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CURRENT PROBLEMS IN RESEARCH 

Domestication of Foo 

Plants in the Old Worl 

Joint efforts by botanists and archeologists illumin: 
the obscure history of plant domesticati 

Hans Helb; 

Due to an increasing interest shared 
by both archeologists and biologists in 
each other's spheres of activity, consid- 
erable research is being done today on 
problems of the interdependence be- 
tween man and nature in the more re- 
mote past. This nature-man interdepen- 
dence shows nowhere more clearly than 
in the quest of the cultural historian to 
grasp the effect, upon human society, of 
the domestication of animals and plants. 
Both natural and cultural historians are 
also concerned with nature's reaction to 
this drastic intrusion upon its domain 
(1). Recognition of the profound impact 
of the swing to food production and of 
its consequences in the development of 
human culture is of fairly recent date 
(2), but even so, cooperation between 
the two branches of science has already 
brought about a conspicuous improve- 
ment in understanding. 

We shall confine ourselves here to con- 
sidering the domestication of plants, and 
our area for discussion under the general 
heading "Old World" is, in this context, 
restricted to Europe, North Africa, and 
the temperate zone of western Asia to 
the Indus valley. This area is defined 
by the circumstance that all of the in- 
itial cultural developments and diffu- 
sions within it-from the appearance 
of the food-producing stage onwards- 
depended primarily upon the cultiva- 
tion of wheat and barley for subsistence. 
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emergence of the wheat-barley cultures 
to the common area of distribution of 
the two plant species. 

d2 As may be seen on the map (Fig. 1), 
I U. the wild, domesticable barley, Hordeum 

1 spontaneum, is distributed from Tur- 

0dl kestan to Morocco (the distribution is 
represented in its broad outline only). 
On the other hand, the large-grained, 
wild wheat, Triticum dicoccoides, grows 
exclusively in a small natural area within 

on. the center of this huge territory. Thus, 
we may conclude from present distribu- 
tion studies that the cradle of Old World 

lek plant husbandry stood within the general 
area of the arc constituted by the west- 
ern foothills of the Zagros Mountains 
(Iraq-Iran), the Taurus (southern Tur- 

f plant evidence key), and the Galilean uplands (north- 
ancient archeo- ern Palestine), in which the two wild 
lves. This does prototypes occur together. We may con- 
re the brilliant clude, further, that wheat played a more 
)ns of the his- dominant role than barley in the advent 
esticated plants of plant husbandry in the Old World 
geneticists. The (4). 
e by such work- A basic prerequisite for the persistence 
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it is clear that the spike axis, and this circumstance was 
is an artifact, a most advantageous to man. Instead of 
pulation. Hence, collecting unripe spikes, he could reap 
ling strictly to most of the fully mature grain, provid- 
)les, the history ing the spike had tough axes. At the 
lants seems to same time he would, in harvesting, re- 
rversities of the cover a steadily increasing proportion of 
elf. the tough-axis spikes, thus also favoring 
nestication of a the tough-axis genes in his seed grain. 
.rily be its area In the end, no brittle-axis plants grew in 
Thus, a prehis- his field. The toughness attained in the 
lependent upon primary issue of the wild wheat was not, 
ood grain, must however, as great as that of some of the 
sistence pattern genetically more advanced species. Even 
the natural dis- today the structurally primitive culti- 
)ecies. The same vated species, Einkorn, Emmer, and 
lependent upon Spelt, exhibit a median stage of tough- 
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drive to secure the greatest possible 
amount of food with the least possible 
labor. The means by which this goal 
was attained with the food plants was 
the furtherance of growth by tilling of 
the soil, the concentration of the desired 
growth by sowing, the exclusion or re- 
moval of unwanted plants from the tilled 
plot, and the protection of the crop 
plants against animal and bird attack. 

In order to perform these activities it 
must at an early stage have proved prac- 
tical to move the wheat down from its 
exposed natural habitat on the moun- 
tain slopes, at altitudes between 2000 
and 4300 feet above sea level, to more 
level ground. A nearness to open grass- 
lands, domestic water supply, and other 
accommodations for human habitation 
was necessary, but it was still also neces- 
sary to stay within the boundaries of 
areas having sufficient winter and spring 
rainfall. 

Emmer and Einkorn 

One result of this forced movement 
of the grain beyond its natural habitat 
by human transplantation was presum- 
ably the emergence of mutations, hy- 
brids, and freaks in the wheat. A nat- 
ural selection of types was begun which 
favored individuals that had no chance 
of free survival in the original habitat, 
and thus the biological and morpholog- 
ical course was set which resulted in the 
domesticated type of the wild Triticum 
dicoccoides, named T. dicoccum (Em- 
mer). From this species all other species 
of cultivated wheat derive, with the ex- 
ception of Einkorn, T. monococcum, 
which is the progeny of the small-grained 
wild wheat, T. aegilopoides. Neither of 
these species (Emmer and Einkorn) was 
able to survive without the care of man, 
their competitive powers having been 
stunted by the loss of their ability to dis- 

perse. On the other hand, man had be- 
come the servant of his plants in that 
his whole routine of life depended upon 
the steady and ample supply of vege- 
table food derived from his field. 

Since as yet only one group of archeo- 
logical finds, those at Jarmo, in Iraqi 
Kurdistan, affords the crucial combina- 
tion of both the wild prototype and its 
more advanced domesticated issue, we 
will take Jarmo as our point of depar- 
ture in this discussion. Jarmo is an early 
prehistoric site in the uplands of Iraq- 
Kurdistan, excavated by the Oriental In- 
stitute of the University of Chicago (5- 
7). The cultural assemblage is of a primi- 
tive, pre-Hassunan character; whether or 
not Jarmo is the earliest "village" or 
"town" type settlement known in arche- 
ology is of minor importance to us here 

(8). The main point is the fact that the 
wild cereals here make their earliest ap- 
pearance in any known cultural context. 

Fig. . Distribution of wild prototypes of cultivated wheat and barley. Wild barley is also distributed in western North Africa, beyond 
the bounds of this map. 
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The present estimate of the actual date 
of Jarmo is the beginning of the 7th 
millennium B.C. 

The material recovered at Jarmo con- 
sists of imprints of grains and spikelets 
in baked clay and adobe, as well as car- 
bonized grains and seeds and spikelets. 
In the carbonized material, evidence is 
available of two types of wild wheat 
kernels (Fig. 2): the straight, flat-bot- 
tomed type similar to T. dicoccoides 
and a smaller type with convexly curved 
ventral and dorsal sides, corresponding 
to T. aegilopoides. In the imprints we 
find very good examples of spikelets 
closely similar to T. dicoccoides (Figs. 
3, 4), of large dimensions and rather 
coarse; on the other hand, the more ad- 
vanced domesticated type, similar to 
Emmer, T. dicoccum, is represented in 
many specimens (Fig. 5), and also many 
kernels of the typical shape of Emmer 
are encountered in the carbonized grain. 
Thus, we are confronted at Jarmo with 
the two wild species which normally still 
occur together in the Kurdish localities, 
and further, with the offspring of the 
large-grained species, already character- 
istically transformed into Emmer (9). 
Incidentally, as in practically all other 
Near Eastern grain deposits (except 
those of Egypt), kernels and frag- 
ments of the sturdy glumes of Aegilops 
were present. In due course, the other 
components of the Jarmo plant deposit 
will be dealt with, but we shall now try 
to follow the spread and genetical de- 
velopment of the cultivated wheat. 

In the 6th millennium B.C. (Hassuna 
period) village site of Matarrah, still in 
the Kurdish uplands but at a lower ele- 
vation than Jarmo (6, 10), we find only 
the cultivated Emmer. Whether or not 
Einkorn was also grown here has not 
been established. The Halafian commu- 
nities of the upper Euphrates-Tigris 
region appear to have grown mainly 
Emmer, with a sprinkling of Einkorn 
(11). During this period, the 5th mil- 
lennium, the colonization of the alluvial 
plain of lower Iraq was undertaken, 
and, according to the evidence now avail- 
able, Emmer adjusted itself excellently 
to the artificial ecology of the irrigated 
land, while Einkorn did not (11). The 
same situation is encountered in Egypt 
(which was presumably colonized within 
the same general period) -namely, that 
Einkorn did not occur (12, 13). 

From the nuclear mountainous arc, 
agriculture spread to the Mediterranean 
littoral and, presumably, all over Asia 
Minor. Boat traffic along the coast cer- 
tainly accounts for many routes of mi- 
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gration, among which was that to Egypt. 
The crossing to Europe was effected 
quite early, and the end of the 5th mil- 
lennium saw Einkorn and Emmer cul- 
tivated in the large loess plains stretch- 
ing intermittently almost from the Dan- 
ube delta to the mouth of the Rhine. 
When eventually this riverine-loess-plain 
belt had been saturated with popula- 
tion, new waves of migration set out in 
many directions, and during the 3rd 
millennium B.C. agricultural settlements 
cropped up in Switzerland, France, 
northern Italy, Spain, Britain, Central 
Europe north of the loess belt, and 
Scandinavia (Fig. 6). No doubt an early 
movement had already spread over the 
western coast lands of the Black Sea 
and penetrated into southern Russia. 
The two,original cultivated wheat spe- 
cies adjusted themselves more or less 
successfully to the increasingly harder 
climates as farming cultures moved 
northwards. Einkorn reached its peak in 
Asia Minor, while in Britain it seems 
never to have got above the status of a 
poor relative (14). 

The migrations were not, however, all 
in southerly and westerly directions. The 
movement that brought the alluvial plain 
of Mesopotamia under cultivation prob- 
ably branched out and settled the high 
plateaus of Iran, and the early Indus 
valley agricultural centers were estab- 
lished some time in the late 3rd to early 
2nd millennium B.C. There is also evi- 
dence that there was agriculture south 
of the Aral Sea before the middle of the 
2nd millennium (15). 

Club Wheat and the vulgare Group 

The very first time archeologically ex- 
cavated and dated plant material was 
handed over to a botanist for identifica- 
tion, a wheat species was established 
which does not conform to the charac- 
teristics of a straight-line descendant of 
the two wild species, Triticum dicoc- 
coides and T. aegilopoides. In Michels- 
berg culture deposits in Switzerland, 
Oswald Heer, in 1865, identified unmis- 
takable remains of Club wheat (T. com- 
pactum s.l.) (16). Whereas Einkorn and 
its progenitor are diploid (2 x 7 chro- 
mosomes) and Emmer and its progeni- 
tor are tetraploid (4 x 7 chromosomes). 
Club wheat belongs to the Bread wheat 
(vulgare) group, which is hexaploid 
(6 x 7 chromosomes). Modern genetical 
research has established experimentally 
that crossing of Emmer and the oriental 
wild grass, Aegilops, may produce hexa- 

Fig. 2. Carbonized kernels (from Jarmo) 
similar to the wild wheats, Triticum aegi- 
lopoides and T. dicoccoides. In the upper 
left-hand corner is a specimen of the 
Emmer type kernel (x 4). 

ploid wheat with several features in 
common with the vulgare group (17). 
This explanation presupposes the emer- 
gence of the vulgare group in the Near 
East, but although a considerable amount 
of material from this part of the world 
has been investigated, Club wheat has not 
been found in early archeological con- 
texts, while in later contexts it appears 
only in minor proportions in comparison 
with the occurrence of Emmer. On the 
other hand, in some of the Swiss mid- 
dle-to-late 3rd-millennium finds, Club 
wheat was practically the only species 
found (18). 

A summing up of available archeolog- 
ical information regarding Club wheat 
gives the following picture: In Egypt in 
the predynastic (late 5th millennium 
B.C.) find of Merimde beni Salame (13) 
-and possibly also in Fayum (19)- 
stray grains of Club wheat were estab- 
lished, and the same was the case in the 
late 4th millennium find of el Omari 

(13). On the contrary, no vulgare type 
wheat is encountered in the large de- 
posits of uncarbonized wheat which 
abound in the early and middle dynastic 
tombs (3rd and 2nd millennia B.C.). 
Poorly documented samples of Club 
wheat in the Egyptian Agricultural Mu- 
seum suggest the recurrence of the spe- 
cies late in the 1st millennium B.C. (no 
provenance is given, and thus the dates 
can only be guessed) (20). In Iraq the 
earliest appearance is represented by an 

imprint from Jemdt Nasr of about 3000 
B.C. (11) and a few imprints of the mid- 
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die of the 3rd millennium in the Habur 
area in the north (11). The earliest 
proper cultivation of Club wheat in Iraq 
is documented by a find from eastern 
upper Iraq (11), covering a few cen- 
turies around 2000 B.C. During the 2nd 
millennium we find the traces of the 
species being cultivated in Asia Minor, 
Syria (20), and Palestine. Everywhere 

that Club wheat appears in the Near 
East it occurs together with Emmer; 
only at about 1000 B.C. and later (21) 
does it occur more frequently than the 
old-fashioned wheat. It is recorded from 
upper Iraq in late Assyrian times, for 
example, but still in small proportions 
(20). 

In the light of this scattered occur- 

rence of the species in the Near East, 
whence it must nevertheless be supposed 
to have come, the profuse and consistent 
occurrence of Club wheat in the 3rd mil- 
lennium B.C. in Europe is, mildly speak- 
ing, confusing. In Europe, it definitely 
occurs in cultural contexts which must: 
be described as being of indigenous Euro- 
pean origin. It would seem that the spe- 

Fig. 3. (Top) Cast of Jarmo imprint of the ventral side of a T. dicoccoides type spikelet compared with (top left) a spikelet of the wild 
species and (top right) an Emmer spikelet from Fayum in Egypt, the earliest uncarbonized Emmer known (x 4). Fig. 4. (Bottom left) 
Cast of Jarmo imprint of dorsal side of T. dicoccoides type spikelet compared with an Emmer spikelet from Fayum (x 4). Fig. 5. (Bot- 
tom right) Imprint of Emmer spikelet from Jarrno (x 4). 
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cies only became important when it ar- 
rived in areas with heavy summer rains, 
such as the Alps, but that thereafter it 
adapted itself to such varying conditions 
within the continent as those, for exam- 
ple, in Spain and Denmark. It is present 
in the earliest known deposits of culti- 
vated plants in Switzerland (20), and 
imprints of Club wheat were found, to- 
gether with those of Einkorn and Em- 
mer, in the earliest archeological find- 
ings of agriculture in Denmark (22). It 
is suggested that it was from Switzerland 
that plant husbandry was introduced into 
Spain, where there are frequent occur- 
rences of Club wheat. 

It may well be that Club wheat 
emerged as a hybrid in the Near East 
but that the ecological circumstances 
did not favor its development into a 
definite species in its natural surround- 
ings. It may also be that it disappeared 
and recurred later as a kind of freak 
during the early phases of agriculture, 
and that, brought to other climatic re- 
gions as a weed in the Einkorn-Emmer 
fields, it found its balance and produced 
a rather hardy type which flourished in 
mountainous environments. In my opin- 
ion, the assumption that this happened 
somewhere in Asia Minor would pro- 
vide a workable theory for explaining 
the above-mentioned discrepancies. On 
the whole, Asia Minor is something of 
a terra incognita as far as paleoethno- 
botany is concerned; too few finds from 
this territory have been recovered and 
offered for investigation, and the area 
must necessarily have been most impor- 
tant in certain genetical developments 
which, on the basis of the known mate- 
rial, we are quite unable to understand. 
Ecologically heterogeneous, this land- 
scape would without doubt have influ- 
enced the gene balance of many plants 
(23) taken through its valleys and over 
its mountains from the cultural melting 
pot of the nuclear arc. 

Spelt and Other Later Wheats 

Still another hexaploid wheat appears 
in the subalpine area of Europe. Spelt 
(Triticum spelta) was discovered in cul- 
tural levels of the early-middle 2nd mil- 
lennium B.C. in Switzerland (24), south- 
ern Germany, and northern Italy (20). 
This species has the semitoughness and 
structural habit of Einkorn and Emmer, 
except that its internode adheres to the 
spikelet by its lower end and not, as in 
the two others, by the upper end. Ge- 

Fig. 6. Carbonized spike portions from early 2nd millennium northern Italy pile dwell- 
ings; Emmer (left) and Einkorn (right) (x 4). 

netics has demonstrated that a similar 
form may be produced by crossing Em- 
mer and Aegilops, and since the peculiar 
articulation is found in Aegilops only, the 
explanation has a certain appeal (17). 
However, Spelt has never been found in 
prehistoric deposits outside Europe, and 
present cultivation of this species is re- 
stricted to certain Central European 
mountainous districts and a few other 
places where it is known to have been 
introduced in historical times by people 
coming from Central Europe (25). If it 
is taken for granted that the hexaploid 
wheats do owe their emergence to hy- 
bridization with Aegilops, it is perhaps 
not beyond the limits of possibility that 
a reshuffling of genes under severe moun- 
tainous conditions could have resulted in 
a local retrogression creating a form pos- 
sessing at the same time the main struc- 
tural habit of Emmer, a mode of articu- 
lation inherited from Aegilops, and a 
cytological composition that ranges it 
along with the vulgare wheats. 

Scanning the Near Eastern wheat field 
today, we note that Emmer is no more 
to be found and that Club wheat is ab- 
sent and Bread wheat rare and of no 
importance. The field is populated by 
wheats structurally parallel to the vul- 
gare group but cytologically allied to 
Emmer, having 4 x 7 chromosomes. 

We can only guess at the phylogenetic 
origin of the very diversiform group of 
these tetraploid naked wheats, which 
comprise Hard wheat (T. durum), 
Rivet wheat (T. turgidum), Polish 
wheat (T. polonicum), and several 
characteristic subspecies. They may have 
originated through mutation or through 
hybridization between extreme varieties 
of Emmer or even through interspecific 
crossings. 

Hard wheat is the most important 
of the group. As opposed to the free- 
threshing species of the vulgare group, 
it flourishes in areas where there is a 
fairly modest amount of winter rain or 
irrigation and a completely dry ripening 
season. It is the wheat of the summer- 
dry steppe regions all over the world. 
The first evidence of this species occurs 
among the noncarbonized wheat deposits 
of the Ptolemaian (post-300 B.c.) period 
in Egypt (26). In the course of a few 
hundred years it seems to have spread 
all over the Near East, occupying the 
plains as well as the mountain tracts, 
at the expense of Emmer. The last 
stronghold of the latter is Abyssinia, 
where it probably was introduced with 
agriculture in late Egyptian dynastic 
times, while it was still being cultivated 
in Egypt itself, and where it is still being 
grown under the name of Adjaz. 
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Barley 

As mentioned in the opening para- 
graphs, all of the known ancient Old 
World agrarian cultures (of the regions 
under discussion) grew barley as well as 
wheat. Returning to the earliest mate- 
rial at our disposal, we find that barley 
makes up the bulk of the plant remains 
in the Jarmo find. The kernels are 
hulled, straight, and unwrinkled, and 
some specimens consist of the median 
fertile floret with one of the lateral, male 
florets attached (Fig. 7). The lateral 
florets are not sessile, as they are in 
modern two-row barley, but have a short 
pedicel. In all these features, the Jarmo 
barley conforms rather closely to the 
wild, two-row, Hordeum spontaneum, 
which is naturally distributed all over 
the nuclear arc and far beyond. Indeed, 
the Jarmo kernels are somewhat larger 
than those of the wild species, but of 
most interest is the fact that, to judge 
by some axis portions consisting of two 
or three internodes (9), the spike was 
not brittle as in the wild form but had 
attained at least a certain degree of 
toughness. This is an unambiguous indi- 
cation of domestication, since the wild 
spike falls to pieces when dry, even 
if it is not completely ripe. Not one 
fragment was encountered to indicate 
the occurrence of the six-row form of 
barley. 

In its native districts the wild barley 
occurs practically everywhere. I never 
saw a field of any crop in Kurdistan in 
which wild barley was not to be found 
growing as a weed. From man's very first 
attempt to till the soil, this would have 
been the case, and barley must have 
been drawn into domestication together 
with the first wheat, through automatic 
selection of the tough-axis individuals 
in the course of reaping. In this sense 
barley might already be termed a "sec- 
ondary" cultivated plant (3). It would 
eventually have lost most of its prickly 
and very coarse character (which, even 
now, keeps the oriental cattle from eat- 
ing the wild spikes) and have become 
comparable to wheat in characteristics 
making it suitable for human con- 
sumption. 

For a long time only this species was 
grown in Kurdistan. It abounds in the 
Matarrah material, and as late as Hel- 
lenistic times (20) it was the principal 
barley of this hilly region, as it still is 
today. 

When, in the 5th millennium B.c., 
agriculture was extended to the river 
basins of Mesopotamia and Egypt, two- 
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row barley disappeared and was re- 
placed by the six-row species. Two-row 
barley has been postulated for Fayum 
in Egypt (19), but the evidence is not 
unambiguous, and among some 2000 im- 
prints of plant material from ancient 
lower Iraq (Mesopotamia) that I ex- 
amined, there is abundant proof of the 
occurrence of the lax-eared, six-row 
barley but not one imprint of the two- 
row spike (11). Not until the 9th cen- 
tury A.D. does the two-row form of bar- 
ley make its appearance in the archeo- 
logical material from the Mesopotamian 
plain (11). 

The problem of how the six-row bar- 
ley emerged has been discussed ever 
since the last century, when the matter 
was first taken up for serious consider- 
ation. A long series of complicated ex- 
planations has been offered, each expla- 
nation being based upon the assumption 
that the earliest cultivated barley was of 
the six-row type (27). This was a per- 
fectly reasonable assumption, since all of 
the prehistoric barley found in the Swiss 
pile dwellings and in the Egyptian tombs 
was undoubtedly six-rowed. At the time, 
there was no archeological evidence to 
show that these finds were from periods 
much later than the initial domestica- 
tion of barley, and that they could not 
be taken as indicators of the progenitor 
of barley. Now we are able to show that 
two-row barley was cultivated some 4500 
years before the first hoe turned the soil 
of Switzerland and about four millennia 
before the first pyramid was built. Fur- 
thermore, it has been shown that barley 
cultivation started within the distribu- 
tional area of the only possible pro- 
genitor. 

Also, we are now able to demon- 
strate that the six-row form replaces the 
two-row form of barley as soon as agri- 
culture moved into the artificial ecolog- 
ical environment of the irrigated plain. 
It is a logical conclusion that this forc- 
ible change of ecology brought about 
the mutation that resulted in the six-row 
spike. That the natural qualification for 
the mutation actually exists is borne out 
by modern experiments showing the 
transition from two- to six-row spikes in 
response to radiation treatment (28). If 
this change can be produced artificially, 
the necessary genes must be present in 
the species; genes cannot be created. 

Since the early 7th millennium B.C., 
endless interbreeding has produced va- 
rieties of barley of almost every conceiv- 
able morphological composition, adapted 
to the most varying climatic and eco- 
logical conditions. For example, there 

are two-row and six-row spikes with 
hulled or naked kernels of many differ- 
ent colors, some as dense as Club wheat, 
some as lax as Spelt, having florets with 
exaggerated development of the glumes, 
or with a trifurcate appendage in place 
of the awn; even freak spikes with a 
branching axis exist. Hordeum sponta- 
neum grows only in the area indicated 
in Fig. 1 and in western North Africa, 
while barley is cultivated almost from 
the Equator to the North Cape, and 
from Japan to Ireland, as well as in 
huge areas in the two Americas and in 
Australia, and at elevations from 1100 
feet below sea level, at the Dead Sea, 
to some 12,000 feet above the sea in 
the Himalayas. The naked forms did not 
emerge along the hilly flanks of the river 
basins of southwestern Asia and were 
never grown there; they appear at such 
widely dispersed places that it must be 
taken for granted that they have ap- 
peared independently in response to eco- 
logical pressure. We find them cultivated 
today in Abyssinia, central Asia, and the 
Far East, and in prehistoric finds the 
naked forms appear in Turkey (20) and 
in western and northern Europe and 
Scandinavia, but not in Egypt (29), the 
nuclear arc of southwestern Asia, Italy, 
or Switzerland. The same applies for the 
dense-eared form of six-row barley. It 
does not appear in the Mesopotamian 
plain, but there is evidence of it in 
the Fayum find in Egypt. The earli- 
est occurrence of dense-eared, six- 
row barley is probably the Mersin find 
(30), but unfortunately this find is not 
precisely stratified, although it may be 
considered to belong to a level not later 
than the Hassuna period (about 5750 
B.C.). Whether it emerged directly from 
the cultivated two-row form or by way 
of the six-row lax-eared form is not 
clear, but certain anatomical features 
support the former alternative. 

Here again we need evidence from the 
mountainous parts of Asia Minor. In 
Europe, dense-eared barley is character- 
istic of the subalpine area, while it seems 
to be lacking in the plains and in the 
northern and western coast lands (14, 
31). To judge by its present-day distri- 
bution, dense-eared barley might be de- 
scribed as a mountain form. 

This is, very briefly, the story of plant 
domestication compiled on the basis of 
first-hand study of the actual remains 
of the ancient plants of a large portion 
of the Old World. But it is by no means 
the whole story. Undoubtedly, the pos- 
session of domesticated wheat and bar- 
ley were the principal factors in the 
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Fig. 7. Carbonized triplets of two-row 
barley from Jarmo (x 4). 

immense expansive power of the first 
agrarian cultures in the Near East and 
later in Europe, but many other plants 
were forced into subservience to feed 
the increasing millions of mankind. 

Other Food Plants 

The domestication of weed grasses 
took place at later periods and far from 
the centers of natural distribution of 
these grasses (3). Thus, rye and oats 
were introduced into Europe as weeds 
in the wheat fields-rye probably from 
western central Asia and oats from the 
Near East or Eastern Europe. Oats at- 
tained the status of a crop plant during 
the 1st millennium B.C., and rye was 
brought into secondary domestication in 
Central Europe shortly before the birth 
of Christ. Broomcorn millet appears for 
the first time about 3000 B.C. in Jemdt 
Nasr in Mesopotamia (11); although it 
does not seem ever to have achieved any 
great importance in the Near East, it 
rose to a high level of importance in the 
Far East, while in Europe it was widely 
cultivated about 2000 B.C. (32). The 
progenitor of broomcorn millet is not 
known, whereas another useful member 
of the genus, Italian millet, is considered 
to be the straight-line descendant of the 
wild green millet, Setaria viridis. 

The pea family also added consider- 
ably to the stock of domesticated plants. 
In Jarmo we already find evidence of 
the use of field pea (Fig. 8), lentil, and 
blue vetchling for food, although we 
cannot claim that they were deliberately 
cultivated at that time. Fourth-millen- 
nium, B.C., finds in Egypt demonstrate 
the presence of lentil, and Swiss de- 
posits of the 3rd millennium contain pea 
and blue vetchling, while lentil is en- 
countered in several localities in Hun- 
gary. The horse bean appears around the 
Mediterranean during the 3rd to 2nd 

14 AUGUST 1959 

millennium B.C., and later it spread to 
most of Europe, arriving in Britain in 
the late 1st millennium B.C. Chick-pea, 
which today is a much-cultivated plant 
in southern Europe and western and cen- 
tral Asia, occurs in Palestinian finds of 
the 4th millennium or possibly even ear- 
lier (20, 33). 

All the plants discussed above are use- 
ful principally because of their content 
of starch, but vegetable oil also has al- 
ways been highly valued as human food. 
From the Jarmo find and other evidence 
it appears that oil-bearing food was 
easily secured by gathering the fruit of 
wild trees-acorns and pistachios in the 
Jarma area and, in other regions, hazel- 
nuts, acorns, and olives. Moreover, the 
early agriculturalist found the wild spe- 
cies of the flax genus, Linum bienne, 
which he domesticated. As early as the 
5th millennium B.C. the definite and 
highly useful species, L. usitatissimum, 
was grown in the foothills of the Kurd- 
ish mountains (11, 34) as well as on the 
alluvial plains of Mesopotamia (11, 35) 
and Egypt (19). 

While in the foothills the seeds were 
rather small, the linseeds from the plains 
attained an increasingly larger volume 
as time passed. It seems as if this de- 
velopment was associated with irriga- 
tion. The plant also spread to Europe, 
and it is found in habitation sites in 
Switzerland of the early 3rd millennium 
B.C. Here, however, the seeds were of 
the same size as those grown in the foot- 
hills of Kurdistan some two millennia 
earlier (36). Furthermore, the existence 
of Neolithic flax in Spain, Holland, and 
England has been established. 

Since we find the earliest traces of 
cultivated flax in the same general re- 
gion in which wheat and barley were 
domesticated, at a period much earlier 
than that of the Swiss pile dwellings, 
and since the wild flax, L. bienne, is 
abundantly distributed in this same 
region as a winter annual (like the Neo- 
lithic Swiss variety), it is reasonable to 
conclude that the Swiss flax was part of 
the agricultural assemblage introduced, 
presumably by way of the Danube basin, 
from the Near Eastern nuclear area. 

This view is not new. It has already 
been presented by Heer, De Candolle, 
and K6nicke. Neuweiler's concept, that 
the pile-dwelling flax was derived from 
the native Swiss wild species, L. aus- 
triacum, can be shown anatomically to 
be untenable. The recent archeological 
findings in Iraq form the final link in 
the chain of evidence (37). 

The wine grape, which is naturally dis- 

Fig. 8. Carbonized seeds of field pea from 
Jarmo (x 4), 

tributed in mountainous forests in cer- 
tain parts of the Near East, was culti- 
vated in the 4th millennium B.C. or 
earlier. Traces of this plant are dispersed 
and rare, and it is too early as yet to 
tell its story (20, 38). Olive and date 
also are encountered in Palestinian (20) 
and Egyptian finds, respectively (39), of 
the 4th millennium B.C., but both species 
may be supposed to have been exploited 
and even domesticated at an earlier 
time. Although apple, pear, cherry, fig, 
olive, and wine grape were naturally 
distributed in various parts of Europe, 
we have no evidence of their cultiva- 
tion west of Greece until the 1st millen- 
nium B.C., and particularly in Roman 
times. Indeed their fruits were exploited 
from very early times, but it seems as 
though the idea of orchard husbandry 
and viticulture (40) was introduced 
from the East, together with domesti- 
cated varieties of the species. 

Even from this brief sketch it will be 
clear that the actual and well-dated 
plant remains of the prehistoric and 
early historic past-be they in the form 
of mummified or carbonized material or 

imprints in baked clay-are of the great- 
est interest to both the cultural and the 
natural historian, and thus to science 
generally. The cultural historian seeks 
to know the economic background for 
the achievements and migrations he is 
able to visualize through his excavations, 
and in its ultimate definition, economy 
means food. The botanist is anxious to 
know whence the cultivated plants came, 
how long a time it took them to develop 
their present form and the physiological 
qualities which differentiate them from 
the wild species, how this development 
came about, and, not least, from which 
wild plants or combinations of plants 
the domesticated forms descended. By 
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keeping a meticulous record of stratifi- 
cation, modern archeology has means by 
which to tell the date of plant material, 
and by specialization the botanist will, 
in the long run, learn to identify the bat- 
tered remains of the plants. Thus, by 
joining hands, the two sciences establish 
a third, paleoethnobotany, which endeav- 
ors to help delineate man's victories and 
defeats in his battle against nature for 
survival and multiplication, and to un- 
ravel the complicated history of the 
plants upon which even modern civiliza- 
tion is ultimately dependent. 
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In vertebrates hermaphrodism may 
occur as an exceptional condition. How- 
ever, as a rule the production of eggs 
and sperm is separately managed by fe- 
male and male individuals. In most spe- 
cies the basic sex ratio-that is, the pro- 
portion of males and females unaffected 
by differential mortality or selection-is 
close to equality. It has been shown that 
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this balance is maintained by a self-per- 
petuating genetic mechanism. One of 
the sexes produces two types of germ 
cells-female-determining and male- 
determining ones; this is the digametic 
sex. The two types of gametes are pro- 
duced in equal numbers because they re- 
sult from a difference in genic content 
between partners of a single pair of 
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chromosomes, the sex chromosomes or 
heterochromosomes. Geneticists desig- 
nate the condition of somatic cells and 
of primary gonia that have uneven pairs 
of chromosomes or genes (hereditary 
factors) as heterozygoty. Hence, the 
digametic sex is also heterozygous. It 
produces two types of gametes in equal 
numbers, because the unequal chromo- 
some pairs become mechanically segre- 
gated during a maturation division, each 
gamete receiving one or the other of the 
partners. The other sex produces only 
one type of gamete. It is unigametic, 
because the sex-chromosome pair of its 
gonia consists of even partners, which 
are the equal of one only of the hetero- 
chromosomes of the digametic sex. 

To understand this article it is im- 
portant to realize that this genetic and 
chromosomal mechanism of sex deter- 
mination occurs in two patterns, depend- 
ing on which sex is the heterozygous 
and digametic one. If, as in man (or the 
opossum) this is the male, then one 
designates the partners of the hetero- 
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