing accom-
panied the collection made by Dr. Schultes. One of the
ears (No. 1355) of the Colombian pop corn (inadvertently
shelled off and put into cold storage before a photograph
could be made) was almost a duplicate of the ear (Stonor
No. 18) illustrated in Plate 21 of Stonor and Anderson.
Of seven distinct samples of kernels of Assamese maize
sent to the senior author by Dr. Anderson, five could
be matched almost exactly 1n size, shape and color with
Colombian pop corns. The pendent tassels of these corns
are illustrated in Plate XILLVIII. They are of further bo-
tanical interest because of the slender, lax central spikes
of the tassel, on which the spikelets are borne 1n distinct
whorls separated by conspicuous internodes. 'T'he tips of
the tassel branches often bear solitary staminate spike-
lets. The plants tiller profusely and have numerous elon-
oated lateral branches. It was noted in 1949 that: **these
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